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FOREWORD

| am pleased to put into the hands of readers Volume-7; Issue-7: 2020 (July, 2020) of “International
Journal of Advanced Engineering Research and Science (IJAERS) (ISSN: 2349-6495(P) | 2456-
1908(0)” , an international journal which publishes peer-reviewed quality research papers on a wide
variety of topics related to Science, Technology, Management and Humanities. Looking to the keen
interest shown by the authors and readers, the editorial board has decided to release print issue also, but
this decision the journal issue will be available in various library also in print and online version. This
will motivate authors for quick publication of their research papers. Even with these changes our
objective remains the same, that is, to encourage young researchers and academicians to think
innovatively and share their research findings with others for the betterment of mankind. This journal
has DOI (Digital Object Identifier) also, this will improve citation of research papers. Now journal has
also been indexed in Qualis (Interdisciplinary Area) (Brazilian system for the evaluation of

periodicals, maintained by CAPES).

| thank all the authors of the research papers for contributing their scholarly articles. Despite many
challenges, the entire editorial board has worked tirelessly and helped me to bring out this issue of the

journal well in time. They all deserve my heartfelt thanks.

Finally, I hope the readers will make good use of this valuable research material and continue to
contribute their research finding for publication in this journal. Constructive comments and suggestions

from our readers are welcome for further improvement of the quality and usefulness of the journal.

With warm regards.
Dr. Swapnesh Taterh

Editor-in-Chief
Aug, 2020



International Editorial/ Reviewer Board

Editor in Chief
e Dr. Swapnesh Taterh (Chief-Editor), Amity University, Jaipur, India
Cheif Executive Editor
e S.Suman Rajest, Vels Institute of Science, Technology & Advanced Studies, India
chief-executive-editor@ijaers.com
Associate Editors
e Dr.Ram Karan Singh, King Khalid University, Guraiger, Abha 62529, Saudi Arabia
e Dr. Shuai Li, University of Cambridge, England, Great Britain
Editorial Member
e Behrouz Takabi, PhD, Texas A&M University, Texas, USA
e Dr. Gamal Abd EI-Nasser Ahmed Mohamed Said, Port Training Institute (PTI), Arab Academy
For Science, Technology and Maritime Transport, Egypt
e Dr. Hou, Cheng-1, Chung Hua University, Hsinchu Taiwan
e Dr. Ebrahim Nohani, Islamic Azad University, Dezful, IRAN.
e Dr. Ahmadad Nabih Zaki Rashed, Menoufia University, EGYPT
e Dr. Rabindra Kayastha , Kathmandu University, Nepal
e Dr. Dinh Tran Ngoc Huy, Banking and Finance, HCM, Viet Nam
e Dr. Engin NAS, Duzce University, Turkey
e Dr. A Heidari, California South University (CSU), Irvine, California, USA
e Dr. Uma Choudhary, Mody University, Lakshmangarh, India
e Dr. Varun Gupta, National Informatic Center , Delhi, India
e Dr. Ahmed Kadhim Hussein, University of Babylon, Republic of Iraq
e Dr. Vibhash Yadav, Rajkiya Engineering College, Banda. UP, India
e Dr. M. Kannan, SCSVMV University, Kanchipuram, Tamil Nadu, India
o José G. Vargas-Hernandez, University of Guadalajara Periférico Norte 799 Edif. G201-7, Ndcleo
Universitario Los Belenes, Zapopan, Jalisco, 45100, México
e Dr. Sambit Kumar Mishra, Gandhi Institute for Education and Technology, Baniatangi,
Bhubaneswar, India
e DR.C. M. Velu, Datta Kala Group of Institutions, Pune, India
e Dr. Deependra Pandey, Amity University, Uttar Pradesh, India
e Dr. K Ashok Reddy, MLR Institute of Technology, Dundigal, Hyderabad, India
e Dr.S.R.Boselin Prabhu, SVS College of Engineering, Coimbatore, India
e N.Balakumar, Tamilnadu College of Engineering , Karumathampatti, Coimbatore, India
e R.Poorvadevi, SCSVMV University, Enathur, Kanchipuram, Tamil Nadu, India
e Dr. Subha Ganguly, Arawali Veterinary College, Sikar, India
e Dr. P. Murali Krishna Prasad, GVP College of Engineering for Women, Visakhapatnam, Andhra
Pradesh, India
e Anshul Singhal, Bio Instrumentation Lab, MIT, USA
e Mr. Lusekelo Kibona, Ruaha Catholic University, Iringa, Tanzania
e Sina Mahdavi, Urmia Graduate Institute, Urmia, Iran
e Dr.N.S. Mohan, Manipal Institute of Technology, Manipal, India
e Dr. Zafer Omer Ozdemir, University of Health Sciences,Haydarpasa, Uskudar, Istanbul,
TURKIYE
e Bingxu Wang, 2721 Patrick Henry St Apt 510, Auburn Hills, Michigan, United States

e Dr. Jayashree Patil-Dake, KPB Hinduja College of Commerce, Mumbai, India
iv



Dr. Neel Kamal Purohit, S.S. Jain Subodh P.G. College, Rambagh, Jaipur, India

Mohd Muntjir, Taif University, Kingdom of Saudi Arabia

Xian Ming Meng, China Automotive Technology & Research Center N0.68, East Xianfeng
Road, Dongli District, Tianjin, China

Herlandi de Souza Andrade, FATEC Guaratingueta, State Center for Technological Education
Paula Souza - CEETEPS

Dr. Payal Chadha, University of Maryland University College Europe, Kuwait

Ahmed Moustafa Abd El-hamid Elmahalawy, Menoufia University, Al Minufya, Egypt

Prof. Mark H. Rummeli, University & Head of the characterisation center, Soochow Institute for
Energy Materials Innovasions (SIEMES), Suzhou, Jiangsu Province, China

Dr. Eman Yaser Daraghmi, Ptuk, Tulkarm, Palestine

Holmes Rajagukguk, State University of Medan, Lecturer in Sisingamangaraja University North
Tapanuli, Indonesia

Dr. Menderes KAM, Dr. Engin PAK Cumayeri Vocational School, DUZCE UNIVERSITY
(University in Turkey), Turkey

Dr. Jatin Goyal, Punjabi University, Patiala, Punjab, India | International Collaborator of
GEITEC / UNIR / CNPq, Brazil

Ahmet iPEKCI, Dr. Engin PAK Cumayeri Vocational School, DUZCE UNIVERSITY, Turkey
Baarimah Abdullah Omar, Universiti Malaysia Pahang (UMP), Gambang, 26300, Malaysia
Sabri UZUNER, Dr. Engin PAK Cumayeri Vocational School Cumayeri/Duzce/Turkey

Umit AGBULUT, Diizce University, Turkey

Dr. Mustafa OZKAN, Trakya University, Edirne/ TURKEY

Dr. Indrani Bhattacharyya, Dr. B.C. Roy College of Pharmacy and Allied Health Sciences, Durgapur,
West Bengal, India

Egnon Kouakouc, Nutrition/Health at University Felix Houphouet Boigny Abidjan, Ivory Coast

Dr. Suat SARIDEMIR, Diizce University, Faculty of Technology, Turkey

Dr. Manvinder Singh Pahwa, Director, Alumni Relations at Manipal University Jaipur, India
Omid Habibzadeh Bigdarvish, University of Texas at Arlington, Texas, USA

Professor Dr. Ho Soon Min, INTI International University, Jin BBN 12/1, Bandar, Baru Nilai,
71800 Negeri Sembilan, Malaysia

Ahmed Mohammed Morsy Hassan, South Egypt Cancer Institute, Assiut University, Assiut, Egypt
Xian Ming Meng (Ph.D), China Automotive Technology & Research Center, N0.68, East
Xianfeng Road, Tianjin, China

Omer Erkan, Konuralp Campus, Dlzce-Turkey

Dr. Yousef Daradkeh, Prince Sattam bin Abdulaziz University )PSAU), KSA
Peter JO, IPB University, Indonesia

Nazmi Liana Binti Azmi, Raja Perempuan Zainab Il Hospital, 15586 Kota Bharu, Kelantan, Malaysia



Sr

No.

Vol-7, Issue-7, July 2020
(10.22161/ijaers.77)

Detail with DOI (CrossRef)

A Robust Deep Learning-Based Fault Diagnosis Method for Rotating Machinery
Greg Smith, John Lundberg, Masayoshi Shibatani

ros¥efoo. 10.22161/ijaers.77.1

Responsibility Crime: Criminal or Constitutional Offense

Rafaela de Sousa Maciel, Thais Christine Gomes da Silva, Pedro Ivo Oliveira Andrade, Rui Machado Junior,
ArianeGrisoliaFaria Silva

bros¥efoo. 10.22161/ijaers.77.2

Criminality and the new information and communication technologies
Marcus Vinicius Campos da Costa, Pedro Ivo Oliveira Andrade, Rui Machado Janior, Gracinete Franco Antunes

mjoon 10.22161/ijaers.77.3
Page No: 018-026

Effects of an Aerobic Physical Exercise Program on Blood Glucose Levels in Type-2 Diabetic Subjects,
Associated with Pharmacotherapy and Diet Therapy

Helio Franklin Rodrigues de Almeida, Leonardo Severo da Luz Neto, Fatima Maia Queiroga, José Arilson de
Souza, Carlos Alberto Paraguassu-Chaves, Jonatas de Franca Barros

@&egml: 10.22161/ijaers.77.4

Building a microprocessor architecture at Computer Engineering undergraduate courses
Morgana Sartor, Thaynara Tessaline MitieSeiSoares, Marcelo Daniel Berejuck

ros¥efoo. 10.22161/ijaers.77.5

Functional capacity of diabetic older adults living in @ municipality in Northeastern Brazil

Carina BandeiraBezerra, Marina ArraisNobre, José MikéiasLinhares de Vasconcelos, JodoMacedo Coelho Filho,
Jean Doucet, Maria Vieira de Lima Saintrain

bros¥etoo. 10.22161/ijaers.77.6
Page No: 049-061

Comparative analysis of Klapp and GPR methods in the treatment of idiopathic scoliosis in adults
Thaynna de Oliveira Fernandes, Alessandro dos Santos Pin

mﬁml: 10.22161/ijaers.77.7

Page No: 062-066
Growth forecast of the covid-19 with the gompertz function, Case study: Italy, spain, Hubei (China) and South Korea
Francisco Javier Diaz Perez, David Chinarro, Rosa PinoOtin, Adib Guardiola Mouhaffel

mjoon 10.22161/ijaers.77.8

Newtonian Mechanics in the Routine of Civil Construction
Leonardo Diego Lins, MairaCavalcanti Coelho, Sandra Valéria Silva Lins, StefaneAmorimMelo, MaisaCavalcanti Coelho

bros¥eoo. 10.22161/ijaers.77.9

Page No: 001-011

Page No: 012-017

Page No: 027-035

Page No: 036-048

Page No: 067-077

Page No: 078-083

Vi


https://ijaers.com/detail/a-robust-deep-learning-based-fault-diagnosis-method-for-rotating-machinery/
https://ijaers.com/detail/a-robust-deep-learning-based-fault-diagnosis-method-for-rotating-machinery/
https://dx.doi.org/10.22161/ijaers.77.1
https://ijaers.com/detail/responsibility-crime-criminal-or-constitutional-offense/
https://ijaers.com/detail/responsibility-crime-criminal-or-constitutional-offense/
https://dx.doi.org/10.22161/ijaers.77.2
https://ijaers.com/detail/criminality-and-the-new-information-and-communication-technologies/
https://ijaers.com/detail/criminality-and-the-new-information-and-communication-technologies/
https://dx.doi.org/10.22161/ijaers.77.3
https://ijaers.com/detail/effects-of-an-aerobic-physical-exercise-program-on-blood-glucose-levels-in-type-2-diabetic-subjects-associated-with-pharmacotherapy-and-diet-therapy/
https://ijaers.com/detail/effects-of-an-aerobic-physical-exercise-program-on-blood-glucose-levels-in-type-2-diabetic-subjects-associated-with-pharmacotherapy-and-diet-therapy/
https://dx.doi.org/10.22161/ijaers.77.4
https://ijaers.com/detail/building-a-microprocessor-architecture-at-computer-engineering-undergraduate-courses/
https://ijaers.com/detail/building-a-microprocessor-architecture-at-computer-engineering-undergraduate-courses/
https://dx.doi.org/10.22161/ijaers.77.5
https://ijaers.com/detail/functional-capacity-of-diabetic-older-adults-living-in-a-municipality-in-northeastern-brazil/
https://ijaers.com/detail/functional-capacity-of-diabetic-older-adults-living-in-a-municipality-in-northeastern-brazil/
https://dx.doi.org/10.22161/ijaers.77.6
https://ijaers.com/detail/comparative-analysis-of-klapp-and-gpr-methods-in-the-treatment-of-idiopathic-scoliosis-in-adults/
https://ijaers.com/detail/comparative-analysis-of-klapp-and-gpr-methods-in-the-treatment-of-idiopathic-scoliosis-in-adults/
https://dx.doi.org/10.22161/ijaers.77.7
https://ijaers.com/detail/growth-forecast-of-the-covid-19-with-the-gompertz-function-case-study-italy-spain-hubei-china-and-south-korea/
https://ijaers.com/detail/growth-forecast-of-the-covid-19-with-the-gompertz-function-case-study-italy-spain-hubei-china-and-south-korea/
https://dx.doi.org/10.22161/ijaers.77.8
https://ijaers.com/detail/newtonian-mechanics-in-the-routine-of-civil-construction/
https://ijaers.com/detail/newtonian-mechanics-in-the-routine-of-civil-construction/
https://dx.doi.org/10.22161/ijaers.77.9

10

11

12

13

14

15

16

Algorithm development based on artificial intelligence for function manipulation and comparation with
numerical techniques used in engineering teaching

Caio Luiz Nunes, Elias Rocha GongalvesJunior, Virginia Siqueira Gongalves, Bianca Siqueira Gongalves, Elias
Rocha Gongalves

@&egom: 10.22161/ijaers.77.10
Page No: 084-089

Contribution of academic monitoring to the teaching-learning process: Experience report of monitors in the
discipline Nursing Care in Emergency and Trauma

Maicon de Araujo Nogueira, Marcia Cristina Monteiro dos Reis, Jhonata Correa Barbosa, Marcia Soraya Quaresma
Vera Cruz, Thalissa Thaina Santos de Souza, Hugo Rogério Baia da Silva, Bruno Mesquita Maia, ArlenaCristine
Fonseca Souza, Marcilene Souza da Silveira, Gleice de AradjoSteinheuser, Isadora da Costa de Souza, Savio Felipe
Dias Santos, Deisiane da Silva Mesquita, Fabyla D’ Tacia Brito Trindade, EimarNeri de Oliveira Junior, Leliane do
Nascimento do Espirito Santo, Suellen Reis Nogueira, Elen Priscila Garcia Assunc¢ao de Castro, Ana Caroline Guedes
Souza Martins, Simone Aguiar da Silva Figueira, EloisaAvelino de Sousa Franga, TatianePeniche da Silva, Ana Paula
Loureiro de Brito, Luana da Silva Freitas, Giselly de Lourdes da Silva Santana, Livia Karolina Silva de Oliveira,
Danielle Oliveira Maciel, Jasmin Stephany Savaris dos Santos, Priscila Oliveira Miranda, Juarez Tavora Guimaraes
Neto, Thamyris Abreu Marinho, Tobias do Rosario Serrdo, Adricia Natlia Lima Melo, Tanymara Xavier de Morais,
Beatriz Pinheiro Bechir, Susi dos Santos Barreto de Souza, Jean Antonio Macedo Martins, Jamille da Costa Salvador,
Adams Brunno Silva, Ingrid Luna BaiaViana, Ingryd de Paula Aquino da Silva, Marcia Ribeiro Santos Gratek, Sivaldo
Oliveira da Silva Junior, Karolinne do Socorro Sousa Neves, Eduardo Padilha Barros, WidsonDaviVaz de Matos,
Luziana Barros Correia, Maria Vanessa Mendes da Costa, Thamyres Batista Procopio, Leticia de Santana Chaves,
Beatriz Silva Barbosa, Lucimario Valente Ferreira, Raimunda de Fatima Carvalho Prestes, Elisangela Claudia de
Medeiros Moreira, Antonia Margareth Moita Sa

mDOI: 10.22161/ijaers.77.11
Page No: 092-096

Analysis of the Colebrook-White Equation and further approaches to solve Fluid Loss Coefficient Definition
Problems

Yan Oliveira Vasconcellos, Francisco Jarmeson Silva Bandeira, Leonardo Dias Pereira, Flavio Maldonado

Bentes, Marcelo de Jesus Rodrigues da Nobrega, Hildson Rodrigues de Queiroz, FabianoBattemarco da Silva
Martins, Diego Meireles Lopes

Page No: 097-115
Application of the overall equipment efficiency technique and theory of constraints to minimize Bottlenecks in a
production line

Yrlanda de Oliveira dos Santos, Carlos Alberto Oliveira de Freitas, Renato Souza de Lira, Cristiano Coimbra
Goes, Reginaldo Jackson dos Santos Braga, VandermiJo&o da Silva

Page No: 116-128
Methodology for the Selection of Cots Components in Small Satellite Projects and Short-Term Missions
Jonatas Campos de Oliveira, Silvio Manea

Page No: 129-141
Multi-function Hybrid Microgrid with Four-Leqg Voltage Source Inverter

José Francisco Resende da Silva, John Freddy Franco Baquero, Fabio de Oliveira Ferreira, Hugo Villela de
Miranda, ThobiasAnténioCandido Pereira, Marcos Paulo Gongalves Rodrigues, Rafael Nielson

@é&%m; 10.22161/ijaers.77.15

Piezoelectricity in gadolinium ferrite: A computational study

Marcos Antonio B dos Santos, Marcio de Souza Farias, Fabio dos Santos Gil, AnténioFloréncio de Figueiredo, Raimundo D de
Paula Ferreira, Helieverton Geraldo de Brito, Lud Felipe de Oliveira, Hérica Coelho Cordeiro, Oswaldo Treu-Filho, José
Cirfaco-Pinheiro

ros¥efno). 10.22161/ijaers.77.16

Page No: 142-149

Page No: 150-155

vii


https://ijaers.com/detail/algorithm-development-based-on-artificial-intelligence-for-function-manipulation-and-comparation-with-numerical-techniques-used-in-engineering-teaching/
https://ijaers.com/detail/algorithm-development-based-on-artificial-intelligence-for-function-manipulation-and-comparation-with-numerical-techniques-used-in-engineering-teaching/
https://dx.doi.org/10.22161/ijaers.77.10
https://ijaers.com/detail/contribution-of-academic-monitoring-to-the-teaching-learning-process-experience-report-of-monitors-in-the-discipline-nursing-care-in-emergency-and-trauma/
https://ijaers.com/detail/contribution-of-academic-monitoring-to-the-teaching-learning-process-experience-report-of-monitors-in-the-discipline-nursing-care-in-emergency-and-trauma/
https://dx.doi.org/10.22161/ijaers.77.11
https://ijaers.com/detail/analysis-of-the-colebrook-white-equation-and-further-approaches-to-solve-fluid-loss-coefficient-definition-problems/
https://ijaers.com/detail/analysis-of-the-colebrook-white-equation-and-further-approaches-to-solve-fluid-loss-coefficient-definition-problems/
https://ijaers.com/detail/application-of-the-overall-equipment-efficiency-technique-and-theory-of-constraints-to-minimize-bottlenecks-in-a-production-line/
https://ijaers.com/detail/application-of-the-overall-equipment-efficiency-technique-and-theory-of-constraints-to-minimize-bottlenecks-in-a-production-line/
https://ijaers.com/detail/methodology-for-the-selection-of-cots-components-in-small-satellite-projects-and-short-term-missions/
https://ijaers.com/detail/methodology-for-the-selection-of-cots-components-in-small-satellite-projects-and-short-term-missions/
https://ijaers.com/detail/multi-function-hybrid-microgrid-with-four-leg-voltage-source-inverter/
https://ijaers.com/detail/multi-function-hybrid-microgrid-with-four-leg-voltage-source-inverter/
https://dx.doi.org/10.22161/ijaers.77.15
https://ijaers.com/detail/piezoelectricity-in-gadolinium-ferrite-a-computational-study/
https://ijaers.com/detail/piezoelectricity-in-gadolinium-ferrite-a-computational-study/
https://dx.doi.org/10.22161/ijaers.77.16

17

18

19

20

21

22

23

24

25

Characterization of solid waste from the beaches of Itapud, Stella Maris and Flamengo in
Salvador/Bahia/Brazil

Rodrigo Simdes de FreitasJambeiro, Clecia Simone Goncalves Rosa Pacheco, Karine Silva Oliveira

@&%DOI: 10.22161/ijaers.77.17
Page No: 156-164

Analysis of the Effectiveness of Different Endodontic Irrigation Techniques in Smear Layer Removal:
Literature Review

Diana Le&o Rodrigues Frota, TaynaraThuany Lopes Matias, Eduardo Fernandes Marques

MDOI: 10.22161/ijaers.77.18

Strategic Risk Management in Engineering

Flavio Maldonado Bentes, Marcelo de Jesus Rodrigues da Nobrega, Emerson Moraes Teixeira,
FabianoBattemarco da Silva Martins, Hildson Rodrigues de Queiroz

MDOI: 10.22161/ijaers.77.19

Comparative Analysis between Ribbed and Steel Deck Slabs

William Wilson dos Santos, Lucas MarinhoBuzatto, Jose Roberto Moreira Ribeiro Gongalves, FabianoBatemarco da Silva
Martins, Marcelo de Jesus Rodrigues da Nébrega, Hildson Rodrigues de Queiroz, Flavio Maldonado Bentes

@&ejoon 10.22161/ijaers.77.20

Feasibility Study of Scrap Tires in Civil Construction

Lucas MarinhoBuzatto, William Wilson dos Santos, Jose Roberto Moreira Ribeiro Gongalves, Fabiano Batemarco da
Silva Martins, Marcelo de Jesus Rodrigues da Nébrega, Flavio Maldonado Bentes, Hildson Rodrigues de Queiroz

bros¥eoo. 10.22161/ijaers.77.21

Ozone Therapy — Ozone Applicability in Various Dental Specialties
Diana Ledo Rodrigues Frota, Mariana Assun¢éo Ferreira

@&ejoon 10.22161/ijaers.77.22

Incendies: Trauma and the Gray Zone in Denis Villeneuve Film
Johanna Gondar Hildenbrand, Francisco Farias

MDOI: 10.22161/ijaers.77.23

The importance of Pap smear for the prevention of Cervical Uterine Cancer

Aline Matos Carvalho Berto, Vanderson Ramos Mafra, Sara Falcéo de Sousa, Saulo José Lima Janior, Bruno Nunes do
Vale, ClaudioRychelm Carvalho de Jesus, Gleiziane Sousa Lima, LarllaVeruskaArratesPires, Jaqueline Cibene Moreira
Borges, Natallia Moreira Lopes Ledo, AndreisaPrieb, YaraSilveira, Christiane Rodrigues de Paula Marques,
NayanneDeusdara Escobar

MDOI: 10.22161/ijaers.77.24

Analytic Hierarchy Process in Production Engineering: A Bibliometry Analysis

Guilherme de S&, Carolina Michels, AmabeliQuariniriNegrelli, David Batista Gesuino, Paulo Jodo Martins,
VilsonMenegonBristot, Leopoldo Pedro GuimaraesFilho, Kristian Madeira, Cristina Keiko Yamaguchi

bros¥eoo. 10.22161/ijaers.77.25

Page No: 165-170

Page No: 171-175

Page No: 176-183

Page No: 184-188

Page No: 189-195

Page No: 196-202

Page No: 203-208

Page No: 209-219

viii


https://ijaers.com/detail/characterization-of-solid-waste-from-the-beaches-of-itapu-stella-maris-and-flamengo-in-salvador-bahia-brazil/
https://ijaers.com/detail/characterization-of-solid-waste-from-the-beaches-of-itapu-stella-maris-and-flamengo-in-salvador-bahia-brazil/
https://dx.doi.org/10.22161/ijaers.77.17
https://ijaers.com/detail/analysis-of-the-effectiveness-of-different-endodontic-irrigation-techniques-in-smear-layer-removal-literature-review/
https://ijaers.com/detail/analysis-of-the-effectiveness-of-different-endodontic-irrigation-techniques-in-smear-layer-removal-literature-review/
https://dx.doi.org/10.22161/ijaers.77.18
https://ijaers.com/detail/strategic-risk-management-in-engineering/
https://ijaers.com/detail/strategic-risk-management-in-engineering/
https://dx.doi.org/10.22161/ijaers.77.19
https://ijaers.com/detail/comparative-analysis-between-ribbed-and-steel-deck-slabs/
https://ijaers.com/detail/comparative-analysis-between-ribbed-and-steel-deck-slabs/
https://dx.doi.org/10.22161/ijaers.77.20
https://ijaers.com/detail/feasibility-study-of-scrap-tires-in-civil-construction/
https://ijaers.com/detail/feasibility-study-of-scrap-tires-in-civil-construction/
https://dx.doi.org/10.22161/ijaers.77.21
https://ijaers.com/detail/ozone-therapy-ozone-applicability-in-various-dental-specialties/
https://ijaers.com/detail/ozone-therapy-ozone-applicability-in-various-dental-specialties/
https://dx.doi.org/10.22161/ijaers.77.22
https://ijaers.com/detail/incendies-trauma-and-the-gray-zone-in-denis-villeneuve-film/
https://ijaers.com/detail/incendies-trauma-and-the-gray-zone-in-denis-villeneuve-film/
https://dx.doi.org/10.22161/ijaers.77.23
https://ijaers.com/detail/the-importance-of-pap-smear-for-the-prevention-of-cervical-uterine-cancer/
https://ijaers.com/detail/the-importance-of-pap-smear-for-the-prevention-of-cervical-uterine-cancer/
https://dx.doi.org/10.22161/ijaers.77.24
https://ijaers.com/detail/analytic-hierarchy-process-in-production-engineering-a-bibliometry-analysis/
https://ijaers.com/detail/analytic-hierarchy-process-in-production-engineering-a-bibliometry-analysis/
https://dx.doi.org/10.22161/ijaers.77.25

26

27

28

29

30

31

32

33

Factor analysis as a tool for building the sustainable development index of river basins in Ronddnia, Western
Amazon

Carlos Alberto Paraguassu-Chaves, Fabio Robson CasaraCavalcante, Allan KardecDuailibe Barros Filho,
FabricioMoraes de Almeida, Lenita Rodrigues Moreira Dantas, SilviaBezerra de Goes, JodoViana Fonseca Neto,
Ana Maria Morais da Fonseca Cavalcante, Charlles da Silva Barata, Edmundo Machado Netto, Osvaldo dos
Anjos

mjDOI: 10.22161/ijaers.77.26

Remote labs in high school: a case study in physics teaching

HerculanoHenriquesChinguiChitungo, Isabela Nardi da Silva, Juarez Bento da Silva, Simone Meister
SommerBilessimo

@&%DOI: 10.22161/ijaers.77.27
Page No: 238-244

The impact of different kinematics on crack formation in root dentin after endodontic instrumentation

Carlos Eduardo Fontana, Leticia Pinheiro Derigi, GiovanaMenegattiFerraresso, Victor CamelottiTrevensoli,
Gavila da Rocha Bastida Pinheiro, Daniel Guimaraes Pedro Rocha, Carlos Eduardo da Silveira Bueno, Rina
Andrea Pelegrine, Alexandre Sigrist De Martin, Sérgio Luiz Pinheiro

@&eﬁoon 10.22161/ijaers.77.28

Utilisation of agro-wastes as energy efficient building materials
Dr. OlufunmilolaAdetayoObakin

bros¥efoo. 10.22161/ijaers.77.29

Biochar as an additive in the composting process
Mario Roberto PrataMelo, Neidiele Martins, Edmar Isaias de Melo, Monica Hitomi Okura

@&ejoon 10.22161/ijaers.77.30

Multicriteria model to create and implement an environmental indicator in organizations
Marco A. Gaya de Figueiredo, Paula Martins de Sousa, Harrison LourengoCorréa

mDOI: 10.22161/ijaers.77.31

Use of Parodies as Educational Technology in the Health Education Process

Page No: 220-237

Page No: 245-249

Page No: 250-266

Page No: 267-276

Page No: 277-292

Maiza Silva de Sousa, Elizandra Silva de Carvalho Meireles, Aluisio Ferreira CelestinoJanior, Armando
SequeiraPenela, Eliseth Costa Oliveira de Matos, limaPastana Ferreira, WidsonDaviVaz de Matos, José Henrique
Santos Silva, Caroline Silveira de Oliveira, Marlene Ribeiro de Oliveira, Nicole Pantoja de Oliveira Santos,
Bruna Braga Maciel

MDOI: 10.22161/ijaers.77.32
Page No: 293-299

The prevalence of sexual abuse of children and adolescents people in the municipality of Tucurui - PA and
region in the period from 2010 to 2016

Jamille da Costa Salvador, Sivaldo Oliveira da Silva Junior, Raquel da Silva, Merivalda Vasconcelos Lobato,
Thais Santos de Sousa, Ana Larissa Bendelaqui Cardoso, Vitoria Caroline dos Santos de Souza, Karen Silva de
Castro

MDOI: 10.22161/ijaers.77.33

Page No: 300-303


https://ijaers.com/detail/factor-analysis-as-a-tool-for-building-the-sustainable-development-index-of-river-basins-in-rond-nia-western-amazon/
https://ijaers.com/detail/factor-analysis-as-a-tool-for-building-the-sustainable-development-index-of-river-basins-in-rond-nia-western-amazon/
https://dx.doi.org/10.22161/ijaers.77.26
https://ijaers.com/detail/remote-labs-in-high-school-a-case-study-in-physics-teaching/
https://ijaers.com/detail/remote-labs-in-high-school-a-case-study-in-physics-teaching/
https://dx.doi.org/10.22161/ijaers.77.27
https://ijaers.com/detail/the-impact-of-different-kinematics-on-crack-formation-in-root-dentin-after-endodontic-instrumentation/
https://ijaers.com/detail/the-impact-of-different-kinematics-on-crack-formation-in-root-dentin-after-endodontic-instrumentation/
https://dx.doi.org/10.22161/ijaers.77.28
https://ijaers.com/detail/utilisation-of-agro-wastes-as-energy-efficient-building-materials/
https://ijaers.com/detail/utilisation-of-agro-wastes-as-energy-efficient-building-materials/
https://dx.doi.org/10.22161/ijaers.77.29
https://ijaers.com/detail/biochar-as-an-additive-in-the-composting-process/
https://ijaers.com/detail/biochar-as-an-additive-in-the-composting-process/
https://dx.doi.org/10.22161/ijaers.77.30
https://ijaers.com/detail/multicriteria-model-to-create-and-implement-an-environmental-indicator-in-organizations/
https://ijaers.com/detail/multicriteria-model-to-create-and-implement-an-environmental-indicator-in-organizations/
https://dx.doi.org/10.22161/ijaers.77.31
https://ijaers.com/detail/use-of-parodies-as-educational-technology-in-the-health-education-process/
https://ijaers.com/detail/use-of-parodies-as-educational-technology-in-the-health-education-process/
https://dx.doi.org/10.22161/ijaers.77.32
https://ijaers.com/detail/the-prevalence-of-sexual-abuse-of-children-and-adolescents-people-in-the-municipality-of-tucuru-pa-and-region-in-the-period-from-2010-to-2016/
https://ijaers.com/detail/the-prevalence-of-sexual-abuse-of-children-and-adolescents-people-in-the-municipality-of-tucuru-pa-and-region-in-the-period-from-2010-to-2016/
https://dx.doi.org/10.22161/ijaers.77.33

34

35

36

37

38

39

40

41

42

Epidemiology and risk factors associated with deaths from tuberculosis in older people who live in the capital of
the Northeastern part of Brazil

Jonatas Carneiro Vasconcelos, Maria Vieira de Lima Saintrain, Ana Ofélia Portela Lima, Caroline Mary Gurgel
Dias Floréncio, Zenilda Vieira Bruno, Walda Viana Brigido de Moura

MDOI: 10.22161/ijaers.77.34

The Fatigue Failure Analysis of Steel Structure and Review of Collapse Accidents
AbdallaElamin, Hong-gang Lei

MDOI: 10.22161/ijaers.77.35

Informational Flow Model: A case study in the textile and confection sector
LeticiaCunico, Claudelino Martins Dias Junior

bros¥efoo. 10.22161/ijaers.77.36
Page No: 325-331

The effect of shielding gases in the Ferrite Number of austenitic stainless steels joints through GMAW

André de Albuquerque Vicente, Peter Aloysius D'silva, Italo Leonardo dos Santos, Renato Rodrigues de Aguiar,
Amilton Barbosa Botelho Junior, Tiago Felipe de Abreu Santos

mjoon 10.22161/ijaers.77.37

Considerations on Characteristics and Improvements of Soft Soils

Lucas MarinhoBuzatto, William Wilson dos Santos, Jose Roberto Moreira Ribeiro Gongalves, FabianoBatemarco
da Silva Martins, Marcelo de Jesus Rodrigues da Nébrega, Flavio Maldonado Bentes, Hildson Rodrigues de
Queiroz

@&eﬁoon 10.22161/ijaers.77.38

10T Monitored Brushless DC Motor Speed Control Using Arduino
Poornima B S, Javid Akhtar

MDOI: 10.22161/ijaers.77.39

Assessment of Discomfort and Strain among Floriculture Workers
KanchanShilla, BinooSehgal

mjml: 10.22161/ijaers.77.40
Page No: 360-366

Analytical Practices to Obtain Efficient Concrete Grade in Outrigger Walls below Plinth Level in Multistorey
Building
SakshiGoyal, SagarJamle

@&ejml: 10.22161/ijaers.77.41

The importance of the nurse in caring for the Kangaroo method: Integrative literature review

Elyade Nelly Pires Rocha Camacho, Joelma Sena Santos, Liliane Oliveira Simdes, Rosyany de Araujo Ribeiro,
Bruna Sabino Santos, Luana Cavalcante Cardoso Caetano, lara do Nascimento Pantoja, Eliane de Brito Pereira,
Emilly Canelas de Souza, Tereza Natalia Bezerra de Lima, Teresa Kariny Pontes Barroso

@&egml: 10.22161/ijaers.77.42

Page No: 304-313

Page No: 314-323

Page No: 332-341

Page No: 342-352

Page No: 356-359

Page No: 367-374

Page No: 375-382


https://ijaers.com/detail/epidemiology-and-risk-factors-associated-with-deaths-from-tuberculosis-in-older-people-who-live-in-the-capital-of-the-northeastern-part-of-brazil/
https://ijaers.com/detail/epidemiology-and-risk-factors-associated-with-deaths-from-tuberculosis-in-older-people-who-live-in-the-capital-of-the-northeastern-part-of-brazil/
https://dx.doi.org/10.22161/ijaers.77.34
https://ijaers.com/detail/the-fatigue-failure-analysis-of-steel-structure-and-review-of-collapse-accidents/
https://ijaers.com/detail/the-fatigue-failure-analysis-of-steel-structure-and-review-of-collapse-accidents/
https://dx.doi.org/10.22161/ijaers.77.35
https://ijaers.com/detail/informational-flow-model-a-case-study-in-the-textile-and-confection-sector/
https://ijaers.com/detail/informational-flow-model-a-case-study-in-the-textile-and-confection-sector/
https://dx.doi.org/10.22161/ijaers.77.36
https://ijaers.com/detail/the-effect-of-shielding-gases-in-the-ferrite-number-of-austenitic-stainless-steels-joints-through-gmaw/
https://ijaers.com/detail/the-effect-of-shielding-gases-in-the-ferrite-number-of-austenitic-stainless-steels-joints-through-gmaw/
https://dx.doi.org/10.22161/ijaers.77.37
https://ijaers.com/detail/considerations-on-characteristics-and-improvements-of-soft-soils/
https://ijaers.com/detail/considerations-on-characteristics-and-improvements-of-soft-soils/
https://dx.doi.org/10.22161/ijaers.77.38
https://ijaers.com/detail/iot-monitored-brushless-dc-motor-speed-control-using-arduino/
https://ijaers.com/detail/iot-monitored-brushless-dc-motor-speed-control-using-arduino/
https://dx.doi.org/10.22161/ijaers.77.39
https://ijaers.com/detail/assessment-of-discomfort-and-strain-among-floriculture-workers/
https://ijaers.com/detail/assessment-of-discomfort-and-strain-among-floriculture-workers/
https://dx.doi.org/10.22161/ijaers.77.40
https://ijaers.com/detail/analytical-practices-to-obtain-efficient-concrete-grade-in-outrigger-walls-below-plinth-level-in-multistorey-building/
https://ijaers.com/detail/analytical-practices-to-obtain-efficient-concrete-grade-in-outrigger-walls-below-plinth-level-in-multistorey-building/
https://dx.doi.org/10.22161/ijaers.77.41
https://ijaers.com/detail/the-importance-of-the-nurse-in-caring-for-the-kangaroo-method-integrative-literature-review/
https://ijaers.com/detail/the-importance-of-the-nurse-in-caring-for-the-kangaroo-method-integrative-literature-review/
https://dx.doi.org/10.22161/ijaers.77.42

43

44

45

46

47

48

49

Antimicrobial capacity of photodynamic therapy on apical debris of root canals instrumented with a
reciprocating system

Aline Silva dos Santos, Alexandre Sigrist de Martin, Carlos Eduardo Fontana, Carlos Eduardo da Silveira Bueno,
Sérgio Luiz Pinheiro

@&%DOI: 10.22161/ijaers.77.43
Page No: 383-389

Parasitological analysis of vegetables sold in supermarkets and fairs in the city of Araguaina, state of
Tocantins, Brazil

Renata Ferreira Diogo, AngelaBezerra Campos de Souza, MaykonJhuly Martins de Paiva, langlaAraujo de
MeloDamascenoMarcio da Luz Barros, Moziane Alves Guimar&es, Leopoldo Augusto Moraes, Wilma Gomes
Galvao, Maria Luisa Rocha da Silva, Monize Rocha de Alcantara, Avelina Alves Sales

@&ejoon 10.22161/ijaers.77.44

Commercial relations in global value chains: Potentials and limitations of ports

Alexandre Branddo Carlos, Fernando NascimentoZatta, Lisleandra Machado, Rodrigo Randow de Freitas,
Wellington Gongalves

MDOI: 10.22161/ijaers.77.45

Monitoring System of Fisheries Water Quality Based on Microcontroller
DolyAndrianHarahap, Chandra Nainggolan, BerbudiWibowo

MDOI: 10.22161/ijaers.77.46

Page No: 407-418
Agricultural and Agribusiness Policy: Reflections and Challenges for the development of the State of Goias
RildoMourao Ferreira, NayeskaFreitas Campos, Jodo Porto SilvérioJanior
ngOI: 10.22161/ijaers.77.47

Page No: 419-426

The Contribution to human resources of Institutional Scientific Initiation Scholarship Program of the
MuseuParaenseEmilioGoeldi

Ana Yoshi Harada, Mara LuizaVideiraMarceliano

mDOI: 10.22161/ijaers.77.48
Page No: 427-434

The intention of organ donation among nursing academics: Influence of knowledge on decision

Page No: 390-393

Page No: 394-406

Aline de Nazaré Silva Albuquerque, Larissa Cristina Matos Forte, Nataly BelémCavalcante de Vasconcelos,
Tassio Ricardo Martins da Costa, Widson Davi de Vaz Matos, Leliane do Nascimento do Espirito Santo, Jamille
da Costa Salvador, Susi dos Santos Barreto de Souza, Priscila Morgana da Silva Caldeira, Gisela Pereira Xavier
Albuguerque, Juliana Oliveira Bezerra, Paula Rachel Neves Espindola, Benedita Leida Martins Rodrigues,
Thamyris Abreu Marinho, Vanessa Albuquerque do Amaral Rodrigues, KarymiSaratyFlorMesquita, Charles
Carvalho dos Santos, Elisangela Claudia de Medeiros Moreira, Stephanie Pereira da Costa, Richer Praxedes
Maia, Jade Durans Pessoa, Ana Flavia de Oliveira Ribeiro, Diego Jodo de Lima Arrais, Ely dos Santos Farias,
Enewton Eneas de Carvalho, Julia Hilda Lisboa Vasconcelos, Samuel Oliveira da Vera, Clediani Costa dos
Santos, Brendo Valente Cunha, Gabrielle Reis de Nazaré, Yasmin Cavalcante Godinho Nunes, Mario Ant6nio
Pina Pacheco Junior, Maicon de Araujo Nogueira, Antonia Margareth Moita S&

bros¥eoo. 10.22161/ijaers.77.49

Page No: 436-441

Xi


https://ijaers.com/detail/antimicrobial-capacity-of-photodynamic-therapy-on-apical-debris-of-root-canals-instrumented-with-a-reciprocating-system/
https://ijaers.com/detail/antimicrobial-capacity-of-photodynamic-therapy-on-apical-debris-of-root-canals-instrumented-with-a-reciprocating-system/
https://dx.doi.org/10.22161/ijaers.77.43
https://ijaers.com/detail/parasitological-analysis-of-vegetables-sold-in-supermarkets-and-fairs-in-the-city-of-aragua-na-state-of-tocantins-brazil/
https://ijaers.com/detail/parasitological-analysis-of-vegetables-sold-in-supermarkets-and-fairs-in-the-city-of-aragua-na-state-of-tocantins-brazil/
https://dx.doi.org/10.22161/ijaers.77.44
https://ijaers.com/detail/commercial-relations-in-global-value-chains-potentials-and-limitations-of-ports/
https://ijaers.com/detail/commercial-relations-in-global-value-chains-potentials-and-limitations-of-ports/
https://dx.doi.org/10.22161/ijaers.77.45
https://ijaers.com/detail/monitoring-system-of-fisheries-water-quality-based-on-microcontroller/
https://ijaers.com/detail/monitoring-system-of-fisheries-water-quality-based-on-microcontroller/
https://dx.doi.org/10.22161/ijaers.77.46
https://ijaers.com/detail/agricultural-and-agribusiness-policy-reflections-and-challenges-for-the-development-of-the-state-of-goi-s/
https://ijaers.com/detail/agricultural-and-agribusiness-policy-reflections-and-challenges-for-the-development-of-the-state-of-goi-s/
https://dx.doi.org/10.22161/ijaers.77.47
https://ijaers.com/detail/the-contribution-to-human-resources-of-institutional-scientific-initiation-scholarship-program-of-the-museu-paraense-em-lio-goeldi/
https://ijaers.com/detail/the-contribution-to-human-resources-of-institutional-scientific-initiation-scholarship-program-of-the-museu-paraense-em-lio-goeldi/
https://dx.doi.org/10.22161/ijaers.77.48
https://ijaers.com/detail/the-intention-of-organ-donation-among-nursing-academics-influence-of-knowledge-on-decision/
https://ijaers.com/detail/the-intention-of-organ-donation-among-nursing-academics-influence-of-knowledge-on-decision/
https://dx.doi.org/10.22161/ijaers.77.49

50

51

52

53

54

55

56

57

58

Accumulative Stability Increment of Multi-Storied Building Rested Over Soft, Medium and Hard Soil: A Review
Sunil Rathore, Ankit Pal, Arvind Vishwakarma

MDOI: 10.22161/ijaers.77.50

Strategies for Preventing Adverse Events in the Surgical Center

Emanuela Batista Ferreira e Pereira, Ingridy Christian Araljo de Souza, Liniker Scolfild Rodrigues da Silva,
Giselda Bezerra Correia Neves, Arlley Araujo Dediér Barbosa, Cibele Lopes de Santana Ramalho, Emerson
Oliveira dos Santos, Luciana Maria Gomes Davi, Manuella Karina Gomes da Silva, Alvaro Jones Gomes da Silva

MDOI: 10.22161/ijaers.77.51
Page No: 449-455

Development of Linear Water Wave Dispersion Equation using Critical wave Steepness Criteria
Syawaluddin Hutahaean

bros¥efoo. 10.22161/ijaers.77.52

InterLib: Collaborative Tool for Translators and Interpreters

Ralfh Alan Gomes Machado, HelenoFtilber, Bruno Merlin, Fabio de Oliveira Torres, Dayse Ellen Chaves
Rodrigues, Ryan Gabriel Américo Silva, lago Costa das Flores

mjoon 10.22161/ijaers.77.53

Formulation of a low fat fresh cream based on gums from Beilschmiediaobscura seeds
DorothéeMarcelleBiloa, Junior Franck EkorongAkouan Anta, Luc AbossoloSakouma, Carl Moses Mbofung

MDOI: 10.22161/ijaers.77.54

Urban Housing in Nigeria for Sustainable Development: Challenges and Prospects
Adesoji David Jiboye, Juwairiyah Adenike Adebayo, Olufunmilola Adetayo Obakin

bros¥eoo. 10.22161/ijaers.77.55

Turbining the L eopold Matrix
Roberto Tenorio Figueiredo, Vivianni Marques Leite dos Santos, Jorge Luis Cavalcanti Ramos

mjoon 10.22161/ijaers.77.56

Page No: 442-448

Page No: 456-462

Page No: 463-468

Page No: 469-477

Page No: 478-491

Page No: 492-505

A study on Sound Wave Fire Extinguisher with cooling rate
Sarang Choudhary, Aditi Gupta, Sudhanshu Sukhwal

mﬁml: 10.22161/ijaers.77.57

Page No: 505-510

Effect of nickel in the degradation of oil in soils contaminated with petroleum and nickel

Natélia Franco Taketani, Rodrigo GouvéaTaketani, Selma Gomes Ferreira Leite, ItamarSoaresMelo, Andrea
Camardellade Lima-Rizzo, Fernando Dini Andreote, Cldudia Duarte da Cunha

bros¥efoo. 10.22161/ijaers.77.58

Page No: 511-521

Xii


https://ijaers.com/detail/accumulative-stability-increment-of-multi-storied-building-rested-over-soft-medium-and-hard-soil-a-review/
https://ijaers.com/detail/accumulative-stability-increment-of-multi-storied-building-rested-over-soft-medium-and-hard-soil-a-review/
https://dx.doi.org/10.22161/ijaers.77.50
https://ijaers.com/detail/strategies-for-preventing-adverse-events-in-the-surgical-center/
https://ijaers.com/detail/strategies-for-preventing-adverse-events-in-the-surgical-center/
https://dx.doi.org/10.22161/ijaers.77.51
https://ijaers.com/detail/development-of-linear-water-wave-dispersion-equation-using-critical-wave-steepness-criteria/
https://ijaers.com/detail/development-of-linear-water-wave-dispersion-equation-using-critical-wave-steepness-criteria/
https://dx.doi.org/10.22161/ijaers.77.52
https://ijaers.com/detail/interlib-collaborative-tool-for-translators-and-interpreters/
https://ijaers.com/detail/interlib-collaborative-tool-for-translators-and-interpreters/
https://dx.doi.org/10.22161/ijaers.77.53
https://ijaers.com/detail/formulation-of-a-low-fat-fresh-cream-based-on-gums-from-beilschmiedia-obscura-seeds/
https://ijaers.com/detail/formulation-of-a-low-fat-fresh-cream-based-on-gums-from-beilschmiedia-obscura-seeds/
https://dx.doi.org/10.22161/ijaers.77.54
https://ijaers.com/detail/urban-housing-in-nigeria-for-sustainable-development-challenges-and-prospects/
https://ijaers.com/detail/urban-housing-in-nigeria-for-sustainable-development-challenges-and-prospects/
https://dx.doi.org/10.22161/ijaers.77.55
https://ijaers.com/detail/turbining-the-leopold-matrix/
https://ijaers.com/detail/turbining-the-leopold-matrix/
https://dx.doi.org/10.22161/ijaers.77.56
https://ijaers.com/detail/a-study-on-sound-wave-fire-extinguisher-with-cooling-rate/
https://ijaers.com/detail/a-study-on-sound-wave-fire-extinguisher-with-cooling-rate/
https://dx.doi.org/10.22161/ijaers.77.57
https://ijaers.com/detail/effect-of-nickel-in-the-degradation-of-oil-in-soils-contaminated-with-petroleum-and-nickel/
https://ijaers.com/detail/effect-of-nickel-in-the-degradation-of-oil-in-soils-contaminated-with-petroleum-and-nickel/
https://dx.doi.org/10.22161/ijaers.77.58

59

60

61

62

63

64

Number of Hospital Beds: Population Estimate, Installed Capacity and Performed in two Mesoregions of Rio
De Janeiro, Brazil, 2015

Murilo Martini, Marina Scop Medeiros, Leticia Voigt Severiano, Rodrigo Chiavaro da Fonseca, Henrique
lahnkeGarbin, Carolina Galhds de Aguiar, Ronaldo Bordin

@&ejml: 10.22161/ijaers.77.59
Page No: 522-527

Law, Geography and Insurance: Establishment of Socio-Environmental Protection as a Standard for
Government and Industry

José Irivaldo Alves Oliveira Silva, Ryor D. Wolfgang

MDOI: 10.22161/ijaers.77.60

Biometrics and Election Fraud
Shubham Malik

MDOI: 10.22161/ijaers.77.61
Page No: 544-548

Beck Anxiety Inventory: A Correlation of Social and Obstetric Factors in High-Risk Pregnant Women in
Recife, PE, Brazil

Liniker Scolfild Rodrigues da Silva, Eliana Lessa Cordeiro, Cristina Albugquerque Douberin, Arlley Aradjo Dedier
Barbosa, Laryssa Grazielle Feitosa Lopes, Phelipe Gomes de Barros, JosenildaGusmao da Silva, Amaro Tobias
Vasconcelos do Nascimento, Merliane Alves da Silva, Luana Camila Alves da Silva, Joel Azevedo de
MenezesNeto, Ryan Matheus Cassimiro Lima

bros¥efoo. 10.22161/ijaers.77.62

Wealth of “New Economy” Organizations: A Historical Outline

Daniele Fernandes Rodrigues, Carlos Henrique Medeiros de Souza, Luiz Renato de Souza Justiniano, Lais
Teixeira Lima, Moniki Aguiar Mozzer Denucci

mjoon 10.22161/ijaers.77.63

Natural coaqulants replacing ferric chloride for wastewater slaughterhouses treatment
Aziza Kamal Genena, Crislaine Trevisan da Rocha Ribeiro Ferrari*, Daiane Cristina Lenhard

@&egml: 10.22161/ijaers.77.64

Page No: 528-543

Page No: 549-554

Page No: 555-567

Page No: 568-583

xiii


https://ijaers.com/detail/number-of-hospital-beds-population-estimate-installed-capacity-and-performed-in-two-mesoregions-of-rio-de-janeiro-brazil-2015/
https://ijaers.com/detail/number-of-hospital-beds-population-estimate-installed-capacity-and-performed-in-two-mesoregions-of-rio-de-janeiro-brazil-2015/
https://dx.doi.org/10.22161/ijaers.77.59
https://ijaers.com/detail/law-geography-and-insurance-establishment-of-socio-environmental-protection-as-a-standard-for-government-and-industry/
https://ijaers.com/detail/law-geography-and-insurance-establishment-of-socio-environmental-protection-as-a-standard-for-government-and-industry/
https://dx.doi.org/10.22161/ijaers.77.60
https://ijaers.com/detail/biometrics-and-election-fraud/
https://ijaers.com/detail/biometrics-and-election-fraud/
https://dx.doi.org/10.22161/ijaers.77.61
https://ijaers.com/detail/beck-anxiety-inventory-a-correlation-of-social-and-obstetric-factors-in-high-risk-pregnant-women-in-recife-pe-brazil/
https://ijaers.com/detail/beck-anxiety-inventory-a-correlation-of-social-and-obstetric-factors-in-high-risk-pregnant-women-in-recife-pe-brazil/
https://dx.doi.org/10.22161/ijaers.77.62
https://ijaers.com/detail/wealth-of-new-economy-organizations-a-historical-outline/
https://ijaers.com/detail/wealth-of-new-economy-organizations-a-historical-outline/
https://dx.doi.org/10.22161/ijaers.77.63
https://ijaers.com/detail/natural-coagulants-replacing-ferric-chloride-for-wastewater-slaughterhouses-treatment/
https://ijaers.com/detail/natural-coagulants-replacing-ferric-chloride-for-wastewater-slaughterhouses-treatment/
https://dx.doi.org/10.22161/ijaers.77.64

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers.77.1

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)
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Abstract— In the recent years, intelligent data-driven fault diagnosis methods on gearboxes have been
successfully developed and popularly applied in the industries. Currently, most of the machine learning
techniques require that the training and testing data are from the same distribution. However, this
assumption is difficult to be met in the real industries, since the gearbox operating conditions usually
change in practice, which results in significant data distribution gap and diagnostic performance
deteriorations in applying the learned knowledge on the new conditions. This paper proposes a deep
learning-based domain adaptation method to address this issue. The raw current signals are directly used
as the model inputs for diagnostics, which are easy to collect in the real industries and facilitate practical
applications. The maximum mean discrepancy metric is introduced to the deep neural network, the
optimization of which guarantees the extraction of generalized machinery health condition features across
different operating conditions. The experiments on a real-world gearbox condition monitoring dataset
validate the effectiveness of the proposed method, which offers a promising tool for cross-domain diagnosis

in the real industries.

Keywords—~Fault diagnosis, deep learning, domain adaptation, gearbox, current signal.

I.  INTRODUCTION

In the past decades, rotating machines have been
widely used in a large number of industries, such as
manufacturing, aero-space industry, automotive etc.
Gearbox is one of the key components in rotating machines
for delivering torque and offering speed conversions.
Effective and timely fault diagnosis of gearbox is of great
importance in the real industries, which can optimize
maintenance schedule, enhance operational safety and
reduce economic costs [1]. Traditionally, many model-
based signal processing methods have been used for the
fault signal analysis of gearbox [2]. While effective
diagnosis results have been obtained, the model-based
approaches generally rely on good expert knowledge, and
require much human labor on model development.
Therefore, they are less efficient for applications in the real
industrial scenarios. Moreover, smart manufacturing
initiative has established a consistent method for data
access across different enterprises helping predictive
manufacturing and fault diagnosis to advance in a rapid
pace [3,4]. In general, high diagnosis accuracy and fast
implementation can be achieved [5]. Furthermore, little
prior expertise on signal processing and dynamics model of
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gearbox is generally required, which largely facilitates the
industrial applications. In the literature, the popular data-
driven methods include artificial neural networks (ANN),
random forest (RF), support vector machines (SVM) and
so forth. Recently, deep learning has been emerging as a
highly effective algorithm for data processing, which is
promising to further improve the performance of the
existing data-driven approaches [6]. Basically, the deep
learning methods are capable of efficiently capturing the
underlying relationship between input and output data,
through multiple linear and non-linear data transformations
[7].Specifically, with respect to fault diagnosis problems,
the machinery health states can be well predicted using the
collected condition monitoring data, despite the high
dimensions of thesignals [8,9].Authors in [10] proposed
using convolutional neural network (CNN) for gearbox
fault diagnosis and achieved a significantly better
classification accuracy compared to the classical ma-chine
learning methods. A fault diagnosis method for wind
turbine gearbox based on stacked auto-encoder and multi-
class SVM was proposed in [11]. A Deep Belief Network
fault diagnosis method based on manually extracted time
and frequency domain features was proposed in3for
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gearbox and bearing applications. These studies emphasize
the significant improvement in gearbox fault diagnosis
performance by using deep learning based methods
compared to the conventional data-driven methodologies.
It should be pointed out that while promising diagnosis
performance has been obtained using deep learning, the
main assumption lies in that the training and testing data
are supposed to be from the same distribution. That means
the labeled training data and unlabeled testing data should
be collected in the similar operating conditions of gearbox.
However, the working scenarios such as load, rotating
speeds etc. usually change in different practical industrial
tasks. That results in significant distribution discrepancy
between training and testing data, which deteriorates the
data-driven model generalization performance [12].In
order to address this problem, transfer learning algorithms
have been proposed in the recent years [10,13], which aim
to generalize the data-driven knowledge learned from the
training condition, denoted as source domain, to the testing
condition, denoted as target domain. Specifically, the
domain adaptation (DA) techniques have been popularly
developed in the fault diagnosis field [14,15], which
assume the training and testing data share the same label
space. That is consistent with the machinery health
condition identification problems [16]. The domain-
invariant features across different conditions are expected
to be learned with the domain adaptation methods, and
stronger model generalization ability can be achieved. A
framework for gearbox domain adaptation was proposed in
[17] based on deep neural network, where only the source
domain data and healthy data from the target domain were
used to accomplish the DA tasks. In [18], a DA approach
for fault diagnosis of low-speed bearing was proposed. The
authors used acoustic spectral imaging technique to convert
time-domain acoustic emission signal to representative
images for different health conditions. These images were
used in a DA model for predicting labels of target domain
dataset. A deep CNN-based DA method for gearbox fault
diagnosis was proposed in [19] based on vibration signal.
In their approach, the raw time-domain vibration signal
was converted to gray-scale images and used as input to
the CNN model. The authors firstly trained a CNN model
on the source dataset and then fine-tuned it using the target
domain samples. In general, the deep learning-based
domain adaptation methods have shown great potential in
bridging the domain gap in different working conditions
[20,21].In the current literature, the machinery vibration
data are mostly focused for fault diagnosis [22], since the
vibration signal is representative of the behavior of
periodic events in the gearbox and it is expected the
behavior of the gearbox would change in case of any kind
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of mechanical abnormality. For different kinds of signals,
the application of the torque measurement has been seldom
investigated. The authors in [23] discussed torsional
vibration analysis as a potential approach for fault
diagnosis in fixed shaft gearboxes. Using torque signal in
fault diagnosis of planetary gearboxes was discussed in
[24] and the authors proposed a diagnosis method based on
the demodulated spectra of amplitude envelope and
instantaneous frequency. The study by Qiaoet al. [25] on
wind turbine mechanical components pointed out the
usefulness of the torque signal in detecting gearbox faults.
Furthermore, Mohanty et al. [26] stated that the current
signal of the induction motor driving the gearbox is useful
for the fault diagnosis investigations, and the motor current
signature analysis (MCSA) can be largely improved using
the proposed demodulation method. The effectiveness of
MCSA in rotating machinery fault diagnosis problems was
also validated in [27,28]. Therefore, it is feasible and
promising to explore the current signals for gearbox health
identification, which are easy to collect in the real
industries. However, it should be pointed out that the
existing methods are mostly complicated and require
sophisticated domain knowledge on gearbox modeling and
signal processing skills, which are difficult to be
implemented in different applications. This paper proposes
a deep learning-based domain adaptation method for the
gearbox fault diagnosis. An end-to-end diagnostic
framework is built, which takes the raw collected data as
input and directly outputs the results. The current signals
are investigated in this study, which are generally easier to
collect than the popular vibration data in the real industrial
scenarios. The maximum mean discrepancy metrics
introduced to measure and minimize the data distribution
distance between different domains, and the generalized
diagnostic features of different machinery health condition
scan be extracted. Experiments on real-world gearbox
datasets are implemented for validations, and the proposed
method is capable of effectively diagnosing gearbox faults
across different operating scenarios. The remainder of this
paper starts with the preliminaries in Section Il. The
proposed fault diagnosis method is shown in Section IlI,
and experimentally validated and investigated in Section
IV. We close the paper with conclusions in Section V.
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Il. PRELIMINARIES
A. Deep Convolutional Neural Network

In the past years, deep learning also denoted as deep
neural network has achieved great success in different
applications. Besides the basic multi-layer perceptron
(MLP) structure, the convolutional neural network (CNN)
architecture has been more efficient on feature extraction
and the high-dimensional machinery data can be well
processed [7]. Basically, multiple convolutional layers are
stacked in the CNN structure to model the relationship
between input and output. Specifically, the one-
dimensional CNN is adopted in this study, which is well
suited to process the measurement signals of gearboxes.
Together with convolutional operations, pooling is usually
implemented after the convolutional layers. The averaging-
pooling and max-pooling operations are popularly adopted,
which are able to learn the average and maximum values
from the local data respectively. In this way, the most
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To bridge the gap between different data distributions
on machine learning, transfer learning techniques have
been successfully developed and widely used in the
applications30.Specifically, the domain adaptation method
in transfer learning has been receiving increasing attention
in the fault diagnosis studies, since the machinery health
condition label spaces are usually identical. In general, the
domain adaptation approaches aim to learn domain-
invariant features from different conditions, that facilitates
the fault diagnostic knowledge generalize in different cases
[31].In this paper, the maximum mean discrepancy (MMD)
metric is adopted, which measures the distance between the
distributions of source and target domains. The
optimization of MMD is able to achieve domain fusion in
the high-level representation sub-space in deep neural
networks, and thus extract generalized features for
diagnosis15.The MMD metric is defined as the squared
distance between the kernel embeddings of data marginal
distributions in the reproducing kernel Hilbert space
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Fig.1 Flowchart of the proposed fault diagnosis method

significant features can be extracted and the data
dimensions can be reduced, which increases the computing
efficiency of deep learning. By exploiting the
convolutional and pooling operations, the high-level
features from raw data can be obtained, and they can be
used for the final task afterwards, i.e. machinery fault
diagnosis. Readers are referred to [7,29] for more
descriptions of CNN.

B. Domain Adaptation
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(RKHS) as

MMD;(P. Q) £ |Ep [¢ (x°)] — Eq [¢ (x')] ||fh . (D

Where Hk denotes the RKHS endowed with the
characteristic kernel k. Based on the current understanding
of MMD [32], kernel choice is one of the key factors in
domain adaptation, since different kernels can embed the
probability distributions indifferent RKHSs and different
orders of the statistics are explored. Therefore, multiple
kernels in MMD are employed in this paper to leverage
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different kernels and achieve improved performance. In the
implementations, Nk RBF kernels are used as [33],

1\'*.
bt xt) = Zka!(x",x’). (2)
i=1
Where koi denotes a Gaussian kernel with bandwidth
coefficient oi. In this study, three kernels are adopted, and
the bandwidth parameters are selected as 2, 4 and 8

I11.  PROPOSED FAULT DIAGNOSIS METHOD

The proposed method is described in Figure 1 and
consists of four individual steps. In each step, the key
functionalities are presented and discussed in detail

Training Samples

T AT

Overlap Shift

Fig. 2: data augmentation with overlap.

A. Data Partitioning

In the first phase, the raw time-domain sensor data
collected from a gearbox is partitioned into two sets (a)
source domain data (labeled data) and (b) target domain
data (unlabeled data). The target domain data is also further
partitioned into training and testing sets, where one of the
unlabeled subset is used in training the CNN model and the
other subset is used for testing the trained model.

B. Data Modeling

There are two major steps for modeling the data prior to
training the diagnosis model, which are presented as
follows.1) Data augmentation In order to increase the
number of training samples, a windowing method has been
used. As depicted in Figure 2,a window with a fixed
sample size moves over a time series signal and generates
multiple samples. For example, a signal with 1000,000
points can provide the 191 training samples with length
50,000 when the shift size is 5000 points.2) Fast Fourier
Transform (FFT)In order to eliminate the impact of the
supply line frequency, the FFT technique is applied to each
sample generated fromthe augmentation process. It is
expected that fault signatures appear as sidebands around
the supply line frequency (or running frequency) in the
FFT spectrum [34]. All samples after FFT are directly used
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in the deep learning model for feature learning and fault
diagnosis.

C. Deep Learning Model Formulation

For the network optimization, two terms are generally
included in the objective, i.e. source-domain classification
loss and domain discrepancy loss. First, following the
typical machine learning paradigm, the empirical health
condition identification errors on the source domain are
supposed to be minimized, and the cross-entropy loss
function Ls is adopted in this study, which is defined as,

i

WAL e”

i = — =4 - y 3

min L, o ;; 1{y; = j}log Z,?,:, o (3)
Where ns denotes the number of the source-domain
training samples. xsi, jis the jth element of network output
vector, taking as input the ith labeled source-domain
sample, and yiis the label of the ith source-domain sample.
Nc represents the number of the concerned machinery
health conditions. Besides the basic supervised learning
part, the source and target domain discrepancy should be
minimized, and the MMD metric is adopted to measure
and optimize the domain gap in this study as described in

Section 11-B. Specifically, the MMD loss Ld is defined as,

min Ly; = MMDy(Ps, Pr), 4)

where PS and PT denote the distributions of the high-
level representations of the source and target-domain data
respectively in the last fully-connected layer of the
network. In summary, the losses in Equations (3) and (4)
can be combined, and the final optimization objective Lopt
can be expressed as,

min Lopf = LH 53 Ld: (5)

the unlabeled testing target-domain data are used for
fault diagnosis and performance of the proposed method is
reported.

'

Fig. 3: The experimental setup of the test rig [35]
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IV. EXPERIMENTAL STUDYA.
A. Test Rig

A validation study has been conducted on a dataset
acquired from a gearbox prognostic simulator (GPS) built
by the Spectra Quest Company35, as is shown Figure 3.
Two confronted electrical motors are used in the test rig;
one motor is used for drive and the other one for
resistance/load. Both motors are three-phase induction
motors with 10 Hp and two pair of poles. A current sensor
(HTA 100) was installed on the drive motor and was used
in our analysis for fault diagnosis. The datawas recorded
using a computer with a National Instruments acquisition
card (NI 4472 series) at a sampling rate of 50ks/sec. The
monitored gearbox is composed of four spur gears(Figure
4). The first gear, as it comes from the motor that drives
the test bench, has 32 teeth. It is the one substituted by
gears in different health states, leaving the rest unchanged.
It is followed by a gear with 80 teeth. In the same axle, a
gear with 48 teeth is found, connected to a gear with 64
teeth, resulting in a global transmission relationship of
3.33.

In this study, the torque load applied to the gearbox was
gradually increased by 40%, 80%, and 100%. In each load,
the operational speed was kept constant at 1500 rpm and
each run was repeated 15 times to reduce the impact of
randomness and uncertainties. Table | summarizes the
experimental studies and a comparison between raw motor
current measurements and the corresponding FFT spectra
for different loads and in healthy condition is given in
Figure 5. Accordingly, by increasing the load condition,
amplitude of raw current signal and FFT spectrum increase
significantly. Figure 6 shows the five health conditions
examined in this paper and the impact of FFT analysis in
distinguishing different faults at 0% load is given in Figure
7. As shown, raw motor current measurements do not show
significant differences between different health conditions,
however, they are clearly distinguishable from the FFT
spectrum. The proposed method is tested for six transfer
tasks, i.e

A summary of data segmentation for different tasks is
given in Table Il. Nsource and Ntarget represent the
number of samples from each class of source and target
domain datasets respectively. All experiments are
performed on a PC with 16-GB RAM, Core i5 CPU, and
NVIDIA GeForce TX 2080 Ti. The programming is done
in Tensorflow and GPU computing is used to reduce the
model training time.
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Fig. 4: lllustration of the gear disposition inside the
experimental gearbox.
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Fig. 5: Comparison between healthy data at different
load conditions.

B. Model Architecture Design

As shown in Figure 8, the first step is to design a CNN
architecture and tune the network parameters. In this study,
a stack of four convolutional and pooling layers and a max-
pooling layer are used for model training. The impact of
filter size (Fs) and filter number (Nf) on the cross domain
diagnosis performance and for task T1-2is shown in
Figure 9. Generally, a larger value for Nf and Fs leads to a
higher diagnosis accuracy, but this improvement by larger
values is relatively limited. Moreover, by increasing Nf
and Fs, the training time increases significantly. Therefore,
Nf=Fs= 20was selected for the final model. Batch size
(Nb) is another tuning parameter that may significantly
affect the diagnosis accuracy. For our dataset, selection of
low batch size leads to the worst diagnosis results and a too
large batch size would create a big cumulative descent in
updating the parameters especially when MMD loss is
integrated in the model and therefore the prediction
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accuracy drops for too large batch sizes. Therefore, it is
important to choose a reasonable tradeoff value for Nb.
Consequently, Nb= 64 was selected for the final diagnosis
model. The confusion matrix corresponding to the final
diagnosis results in task T1-2 is illustrated in Figure 10. It
is observed that only two classes ‘eccentricity’ and
‘missing tooth’ are slightly misclassified and all other
classes are precisely classified.

Table I: Experimental details.

Experiment Number Load  Speed (rpm)

1 0% 1500
2 40% 1500
3 80% 1500
4 100% 1500

C. Results and comparison

In this section, different implementations are used to
evaluate the performance of the proposed method and
comparison with the latest related works is also presented.

1) Effects of training sample size

Performance of the final model in different tasks, i.e.T1-2,
T1-3, T1-4, T4-3, T4—2and T4—1and for different source
domain sample size, N source, is illustrated in Figurell. In
this study the number of target samples, N target, is kept
constant at 300. With increasing N source, the testing
accuracy increases and prediction uncertainty (measured
by the standard deviation) reduces significantly. The
proposed CNN-based domain adaptation method provides
acceptable testing accuracy even with small training source
samples, N source. As presented in Figure 11, the achieved
testing accuracy in some tasks like T1-2and T4—3is higher
than other tasks. This observation is due to the nature of
data and the similarity between the distribution of source
and target domain. For instance, the load variation from
experiment #1 to experiment #2 is 40% which is smaller
than that between experiment#1 and experiment #4 (i.e.
100%). Therefore, the transfer of learned features from
experiment #1 to experiment #2 is easier. In addition,
achieving the high accuracies in different tasks from low to
high operational loads and vice versa indicates that the
proposed method performs well bidirectional between
different domains. The achieved results for different tasks
also clearly illustrate the effectiveness of the motor current
measurement signal for cross-domain fault diagnosis. As
presented, by increasing the number of training samples,
the diagnosis performance improves as well which follows
the same pattern as the classical fault diagnosis methods.
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Fig. 6: Different health conditions examined in this paper.

2) Classification Results and Comparison

Performance of the proposed transfer learning
methodology is compared with two groups of fault
diagnosis tools as summarized below:

Group A- Supervised classification methods such as:

1) LDA [36]- Linear Discriminant Analysis is a supervised
algorithm that uses a linear transformation matrix to
project features from parametric space to feature space.

2) SVM [37]- Support Vector Machines are supervised ma-
chine learning algorithms that can be employed for both
regression and classification problems. SVMs are designed
based on Structural Risk Minimization criteria in the
statistical learning theory. SVMs work on a simple idea: to
identify a hyper-plane which separates the training data
into two distinct classes.

3) CNN Without Domain Adaptation (No-DA) - A deep
learning method that automatically extracts features from
the raw signal measurement. A typical classification is
obtained by only considering the classification loss in
Equation (5). This trained model is directly used for testing
on the target dataset.

Page | 6


https://dx.doi.org/10.22161/ijaers.77.1
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers.77.1

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

All classes at 0% load

Amplitude (dB)

) Current (U)

Time (s)
—Healthy —Pitting — Missing tooth — Ecentreccity —Chippedi

Fig. 7: Different health conditions indicated in raw time
domain and frequency spectrum.
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Fig. 8: The proposed deep neural network architecture

Group B- Transfer learning methods including:

1) TCA [38]- Transfer Component Analysis is used to find
a feature subspace in the domain adaptation field. In the
subspace created by transfer components, the source and
target data distribution are similar. When the subspace is
created, a SVM classifier is trained with the labeled source
domain dataset and acquire the accuracy of the target
domain.

2) JDA [39]- Joint Distribution Adaptation is a
modification of TCA. It is able to simultaneously adapt the
conditional and marginal distributions during the
dimensionality reduction process.

3) GFK [40]- Geodesic Flow Kernel is an unsupervised do-
main adaptation technique wherein the source and target
domain data are projected into a linear subspace while the
shortest line path connects the two original domains.

4) BDA [41]- Balanced Distribution Adaptation aims to
automatically balance the significance of marginal and
conditional distribution discrepancies and therefore it can
effectively adjust for a specific transfer task.
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5) T-S [42-] This method suggests performing adaptation
by learning a target-specific network from the source-
specific network.

Table Il: Data segmentation for transfer tasks.

Transfer Task  Source Sample Number — Target Sample Number

T1—2 5 X Nyource 5 X Ntarget
Ti-3 5 X Nsource 5 X Fvl,u-rget
Tl—'l 5 X ‘Vu)w ce 5 X -Nlu‘l'ycf
T‘l—-3 5 X A”suuv ce 5 X AN—lurqcl
T'l—'.) 5 X ]Vsuuvcv: 5 X AN—!ul_qtf
Ta-1 5 X Nsource 5 X Niarget

In Group A, three classification methods are used to
learner presentative features from the training source data
in a supervised process and then the trained classifier is
used on the target domain data for testing and the achieved
results are reported. Hand-crafted time and frequency
domain features such as standard deviation, mean, peak to
peak, kurtosis, frequency amplitude and energy etc. are
used as an input to LDA and SVM methods. For No-DA,
raw frequency-
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Fig. 9: Impact of filter size and filter number on the testing
accuracy for task T1-2.

domain data is utilized. Because these methods inherently
do not consider domain variation between the source and
target datasets, therefore a low classification performance
is highly expected. In Group B, the extracted time and
frequency features are used for domain adaption tasks and
the achieved results are compared with the proposed
method. Analyses are conducted on 300 samples obtained
from the source and target dataset and the obtained
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diagnosis results on the testing (target domain) data are
visualized in Figure 12. In contrast with other methods, the
proposed approach provides the highest accuracies in all
six transfer tasks, and basically, the accuracies are higher
than 91%, which illustrates the effectiveness of the
proposed transfer learning approach. The average
performance improvement for the proposed method is
57.46%, 55.68%, 39.3%, 36.62%, 35.87%, 34.5%,
26.67%,2.75% compared with LDA, SVM, GFK, JDA,
TCA, BDA, No-DA, and T-S. The second-best
performance is obtained from T-S and No-DA is ranked in
the third place. Overall, domain adaptation methods
discussed in Group B outperform the classical diagnosis
methods in group A but they are not as promising as the
proposed method.

Confusion Matrix
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Fig. 10: The confusion matrix for the classification results
in task T1-2.

The performance of different diagnosis methods for the
low number of training samples e.g. Nsource= 60 and
Ntarget= 300, is illustrated in Figure 13. As expected,
using low number of labeled data for training deteriorates
the testing diagnosis accuracy for all evaluated methods.
This observation is consistent with the previous studies
conducted on deep learning methods that larger training
data leads to a better diagnosis performance and transfer
learning based diagnosis methods also follow this pattern.
Moreover, comparing the results obtained from methods in
Group A (without domain adaptation) with the diagnosis
results obtained from methods in Group B and the
proposed method, shows the significant impact of cross-
domain adaptation on fault diagnosis performance. T-S
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which provides an alternative way for domain adaptation,
shows good performance with large training sample size.
However, with a low sample size, its performance
deteriorates significantly because this method minimizes
the distribution discrepancy between the target dataset and
the learned representations from the source training
network. The achieved results illustrate the effectiveness of
motor current signal for cross-domain fault diagnosis.

Nsource

Ti-2

T:.l—i
Ta—2
Td---‘.

60 65 70 75 80 8 90 95 100
Accuracy (%)

Fig. 11: Performance of the proposed method at different
tasks and for different training sample size.

3) Visualization of the learned features

In order to illustrate the effectiveness of our approach, T-
distributed Stochastic Neighbor Embedding (t-SNE)
technique is adapted in visualizing the high-level feature
representation by mapping them from the original feature
space into a 2-Dspace map. The visualization is performed
on task T1-2for the proposed method and also for CNN
without domain adaptation (No-DA method).
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Fig. 12: The achieved testing accuracy for different
comparative methods and in all six transfer tasks.
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Fig. 13: Fault diagnosis results with the low number of
source domain samples in all six transfer tasks.

Figure 14 illustrates the virtualization of learned features in
the fully connected layer of the source domain classifier
without domain adaptation. As observed, without domain
adaptation, samples from each identical class in the source
or target data cluster together. However, for some labels
there is a notable distribution discrepancy between the
source and target domain samples. Since the feature space
is divided into several regions associated with different
labels, it is expected to obtain a low diagnosis performance
in the target domain data. Therefore, it is necessary to
bridge the distribution discrepancy between the source and
target data to improve classification results on the target
data. By using domain adaptation, as is shown in Figure
14, the source and target domain features are projected into
the same region as the model is trained. Accordingly, the
distribution discrepancy has reduced significantly between
the source and target domains and samples from different
conditions are separated clearly. These two requirements a)
minimal distribution discrepancy between two domains
and b) clear differentiation between different health
conditions in both domains would guarantee achieving an

www.ijaers.com

accurate cross-domain fault diagnosis. As illustrated, the
cross-domain invariant features obtained by the proposed
method are clustered well where features from different
classes are separated clearly and only a small amount of
overlapping is observed between classes ‘Eccentricity’
and‘ Missing tooth’ faults in the source and target domains.

Before Domain Adaptation

Fig. 14: Extracted features in the fully connected layer are
visualized for task T1-2 at Nsource = 300. Both the
scenarios before and after domain adaptation are
presented.

V. CONCLUSION

In this paper, a deep learning-based domain adaptation
fault diagnostic method for gearboxes is proposed. An end-
to-end diagnostic model is established, which takes the raw
motor current data as inputs, and directly outputs the
predicted health conditions. The maximum mean
discrepancy metric is used to bridge the distribution gap
between different gearbox operating conditions.
Experiments on a real-world gearbox condition monitoring
dataset are carried out for validations, and promising cross-
domain fault diagnosis performance is achieved by the
proposed domain adaptation method. This study offers a
new perspective on enhancing fault diagnosis model
generalization ability in different operating scenarios of
gearboxes. The high data requirement of vibration signals
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by most existing methods is also alleviated, and effective
diagnostic performance can be obtained using only the
easily-collected current data. However, it should be pointed
out that the main limitation of this study lies in the
assumption of the target-domain data during training.
Further research works will be carried out on developing
robust fault diagnosis models for different scenarios
without the availability of the target-domain data in
advance.
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Abstract —Brazil has been undergoing major changes in its policy, leading its population to become more
involved in government issues. Brazilians have frequently observed the conduct of their representatives and
frequently identified the responsibility crime, which is carried out by political agents. The present work
aims to analyze and present a brief discussion about the crimes of responsibility and to identify as a
criminal infraction or just a constitutional infraction in face of several positions found in the Brazilian
legal system, including the position of the Supreme Federal Court. To this end, bibliographic research was
carried out on books, articles, normative provisions, summaries and laws present in Brazilian legislation,
in order to present the concept of responsibility crime, its applicability in criminal law with the Superior
Federal Court binding legal precedent46 and identify a position through its possible punishments, whether
such a crime falls within the criminal or constitutional scope. The denomination responsibility crime
emerged as a way to reduce criminality in Brazilian politics, committed by those who represent us so much,
the political agents. The identification of this crime, which can be reported by any citizen, in imperative to
prevent and even combat the unwanted associations of those who represent us. According to the consulted
bibliographic, the crimes of responsibility are nothing more than administrative irregularities of a political
nature, in which their punishments does not affect the freedom of the agents who practiced them, not

configuring a criminal offense, but rather a constitutional offense.

Keywords —Criminal Law, Criminal Offense, Constitutional Offense, Responsibility crime.

I INTRODUCTION

This scientific article aims to analyze if the
responsibility crime should be considered a criminal
offense or a constitutional violation.

On one hand, we have art. 85 of the 1988 Federal
Constitution, which clarifies that the acts of the President
of the Republic that violate the Federal Constitution and its
precepts, listed by the Constituent in the following 7 items,
are considered responsibility crime. Also, not only for the
President, but now regarding the Ministers of State,
Ministers of the Supreme Federal Court, the Republic’s
General Attorney and the Governors, Law N°. 1.079/1950

WWwWw.ijaers.com

applies, almost all compatible with the Federal
Constitution/1988!, which brings the typification,
processing and judgment of the responsibility crime. There
is also Law No. 7.106/83, which states responsibility
crimes committed by the Federal District Governor and
Secretaries, and Decree-Law No. 201/67, which deals with
responsibility crimes committed by Mayors and Municipal
Secretaries.

On the other hand, we have in our legal system the
Supreme Federal Court binding legal precedent No. 46,

L Writ ofmandamus 21.564/DF.
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which, indirectly, fits the responsibility crime into the
criminal legislation, as it defines that these type of crimes
and their processes and judgments are Union's private
legislative competence.

It is noteworthy that the Penal Code Introduction Law
(Decree-Law 3491/41) considers a crime as it follows:

Article 1. A criminal offense is considered a crime
those which the law imposes a penalty of imprisonment
or detention, either alone, or alternatively or
cumulatively with the fine penalty; misdemeanor, the
criminal offense which the law imposes, in isolation, a
simple prison sentence or a fine, or both, alternatively
or cumulatively. (Decree-Law 3491/41, art. 1).

We note that in the criminal sphere, to consider a
certain conduct as a crime, it is necessary to impose an
imprisonment or detention punishment.

In contrast, the responsibility crime punishments,
according to the special laws mentioned above, are
political and administrative  sanctions, such as
impeachment.

Given these many discussions, it is worth asking
whether the responsibility crime would be a criminal
offense or a constitutional offense. This is what we will
discuss later on.

1. METHODOLOGY

In the present work, bibliographic research was carried
out on books, scientific articles, normative provisions,
legal precedents and laws present in the Brazilian
legislation, in order to present the responsibility crime
concept, its applicability in criminal law taking into
account the Supreme Federal Court binding legal precedent
No. 46 content and identify a position through its possible
punishments, if such crime falls within the criminal or
constitutional scope.

1. THEORETICAL FRAMEWORK

3.1 Responsibility Crime
3.1.1 Constitutional scope

The responsibility crime is a subject that is quite
addressed nowadays, due to the focus received after
government changes undergone by Brazil in the last
decades, which leads us to wonder if the referred crime is a
criminal or constitutional offense.

According to the 1988 Federal Constitution, a
responsibility crime is understood as any type of action that
is politically contrary to the rules established by it,

WWwWw.ijaers.com

committed by political agents. So, it is a political
infraction, considered a proper crime, in other words, a
crime that the active agent is determined, having a special
condition/quality.

In the legal literature, the understanding is that
responsibility crime concept has already been brought up
by the Original Constituent. Nevertheless, Minister
Alexandre de Moraes ponders in his book about the
responsibility crime legal nature, explaining that it is a
political-administrative offense, and after that, he analises
the legal definition brought by the national system.
Observe:

Responsibility crimes are political-administrative
infractions defined in federal legislation, committed
during the function performance, which undermine the
existence of the Union, the free exercise of State
Powers, the country's internal security, the
Administration’s probity, the budget law, the political
ritghts, individual and social rights and compliance
with laws and judicial decisions. (MORAES, 2007, p.
458).

Similarly, Joseph Cretella Junior teaches:

The responsibility crime can be incurred by the
Republic President and any State Minister, within the
sphere of the Union, but must, however, be defined in a
special law, according to the principle of nullum crimen
nulla poena sine lege (JUNIOR, 1991, p. 2,932).

In this light, Federal Constitution’s article 85, in an
objective manner, points out what a responsibility crime is
when practiced by the President of the Republic.

Art. 85. It is Responsability crime the Republic
President acts that violate the Federal Constitution and,
especially, against: | - the existence of the Union; Il -
the free exercise of the Legislative Power, the Judiciary
Power, the Public Prosecutor and the Federal units’
constitutional Powers; Il - the exercise of political,
individual and social rights; 1V - the country's internal
security; V - probity in administration; VI - the budget
law; VII - compliance with laws and judicial decisions.
Paragraph. These crimes will be defined in a special
law, which will establish the procedure’s rules and
judgment. (art. 85 of the CF)

Following the constitutional command provided by the
art. 85’°s paragraph cited above, there are two special laws
and a decree-law, which brings to the infra-constitutional
scope the responsibility crime’s classification, processing
and judgment applied to each political agent. These laws
are Law No. 1.079 of April 10, 1950, applied to the
President of the Republic, the Ministers of State, the
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Ministers of the Supreme Federal Court, the Republic’s
General Attorney, and the Governors and Secretaries of
States; Law No. 7.106/83, applied to the Federal District
Governor and Secretaries and the Decree-Law No.
201/1967, applied to Mayors and Councilors.

In all of the aforementioned normative acts, the
responsibility crime has a political-administrative
infraction’s legal nature, as there is a combination of
punishments such as the loss of function, disqualification
for a determined time so that he or she can exercise a
public function again, the revoke of the elective mandate,
among other measures. All of these sanctions, on the other
hand, do not fall under Article 1 of Decree-Law No. 3.914
of December 9, 1941, the Penal Code Introduction Law
(Decree-Law No. 2,848, of 7-12-940) and of the Criminal
Misdemeanor Law (Decree-Law No. 3.688, of October 3,
1941), which, when conceptualizing what is a crime,
establish that “a criminal offense is considered a crime
those which the law imposes a penalty of imprisonment or
detention either alone, or alternatively or cumulatively with
the fine penalty”.

Therefore, it is not possible to consider that the
responsibility crime is a criminal offense, since those
punishments do not go against the freedom of the
individual, through imprisonment or detention, as is clear
in the Penal Code Introduction Law. However, it is a real
political-administrative infraction, since they attack the
republican unity, administrative probity, the use of public
money and even the budget, by political acts, which
consequently causes the necessary loss of the public
function or even revocation of the elective mandate, in
addition to political rights suspension.

3.1.2 Penal scope

On the other hand, there is in our legal system the
Supreme Federal Court binding legal precedent No. 46,
approved on April 9, 2015, as a result of the already
published binding legal precedent 722:

Supreme Federal Court binding legal precedent No. 46
— The responsibility crime definition and establishment
of the respective procedure and judgment rules are
Union’s exclusive legislative competence.

The Supreme Federal Court makes it clear, through the
aforementioned statement, that only the Union can legislate
about a responsability crime.

The Federal Constitution brings on its article 22, that
"the Union is exclusively responsible to legislate on: | -
civil, commercial, criminal, procedural, electoral, agrarian,
maritime, aeronautical, space and labor law".

WWwWw.ijaers.com

Considering that only the Federal Government has the
competence to legislate on matters in the criminal sphere
(private jurisdiction), and that the STF binding legal
precedent n°. 46 states that only the Federal Government
has the competence to legislate on responsibility crimes,
the Federal Superior Court through its precedent indirectly
framed the responsibility crime into the criminal scope.

However, as we saw above by the constitutional
determination, the responsibility crime must be defined in a
special law. And the legislator, both in Laws 1.079 and
7.106/83, and in Decree-Law No. 201/1967, did not refer
to a criminal offense, but to political-administrative
violations.

Damasio de Jesus (2010), reinforces this position by
stating that Law No. 1.079/50, as highlighted, does not
addresses crimes, but political-administrative infractions.
Therefore, using the term criminal action would be
inappropriate. He also affirms that it can be manifested
after a popular complaint, which is not allowed in a public
criminal process, as this is the Prosecutor’s role.

So, the STF binding legal precedent n°. 46, which
states that only the Union has the competence to legislate
on responsibility crimes, is not enough to fit this kind of
act into the criminal scope, since it is the special laws that
should be resposable for it . And, in all legislation avaiable
in our system, nothing is said about crime in a criminal
sense, but only political-administrative infractions.

3.1.3 Impeachment

Impeachment, which means impugnation, deals with
the process that can culminate in the Executive Branch’s
leaders mandate termination and also people who hold high
political positions. This mandate impugnation can start due
to a responsibility crime and has been among us since a
long time ago, as we will see in a brief historical account.

The impeachment’s development was marked by two
major historical scopes, the criminal and the political.
Originated in England, at the time it was turned to criminal
proceedings, but it lost that effect as soon as it was
introduced in the United States, where it became a strictly
political procedure, as explained by SérgioResende de
Barros.

[...] Typical of Western law, impeachment was born in
England as a criminal case. From there, it passed to the
United States, where it lost its criminal nature,
becoming a strictly political procedure. These countries
marked its development, generating two historical
impeachment types: the criminal and the political. [...]
Among the English, the impeachment’s origins date
back to the 13th and 14th centuries, when it emerged as
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a means of instituting an investigation in parliamentary
houses aiming to punish someone who was accused by
the public outcry. In 1283 there was a procedure - that
some point to as the pioneer - against a certain David,
known as "Llewellyn's brother". Others followed, such
as that of Thomas, Earl of Lancaster, in 1322, that of
Roger Mortiner and that of Simon of Beresford, in
1330, and that of the Archbishop of Canterbury, John
Stratford, who was charged before the Parliament in
1341, based on notoriously defamatory reports. These
pioneering cases were not yet the impeachment itself.
But then it would appear. [...] More typical cases took
shape in the second half of the 14th century. In 1350,
that of Thomas de Barclay. In 1376, the proceeding
against a London merchant named Richard Lyons
reached William, Lord Latimer, which - in addition to
giving the institute much greater repercussion - initiated
a feature that was later reaffirmed and persisted: the
impeachment defendants are political. Furthermore, this
was the first case in which the Parliament houses
rationalized impeachment, converting it into a
definitive process and trial, with the Commons as
accusers and the Lords as judges. (BARROS, 2003,
chap. 4).

It is possible to realize that throughout the
impeachment historical formation process, in the middle of
the 12th and 14th centuries in England, the institute had a
criminal feature. Only after its incorporation into the
legislative and constitutional system of the United States of
America it came to present a political scope.

Impeachment, despite centuries past, still deals with
accused and accusers, in other words, the accused known
as the politicians and the accusers the people, and it is
exactly this characteristic that allows any individual to
interpose the impeachment process against a politician. In
the same way that, in this case, the people are the ones who
elect them, they are also the ones who can remove them,
making it clear what the Federal Constitution in its article
1, paragraph, tells us: “All the power emanates from the
people, that exercise it through elected representatives or
directly, under the terms of this Constitution ”.

Law No. 1.079/50 recognizes that any individual can
submit to the National Congress a request for impeachment
against a political authority, based on a responsibility crime
that he may have committed.

Art. 14. Any citizen is allowed to denounce the
President of the Republic or Minister of State, for a
responsibility crime, before the Chamber of Deputies.
Art. 41. Every citizen is allowed to denounce before the
Federal Senate, the Ministers of the Supreme Federal
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Court and the Republic’s Attorney General, for the
responsibility crimes they commit (articles 39 and 40).
Art. 75. Every citizen is allowed to denounce the
Governor before the Legislative Assembly, or a
responsibility crime. (Law 1.079 /50, in Art. 14, 41 and
75).

3.1.3.1 Impeachment procedure

According to Pedro Lenza, the impeachment procedure
is observed in two phases, in other words, it has a biphasic
procedure, constituted by the admissibility judgment and
the process and judgment procedure. This is what Law No.
1079/50, art. 80, states.

Art. 80. When the President of the Republic and the
Ministers of State commits a responsibility crimes, the
Chamber of Deputies is the pronunciation court and the
Federal Senate, the court of judgment; When the
Ministers of the Supreme Federal Court or the
Republic’s Attorney General commits a responsibility
crimes, the Federal Senate is simultaneously a court of
pronunciation and judgment. (Art. 80 of Law 1079/50)

So, the admissibility judgment is made by the Chamber
of Deputies, described in the article mentioned above as
Court of Pronunciation and the Federal Senate, court of
judgment. In the case of a STF Minister or Republic’s
Attorney General cassation procedure, the Pronunciation
Court is the Federal Senate, therefore, it will be both the
Pronunciation and the Judgment Court.

When it comes to the President of the Republic and the
Ministers of State, the process and judgement trial is
carried out by the Federal Senate, described in the article
mentioned above as the Judgment Court.

It starts with the presentation of a complaint before the
Chamber of Deputies, which can be made by any citizen,
as we saw above. The Chamber has the prerogative to
declare the complaint well-grounded or unfounded. If
declared well-grounded, the process goes to the Senators,
to be, finally, analyzed if there was or not a responsibility
crime.

With the complaint accept, the Deputies Chamber’s
leader conducts his or her preliminary analysis, and
dispatches it to a special commission, which has the
function of offering an opinion on the complaint that must
be read in plenary, in order to assist the federal deputies in
voting on the cassation request. This special commission
formation cannot exceed the period of 48 hours, and its
composition must be proportional to the number of
representatives of each political party.
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The quorum required to authorize the process is 2/3 of
the Chamber of Deputies members, in order to be
processed and judged, after that, by the Federal Senate.

The Federal Senate receives the accusation and initiates
the process against the President of the Republic, aiming to
verify if there are political-administrative infractions that
correspond to a responsibility crime. The impeachment
document is then received and read at the next session and,
in the same session, a committee will be elected. The
elected commission is made up of 1/4 of the Senate
composition, and must obey the proportionality of the
House.

After all this procedure, the Federal Senate becomes a
Political Court with a heterogeneous collegiate body, as the
judgment will be chaired by the Minister President of the
Supreme Federal Court. When the process starts, the
President of the Republic is suspended from his duties for
180 days. It is important to note that if the judgment is not
concluded within this time, the suspension is not extended.
In this case, the President of the Republic must return to
his activities, the process keeps running.

Note that impeachment is an essential institute for the
protection of the Constitution itself, as a way of curbing the
self-interests of political representatives.

V. ANALYSIS AND RESULTS

The political-administrative  “typification” of the
responsibility crime was introduced in the legal system as a
mechanism for republican protection aiming to prevent
possible political desideratums. The responsibility crime
can be reported to the National Congress (in the case of
acts practiced by the President of the Republic, Ministers
of State, Members of the Supreme Federal Court and the
Republic’s Attorney General), by any citizen. The primary
objective of this complaint is to combat and, mainly, to
prevent the practice of acts that put, the Union and the
administrative probity as a whole, at risk, by those political
agents who should serve as examples to the country’s
citizens, since they occupy the highest positions in the civil
service hierarchy.

In this bibliographic research, it was observed that the
responsibility crime tends to be a constitutional infraction,
brought by Laws 1.079, 7.106/83 and Decree-Law
201/1967. In the analysis of these normative acts, it is clear
that the conduct is treated as a political-administrative
infraction, and not as criminal offence. This is because
their punishments do not harm the political agent’s
freedom, or predict any corporal sanction.
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V. CONCLUSION

This work aimed to provide information regarding the
responsibility crime, allocating it as a constitutional
infraction, even though there are opposite jurisprudential
positions, such as the Supreme Federal Court’s, described
at the binding legal precedent n°. 46.

With the utmost respect, this position is not compatible
with the first article of Decree-Law No. 3.914, of
December 9, 1941, Penal Code Introduction Law (Decree-
Law No. 2.848, of 7-12-940) and the Criminal
Misdemeanors Law (Decree-Law No. 3.688, of October 3,
1941), which considers a criminal offense to which the law
imposes a penalty of imprisonment or detention as a crime.

Furthermore, considering the conduct defined in art. 85
of the Constitution, and those brought by Law No. 1.079,
of April 10, 1950, Law No. 7.106/83, and Decree-Law No.
201/1967, where the sanctions revolve around the function
loss, prohibition of exercising a public function for a
certain time, among other measures, the political and
administrative legal nature of the offense is now crystal
clear.

Therefore, it is concluded that, although the Supreme
Federal Court seeks to equate the legislative responsibility
crime competence with the criminal offense, as stated in
the binding legal precedent n°. 46, it should be noted that
such an interpretation is not sufficient to equalize the
themes, since the responsibility crime’s concept and legal
nature are nothing alike criminal offenses themselves.

Therefore, the responsibility crime, despite being
extremely serious for standing up against the
commonwealth, should not be considered a criminal
offense, as it has its own specific rules and sanctions,
typical of this kind of political and administrative violation.
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Abstract—This work aims to present concepts related to crime in the face of new information and
communication technologies. Methodologically, articles and books were used in addition to the legislation
dealing with the matter, in particular the Brazilian Penal Code and Law 12.737/12 (Carolina Dieckmann
Law). The increasing advance of technology, in addition to providing convenience to people, has expanded
the possibility of commitment of crimes. Some already covered by traditional legislation, others needing
new classification. In this context, after presenting fundamental notions to understand the topic — such as
the concept of computer crime, classification, subjects and applicable legislation —, we sought to analyze
some of the main computer crimes, especially the crime of computer device invasion. It was concluded that
Criminal Law, in its purpose of protecting the most important legal assets, must act in order to curb the
practice of computer crimes. In addition, despite the legislation covering a large part of the crimes
committed on the network, the law must continue to update itself in the face of new threats, and the
criminal offense of computer device invasion must be improved. Finally, it is addressed the difficulties
related to the criminal investigation of this type of crime.

Keywords —Cybercrime, Criminal Law, Law 12.737/12.

l. INTRODUCTION

Criminal law, as the other branches of law, seeks to
keep up with changes in society. However, the challenge of
the Law in accompanying them - notably what regards to
positivation - has become increasingly difficult, especially
in recent decades, due the fast pace that technological
development has been taking.

In this scenario, information technology (particularly
the internet) brought several conveniences through a large
amount of tools and services, such as banking transactions;
online shopping (from companies or even between
individuals); communication services (WhatsApp, social
networks), with the possibility of video calls and
conferences; huge possibility of data storage, such as
documents, videos, photos, music; transport services
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(Uber, 99Taxi) and even the legal environment was
impacted through judicial process, conference calls,
articles, books and video classes distributed online.
Anyway, the possibilities are countless, and new tools
emerge every day. In fact, we have it all, literally, in the
palm of our hands, through the smartphones.

However, this wide range of possibilities also has its
negative aspects. The internet stands out as a fertile ground
for committing crimes - from crimes already typified,
which only use computer devices as a means of practice, to
new criminal types. This is due to the increasing spread of
access to these technologies, accompanied by the great
increase of transactions and communications carried out
through the internet, which increases the number of
potential victims, as well as the goods that circulate
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because of it, and, consequently, the incentive to commit
crimes. Thus, it is up to the State to suppress these
conducts, reducing the insecurity of the digital
environment.

Due this perspective, this work aims to briefly present
the concept and classification of computer crimes and the
applicable legislation in Brazil. In addition, an attempt was
made to carry out an analysis of some of the most common
crimes committed by computer devices, especially the
crime of breaching a device. And, finally, address the
difficulties encountered in the criminal prosecution of
computer crimes, in view of their peculiarities.

1. METHODOLOGY

Several academic publications that address the subject
in reference were used to prepare this work: books by
renowned jurists to support the main theme of the article,
in addition to the legislation dealing with the matter,
mainly the Penal Code and Law 12735/12, as well as
publications in the press that exemplify the topic
addressed.

Thus, the research methodology used in this work was
documentary research, since it allows the use of primary
sources that provide data and information that have not yet
been treated scientifically or analytically, and subject’s
bibliographic review, with scientific publications consults
in periodicals, books, conference proceedings, among other
means, in order to better clarify the subject in question,
since it typifies crimes of computerized nature, committed
through different devices, towards the new information and
communication technologies, is not yet a simple task and
requires an accurate analysis, precisely because of the lack
of similar jurisprudence to clarify this issue. In addition,
data and legislation relevant to the topic were also sought.

1. THEORETICAL FRAMEWORK
3.1 The internet andthe Law

A computer network (a term that has become obsolete
given the number of new devices that interconnect) is
composed of several interconnected computers that
exchange information with each other. The internet can
then be defined as a network of networks that interconnects
billions of devices worldwide. (KUROSE, 2010)

The creation of the internet dates back to the 1960s in
the United States, driven by the Cold War, led the country
to develop a national communication network aiming to
exchange information between different computers. This
network would prevent the interruption of the country's
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chain of command in the event of an attack, in addition, it
would prevent the important information concentration on
a single machine (NETO, 2010). From there, the internet
developed and spread around the world.

In Brazil, the internet originated from the National
Research Network Project - RNP -, created in 1989 by
MCT (Ministry of Science and Technology), but it was
only in 1991 that it began to be disseminated as a national
network interconnecting several networks across the
country. Furthermore, it was only in 1995 that it was
possible to open the Internet to companies and individuals
of the Brazilian population, ceasing to be an exclusively
academic network (BRASIL, 2016).

Initially, there were beliefs that the internet, due to its
decentralized character, could not be regulated by the
State, and that there would be absolute freedom in this
environment. However, constitutional principles push these
beliefs away, bringing the State and the Law to the sphere
of information technology, among them: inviolability of
intimacy to private life, honor, people's image (art. 5, X,
CF), inviolability of communications (art. 5, XII, CF), non-
obviation of Judiciary jurisdiction (art. 5, XXXV, CF)
(ARAS, 2001).

In addition, despite the functionalities and facilities
brought by the internet, it is also an useful tool for illicit
acts perpetration — allowing, not only new crimes to be
committed but potentialize conventional crimes - because,
as Jodo Araujo Monteiro Neto (2003) highlight:

[...] the existing means for the practice of computer-
related crimes are numerous and given the
characteristics of these infractions, the traces left are
minimal, which makes the repression and the pursuit of
these acts an arduous task. (MONTEIRO NETO, 2003,
p.43)

It is observed then that the crime’s fields also expand
with the evolution of society and, therefore, the field of law
must also keep up with this evolution, as Vladimir Aras
(2001) points out: “if society (or part of it) migrated
virtually to cyberspace, there must also go the
Law.Ubisocietas, ibi jus”.

In this context, it is up to the Criminal Law to act, also,
in the scope of information technology, taking into account
its purpose of protecting the legal assets most valuable to
society.

3.2 Computer-related crimes
3.2.1 Concept

The crimes committed by computer devices have
different names, among which stands out: computational
offenses, information technology crimes, computer crimes,
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cybercrimes, electronic crimes, virtual crimes, telematic
crimes, information crimes, cyber offenses crimes.

The precise definition of computer crime is not yet
consolidated in the doctrine, because of the modernity of
this phenomenon. However, in a concise way, it can be
said that computer crimes "are all typical, anti-legal and
culprit conducts practiced against or with the use of
computer systems." (SCHMIDT, 2015).

It is an unquestionable fact that the internet has become
part of people's lives, whether through social networks
(Instagram, Facebook, Skype, LinkedIn, Twitter, among
others), or through applications (apps) or by consulting
various sites that aims to make daily life easier, but, at the
same time it is used for the positive side, there is also the
use on the negative side, such as the installation of a
mobile spy application that can hack all data and messages
sent or received through WhatsApp, which today is one of
the most widely used applications for exchanging messages
and communication in audio and video over the internet,
for example. In this regard, if any individual takes or
receives data without consent and uses it in an improper
way, he or she will be committing a crime of this nature.

3.2.2 Classification

Due to its fragmentary character, Criminal Law seeks
to suppress only the most serious actions against the most
important legal assets, hereof Rogério Greco teaches:

The legal system is concerned with an infinity of
private and collective interests and assets. [...]
However, in this legal system, criminal law has the
smallest role regarding the protection of these
assets. It should be noted that by its fragmentary
nature, not everything matters to the Criminal Law, but
only a small part, a limited portion of assets that are
under its protection, but that, undoubtedly, at least in
these, are the most important and necessary for the
relief of society (GRECO, 2017, p. 140 emphasis
added)

By using a computer device, the criminal faces several
possibilities for committing crimes, in other words, to
violate fundamentally important legal assets. These assets
may already be protected by traditional Criminal Law, or
not, due to the lack of specific legislation.

According to the offended legal asset, the cybercrime
may be classified as proper or improper. Thus, improper
cybercrime occurs when the computer is used only as a
mean to execute a common crime, producing naturalistic
results, threatening or damaging legal assets other than
information technology (ARAS, 2001). Thereby, the
computer is not essential for the crime’s perpetration,
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which could be practiced even without its help, it is the
case of fraud, theft through fraud (embezzlement of bank
account money, payment of bills by credit card
improperly), crimes against honor, possession of child
pornography, etc.

In the other hand, for the proper computer crimes, the
computer is essential for the practice of the crime,
considering that the legal object protected by these crimes
is the computer system itself, the security of these systems
and their data, for example (SCHMIDT, 2015). Examples
are: invasion of a computer device (art. 154-A of the CP),
insertion of false data in the public administration
information system (art. 313-A of the CP).

3.2.3 Active and Passive Subjects

When it comes to computer crimes, the active subject
that first comes to most people's minds is the mythical
hacker - an expert in the operation of computers and
computer systems, who uses his skills to invade those
systems. However, Jodo Aradjo Monteiro Neto (2003)
highlights that:

One time previously the profile of the cybercriminal
was this. Currently, with the facilities caused by the
development of Softwares and Hardware, as well as the
innumerable information available on the network
about the subject, any individual who has the minimum
notions of how to operate a computer can be considered
a potential computer criminal. (MONTEIRO NETO,
2003, p.41)

The wide spread of communication technologies, such
as smartphones, computers and tablets, guarantees access
to millions of people in services such as SMS, e-mails and
instant messages, because of that, the number of potential
victims today is huge. In this scenario, criminals can use
social engineering® to mislead people and gain advantages
for themselves, without the need of advanced technical
knowledge.

Furthermore, regarding the large number of today’s
social networks users, added to the feeling of anonymity
and impunity that the internet brings, everyone has the
potential to commit crimes against honor, for example.

1Social engineering is a popular way for cybercriminals to
discover users' personal information - such as passwords or
bank details - without having to exploit security breaches
in systems. In general, the strategy is hacking users, not
their devices, in order to convince them that they are giving
information to trusted people or services. The tactics used
include e-mail messages and fake pages or psychological
tricks to distract victims” (KURTZ, 2016)
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Finally, given the wide range of computer crimes, any
person - physical or legal - can be a victim of one of these
crimes, if this person has, for example, his assets
misappropriated, his property damaged or his information
breached (ALMEIDA, MENDOCA, et al., 2015)

3.3Brazilianlegislation

The Legality Principle, a major advance in criminal
law, is enshrined in art. 5, XXXIX, of the Federal
Constitution: "there will be no crime without a previous
law that defines it, nor a penalty without prior legal
agreement.” In this circumstance, in spite of the criminals'
use of new communication technologies, a large part of the
crimes committed using these technologies are already
typified in the Penal Code of 1940, thus classified as
improper cybercrimes.

For the Judiciary, 95% of the crimes committed
electronically are already typified in the Brazilian Penal
Code because they characterize common crimes
practiced through the internet. The other 5%, for which
there would be no legal framework, cover
transgressions that only exist in the virtual world, such
as the distribution of electronic viruses and DDoS?
attacks. (CASSANTI, 2014, p. 24 APUD
FILGUEIRAS, et al., 2015, p.3)

It is not, it should be noted, legislative gaps being filled
by analogy - since Brazilian criminal law does not allow
the use of this integration technique in malam partem, due
to the principle of legality (GRECO, 2017b) —, but an
innovation while committing the crime. On this point, the
understanding of STF Minister SepulvedaPertence, in HC:

"Computer Crime": child sex scene publication (ECA,
art. 241), through insertion in a BBS / Internet network
of computers, attributed to minors: typicality: expert
evidence necessary to demonstrate authorship: HC
partially accepted. [...] 2. It is not the case, therefore, to
fill a gap in the incriminating law by analogy: once it is
understood the typical decision of the criminal conduct,

2 O DDoS (Distributed Denial of Service) is a type of
virtual attack, in which “the master computer enslaves
several machines and makes them access a given resource
on a given server all at the same time. Thus, all zombies
access together and uninterruptedly the same resource as a
server. Taking into account that web servers have a limited
number of users that can be served at the same time, this
large number of traffic makes it impossible for the server
to be able to fulfill any request. The server can restart or
even hang depending on the resource that was victimized ”
(CANALTECH).
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the technical means employed to carry it out may even
be of a later invention to the edition of the penal law:
the invention of gunpowder did not demand
redefinition of homicide to make explicit the death
given to others by means of a firearm is a homicide.
(STF, 1998 emphasis added)

Regarding proper computer crimes, the two main laws
that regulate the subject, in the criminal sphere, are laws
12,735 / 2012 and 12,737 / 2012. (BORTOT, 2017). The
first changed item Il of 83 °, of art. 20 of Law 7.716 /
1989, which “defines crimes resulting from prejudice of
race or color”.

Art. 20 of the law has as its type “to practice, induce or
incite discrimination or prejudice of race, color, ethnicity,
religion or national origin”. The combination of paragraphs
2" and 39, of article 20, establishes that if any of the
crimes established in the caput is committed through the
media or publication of any nature, the judge may
determine, according to item II, of § 3rd, “the cessation of
the respective radio, television or eletronic transmission or
publication by any means”. The part of the provision item
I, which allows the judge to determine the cessation of
electronic broadcasts or publication by any means, is a law
innovation, since the previous type only foresaw the radio
and television broadcasts, without making reference to
electronic broadcasts. In other words, the amendment came
“to allow a request for the removal of discriminatory
content to be made by the Judge, not only on radio, TV or
the Internet, but in any possible way.” (BORTOT, 2017, p.
350)

Beyond that, Law 12.735/2012 determined, in art. 4th,
that the judicial police must create structures, sectors and
teams specialized in combating computer crimes.

V. ANALYSIS AND RESULTS
4.1 Most common computer crimes

Taking into consideration all the theory presented, a
brief analysis of some of the most common computer
crimes is carried out. Among them, we highlight the fraud
(art. 171, CP) and theft qualified by fraud (art. 155, &4, II,
CP), which despite being similar are not the same. In both,
the criminal uses fraud - cunning, insidious means, in order
to make the victim incur or be kept in error (GRECO,
2017a) - to obtain an illicit advantage. However, in the first
one, the victim, induced in error, voluntarily disposes of
his assets, while in the second one, fraud is used to evade
the victim's surveillance, while the perpetrator subtracts his
assets without his knowledge (DE OLIVEIRA JUNIOR,
2015). They are classified as improper computer crimes.
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Examples of these crimes are abundant and widely
reported in the press, such as sending SMS, e-mails,
WhatsApp messages posing as banks, cell phone operators
or other institutions, in order to obtain information (names,
CPFs, passwords, security codes) in order to obtain
financial benefits (embezzling money from a bank account,
for example) or even requesting cash deposits from third
parties, posing as the victim.

It is noteworthy that during the pandemic times the
internet use became much more intense with many people
performing frequent banking operations, working remotely,
and also shopping, making all their data available on the
network, and with more people using the internet, more
virtual crimes were committed and many users, either
through misinformation or through identical/cloned
applications, or due to the persuasion on the part of
criminals, end up being victims of these crimes, which
have already been carried out previously. It is evident that
offenders take advantage of the pandemic itself, a period of
vulnerability of the population, in order to convince the
victims, as is happening in many cities in the country
where, data are requested by people who pass themselves
off as Ministry of Health officials to apply frauds by
telephone.

In this manner, recently, a practice that has been alerted
by the press is WhatsApp hijacking. The crime can occur
in several ways: posing as an employee of an institution
and then requesting the WhatsApp access code directly
from the victim (NOGUEIRA, 2020); through SIM Swap?;
or by QRLjacking® After gaining access to the victim's
WhatsApp, the fraudster starts to send messages to his
contacts requesting loans from the victim's friends and
family who, because they trust him, end up making bank
deposits in the agent's account, as happened with the
nutritionist JanainaGoston who was the victim of virtual
scam, as reported by the news.

3 ¢[...] consists of transferring the phone line to a SIM chip
other than the one on your cell phone. It can be done in
some ways that almost always involve social engineering:
criminals pretend to be the victim and, with their personal
information, get the operator to activate the phone number
elsewhere.” (JUNQUEIRA, 2020).

4 ¢[...] technique capable of cloning QR codes to capture
the credentials of the user who wants to login. The hacker
just needs to convince the target to use his own cell phone
to scan the cloned image on a fake website. When the
strategy is successful, the criminal gains access to the
victim's complete conversation history without arousing
suspicion” (ALVES, 2019).
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Another crime that he found on the Internet and other
technologies as a means of dissemination and storage is
child pornography, typified in Article 241-A and 241-B of
the Child and Adolescent Statute (ECA).

Art. 241-A. Offer, exchange, make available, transmit,
distribute, publish or disseminate by any means,
including by means of a computer or telematics system,
photography, video or other record containing explicit
sex scene or pornographic sex scene involving a child
or adolescent:

Penalty - imprisonment, from 3 (three) to 6 (six) years,
and a fine.

Art. 241-B. Acquire, own or store, by any means,
photography, video or other form of record that
contains explicit sex scene or pornographic sex scene
involving a child or adolescent:

Penalty - imprisonment, from 1 (one) to 4 (four) years,
and a fine.

Analyzing the criminal types, it is possible to infer that
the legislator decided to criminalize both the agent who
distributes child pornography and the agent who acquires
or even stores it, the second one, however, incurs into a
lesser penalty. It should be noted that this crime can be
committed by any means, and is therefore classified as an
improper cybercrime.

Finally, as previously mentioned, Law 12.737/12
(Carolina Dieckmann Law), innovated Brazilian legislation
by creating the criminal type of computer device invasion,
inserting art. 154-A in the Penal Code, a proper
cybercrime, considering that the legal object protected is
the third party's computer device, with the consequent
protection of its data and information.

Art. 154-A. Invade someone else's computer device,
connected or not to the computer network, through an
undue violation of a security mechanism and with the
purpose of obtaining, tampering or destroying data or
information without the express or tacit authorization of
the device owner or installing vulnerabilities to obtain
an illicit advantage:

Penalty - imprisonment, from 3 (three) months to 1
(one) year, and a fine.

8 1° The same penalty applies to those who produce,
offer, distribute, sell or broadcast a device or computer
program in order to allow the practice of the conduct
defined in the caput.

8 2° The penalty is increased from one sixth to one
third if economic damage results from the invasion.
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§ 3° If the invasion results in obtaining content from
private electronic communications, trade or industrial
secrets, confidential information, as defined by law, or
the unauthorized remote control of the invaded device:

Penalty - imprisonment, from 6 (six) months to 2 (two)
years, and a fine, if the conduct does not constitute a
more serious crime.

§ 4° In the case of § 3, the penalty is increased by one
to two thirds if there is disclosure, commercialization or
transmission to third parties, in any capacity, of the data
or information obtained.

§ 5° The penalty is increased from one third to half if
the crime is committed against:

| - President of the Republic, governors and mayors;
Il - President of the Supreme Federal Court;

Il - President of the Chamber of Deputies, the Federal
Senate, the State Legislative Assembly, the Legislative
Chamber of the Federal District or the City Council; or

IV - top manager of the direct and indirect federal,
state, municipal or Federal District administration.

The aforementioned penal type requires the following
elements: a) the invasion; b) someone else's computer
device; ¢) connected or not to the computer network; d)
through an undue violation of the security mechanism; €)
for the purpose of obtaining, tampering with or destroying
data or information without the express or tacit
authorization of the holder of the device; f) or install
vulnerabilities to obtain an illicit advantage (GRECO,
2017a).

It should be noted that for the crime to occur the object
under protection (computer device) cannot belong to the
author. "So, for example, if someone puts information on
someone else's computer and the owner of the device is
accessing the data inserted there, the offense under study
will not be characterized" (GRECO, 2017a, p.765).

In addition, it does not matter whether the device is
connected to a computer network or not - like the internet,
for example. In other words, if someone, realizing that a
friend forgot his computer at this person’s home and he or
she decide to invade it, if other elements of the type were
present, the crime of 154-A will be perpetrated (GRECO,
20173).

However, there is still a criticism to be made to the text
of the Law. As it constitutes an element of the type, the
need for the conduct to occur through an undue violation of
the security mechanism, in case that there is an improper
entry into another device, but without the breach of any
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security device (login and password, for example), the
conduct cannot be considered typical.

It is not uncommon that people avoid place access
passwords, for example, on their computers, allowing
anyone who has access to them to access their data.
However, even without the existence of a password, no
one is allowed to break into another's computer, unless
the owner expressly or tacitly gives permission.
However, for purposes of typical configuration,
regarding the requirement contained in the penal type
under analysis, there will only be a criminal infraction
if there is an undue violation of the security mechanism
by the invading agent. (GRECO, 2017a, p.766
emphasis added)

Finally, the agent’s conduct must be carried out in order
to obtain, tamper with or destroy data or information
without the express or tacit authorization of the device
owner or to install vulnerabilities to obtain an illicit
advantage. Therefore,

[...] it is not the simple invasion, by itself, through the
undue violation of the security mechanism that matters
in the practice of the criminal offense [...] but, it must
have a special purpose, that is, what called special
purpose of action, which consists of obtaining,
tampering or destroying data or information without the
express or tacit authorization of the device owner.
(GRECO, 20174, p. 766)

Anyone can be an active subject of this crime, with the
exception of the owner of the computer device.
Meanwhile, the victim will be the owner of the hacked
device, or anyone else who has data or information stored
at that device. (GRECO, 2017a)

It is essential to point out that the penalty imposed is
from three (3) months to one (1) year of detention, and a
fine. The qualified modality, under the terms of §3°,
increases the penalty for imprisonment, from six (6)
months to two (2) years. There are also special causes that
increase the sentence defined in 882°, 4° and 5°. As so, the
jurisdiction for the judgment of this crime lies with the
Special Criminal Court, except in cases when the
application of the qualifier and special causes that increase
penalty causes the maximum penalty exceed the limit of
two (2) years, under the terms of art. 61, of Law 9.099/95.
Besides, it is possible to apply the conditional suspension
of the process, pursuant to art. 89 of the same legislative
diploma. In this context, it is important to note that the
crime of invading a computer device is considered a less
offensive potential crime.
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4.2 Computer crimes” criminal investigation

Finally, it is essential to highlight the difficulties
encountered in investigating computer crimes, which are
diverse. Unlike other crimes, in computer crimes it is not
possible to identify the agent visually or through
documents, often the criminal uses false identification, or,
as pointed out above, is impersonating other people.
Furthermore, evidence of the materiality of the crime is
extremely volatile and can be easily erased or lost
(SCHMIDT, 2015).

This way, criminal prosecution in this type of crime
requires specialized expertise to demonstrate the
materiality and authorship of the crime and as pointed out
by Schmidt (2015): “Often, for the proper materiality
verification, it is necessary to intercept the flow
communications carried out through a computer”.

Beyond that, data recorded by internet service providers
or application providers (such as social networks, e-mails
and instant messaging programs, hosting providers) is
essential to provide the IP address, date and time of access
to its services, referring to the moment of the crime, which
will only be provided by court order (SHIMABUKURO,
2017). The combination of the three data is necessary when
requesting information from the connection provider, in
order to identify where a certain illegal conduct arose,
considering that the IP is dynamically allocated - to each
computer access to the internet, a new IP is assigned to it
(SCHMIDT, 2015).

It is important to point out that this procedure should be
carried out as soon as possible, based on the criminal
action identification, because despite the Marco Civil da
Internet turning mandatory for providers to keep this
information, highlights Adriana Shimabukuro (2017):

Decree No. 8.771/2016, which regulated the Marco
Civil da Internet Law, determines that connection and
application providers must delete user data as soon as
the retention period ends. Considering that the
deadlines are short, 6 (six) months for application
providers and 1 (one) year for connection providers, the
authorities now have another challenge to comply with
the law.

After identifying the criminal action origin’s place, the
next step is to comply with search and seizure warrants
issued by the competent courts, aiming to collect computer
devices in general, including hard drives, memory cards
and flash drives, in order to search for digital traces,
materiality and authorship evidence of the crimes. For that,
dedicated tools are used for this purpose, as added by
Marcio Rodrigo de Freitas Carneiro (2017): "The complete
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and detailed storage media processing requires dedicated
tools that normally take considerable time [...]".

Among the main functions performed by these tools,
we highlight: a process that alert the presence of known
files or to ignore common system files; files categorization
based mainly in the common formats used; text indexing
extracted from file types; thumbnails provision and video
frames selection to speed up responses and analysis;
system’s deleted files recovery; explicit image detection,
implemented to categorize possible images, including
pornography, to aid child pornography exams
(CARNEIRO, 2017).

It should be noted, however, that when the device
seized is a smartphone, there are extra difficulties:

a) Commonly, passwords are used to block the device,
which by default automatically lock after a short time
not using the equipment. There are many models that
make it impossible to access data without a password
and there are no known breaking methods.

[-]

b) Access to internal storage media is not simple and
straightforward as with computers and notebooks. Cell
phones’ internal Flash memories are soldered to the
device's printed circuit, and all access is limited through
the USB communication port. (CARNEIRO, 2017 p.
51).

Finally, as explained above, this whole process starts
from the agent's IP identification, however it is possible to
hide or even change this identifier through tools such as
proxies and services such as TOR (The Onion Router)
(SHIMABUKURO, 2017). Adriana Shimabukuro (2017, p.
25) states that this last tool can "use up to 3 (three) fake
addresses in different countries, making tracking almost
impossible."

TOR is one software used to access the Dark Web or
Darknet, which is a closed network, used to share content
anonymously, composed of non-indexed data, in other
words, it cannot be detected by search engines like Google
or Bing (SHIMABUKURO, 2017).

Having this in mind, the difficulties of investigating
these crimes remains evident, since the authorities still
encounter several obstacles to effectively perform their
functions.

V. CONCLUSION

The evolution and dissemination of communication and
information technologies brought ease and convenience to
people due the large number of tools and services

Page | 24


https://dx.doi.org/10.22161/ijaers.77.3
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers.77.3

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

available. However, considering the neutrality of these
technologies, it is also used as a tool for committing and
enhancing crimes.

So, as seen, it is a Criminal Law function - in the
constitutional and penal principles’ view, such as the
jurisdiction unfeasibility and fragmentation — to protect the
legal assets most dear to society, wherever it may be,
whether in the physical or virtual world.

In this regard, traditional criminal law already covers a
large part of crimes committed at the Internet, given that
many of them are common crimes with new execution
means. It is important to have in mind, always, that it is not
a case of using analogy in the classification of these
crimes, which is emphatically prohibited by criminal
principles. In the other hand, others criminal facts lack
their own typification, as a result of having been created
along with technological innovation.

As an example of these crimes, we highlight fraud,
qualified theft through fraud, child pornography and the
computer device invasion. It is noteworthy that this last
crime is a recent creation in the Penal Code, considered a
pure cybercrime. And, although it deserves applause for its
innovation, there are criticisms against this new penal type
because it demands that the conduct must occur through an
undue violation of the security mechanism, which ends up
weakening it, for leaving other harmful conducts outside
the criminal law’s scope.

Finally, it should be noted that harmful conducts, such
as DDoS attacks and virus’s distribution, still exists and are
not covered by the current legislation, and deserve a
legislator analysis in order to seek for protection over the
legal assets guarded by the Criminal Law. In addition, it is
mandatory to increase the investments in the investigative
area related to these crimes, given the difficulty and the
need for technical training, for the criminal prosecution of
this crime’s type.

REFERENCES

[1] Almeida, D. J. et al. Crimes Cibernéticos. Cadernos de
graduacédo ciéncias humanas e sociais, Aracaju, SE, n. 3,
Marco 2015. 215-236.

[2] Alves, P. QRLjacking: entenda o sequestro de contas do
WhatsApp pelo QR Code. Techtudo, 2019. Disponivel em:
<https://www.techtudo.com.br/noticias/2019/06/qrljacking-
entenda-0-sequestro-de-contas-do-whatsapp-pelo-gr-
code.ghtml>. Acesso em: 30 Abril 2020.

[3] Aras, V. Crimes de informatica. Uma nova criminalidade.
Jus, 2001. Disponivel em:
<https://jus.com.br/artigos/2250/crimes-de-informatica>.
Acesso em: 30 Abril 2020.

www.ijaers.com

[4] Bortot, J. F. Crimes cibernéticos: aspectos legislativos e
implicacBes na persecucdo penal com base nas legislacdes
brasileira e internacional. VirtuaJus, Belo Horizonte, v. 2, n.
2,2017. 338-362.

[5] Brasil. Decreto-Lei n® 2.848, de 7 de dezembro de 1940.
Codigo Penal. Disponivel em:
<http://www.planalto.gov.br/ccivil_03/decreto-
lei/del2848compilado.htm>. Acesso em: 30 Abril 2020.

[6] Brasil. Lei n® 12.735, de 30 de novembro de 2012. Altera o
Decreto-Lei n° 2.848, de 7 de dezembro de 1940 - Cddigo
Penal, o Decreto-Lei n° 1.001, de 21 de outubro de 1969 -
Cadigo Penal Militar, e a Lei n° 7.716, de 5 de janeiro de
1989, para tipificar condutas r. Disponivel em:
<http://www.planalto.gov.br/ccivil_03/_Ato2011-
2014/2012/Lei/L12735.htm>. Acesso em: 30 Abril 2020.

[7] Brasil. Lei n® 12.737, de 30 de novembro de 2012. Dispde
sobre a tipificacdo criminal de delitos informaticos; altera o
Decreto-Lei n° 2.848, de 7 de dezembro de 1940 - Codigo
Penal; e d& outras providéncias. Disponivel em:
<http://www.planalto.gov.br/ccivil_03/_ato2011-
2014/2012/1€i/112737.htm>. Acesso em: 30 Abril 2020.

[8] Brasil. Lei n°8.069, de 13 de julho de 1990. Dispde sobre o
Estatuto da Crianca e do Adolescente e da outras
providéncias. Disponivel em:
<http://www.planalto.gov.br/ccivil_03/leis/I8069.htm>.
Acesso em: 30 Abril 2020.

[9] Brasil. Lei n° 9.099, de 26 de Setembro de 1995. Dispde
sobre os Juizados Especiais Civeis e Criminais e da outras
providéncias, Brasilia, DF. Disponivel em:
<http://www.planalto.gov.br/ccivil_03/leis/19099.htm>.
Acesso em: 30 Abril 2020.

[10] Brasil. Camara dos Deputados. Comissdo parlamentar de
inquérito destinada a investigar a pratica de crimes
cibernéticos e seus efeitos deletérios perante a economia e a
sociedade neste pais. Relatorio final. Brasilia, p. 263. 2016.

[11] Canaltech. O que é DoS e DD0S? Canaltech. Disponivel em:
<https://canaltech.com.br/produtos/o-que-e-dos-e-ddos/>.
Acesso em: 02 Maio 2020.

[12] Carneiro, M. R. D. F. Pericia de informética nos crimes
cibernéticos. Investigacdo e prova nos crimes cibernéticos,
S&o Paulo, n. 1, p. 33-54, 2017.

[13] De Oliveira Janior. Furto mediante fraude ou estelionato?
Migalhas, 2015. Disponivel em:
<https://www.migalhas.com.br/depeso/227115/furto-
mediante-fraude-ou-estelionato>. Acesso em: 30 Abril 2020.

[14] Filgueiras, A. W. N. et al. Crimes virtuais: ameagas reais. in
Evidosol/Ciltec-Online. Anais eletronicos, Belo Horizonte,
2015. Disponivel em:
http://www.periodicos.letras.ufmg.br/index.php/anais_lingua
gem_tecnologia/article/view/12109.

[15] Greco, R. Codigo Penal: comentado. 112 ed. Niter6i/RJ:
Impetus, 2017a.

[16] Greco, R. Curso de Direito Penal: parte geral. 192 ed.
Niter6i/RJ: Impetus, v. I, 2017b.

[17] Junqueira, D. WhatsApp invadido? Saiba como funciona o
golpe SIM Swap. Olhar Digital, 2020. Disponivel em:
<https://olhardigital.com.br/dicas_e_tutoriais/noticia/sim-

Page | 25


https://dx.doi.org/10.22161/ijaers.77.3
http://www.ijaers.com/
http://www.periodicos.letras.ufmg.br/index.php/anais_linguagem_tecnologia/article/view/12109
http://www.periodicos.letras.ufmg.br/index.php/anais_linguagem_tecnologia/article/view/12109

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers.77.3

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

swap-saiba-como-criminosos-sequestram-as-contas-de-
whatsapp/79348>. Acesso em: 30 Abril 2020.

[18] Kurose, J. F. Redes de computadores e a Internet: uma
abordagem top-down. 52 ed. Sdo Paulo: Pearson, 2010.

[19] Kurtz, J. O que é engenharia social. Techtudo, 2016.
Disponivel em:  <https://www.techtudo.com.br/dicas-e-
tutoriais/noticia/2016/11/0-que-e-engenharia-social.html>.
Acesso em: 30 Abril 2020.

[20] Monteiro Neto, J. A. Crimes informaticos uma abordagem
dindmica ao direito penal informatico. Pensar - Revista de
Ciéncias Juridicas, Fortaleza/CE, n. 8, Fevereiro 2003. 39-
54.

[21] Nogueira, M. Como cai no golpe que sequestra a conta do
WhatsApp para extorquir dinheiro dos contatos. Folha de S.
Paulo, 2020. Disponivel em:
<https://www1.folha.uol.com.br/cotidiano/2020/01/como-
cai-no-golpe-que-sequestra-a-conta-do-whatsapp-para-
extorquir-dinheiro-dos-contatos-telefonicos.shtml>.  Acesso
em: 30 Abril 2020.

[22] Schmidt, G. Crimes Cibernéticos. Jusbrasil, 2015.
Disponivel em:
<https://gschmidtadv.jusbrasil.com.br/artigos/149726370/cri
mes-ciberneticos>. Acesso em: 30 Abril 2020.

[23] Shimabukuro, A. Cibercrime: quando a tecnologia é aliada
da lei. Investigacdo e prova nos crimes cibernéticos, Sdo
Paulo, n. 1, p. 17-32, 2017.

[24] STF. Habeas Corpus: HC 76689, Relator(a): Min. Sepulveda
Pertence. DJ 06-11-1998. STF, 1998. Disponivel em:
<http://redir.stf.jus.br/paginadorpub/paginador.jsp?doc TP=A
C&doclD=76856>. Acesso em: 30 Abril 2020.

www.ijaers.com

Page | 26


https://dx.doi.org/10.22161/ijaers.77.3
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS) [Vol-7, Issue-7, Jul- 2020]
https://dx.doi.orqg/10.22161/ijaers.77.4 ISSN: 2349-6495(P) | 2456-1908(0)

Effects of an Aerobic Physical Exercise Program
on Blood Glucose Levels in Type-2 Diabetic
Subjects, Associated with Pharmacotherapy and
Diet Therapy

Helio Franklin Rodrigues de Almeida?, Leonardo Severo da Luz Neto?,
Fatima Maia Queiroga®, José Arilson de Souza?, Carlos Alberto Paraguassu-
Chaves®, Jonatas de Franca Barros®

PhD in Physiology from the University of A Coruiia, Spain Revalidation University of Brasilia, Brazil, Master of Exercise Physiology -
Federal University of Santa Maria, Brazil, Graduated in Physical Education — State University of Pard, Brazil. Professor of the Department
of Collective Health, Researcher at the OBSAT and Researcher of GEISC of the Federal University of Rondonia, Brazil.

2Master in Education - Autonomous University of Barcelona, Spain. Master in Psychology - University of Sdo Paulo. Master in Religious
Studies - Faculty of Theological Education Logos of S&o Paulo. Bachelor of Nusring. Professional Physical Education. Bachelor in
Theology. Professor, Department of Collective Health and Researcher at the GEITEC and GEISC of the Federal University of Rondonia,
Brazil.

3PhD in Psychology from the University of Havana, degree in Psychology from the Educational Foundation of Bauru, SP; Member of the
Research  Group  Subjectivity = Study and  Research  Center in the Amazon - CEPSAM - CNPq
(http://dgp.cnpg.br/dgp/espelhogrupo/0792728471040656) - certified by the institution. Lecturer crowded in the Department of Psychology
at the Federal University of Rondonia. Name in citations: Fatima Queiroga.

4PhD in Regional Development and Environment at the Federal University of Rondonia (UNIR), Brazil. Professor and Researchers from
Federal University of Ronddnia at Vilhena Campus, Brazil.

5PhD in Health Sciences - University of Brasilia-UnB; PhD in Science - University of Havana - CU; Post-Doctor in Health Sciences- UnB
and Degli Studi D'Aquila University -IT. Professor at the Federal University of Maranhdo, Brazil.

SPost-doctorate in Interactive Educational Technologies in Health University of Brasilia (2015); Post-doctorate in Inclusive Education and
Rehabilitation by the Faculty of Human Motricity at the University of Lisbon - Portugal (2005), Doctor of Science by the Postgraduate
Program in Rehabilitation the Federal University of S8o Paulo (1998); Master in Physical Education by the Postgraduate Program in
Physical Education from the Federal University of Santa Maria (1993); Degree in Physical Education from the Dom Bosco Faculty of
Physical Education - Brasilia (1984); Degree in Pedagogy from the Faculty of Philosophy, Sciences and Letters of Boa Esperanca/MG
(2019); Full Professor in the Department of Physical Education at the Federal University of Rio Grande do Norte (1st/2019 - Retired)

Abstract— The objective of this study was to investigate the changes caused by an aerobic exercise
program, scientifically methodized, in the glycemic values of individuals with Type 2 Diabetes Melitus
(DMT?2), initiating pharmacological treatment and diet therapy.The sample consisted of 39 sedentary
subjects, of both sexes and with DMT2, who formed 2 study groups: a) An Experimental Group (EG),
composed of 22 individuals who during the experiment were regularly submitted to the exercise program
physical (Age: 58.2 + 9.42; Body weight: 75.2 + 5.99; Height: 170.7 £ 5.93); and b) A Control Group
(CG), composed of 17 subjects also with the same criteria, who did not undergo any physical exercise
routine during the study (Age: 51.2 + 7.30; Body weight: 69.9 + 5.53; Height: 164.5 + 7.85).The
experiment lasted 8 weeks in which the SG was submitted to aerobic physical exercises controlled by the
perceived effort index, during which 3 weekly training sessions were performed, each lasting 60 minutes
and performed on alternate days (2nd, 4th and 6th) between 06:00 and 07:30 in the morning. The
measurement of the glycemic index (GI) was performed individually and fasting, using the Flash Glucose
Monitoring System, brand "FreeStyle Libre", with the data collection taking place immediately after the
end of the training session. In the analysis of the results, descriptive statistics were performed to
characterize the sample, and subsequently, to find significant differences in the scores related to the
physical characteristics of the SG and CG, the Student “t” test was applied for independent samples, and
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finally, in order to compare the IG values of the groups studied between the pre and post-tests, the
Student's “t” test was used for dependent samples. At the end of the experiment, it was found that the Gl
scores of the subjects composing the SG and CG showed a level of statistical significance of p <0.05, with
the average value of the IG in the SG being reduced by 29.53 mg / dl and the of the GC decreasing only
14.67 mg / dl. These scores represent a percentage variation of 20.52% in the SG and 11.41% in the CG,
indicating between the pre and post-test more significant improvements in the SG of the SG, and thus
suggesting that an aerobic physical exercise program, built scientific basis, can be a valuable
complementary tool in non-pharmacological therapy for DMT2. Student's “t” test was used for dependent
samples. At the end of the experiment, it was found that the GI scores of the subjects composing the SG
and CG showed a level of statistical significance of p <0.05, with the average value of the IG in the SG
being reduced by 29.53 mg / dl and the of the GC decreasing only 14.67 mg / dl. These scores represent a
percentage variation of 20.52% in the SG and 11.41% in the CG, indicating between the pre and post-test
more significant improvements in the SG of the SG, and thus suggesting that an aerobic physical exercise
program, built scientific basis, can be a valuable complementary tool in non-pharmacological therapy for
DMT2. Student's “t” test was used for dependent samples. At the end of the experiment, it was found that
the GI scores of the subjects composing the SG and CG showed a level of statistical significance of p
<0.05, with the average value of the I1G in the SG being reduced by 29.53 mg / dl and the of the GC
decreasing only 14.67 mg / dl. These scores represent a percentage variation of 20.52% in the SG and
11.41% in the CG, indicating between the pre and post-test more significant improvements in the SG of
the SG, and thus suggesting that an aerobic physical exercise program, built scientific basis, can be a
valuable complementary tool in hon-pharmacological therapy for DMT2. At the end of the experiment, it
was found that the GI scores of the subjects composing the SG and CG showed a level of statistical
significance of p <0.05, with the average value of the IG in the SG being reduced by 29.53 mg / dl and the
of the GC decreasing only 14.67 mg/dl. These scores represent a percentage variation of 20.52% in the
SG and 11.41% in the CG, indicating between the pre and post-test more significant improvements in the
SG of the SG, and thus suggesting that an aerobic physical exercise program, built scientific basis, can be
a valuable complementary tool in non-pharmacological therapy for DMT2. At the end of the experiment,
it was found that the GI scores of the subjects composing the SG and CG showed a level of statistical
significance of p <0.05, with the average value of the IG in the SG being reduced by 29.53 mg / dl and the
of the GC decreasing only 14.67 mg/dl. These scores represent a percentage variation of 20.52% in the
SG and 11.41% in the CG, indicating between the pre and post-test more significant improvements in the
SG of the SG, and thus suggesting that an aerobic physical exercise program, built scientific basis, can be
a valuable complementary tool in non-pharmacological therapy for DMT2.

Keywords— Diabetes Melitus, Glycemic Index, Physical Exercise.
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(glycosuria). This fact occurs when the concentration of

Diabetes Melitus (DM) is a syndrome that covers a group
of metabolic disorders, which share the phenotype of blood
hyperglycemia. This phenomenon results from the
physiological failure of the pancreas in the hormonal
production of insulin, a hormone responsible for the
transport of glucose molecules from food intake, from
inside the blood vessel to the cellular interstitium, where
after a series of chemical chain reactions is produced
energy intended to meet both vital organic physiological
needs, as well as to enable activities related to daily life.

The blood hyperglycemia as physiological
phenomenon occurs when the kidney threshold exceeds its
critical level of glucose absorption, and thus a significant
proportion of it becomes eliminated in the urine
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glucose in the blood exceeds values approximately 180 mg
/ dl, causing the individual an osmotic diuresis (polyuria),
which in turn results in the dehydration of tissue cells
(polydipsia).

This is because glucose, due to the inadequate amount of
insulin present in the bloodstream, does not diffuse easily
through the pores of the cell membrane, and so the osmotic
pressure is increased in the extracellular fluid causing the
transfer of water out of the cells, promoting extra
dehydration and also intracellular. This fact can contribute
significantly to the occurrence of circulatory shock,
requiring, in order to recover homeostasis, a greater fluid
intake by the affected subject.
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For Guyton (1998), most of the pathological characteristics
of DM can be attributed to one of the following main
effects resulting from the lack of insulin: a) Less use of
blood glucose as an energy substrate by the body's cells,
resulting in an increase in its concentration of 300 to 1,200
mg/dl; b) Increased mobilization of fats from adipocytes,
causing an abnormal lipid metabolism and facilitating the
deposition of cholesterol in arterial walls, causing
atherosclerosis; and c¢) Abnormal protein depletion in body
tissues, due to its high conversion to carbohydrates.

There are several types of DM, all caused by a complex
interplay of genetic and phenotypological factors related to
environmental aspects and the individual's lifestyle,
the most common being Types la (DMT1la) and 1b
(DMT1b), Type2 (DMT?2), and also the Gestational Type
(DMTG) (SOCIEDADE BRASILEIRA DE DIABETES -
SBD, 2016). Other types of DM are less common, among
which are the situations of genetic defects in beta cells, in
the action of insulin, also in the exocrine pancreas,
infections, and even chemically induced DM or other
genetic syndromes (LIMA et al., 2010).

DMT1a (autoimmune) is the result of immune destruction
of pancreatic beta cells, rendering the pancreas incapable
of producing the hormone insulin and thus increasing the
susceptibility of the subject affected by blood ketoacidosis,
which can lead to coma and death. The destruction of beta
cells is usually caused by an autoimmune process, which
can be detected by circulating autoantibodies such as "anti-
glutamic acid decarboxylase" (anti-GAD), "anti-islets" and
"anti-insulin" , the same being sometimes associated with
other autoimmune diseases such as “Hashimoto's
thyroiditis”, “Addison's disease”, and even “myasthenia
gravis” (BERTONHI & DIAS, 2018).

For the authors mentioned above, this type of DM is
diagnosed mainly in childhood or adolescence, with a
prevalence rate of around 5-10% of the identified cases,
with its peak incidence occurring in individuals between 10
and 14 years of age, or even slowly progressive in adults,
in this case being called “LADA” - latent autoimmune
diabetes in adults. DMT1b (idiopathic) has no defined
cause and corresponds to cases in which there is no
presence of immune markers (MOREIRA & CARVALHO,
2016).

DMT2 is characteristic of subjects whose pancreas
normally produces insulin, but due to the decrease in its
action, their cells are unable to use it properly, and this
condition is characterized as insulin resistance. That is,
there is no effective hypoglycemic action of insulin, and
thus there is a decrease in glucose uptake by cells, resulting
in increased hepatic glucose production, which further
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contributes to the increase in blood glucose and is
associated with high insulin levels. in the blood
(FIGUEIREDO & RABELO, 2009).

This type of DM corresponds to approximately 90-95% of
diagnosed cases and manifests itself mainly in adults, with
its main causes being related to obesity and the sedentary
lifestyle of the symptomatic individual (SOCIEDADE
BRASILEIRA DE DIABETES, 2016).

DMTG is defined as the change in plasma glucose levels of
pregnant women, almost always manifesting itself in the
second or third trimester of pregnancy, with this
hyperglycemic condition tending to disappear after
delivery, but with high probabilities of its return later. The
prevalence of this condition varies between 1 and 14% of
pregnancies, with excessive weight gain during pregnancy
being one of the risk factors for its development, which can
cause problems for both the mother and the fetus
(SOCIEDADE BRASILEIRA DE DIABETES - SBD,
2009).

Regardless of its typological classification, DM is one of
the most relevant chronic non-communicable diseases
today, with its prevalence increasing over the last decades
due to factors such as: a) Sedentary lifestyle; b) Expanded
urbanization; c¢) Obesity; d) Inadequate food; and e)
Population aging, among other issues (SCHMIDT et al.,
2009).

According to the Brazilian Diabetes Society - SBD (2016),
about 382 million people have DM worldwide and these
numbers are expected to reach 471 million in 2035. In
2015 in South and Central America, 247,500 people died
from diabetes (122,100 men and 125,400 women), with
over 42.7% of these deaths occurring in people under the
age of 60, and more than half of these deaths (130,700)
occurred in Brazil (INTERNATIONAL DIABETES
FEDERATION - IDF, 2015).

Based on data from the Ministry of Health, Bertonhi &
Dias (2018) published that the frequency of prior medical
diagnosis of DM in Brazil is 6.9% in men and 7.3% in
women, and that when comparing the data related to the
theme in the period from 2008 to 2015, in seven years the
incidence of DM increased from 5.8% to 7.1%, and in both
sexes, this disease became more common after 45 years of
age.

Thus, it is well known that DM, in Brazil and worldwide,
stands out for its importance as a public health problem, as
well as that its epidemiological impact is expressed by
increasing population mortality and morbidity rates, the
latter being associated with related sequelae to visual
disturbances, blood arterial hypertension, nephropathy,
neuropathy, lower limb amputation, sexual impotence,
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cerebral  cardiocirculatory and  vascular  disorders
(AMERICAN DIABETES ASSOCIATION - ADA, 2000).

Although better understood, and even though new drugs
have appeared for the treatment of DM in recent years, it
seems that its control remains unsatisfactory both in
government institutions, as there is a lack of efficient
public policies, as well as by the vast majority of the
population.

In this context, in order to seek to minimize or even
prevent the effects of DM on the body of individuals
affected by this pathology, different strategies for
therapeutic interventions are increasingly proposed, among
which, due to their effectiveness, low cost and minimum
risk, they stand out. whether the subject's behavioral
changes in relation to dietary factors and also to the
practice of regular physical activity (ERIKSSOM &
LINDGARDE, 1991; HELMRICH et alli, 1991,
MANSON et alli 1992; LYNCH et alli, 18996; PAN et alli,
1997; ERIKSSOM & LINDGARDE, 1999;
TUOMILEHTO et alli, 2001; MAYER & COSTACOU,
2001; KNOWLER et alli, 2002; Lyra et alli, 2006).

With regard to this last factor, that is, the regular practice
of physical activities by symptomatic subjects of DM,
when it comes to considerations about the volume,
intensity, repetition and frequency of such practice, it still
seems not possible to establish a definite academic opinion
on the subject, making it clear that the subject still needs a
greater number of investigations.

On this subject, Rodrigues de Almeida et alli (1999; 2018)
warns of the importance of detailed planning of the
practice of physical activity, showing four basic aspects
during its execution: a) intensity or quality; b) volume or
duration; c) frequency; and d) repetition of stimuli. The
aforementioned author suggests that an individual's
systemic functional organic condition will only be
expanded when such variables are properly planned and
bandaged in a scientifically methodized work system in
relation to the prescription and control of training loads,
which he calls “physical exercise” .

This admitting, and in view of the foregoing, this research
intends to collaborate for the development of non-drug
strategies that prove to be efficient in the prophylaxis or
therapy of DM, investigating what changes are caused by a
physical exercise program scientifically methodized in the
glycemic values of individuals with type-2 DM,
undergoing initial pharmacological treatment and diet
therapy.
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1. MATERIAL AND METHODS
2.1. Population and sample

The population of this study was composed of sedentary
subjects of both genders and with DMT2, who, in addition
to the prescribed drug treatment and the recommended diet
therapy, for medical advice should also begin the regular
practice of physical activities. Initially, a first personal
contact was made with those interested in participating in
this study, all of whom frequent a physical space open to
the general public for leisure and physical activities,
located in the city of Porto Velho, capital of the State of
Rondénia, Amazon Brazilian, entitled “Alternative Space”,
to explain the relevance of the research to them, as well as
requesting them to sign a free and informed consent term.

The sample consisted of 39 subjects undergoing drug
treatment and diet therapy, who before starting the
experimental procedure were randomly assigned to two
study groups: a) an Experimental Group (EG), composed
of 22 individuals who underwent regular experimentation a
physical exercise program (PEF); and b) a Control Group
(CG), composed of 17 subjects, who during the study were
not submitted to any physical exercise routine.

1. TREATMENT OF THE DEPENDENT
VARIABLE

3.1. Equipment and standardization of measures

In this study, according to the protocols detailed below, the
anthropometric parameters Total Body Weight (PCT) and
Height (EST) were initially measured, which together with
the informed age were used only to characterize the
investigated sample.

1. The PCT, understood as the result of the system of
forces exerted by gravity on the total body mass
(MATSUDO, 1987), was measured using an electronic
scale of the brand Filizola with a capacity of up to
150kg and precision of 1g, and its values are expressed
in kilograms - kg. The measurement was performed
with the equipment positioned on level ground, being
evaluated standing in the center of the platform, in an
upright posture and with the head horizontal, the legs
in slight lateral distance and the arms relaxed along the
body (PETROSKI, 1999) ; and

2. EST, understood as the vertical linear length between
the plantar region and the vertex (PITANGA, 2008),
was measured using a portable Avanutri stadiometer
and accurate to 1 mm, with its values expressed in
centimeters - cm. The measurement was obtained with
the subject barefoot, the heels, buttocks, the shoulder
girdle and the occipital bone in discreet contact with
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the perpendicular ruler. As recommended by
standardization, a transverse cursor was slid by the
ruler to the vertex, forming a right angle. The reading
was carried out with the evaluator in maximum
inspiration and with the head directed towards the
Frankfurt plan (PETROSKI, 1999).

Then, the Glycemic Index (GI) was measured, the
dependent variable of this study, which is understood to be
the numerical value that represents the levels of glucose
concentration in blood plasma (ROBERGS & ROBERTS,
2009). Measurement was made with fasting subjects using
the “FreeStyle Libre” Glucose Monitoring Flash System,
consisting of: a) Portable monitor powered by a
rechargeable lithium-ion battery, measuring 95mm X
60mm x 16mm and weighing 65g, sample volume of 1
microliter, range for blood ketone interval from 0.00 to
80mmol / L and with measurement via scanning of values
between 20 to 500mg/dl; and b) Sensor powered by a silver
oxide battery and water resistant, measuring 5mm high x
35mm in diameter and weighing 5g, with a memory of up
to 8 hours for storage of the measurement readings,

Data collection followed the following procedures: a)
initially, before starting physical activity, using a non-
allergic adhesive layer, a “FreeStyle Libre” sensor was
fixed at the midpoint of the posterior region of the arm of
each component subject the sample (mesohumeral point);
and b) Finally, individually and immediately after the end
of the training session, using the portable monitor reader,
glucose measurement was carried out by scanning the
sensor, in a fast and painless process that takes
approximately 1 second.

In order to reduce and even avoid possible failures, during
the data collection there was the collaboration of 5 Physical
Education professionals, each in possession of a Flash
Glucose Monitoring System, who wanted them prior to the
day's work, they were responsible for checking the
condition of the material to be used, as well as fixing the
sensors individually to the sample components.

V. TREATMENT OF THE INDEPENDENT
VARIABLE

4.1. Physical exercise program (PEF)

Before starting the PEF, two physical training sessions
were instituted to allow individuals to become familiar
with the mechanical aspects of the PEF component
exercises, which had a total duration of 8 weeks, during
which 3 weekly training sessions were applied, each lasting
60 minutes and held at 2%, 42 and 6° - trade between 7:30
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a.m. and 06:00 aM, which are divided into three parts
teaching as is detailed below:

Preparatory Part: Aiming to increase blood supply to
muscle tissues in general, initially a dynamic stimulus of
the continuous type was used, which was performed in the
form of a vigorous walk for 3 minutes. Subsequently,
aiming to stretch the muscle groups to be most requested
during training, as well as to improve the subjects' joint
mobility, stagnant exercises were used and located for 7
minutes, in which individuals voluntarily sought in the
anteroposterior and lateral directions, the limit functional
mobility of the joints of the wrist, elbow, shoulder, hip,
knees and ankle, remaining in the borderline position for a
time of 10 - 12 seconds, and repeating the procedure in
each joint for 2 times sequentially and with an interval of 5
seconds between them (NUNES, 1998).

Main Part: In order to promote morphological and
functional improvements in the cardiovascular system, a
dynamic stimulus of the continuous type was used, which
was performed in the form of vigorous walking, with the
intensity of the effort being controlled by the subjective
feeling of tiredness (ACSM, 1995). For this, in the first
week of work during the training sessions, the subjects
placed the perception of fatigue at level 6 (moderate),
performing the prescribed physical activity for 30 minutes,
progressing weekly in one unit until reaching level 8 and
increasing the time of physical effort for 40 minutes. The
workload remained with this quality of training for 4
weeks, and then, in the eighth and last week of the PEF, the
rate of physical effort was raised to level 9 (strong) for 40
minutes.

Final Part: Ending the training session and in order to assist
in the removal of exudates from cell combustion,
immediately after the end of the 40 minutes related to the
main part, without interruption the subjects continued to
walk for another 3 3 minutes, now in a moderate way |,
gradually decreasing the intensity until the displacement is
smooth. Subsequently, with the objective of stretching the
most requested muscle groups in the training, for 7 minutes
the individuals were repeated the same stagnant exercises
in a localized manner used at the beginning of the training
session, performing the same procedures and in the same
joints.

V. DATA STATISTICAL ANALYSIS

In this experiment the data were analyzed using the
following procedures:

1. initially, descriptive statistics were performed to
characterize the sample;
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2. subsequently to detect possible significant differences
in the scores related to the physical characteristics of
the SG and CG, the Student's “t” test was used for
independent samples; and

3. finally, to compare the values of the 1G between the
pre and post-tests during the experimental period, the
Student's “t” test was used for dependent samples. The
data were processed and analyzed wusing the
computerized statistical package “STATISTICA for
windows” Version 4.3 from Starsoft Incorporation,
looking for a significance of p <0.05.

VI. RESULTS AND DISCUSSION

In order to characterize the sample, Table 1 presents the
result of the “Student's t test for independent samples”
(mean values and their respective standard deviations), for
the variables: Age (ID), Height (EST) and Total Body
Weight (PCT) of the experimental (EG) and Control (CG)
groups, compared to each other before starting the
experiment. The statistical treatment showed significant

differences between the scores of all the variables
analyzed, demonstrating the heterogeneity of the sample.

Table 1: Physical characteristics of the sample.

Variables Experimental I Group e |l e
Group Control
Age years) || 58.2+9.42 51.2 £ 7.30 ||2.08}|0.048*
Stature (cm)|| 170.7 +5.93 ||||164.5 = 7.85 ||2.42|(0.022*
Weight (kg) || 75.2 £5.99 69.9 £ 5.53 (|2.45||0.020*

*Significant at p <0.05

In line with the objectives of this study, Table 2 presents
the analysis of the “Student's t test for dependent samples”
(mean values and their respective standard deviations), of
the Glycemic Index (GI) of the SG and CG, in which it is
observed that the scores related to the GI presented by the
subjects that are part of both groups investigated, between
the beginning and the end of the experiment showed
statistical significance at the level of p <0.05.

Table 2: Values in mg / dl of the sample's IG at the beginning and end of the experiment.

Study Groups Glycemic Index — GI (mg/dl)
n
SG Pre-Test Post-Test t P
Experimental Group
22 145.88 11.46 114 35+ 9381 9.43 0.000*
-EG -
Control Group
oG 17 123.83 4.96 109. 16+ 4.60 8.94 0.000*

*Significant at p <0.05

Nevertheless, it can also be seen that the mean value of
the SG decreased by 29.53 mg / dl and that of the GC
decreased by 14.67 mg/dl, scores that represent a
percentage variation in the glycemic index of 20.52% in
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the EG and 11.41% in the CG, indicating a greater
functional improvement in the SG of the SG during the
experiment, this fact being better visualized in the figure
below.
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Fig.1: Gl values (mg/dl) of the sample at the beginning and end of the experiment.

Thus, in view of the above, it can be assumed that the
prescribed physical exercise program was responsible for
the increased improvement in the GI of the subjects that
make up the SGE1, which confirms the results obtained by
Luciano & Bessa Lima (1997), who published about the
beneficial effects of exercise and the improvement in
glucose uptake that is increased during exercise, even with
low insulin levels, and is also corroborated by Pratley et
alli (2000) who after studying for 9 months the effects of
aerobic exercise in the elderly , concluded that this type of
training significantly reduces insulin concentrations
stimulated by glucose.

In this sense, for some time now, other authors have shown
that the effects of physical exercise in type 2 diabetic
individuals are characterized by the notable increase in the
use of glucose for energy production, unlike individuals
with the same pathology who do not practice physical
activity (Gumbiner, 1999; Leong & Wilding, 1999; Dela et
alli, 1997); Hickner et alli, 1999).

Zinker ett alli (1999) in a research investigating the insulin
sensitivity of individuals with DMT2, carried out an
experiment with 3 study groups, one group, group 1,
undergoing physical exercises and without using
medication to treat diabetes , and the other two groups only
undergoing drug treatment (metformin and troglitazone,
groups 1 and 2 respectively), and without practicing
physical activity. At the end of the experiment, they
observed that the best results were presented by the group
that only did physical activity in contrast to the other study
groups analyzed.

Silva & Lima (2001) in an experiment with symptomatic
individuals of DMT2 under treatment with oral antidiabetic
and insulin, submitted them to a program of physical
exercises of 10 weeks duration, with 4 weekly sessions of
60 minutes each, and at the end they observed that all
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subjects in the sample had a significant hypoglycemic
effect (p <0.05) in response to physical exercise, attesting
to the importance of their daily performance for the control
of the thematized pathology.

VIL. CONCLUSIONS

According to the problematization of this research, as well
as considering the analysis and discussion of the results
found here, there is a statistically significant behavior
between test and retest in the scores of both the SG and the
CG (p <0.05), being that the best values were found in the
EG, which allows us to assume the positive effect of the
independent variable of this study in reducing the GI of
subjects with DMT2, a fact demonstrated by the quality of
the training loads of the prescribed PEF (volume, intensity,
frequency and repetition) , which in association with drug
treatment and food control, proved to be a valuable
complementary tool in the treatment of DMT2.

In view of these findings and aiming to extend the line of
research of this investigation, it is suggested to carry out
further research analyzing this time the effects of resistance
training on the thematized population, at different
intensities of physical effort and with a larger sample
grouped by range age. It also seems important to us to
study the psycho-social factors presented by the population
in question, which should be considered in the
development of public policies aimed at comprehensive
care for people with DMT2, as well as to identify
pedagogical practices that are capable of motivating their
adherence. individuals in intervention programs, and thus
making compatible, in addition to knowledge, also efficient
personal actions for health promotion.
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Building a microprocessor architecture at
Computer Engineering undergraduate courses

Morgana Sartor, Thaynara Tessaline Mitie Sei Soares, Marcelo Daniel
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Department of Computer Engineering, Federal University of Santa Catarina — UFSC - Brazil

Abstract— The learning process of Computer Organization and Architecture is fundamental for students of
Computer Engineering and related areas. The complexity and lack of familiarity of the students with the
content make it difficult to understand essential concepts for the development of fundamental skills for a
computing area professional. This paper introduces a conceptual microprocessor implemented in three
different courses of Computing Engineering undergraduate: Computer Organization and Architecture,
Very Large-Scale Integration (VLSI) Circuit Design, and Embedded Systems Design. The overall idea is to
link the fundamental concepts of Computer Organization and Architecture with hands-on opportunity to
develop the blocks, such as registers or program memory, using a hardware description language, and
applying this microprocessor on embedded systems design, using it as a softcore processor. Initial results
showed the students get more involved in their learning process when they understand the usage and

application of those concepts.

Keywords— Computer Organization and Architecture, Embedded Systems Design, Learning Process,

Very Large-Scale Integration.

I.  INTRODUCTION

The design of an embedded system implies to choose a
suitable microprocessor to achieve the features of the
design in terms of power consumption, raw material cost,
or memory access capacity, for instance. It means that it is
essential for Computer Engineering students to understand
the architecture and organization of microprocessors to
design an embedded system in their future professional
career properly.

We noticed that some concepts addressed in
Programming Methodology and Algorithms are well
understood by the students when they have the opportunity
to associate these concepts with the internal organization of
the microprocessor they are dealing with. Didactic
microprocessors simulators have been proposed to improve
the learning process. Most of them have a simplified
architecture in terms of machine language, and a limited
organization in terms of external interfaces, such as input
and output pins, and other interfaces. These simulators are
usually software applications written with high-level
languages, like Java or C#. Most of them do not allow the
users to make changes on them, nor integrate them with
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other systems, for example, a physical or synthesizable
microprocessor.

In this paper, we are suggesting the adoption of a
software tool to fulfil this gap. The tool is an application
that simulates a simplified microprocessor called pPD. At
this point, the tool is similar to the other ones proposed so
far and is suitable for the Computer Organization and
Architecture course. The advantage of this tool is its
capability to generate VHDL code (acronym of Very high-
speed integrated circuit Hardware Description Language).
The tool generates the internal structure of the pPD
processor as components (or blocks), like registers block or
memory block. The students of the VLSI Circuit Design
course can connect those blocks to build an entire uPD
microprocessor and check its functionalities. It is the
second opportunity that the students have to work with the
microprocessor.

The third opportunity is in the Embedded Systems
Design course. At this point, the students already have a
softcore well tested and working, and in this course, the
students plan and implement embedded systems based on
this softcore. The students must do new VHDL
components according to their design needs.
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We organized this document in sections. Section two
introduces the related work. Section three was divided into
subsections and introduced the Organization and
Architecture of uPD processor, in terms of internal blocks,
Instruction Set, for instance. It also introduces the two
simulators developed: Text simulator and Block simulator.
Section four introduces the initial evaluation done with
undergraduate students of Computer Engineering. We
finished this paper with some conclusions and target for
future work.

Il. RELATED WORK

This section introduces the main academic simulators
adopted as engineering education tools. It was divided into
subsections, in which the main features of those tools are
outlined. At the end of this section, we introduce a table
outlining the pPD tool with the other ones previously
described.

MARS

The MARS simulator was developed by [1]. It is an
IDE (Integrated Development Environment) that simulates
a microprocessor MIPS. Several engineering colleges
adopted MIPS tool for practical experiments due to its
simplicity and regularity. In other words, it has 32
registers, and each of them with 32 bits [2]. MARS has an
integrated editor, featuring multiple file-editing tabs, with
context-sensitive input, and colour-coded assembly syntax.
All assembly files in a folder may be assembled into a
single executable. It also has a command-line mode for
tests and to evaluate many programs. The command-line
arguments allow specifying registers and memory locations
to be displayed after the program run to examine for
correct contents. A differential feature of MARS is an
option called "Tool" utility for MIPS control of simulated
devices. The authors define a Tool utility as a program
running on a separate thread with access to MARS data.
An assembly program can run in MARS and interact with
the tool through memory-mapped 10. Due to this feature,
several pseudo-devices can be interfaced to MIPS
assembly code, or extended to physical devices or
hardware.

QtSPIM

QtSPIM, available at [3], is a self-contained simulator
that runs programs for MIP32. It works as a “command
terminal”, and the users can read and execute assembly
language programs written for MIPS32 processor. QtSPIM
also provides a simple debugger and minimal set of
operating system services. It is a tool that implements
much MIPS32 assembler-extended instruction set. Some
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exceptions are the most floating-point comparisons, some
rounding modes, and the memory system page tables. The
MIPS architecture has several variants that differ in various
ways (e.g., the MIPS64 architecture supports 64-bit
integers and addresses), which means that QtSPIM will not
run programs for all MIPS processors. As weakness, it
does not have an IDE well elaborated with breakpoints,
and other useful debug features and is not possible to
execute a program step-by-step.

CPUlator

CPUlator, also know as “Computer System
Simulator”[4] is a tool capable of simulating three
architectures: Nios I, ARMv7, and MIPS. Its simulation is
done as a computer system, e.g. a processor and 1/O
devices. To prevent issues related to the installation, those
authors have built the debugger that runs in a regular web
browser. It was designed as a tool for learning assembly-
language programming and computer organization. As
main features that may be highlighted are the debug
options offered by the tool: Single-step, breakpoints,
watchpoints, trace, call stack, examine disassembly,
memory and registers. It’s the tool with more debug
features we found so far. As inputs, it accepts both
assembly source code and ELF executables.

ARMSim#

ARMSim# [5] was conceived as a desktop application
developed to run in a Windows environment (.NET3.0). It
allows users to simulate the execution of ARM assembly
language programs on a system based on the ARM7TDMI
processor, together with collecting statistics for execution
and cache usage [5]. It also can be extensible through
plugins, which provide an interactive environment for 1/O
by simulating examples of embedded systems. The authors
have implemented several plugins, and they are available
for download. An important feature is the addition of
graphical views, programmed as plugins, allowing
execution of interactive interfaces and supporting interrupt
processing. The main view included is that of a board
including an ARM processor and a set of peripherals -
buttons, LED lights, keyboard, small LCD screen.

CompSim

CompSim is an IDE developed by [6] to be an
assistance tool for Computer Organization and
Architecture course. It uses a proprietary 16 bits processor
called Cariri: an accumulator-based processor with 16
instructions set. The development was done using Python
v3.5 and can be run on MS Windows and GNU Linux (32
and 64 bits). The IDE has visual components that emulate
the hardware, like memory and input / output pins. Some
of this hardware is configurable like the RAM memory, for
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instance. This memory can be configured as Direct
Mapped, Fully Associative, and Set Associative.

SimusS

SimusS was proposed by [7], and it is based on a
configurable processor, called Neander-X. The processor
has a variable instruction size, from 1 up to 3 bytes, four
addressing types and 31 assembly instruction. SimusS has
a simple IDE interface emulating input and output devices.
The IDE also has a text editor and an assembler integrated.
It is possible to visualize the internal data path of the
processor during the debug action, further the external
input and output interfaces.

Bipide

Bipide was proposed by [8] as an integrated
environment in which it is possible to develop an algorithm
and execute in a virtual 16 bits processor, called BIP.
Different from the Neander-X, the BIP processor has a
regular instruction size with 16 bits. The main difference is
the natural language used as the programming language.
BIP was developed to be used on early stages of
Computing Science and Computing Engineering when the
students are taking the first algorithm programming course.
The students can check the data path inside the processor
graphically while the algorithm is executed step-by-step.

CESAR and RAMSES

CESAR was developed by [9] and, on the same way of
the other tools we mentioned in this section, it also focuses
on Computer Organization and Architecture learning. The
proprietary processor has 16 bits and 41 assembly
instructions. The graphical environment of this tool is
simple, showing register related to the ROM memory,
register related to the RAM memory, and input and output
pins. The main difference of this tool to the other ones is
the data representation, based on 2’s complement.

RAMSES processor is an 8 bits version of CESAR
processor. It has four addressing modes, while the CESAR
has eight. The instruction set is also different; for the
RAMSES, there are only 16 assembly instructions. The
graphical interface is quite similar to the CESAR interface,
only changing the registers sizes.

COCONUT

Authors  [10] proposed a visual educational
configurable simulator for computer architecture and
organization, called COCONUT. According to them, the
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students can create their own processor with an arbitrary
architecture and simple organization on the register transfer
level, write an assembly program to be executed on the
processor and observe the instruction execution phases of
the program on the processor. The students create a VHDL
processor using some basic blocks and following some
rules do connect them. A simulator is available to evaluate
and test the implemented processor. The configurable part
allows students to use the simulator for defining the
instruction decoding of the processor operation unit and the
content of the microprogram memory of the processor
control unit.

EduMIPS64

Authors [11] proposed the visual EduMIPS64 CPU
simulator as supporting to undergraduate computer
architecture students. It implements a 5-stages pipeline,
allowing instruction-level parallelism. As each virtual CPU
cycle is executed, the user interface updates all its
components to display the representation of the current
program execution state. The simulator was written in Java
language and its graphical interface implements, further the
necessary registers and memories, some statistics on the
execution, such as the number of Cycles Per Instruction
and the number and class of stalls.

MarieSim

Authors [12] developed the MarieSim: a computer
architecture simulator based on the MARIE architecture
and designed to teach beginning computer organization and
architecture. It has a graphical environment that allows
students to observe how assembly language statements
affect the registers and memory of a computer system. The
graphical  environment for MarieSim and the
accompanying data path simulator was written in Java
Swing, and the integrated MARIE assembler was written in
Java. MARIE is the acronym of “Machine Architecture
Really Intuitive and Easy”

Overview of related work

This Subsection summarizes the academic simulators
reviewed in Section with Table 1 outlining the main
features of each simulator. uPD features were also
included at the end of the table. Note that puPD is the
unique toolset that generates VHDL code. The code
generated is used by the students on the other two courses:
VLSI Circuit Design, and Embedded Systems Design.
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Table.1: Overview of the academic simulators introduced above. Grey colour means the simulator has that feature.
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Debugger Few
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Block simulation

1/0 interface
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Depurator

Data-path visible

Based on
Accumulator

Based on Registers

Generate  VHDL

code

I11.  pPD SOFT PROCESSOR

Over the past three decades, the Association for
Computing Machinery (ACM) and the Computer Society
of the Institute for Electrical and Electronics Engineers
(IEEE-CS) joined efforts to promote and upgrade a
document periodically with curricular guidelines called
“Computing Curricula” [14],[15]. These guidelines are
defining broad knowledge areas that apply to all computer
engineering programs.

According [16], the six knowledge units with five or
more core hours in the Computing Curricula are:
Fundamentals of computer architecture, Memory system
organization and  architecture, Interfacing and
communication, Device subsystems, Processor systems
design, and Organization of the CPU.

The three courses we are working (Computer
Organization and  Architecture, Very Large-Scale
Integration — VLSI - Circuit Design, and Embedded
Systems Design) deal with this knowledge in different
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manners. So, we intended to propose a softcore simulator
capable of being used by these courses and covering the
knowledge units with varying levels of difficulty.

Platform Overview

According to the authors [13], a platform consists of a
library of components associated with its composition
rules. These standards allow the reuse of cores and the
communication infrastructure, thus creating the concept of
a development platform. We understand that we have to
work with this target in mind: elaborate a platform based
on the software processor pPD. So far, we have developed
some software tools: editor, assembler, software
simulation, and VHDL code generator, all of them forming
a toolset. Furthermore, the VHDL code generated by one
of these tools has a standard interface and connection rules,
which allows the students to build large embedded
systems. The standard interface and connection rules are on
the way to build a future platform.

Processor Organization
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The didactic processor we are proposing is a monocycle
RISC (Reduced Instruction Set Computer) with 16 bits
data bus. It connects to an external ROM (Read Ony
Memory), that contains the machine code given by the
Assembler tool. To connect to other devices (or external

components), it has an input bus and an output bus, as
depicted in Figure 1. The signals INT are six external
interrupts supported by the processor, ADDR is an address
bus, and DIN and DOUT are input data and output data,
respectively.

MEMORY
PROGRAMM
(ROM)

ADDR

DATA

PROCESSOR

Fig. 1: ROM memory, processor and its connection bus.

Figure 2 illustrates the internal processor blocks. It was
divided into two logic areas called “data path”, bordered by
a blue dashed line and “control path”, bordered by a pink
dashed line. The control path is responsible for the reading
of instructions stored in the ROM memory, and to manage
the execution of data flow. This management is done by
the “Control block” show in Figure 2. Another block that
belongs to the control path is the “LIFO memory”,
acronym of “Last In, First Out”. When a subroutine is
called, or an interrupt occurs, the control block saves the
content of the registers (Register block in the data path)
before it jumps to the new program memory address.

The data path has six blocks: a block of registers, an
arithmetic and logic unit (ALU), a data memory (RAM
type) and three single registers. The block of registers
implements four registers for general purpose. We have
chosen a small number of registers to enforce the students
to manage data between the data memory and the block of
registers (context saving). The ALU implements two
mathematical operations (addition and subtraction), four
logical operations (AND, OR, XOR, and NOT), and three
jumps: jump if two registers have the same value (JE),
jump is a register is zero (JZ), and unconditionally jump
(J). The three single registers are used in the data path to
store temporary data for the external bus (output) and from
the external bus (input).
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The internal data memory (called as RAM) has ten
address bits, which allows it to store up to 1K words (16
bits each). The processor can access up to 4K in program
memory (called ROM). This quantity of memory is shared
by the main program and by the six interrupts allowed by
the uPD processor (INTO up to INT5), and Table 2 depicts
these memory ranges. Each instruction in the program
memory has 17 bits, and these instructions will be detailed
in the next subsection.

Table.2: Program memory address range.

Area Begin (hex) End (hex)
Main programm 000 3FF

INTO 400 4FF

INT 1 500 5FF

INT 2 600 6FF

INT 3 700 TFF

INT 4 800 8FF

INT 5 900 9FF
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Fig. 2: Internal block of the uPD processor.

Processor Architecture

The UPD architecture is based on registers. There are four registers for general purpose, called RO, R1, R2, and R3, all of
them inside the Register block (Figure 2). To deal with registers were implemented 21 opcodes in the Instruction Set
Architecture (ISA), as shown in Table 3. Int that table, RS1, RS2, and RDST can assume one of the four purpose registers,
RO up to R3.

All instructions stored into the program memory have 17 bits, and they are organized as fields as shown in Figure 3. The
most significant five bits are using as opcode of instructions. The fields RS1 and RS2 are called “source registers”, and have
two bits each. The ALU will treat the values stored into these registers. On the same way, RDST is the register in which the
ALU will store the result of operation done with the register RS1 and RS2.

R

psT

R,

s1

R,

s2

‘ OPCODE

a) Type format F1.

R,

s1

‘ OPCODE ‘ R

b) Type format F2.

R,

s1

R,

s2

‘ OPCODE

c) Type format F3.

‘ OPCODE ‘ Roo: Address / Data ‘

d) Type format F4.

‘ OPCODE Address / Data ‘

e) Type format F5.

‘ OPCODE ‘ ‘

) Type format F6.

Fig. 3: Instructions format.

As depicted in Figure 3, there are six instructions formats, and we called them as F1 up to F6. These instructions are
described in Table 3, and the first column informs which format is related to each opcode.
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Table.3: uPD Instruction Set Architecture.

Type = Mnemonic Opcode Descripton
ADD 00010 |Add: Rpst = Rs1 + Rsy.
" SuB 00011  Sub: Rpst = Rsi — Rs.
IN 00101 | External bus Input: Rs:
ouT 00100  External bus output: Rs;.
LD 00111 | Load register with data from the memory: Rs;
F4 LDI 00001  Load register with immediate value: Rs;.
STO 01000  Store content of register into the memory: Rs;.
JE 01010  Jump if two register have the same value.
Jz 01001  Jump if the register is zero.
F5 JI 00110  Jump unconditional.
F3 CMP 10100 | Compare value of two registers. If they are equal, set 1.
AND 01011  Logical AND between registers: Rsi, Rse.
F1 OR 01100  Logical OR between registers: Rsi, Rsp.
XOR 01101  Logical XOR between registers: Rsi, Rsz.
F2 NOT 01110 | Logical NOT over a register: Rs;.
F5 CALL 01111 | Call subroutine.
RET 10000  Return from subroutine .
RETI 10011 | Return from an external interrupt treatment.
F5 STOP 10010 | Stops the processor.
NOP 00000  No operation.
SETR 10001  Configure which interrupts will be active.

Given the

restricted number

of general-purpose

Graphic interface

registers, the students are enforced to do data transfer
between these registers and the data memory (RAM), and
the same happens to 1/O reads and writes. The instruction
IN and OUT are related to data input and data output of
external I/0O devices. Note that in Figure 2 there is a
register (called “IO address”) with 16 bits. It means that the
MPD processor can access up to 216 external devices,
theoretically. The quantity of devices depends on the
FPGA size and the devices (components) size, for instance.

www.ijaers.com

The pPD was developed focused on interdisciplinary
teaching. The students begin with the basic concepts of
Organization and Architecture of Computers when they
learn about the pPD and perform basics assembly language
programs. On a second course, VLSI circuits design, they
build the uPD processor using VHDL language and can
build different devices to connect the external bus of the
processor. At this point, the students have tested
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interface that has a different colour for reserved words. It
also has some editor’s features, such as line counters, cut,
copy, paste, block selection, and block comment. An
example of an assembly code written with the integrated
Editor is shown in Figure 4.

components and can do an embedded design based on the
soft processor for FPGA.

The pPD toolset has an Editor, an assembly compiler, a
simulator, and a VHDL components builder, and their
main features will be introduced in this section. All tools
were written using C# language and .NET framework. The
first tool is the Code Editor. It has a simplified visual

Chamada_e_Intemupcoes.asm  Execugdo por Texto  Execugdo por Blocos
BEGIN ~
LDI, R1, 66;

5T0, R1, @i;

CMP, R3, R1, R®;

ADD, R2, R1, R@;

AND, R3, R1, RO;

XOR, R®, R2, R3;

OR, R3, R2, R1;

Sus, R3, R, R2;

A ]

o om

RS

NOT, R1, R®;
CALL, FUNCel;

- meomomom %

i, e;
END

rd

JINT2
: IN, RO, 1;
' LDI, R1, 2;
f STO, R1, 1@;
' DUT, R1, 2;
; RETI;

“a

] LINTS
: IN, R1, 2;
' STO, R1, 11;
]
1]

NOT, R2, R1, R@;

RETI;

FUNCel
LDI, R1, 16;

*
| ]
| ]
-7 LDI, R2, 11;
' ADD, R3, R1, R2;
]
13

RET;

AND, R3, R2, R1;

Fig. 4: Example of an assembly code written with the integrated Editor.

Figure 4 depicts an assembly code written with the
integrated Editor. Reserved words, such as LDI and NOT,
was written using a blue colour. Other reserved words,
such as .INT2 and RETI were written using magenta
colour. The begin of the written code (indicated by a red
circle with the letter A) is an example of the main
program. The code selected by the red circle with the
letter B is related to the code written for two interrupts
(.INT2 and .INT4). On the bottom of Figure 4, the letter C
written inside a red circle indicates a function code (called
as FUNCOL1 in that example) or subroutine.

Once the code was written and assembled by the
integrated Assembler tool, it can be executed in two
different simulations: the “Text simulation”, and “Block
simulation”. The Text simulation is shown in Figure 5.
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The red circle with a letter A is pointing to binary code
(machine code) and to the assembly program. The line in
green colour indicates the step of execution at that
moment. In that case, the instruction is LDI R1 20, which
means “load register R1 with the number 20”. Note that
on the right side the register R1 received the humber 20
and it is green at this moment (letter D on the red circle).
Letter B is pointing to the data area, also called RAM.
Letter C is pointing to a window console. This console is
used to display messages to the user related to the
simulation under progress. Letter E shows the interrupt
buttons that the user can press to simulate as an external
interrupt. Letter F is the interface where the user chooses
an address for the external device and can read/write data
from/to the external device.
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% uPD
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Area de Programa 74 Vomwmnommou LDIRT 20 Nome: Valor
| Area de Programa 5 0100001000000001 STOR101 = -
Area de Programa 5 0000100000001010 R - e >
Area de Programa 7 0111100000001110 CALL FUNCO1 Rl 2
| Area de Programa ] 0000110000001010 LDIR210 R2 0
Area de Programa 9 0100011000000010 STOR302 m 0
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Araz Aa Prarams 11 N1A1111100100000 ANMRARIR1 2 i
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'\ L = S
Lea de Programa | 24 “_‘ 0 0 _(.‘ | 0 0 __0 __\’3 _D ," INT 2 0 |
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» Endecgo  Valor
Limpar [o Jouro

Fig. 5: Example of a text simulation.

Figure 6 shows the Block simulation execution, in
which it executes the same program that was done with the
Text simulator. The letter A inside the red circle is pointing
to the instruction LDI R1 20. Note that some signals at the
output of Control block (pointed by the red circles with the
letter B and C) were highlighted with colour green. It
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means that these signals will be active to ensure that this
instruction flow through the data path.

All the simulations (Text and Block) are active as
Windows Forms. It means that the user can check the
execution step-by-step at Text simulator; meanwhile, he
also checks the signal that was activated in the Block
simulator.
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VHDL code generation

Fig. 6: Example of a block simulation.

As mentioned earlier, uPD was designed to be adopted

as an interdisciplinary educational toolset, covering three
courses of Computing  Engineering:  Computer
Organization and Architecture, Very Large-Scale
Integration (VLSI) Circuit Design, and Embedded
Systems Design. That integration is possible due to the
VHDL code generator, available in the uPD toolset. All
processor internal blocks can be generated as a
component, as shown if Figure 7, in which the control
block was generated. These components may be
synthesized with an FPGA manufacturers tools, like

WWwWw.ijaers.com

Quartus 1, from Intel, or Vivado, from Xilinx. The
interconnection of these components is part of the
learning of the VLSI Circuit Design.

The users may simulate the processor as
mentioned in previous subsections but also is possible to
simulate only one processor component. It is a useful
feature for the learning of students because they can
understand the behavioural of each component generated
by the tool. The ROM component is filled with the
machine code related to the assembly program developed
by the students.
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a5 VHDL Component

library IEEE;

use |[EEE.STD_LOGIC_1164.ALL;

use |EEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD_LOGIC_UNSIGNED ALL]

entity CONTROLE is
Generic |
p_DATA_WIDTH

¥
Port (

i_DATA_ULA
o_SEL_ULA
o_SEL_IMED

=}
=
s ]
[==]
(=]
o

(=]

=
il
s
3=
=

o
=
s}
=]

o_RD_IO

DOWNTO 0);

IE
end CONTROLE;

architecture Behavioral of CONTROLE is

attribute syn_encoding : string;

:INTEGER := 16

:in 5TD_LOGIC_VECTOR(fp_DATA_WIDTH-1) DOWNTO 0j:

-out STD_LOGIC;
-out STD_LOGIC:
-out STD_LOGIC:

- out STD_LOGIC:

:in 5TD_LOGIC_VECTOR(fp_DATA_WIDTH-8) DOWNTO 0j:

:in STD_LOGIC;
:in STD_LOGIC;
:in STD_LOGIC

type w_State_Type is (st_FETCH. st_DECODE, st_EXECUTE, st_WAIT, st_RET, st_STOP,st_CALL, st_INPUT,
st_JMPI, st_JMPZ, st_JMPE, st_CMP, st_CALL_INT):

in STD_LOGIC;
in STD_LOGIC;

tin STD_LOGIC;
rout STO_LOGIC_VECTOR(2 DOWNTO 0);
rout STO_LOGIC_VECTOR(1 DOWNTO 0);

rout STO_LOGIC;
rout STO_LOGIC_VECTOR(1 DOWNTO 0);
rout STO_LOGIC;

rout STO_LOGIC;

rout STO_LOGIC;
rout STO_LOGIC_VECTOR(fp_DATA_WIDTH-8)

out STO_LOGIC_VECTOR(1 DOWNTO 0);

Fig. 7: Example of a VHDL block generate by the tool.

IV. PRELIMINARY EVALUATIONS

There are different ways to measure the impact of a
pedagogical resource on the students, and they can be a
quantitative or qualitative way. The quantitative approach
requires more numerical data information. For example,
the authors [11] introduced a Simulator as a supporting tool
for teaching the standard topics covered by an
undergraduate course in computer architecture. They
collected the percentage of success across the number of
attempts to pass the final examination, over seven years:
eight terms without the simulator they proposed, and six
terms using their simulator.

On the other hand, a qualitative approach usually is
based on the feedback (student's feeling) on the
effectiveness of the adopted methodology. One example of
this approach is the research done by [12], in which the
authors evaluated the using of a simulator for teaching
Computer Organization and Architecture. They applied a
questionnaire about the proposed simulator, in which there
were four options for each question: Agree, Disagree,
Strongly Disagree, and Neutral.

We decided for a qualitative approach applying five
questions to check if the students understood a common
concept for the three courses (Computer Organization and
Architecture, Very Large-Scale Integration — VLSI -

www.ijaers.com

Circuit Design, and Embedded Systems Design): “how the
data flow” inside a processor, or inside an FPGA design, or
in embedded system design using soft-core.

So far, we did evaluations of the tools with students of
three mentioned courses (Computer Organization and
Architecture, VLSI Circuit Design, and Embedded
Systems Design), in two college terms. At the end of the
college terms (last classes week), we apply an inquiry form
with some questions to the students of three courses. The
questions were the following:

1. Did you understand the data flow inside the pPD
processor?

2. Did you understand why the uPD processor has a
LIFO memory?

3. Did you understand the difference between
program memory and data memory and how the
processor deal with them?

4. Build a VHDL block helps on the understanding
of how the processor works?

5. Was it easy to build embedded hardware using the
MPD as soft-processor?

Students of Computer Organization and Architecture
answered questions 1, 2, and 3. Students of the other two
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courses answered all of them. Each course had 20 students,
which means 120 students after two college terms. Figure 8
shows the results of the inquiry form. To be classified as
"understood” student must answer the five questions

100
98
96

94

% of students

92

90

88

College term

positively. One of the five questions answered negatively is
classified as "confused”. Hence, two or more is classified
as "do not understand".

Do not understand
B Confuse
B Understood

Fig. 8: Students comprehension about uPD Processor.

We also asked the students to list what they
understand as positive in the uPD toolset, and they could
state more than one. The features cited were: “Intuitive”,
“Generate VHDL code”, “Easy to use”, “Simple and
efficient for learning”, “Set of Instructions”, and “Few

Few registers

Set of Instructions

Simple and eficient to learnig
Easy to use

Generate VHDL code

Intuitive

o

20

registers”. These features are depicted in Figure 9. Note
that the majority of students considered the toolset as
“intuitive”, and the second most positive feature was
“Generate code VHDL”.

Fig. 9: Positives features ranked by the students.

V. CONCLUSION AND FUTURE WORK

We understand that the toolset we have developed must
be improved, on several points. For example, we think that
the results related to students understanding depicted in
Figure 8 should be 99%, at least. Is important to keep
collecting opinions from the new students and use these
opinions as feedback to improve the toolset.
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Further the feedback, we will develop different
components to be connected in the uPD external bus.
These components were requirements asked by the
students from the Embedded Systems Design course.
According to them, more components will let more time to
develop the embedded system that they must do up to the
end of the term. They suggested components like a
programmable SPI interface, a programmable 12C
interface, and a programmable USART. Several sensors
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and actuators use one of these interfaces to be controlled
by a host processor.
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Abstract— Diabetes Mellitus is a disease that contribute to the loss of functional capacity in older adults.
This study aimed to measure diabetic older adults’ functional capacity for activities of daily living (ADL)
and instrumental activities of daily living (IADL). We carried out a descriptive and analytical cross-
sectional study with older adults aged 65+ years at a specialized health care center of Brazil. The medical
records of the patients were selected using non-probability sampling. In this study was found, significantly
statistical, higher prevalence in ADL among persons aged 75+ years, those with low levels of education
and relation between self-rated current health status. For dependence in IADL, it was common among 75+
years old people, those with lower levels of education, with income of up to 2 minimum wages and worse
self-rated health. There is a need to work on public policies that contribute to active and successful aging
by promoting the autonomy and functional independence of older adults in the household and community.

Keywords— Brazil; Diabetes mellitus; Geriatric medicine; Functional capacity.

I.  INTRODUCTION

Healthy aging is defined as including three main
components: low probability of disease and functional
disability, high cognitive and physical functional capacity
and active engagement with life (Rowe & Kahn, 1997).
Thus, health aging is much more than just the absence of
disease; it includes the preservation of functionality (World
Health Organization, 2015)

Increased life expectancy points to the need to ensure that
people not only live longer lives, but live healthier, active
and independent lives. Therefore, it is necessary to put
sustainable health care solutions into practice to tackle the
potential increase in chronic diseases, cognitive decline or
dependence and its consequences (Gomez et al., 2013).

Population aging has been accompanied by an increase in
the incidence of noncommunicable diseases, particularly
diabetes mellitus (DM), whose prevalence in the older
population has been increasing due to the greater life
expectancy of the population and increased survival of
patients (Oliveira et al., 2017; Shaw et al., 2010; Wild et
al., 2004).
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In Brazil, nationwide data show that the incidence of DM
increases with age as the rates range from 17.1% among
men and 14% among women in people aged 55-64 years to
22.7% among men and 21.7% among women in people
aged 65+ (Brasil, 2010).

Diabetes Mellitus is one of the top five non-communicable
diseases that most contribute to the loss of functional
capacity in instrumental activities of daily living (IADL)
(Griffith et al., 2017)

Researchers have reported that people with type 2 diabetes
mellitus are at an increased risk of inability to perform
activities of daily living as some comorbidities associated
with diabetes can impair individual functionality (Araki &
Ito, 2009). In addition, hyperglycemia increases
dehydration, impairs vision and cognition and increases the
risk of infection (Ismail-Beigi et al., 2011), which further
contributes to functional decline.

It should be noted that changes in plantar sensitivity caused
by diabetes interfere with the balance of older patients,
thereby increasing the risk of falls, and decreased visual
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acuity can lead to increased dependence on activities of
daily living (Berger & Porell, 2008; Corriveau et al., 2004).

Two scales are relevant for clinical practice as they assess
the level of dependence in older people. The first one is the
Katz scale, which was first developed in 1963 to assess
activities of daily living (ADL) in hospitalized patients and
then adjusted for use with the general population. This
scale was developed based on the premise that functional
loss follows a pattern of decline in which the ability to
bathe is lost first and followed by the ability to dress,
transfer and feed, with rehabilitation occurring in reverse
order. The Portuguese version of the Katz Scale underwent
cross-cultural adaptation and proved to be equivalent to the
original in English, thus facilitating its use in Brazil (S.
Katz et al., 1970; Sidney Katz et al., 1963; Lino et al.,
2008). The second scale is the Lawton & Brody Scale,
which is widely used to assess instrumental activities of
daily living (IADL), including more complex activities that
allow them to live in the community (M. Lawton & Brody,
1969; R. L. Santos & Janior, 2008).

Thus, assessing functional capacity in older people with
diabetes mellitus, which is the objective of the present
study, allows to identify the physical and social needs of
this population group and contributes to the elaboration of
public policies and the development of health promotion
and disease prevention and control strategies focused on
functional impairment, which is a common problem in the
older population.

1. METHODS

This descriptive and analytical cross-sectional study was
carried out with older adults (65+ years old) receiving
specialized care from Brazil’s Unified Health System in
the city of Fortaleza, Northeastern Brazil.

The study was conducted at a Center for Integrated
Diabetes and Hypertension Care (Centro Integrado de
Diabetes e Hipertensdo — CIDH). CIDH is a reference
center for Diabetes and Hypertension specialized care in
the state of Ceard and it provides secondary health care for
complications related to these diseases.

The sample size was estimated considering the number of
older people (N=242,430) in the city of Fortaleza
according to the 2012 DATASUS Report (Salde, 2012).
The formula for a finite population was used and the
minimum sample size estimated was 246 older adults. The
medical records of the patients were selected using non-
probability sampling according to their original reference
numbers. We selected one out of every eight records as
there were 1978 older people aged 65 years and older who
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have had diabetes for at least one year enrolled in the
CIDH.

Inclusion criteria were people aged 65 years or older who
have had diabetes mellitus for at least one year and who
agreed to participate. Older adults with type 1 diabetes
were excluded from the study.

Interviewers and data collectors were previously trained to
apply the following data collection instruments:

a) ldentification form, which collected sociodemographic
data (age, gender, marital status, level of education, income
and retirement) and general health data (systemic diseases,
cognitive problems, foot ulcer, use of medications,
smoking, and drinking).

b) The Katz Activities of Daily Living (ADL) scale, which
assesses performance in six self-care activities, namely
bathing, dressing, toileting, transferring, continence, and
feeding. The dependent variable was older adults’
functional ability to perform ADL. The older adults were
then classified as independent — when they needed
assistance in only one activity or in none of them — and
dependent — when they needed assistance in two or more
activities.

¢) The Lawton and Brody Instrumental Activities of Daily
Living (IADL) scale, which assesses eight variables related
to mobility skills (using a telephone, going to distant places
using some mode of transportation, shopping,
housekeeping, doing the laundry, cooking, taking
medication and handling finances). These skills are related
to older adults’ effective participation in the community
and difficulties in performing them leads to a redistribution
of tasks among family members who live with the older
person (Lebrdo & Laurenti, 2005). There are three
response options for each activity on the scale, with a
maximum score of 27 points. The score should be
interpreted individually and the decline over time reveals
deterioration. The lower the score on the scale, the worse
the functional ability to perform IADL. The scale has not
been validated for the Brazilian population; therefore, in
some cases, a person’s inability to perform tasks that are
not usual (such as cooking) should be taken into
consideration as it might impair the analysis of
independence (M. Lawton & Brody, 1969; M. P. Lawton,
1971). For data analysis, the results were grouped into
three categories: 27 points — independence, 26-18 points —
partial dependence, and below 18 points — dependence
(Pinto et al., 2016).

The results were organized and consolidated using the
Statistical Package for the Social Sciences, Co. Chicago IL
USA (SPSS) for Windows (version 23.0). Quantitative
variables were described as means and standard deviations
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and qualitative variables were described as absolute and
relative frequencies. The association between independent
variables and functional capacity was assessed using the
Chi-squared test or Fisher’s exact test. The magnitude of
the association was expressed as point and interval
estimates of prevalence ratios. All the inferential analyses
were performed considering a significance threshold of
5%.

This study was authorized by the CIDH and approved by
the Research Ethics Committee of the University of
Fortaleza (Approval No. 1.666.717).

I11. RESULTS

A total of 248 older adults were analyzed: 140 women
(56.5%) and 108 men (43.5%). The mean age of the
participants was 73.16+6.4 years.

Most of the participants were married (142; 58.4%), retired
(232; 93.5%), and lived in their homes (246; 99.2%). Just
over half of them (131; 52.8%) had incomplete primary
education, 17 (17; 6.9%) had higher education, and 176
(73.9%) earned up to two minimum wages.

Table 1 shows the risk factors for greater dependence in
ADL. People aged 75 years or older had a 2.75-fold higher
prevalence of dependence in ADL than their younger peers
(p=0.002). Older adults with low levels of education had a
6.7-fold higher prevalence of dependence in ADL than
those with high levels of education (PR=6.69; p=0.010).
Older adults who earned up to two minimum wages (MW)
had a 2.16-fold higher prevalence of dependence in ADL
compared with those who earned more than 2 MW.

Table 2 shows statistically significant associations between
dependence in ADL and self-rated health at the time of the
study (p=0.002) and in the past year (p=0.038). The older
adults who rated their health as poor exhibited a 2.47-fold
prevalence of dependence in some ADL when compared
with those who rated their health as fair.

With regard to clinical data, dependence in ADL was
significantly higher among people with a history of stroke
(PR=2.42; p=0.036), self-reported cognitive problems
(PR=4.15; p=0.001) and underweight measured by the
BMI (PR=2.42; p<0.039).

Table 3 shows the sociodemographic and behavioral
characteristics of the older adults according to the level of
functional ability to perform IADL. In all, 18.9% (n=47) of
the participants were dependent and 51.6% (n=128) were
partially dependent. The participants classified as
dependent in IADL were over 75 years of age, had low
levels of education and earned up to 2 minimum wages.
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A total of 34.9% of the participants aged 75+ and 10.5% of
those aged 65-74 years were dependent in some IADL
(p<0.001). Additionally, dependence in IADL was
observed in 25.7% of the illiterate participants and 3.8% of
the participants with high levels of education (p<0.001).
Dependence in IADL was also found in 19.3% of the
participants who earned less than 2 MW and in 10.9% of
those who earned more than 2 MW (p=0.011) (Table 3).

Table 4 shows the distribution of clinical characteristics of
the older adults according to the level of functionality in
IADL.

With regard to self-rated health in the past year, 26.5% of
the participants who rated their health as worse and 16.1%
of those who rated their health as better were dependent in
IADL (p=0.019).

As for clinical aspects, older adults’ dependence in IADL
was significantly associated with previous history of stroke
(p=0.002), peripheral neuropathy (p=0.002), current foot
ulcer (p=0.022), heart failure (p=0.022) and self-reported
cognitive problems (p<0.001).

IV. DISCUSSION

The mean age of 73 years (SD+6.4) in the present study is
in line with the age group most affected by type 2 diabetes
as it is a chronic disease that lasts for many years (Santos
etal., 2015)

The higher prevalence of diabetes in women (56.5%)
agrees with the findings of Bauduceau et al. (2014) and
Doucet et al. (2012). However, it cannot be said that
diabetes affects more women than men, but rather there is a
greater search for health services among women (Diabetes
Federation International, 2019). It is known that women
seek health services more often than men, which can
explain such difference (Levorato et al., 2014).

In the present study, the prevalence of functional
dependence was higher among older adults aged 75+ and
those who were illiterate and earned up to 2 MW compared
with older adults under 75 years of age and those who were
highly educated and earned more than 2 MW. Researchers
have shown that people with low levels of income and
education and with poor access to health services are more
likely to develop diabetes mellitus (Schmitz et al., 2009).

In our study, most of the older adults (n=181, 72.9%) were
dependent in at least one ADL, whereas in the study by
Doucet et al. (2012) 73% of the patients were independent
in all ADL. This difference may be related to a higher
prevalence of diabetes in Brazil and the greater prevention
and control of the disease among the French, which is
directly related to their functional capacity and autonomy.
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As in the study by Alves, Leite and Machado (2008), older
adults’ self-rated health was also associated with higher
prevalence of dependence, that is, the older adults who
rated their health as “poor” were more dependent in
activities of daily living (p<0.042) compared with their
peers who rated their health as fair and/or very good. This
finding demonstrates a relationship between a negative
self-perception of health and an increase in dependencies,
as pointed out in another study (Confortin et al., 2015).

The greater difficulty in carrying out basic activities of
daily living can lead to functional disability and
consequently affect the quality of life of the elderly.
Bearing in mind that the increase in dependence on basic
activities surely interferes in social life by preventing the
elderly from visiting friends, attending church and,
consequently, compromising the way in which the elderly
perceive their own health (Huntley et al., 2012; A. P.
Ribeiro et al., 2008; J. L. F. Santos et al., 2008).

The absence of a relationship between dyslipidemia and
functional capacity to perform ADL in our study is
corroborated by Rodrigues et al. (2008) who found that
although older adults with dyslipidemia had less functional
capacity, such relationship was not significant. Similarly,
Ribeiro et al. (2016) found a lower prevalence of physical
inactivity in older adults with dyslipidemia.

Despite the high prevalence of systemic arterial
hypertension (SAH) among older adults with diabetes, no
association between dependence in ADL and SAH was
found in the patients analyzed in the present study.
However, an important relationship has been reported in
another study (Guedes et al., 2013).

In our study, foot ulcer (n=25; 10.2%) and amputations
(n=15; 6.2%) did not significantly interfered with ADL.
This finding can be explained by the fact that most older
adults in our study had only minor amputations, such as
amputations of fingers. The participants did not present
with amputations of a whole limb, like legs.

Patients with foot ulcers have less energy and are less
willing to carry out their daily activities (Souza et al.,
2013). Accordingly, Goodridge, Trepman and Embil
(2005) had previously reported that foot ulcers in diabetic
patients negatively affect quality of life, especially because
they affect mobility and hence decrease their autonomy
and ability to come and go as they wish.

As for amputations, the functional capacity to perform
activities of daily living is believed to decline according to
the time elapsed after amputation (Vogel et al., 2014).
However, this parameter was not assessed in our study.
Ashraf et al. (2012) found that amputation increases the
prevalence of functional disability, especially for
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transferring. However, Mac Neill et al. (2008) found that
most bilateral amputees who used prostheses on a regular
basis remained independent in ADL.

The statistically significant difference (p=0.002) between
diabetic older adults with cognitive disorders and their
peers without cognitive problems in relation to the ability
to perform ADL is corroborated by other researchers who
found that cognitive problems, particularly immediate
verbal communication problems, interfere with the ability
to perform ADL (Mograbi et al., 2014). Other problems
that may be related to functional disability are memory
decline and verbal fluency decline. Yaffe et al. (2013)
conducted a prospective analysis of the association
between hypoglycemia and dementia in a cohort of older
adults with diabetes and found during follow-up that 18.9%
of them had developed dementia. The researchers
concluded that there is a bidirectional association between
hypoglycemia and dementia in older adults with diabetes.

Functional capacity is notoriously critical for individuals to
preserve their independence and social relationships
throughout life. Large international studies have shown the
harms diabetes can cause to older adults, especially in
IADL. IADL are more complex and require greater
integrity of the most diverse human organ systems for their
execution, especially the musculoskeletal and nervous
systems (Ramos et al., 2017; Rekeneire & Volpato, 2015).

In the present study, the highest prevalence rates of
dependence in IADL were found among diabetic older
adults aged 75+ and those with complete secondary
education, income below two minimum wages, previous
history of stroke, current peripheral neuropathy, heart
failure and self-reported cognitive problems. These
findings are strongly correlated with data found in
Brazilian and international studies (Barbosa et al., 2014;
Brigola et al., 2019; Chen & Hu, 2018; Matos et al., 2018;
Nurrika et al., 2019).

An epidemiological study carried out in Minas Gerais and
Bahia showed a statistically significant association
between chronological aging and functional disability. As
time passes, the integrity of the organic systems becomes
more susceptible to damage caused by several diseases.
Such susceptibility is more pronounced in people with
chronic diseases as these diseases can have a negative
impact on several functions of the body with irreversible
consequences. Diabetes, for instance, leads to micro and
macrovascular complications over the course of the disease
and depending on glycemic control it can lead to
unfavorable clinical outcomes that affect older adults’
independence (Barbosa et al., 2014; Matos et al., 2018).
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Low levels of education are reportedly an important risk
factor for functional independence. However, the
mechanisms that seek to elucidate the correlation between
these variables are not yet well understood by researchers
(Brigola et al., 2019; Chen & Hu, 2018; Nurrika et al.,
2019). According to Aguiar et al. (2019), education proved
to be a means for individuals to become aware of the most
diverse risk factors for diseases and unhealthy working
conditions, which could lead to less exposure to situations
that could predispose people to diseases in the future and
which may lead to an imbalance in the various organic
systems as they age. Furthermore, education has proved to
be a positive factor for strengthening psychosocial and
behavioral aspects (Pereira et al., 2017).

A recent cohort study conducted in Brazil found no
statistically significant association between income and
disability in IADL, but the association between income and
disability in ADL was significant. The researchers argued
that in IADL people will directly depend on the
environment in which they are inserted, that is, their
interaction outside the home will depend on what is offered
in the environment, such as quality sidewalks, accessibility
in public places, green areas and leisure areas, among
others (Danielewicz et al., 2019). These findings are
similar to those found in other studies (Aguiar et al., 2019;
Ramos et al., 2017). On the other hand, a Canadian study
found an association between household income and
prevalence of older adults with impaired functional
capacity, but the pathway by which these variables
correlate requires further research (Philibert et al., 2013).

More than a quarter of the diabetic older adults interviewed
(26.5%) were dependent in IADL and rated their health as
worse compared with the that in the previous year while
the participants who presented with preserved functional
capacity considered their health was the same as that in the
previous year (39.5%). With regard the older adults who
self-rated their health as poor, they have done so due to the
negative impact the disease has on the subjective
assessment of health in terms of quality of life. When older
adults lose their independence to interact with the
environment, they tend to have a more negative view about
their health status (Latham & Peek, 2013; Ramos et al.,
2017; Virtuoso Junior et al., 2016). Furthermore, people
tend to experience multimorbidities as they age and hence
lose the ability to rate their health as better and are unable
to see their health improved over time despite clinical and
laboratory control, as it might have been the case of the
older adults who rated their health as the same.

As for the variables related to health conditions, functional
capacity is strongly associated with cardiovascular events,
cerebrovascular disease (Bauduceau et al., 2014) and
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peripheral neuropathy (Le Floch et al., 2014). Peripheral
neuropathy predisposes diabetic older adults to injuries to
the limbs, especially the feet, and the formation of chronic
ulcers which tend to have a poor healing process due to
vascular damage resulting from metabolic disease. All that
will have an impact on people’s functionality and quality
of life (Almeida et al., 2013; AlSadrah, 2019; Boulton et
al., 2018; Souza et al., 2013). This was also found in the
present study, in which 40% of older adults with foot
ulcers exhibited impairment in IADL, with a significant
association between these variables.

In our study, heart failure impaired functional capacity in
many participants (34.4%). Heart failure usually leads to
the development of cardiopulmonary symptoms that limit
the performance of daily activities independently (Barbosa
et al., 2014; Butrous & Hummel, 2016; Pirmohamed et al.,
2016).

In addition, national and international studies have found
high prevalence rates of functional disability in diabetic
older adults after a cerebrovascular event (Carmo et al.,
2016; Dutra et al., 2017). This relationship is explained by
the vascular damage caused by diabetes itself and other
lifestyle factors which, when combined, predispose older
adults to higher levels of systemic inflammation and
damages to the integrity of the various organs, thereby
compromising functional capacity (Rekeneire & Volpato,
2015).

A French longitudinal study assessed functional
impairment in diabetic older adults using geriatric scales
and found that glycated hemoglobin levels were associated
with  major neurocognitive disorder and diabetes
complications and that there were multifactorial
pathophysiological mechanisms linking such conditions,
such as metabolic dysregulation, inflammation and chronic
vascular damage. However, the mechanisms by which such
associations occur need further research as psychiatric
disorders, such as depressive disorder, can either occur in
the early stages of dementia or even mimic it (Bauduceau
et al., 2014; Rekeneire & Volpato, 2015; Verny et al.,
2015).

The present study has some limitations. One of them is the
use of the Lawton & Brody scale, which despite being
widely used in the local environment can be influenced by
culture and gender and needs to have certain questions
adapted to each environment. Another limitation is related
to the Katz scale, as it does not asses walking. Although
our study was carried out in a large reference center for
patients with diabetes, its results cannot be extrapolated to
the entire older population. However, our findings may
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contribute to the analysis of other populations and the
development of further research.

V. TABLES
Table 1. Association of sociodemographic and behavioral variables with functional capacity to perform ADL. Fortaleza,
Ceara, Brazil.
Dependence Independence
Variables (n=32) (n=216) (P9§%CI) p value
N % N %
Age 0.002t
65-74 13 8.0 149 92.0 1
75+ 19 221 67 77.9 2.75(1.43-5.3)
Gender 0.980*
Men 14 13 94 87 1.01 (0.53 - 1.93)
Women 18 129 122 87.1 1
Marital Status 0.609?
Single 1 1.7 12 92.3 1
Married 21 148 121 85.2 1.92 (0.28 -13.17)
Divorced/widowed 9 102 79 89.8 1.33 (0.18 - 9.65)
Education 0.0102
Iliterate 9 257 26 74.3 6.69 (1.54 -29.11)
Secondary education 21 13 140 87 3.39 (0.82 -13.98)
Higher education 2 3.8 50 96.2 1
Income 0.166*
Up to 2 wages 27 141 165 85.9 2.16 (0.68 - 6.8)
More than 2 wages 3 6.5 43 93.5 1
Smoking 0.4852
Yes 1 5 19 95 0.37 (0.05 - 2.55)
No 31 136 197 86.4 1
Drinking 0.7762
Yes 3 9.7 28 90.3 0.72(0.23 - 2.24)
No 29 134 188 86.6 1
Diet 0.825¢
Yes 21 12.3 150 87.7 1.09 (0.51 - 2.34)
No 8 113 63 88.7 1
Use of oral diabetes drugs 0.178¢
Yes 23 115 177 88.5 0.61(0.3-1.24)
No 9 188 39 81.3 1
Use of insulin 0.750"
Yes 18 135 115 86.5 1.11 (0.58 - 2.13)
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Dependence Independence oR
Variabl (n=32) (n=216) |
ariables (95%C1) p value
N % N %
No 14 122 101 87.8 1

Note. Source: Own elaboration; * Chi-squared test; 2 Fisher’s Exact Test

Table 2. Association of clinical characteristics with functional capacity to perform ADL. Fortaleza, Ceard, Brazil.

Dependence Independence
Variables (n=32) (n=216) (PQE%CI) p value
N % N %
Self-rated health 0.0022
Very good 0 0 25 100 -
Fair 16 9.9 145 90.1 1
Poor 15 24.6 46 75.4 2.47 (1.3 - 4.69)
Current health compared with that in the previous year 0.038t
Better 10 16.1 52 83.9 3.27 (1.07 - 9.92)
The same 4 4.9 77 95.1 1
Worse 17 16.7 85 83.3 3.38(1.18 - 9.64)
Dyslipidemia 0.193t
Yes 21 13.2 138 86.8 1.82(0.72 - 4.64)
No 5 7.2 64 92.8 1
Hypertension 0.4212
Yes 25 12 184 88 0.72(0.32-1.63)
No 6 16.7 30 83.3 1
Stroke 0.0362
Yes 8 25.8 23 74.2 2.42 (1.19 - 4.93)
No 23 10.6 193 89.4 1
Hypoglycemia within 6 months prior to the consultation 0.785t
Yes 6 11.5 46 88.5 0.89 (0.39 - 2.06)
No 25 13 168 87 1
Infectious episodeswithin 6 months prior to the consultation 0.228t
Yes 8 18.2 36 81.8 1.58 (0.76 - 3.3)
No 23 11.5 177 88.5 1
Peripheral Neuropathy 0.052¢
Yes 14 14.9 80 85.1 2.15 (0.97 - 4.76)
No 9 6.9 121 93.1 1
Foot ulcer (current) 0.3352
Yes 5 20 20 80 1.69 (0.71 - 4.01)
No 26 11.8 194 88.2 1
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Dependence Independence
Variables (n=32) (n=216) (PQF\S)%CI) p value
N % N %
Amputation 0.4082
Yes 3 20 12 80 1.69 (0.58 - 4.94)
No 27 11.8 201 88.2 1
Coronary insufficiency 0.938t
Yes 9 12 66 88 0.97 (0.47 - 2.02)
No 21 12.4 149 87.6 1
Heart failure 0.0772
Yes 7 21.9 25 78.1 2.11 (0.98 -4.53)
No 22 10.4 190 89.6 1
Self-reported cognitive disorders <0.001*
Yes 14 29.8 33 70.2 4.15(2.13-8.1)
No 14 7.2 181 92.8 1
BMI 0.0392
Underweight 3 17.6 14 82.4 2.42 (0.75 - 7.84)
Normal weight 13 17.3 62 82.7 2.38 (1.12 - 5.06)
Obesity 11 7.3 140 92.7 1

Note. Source: Own elaboration; t Chi-squared test; 2 Fisher’s Exact test

Table 3. Association of sociodemographic and behavioral variables with functional capacity to perform IADL. Fortaleza,

Ceard, Brazil.

Dependence Partial Dependence Independence
Variables (n=47) (n=128) (n=73) p value

N % N % N %
Age <0.001*
65-74 17 10.5 86 53.1 59 36.4
75+ 30 34.9 42 48.8 14 16.3
Gender 0.177*
Men 15 13.9 61 56.5 32 29.6
Women 32 22.9 67 47.9 41 29.3
Marital Status 0.0572
Single 1 7.7 6 46.2 6 46.2
Married 23 16.2 83 58.5 36 254
Divorced/widowed 22 25 36 40.9 30 34.1
Education <0.001*
Iliterate 9 25.7 20 57.1 6 17.1
Secondary education 36 22.4 86 53.4 39 24.2
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Dependence Partial Dependence Independence

Variables (n=47) (n=128) (n=73) p value
N % N % N %

Higher education 2 3.8 22 42.3 28 53.8

Income 0.011*

Upt 0 2 wages 37 19.3 106 55.2 49 255

More than 2 wages 5 10.9 19 41.3 22 47.8

Smoking 0.6712

Yes 4 20 12 60 4 20

No 43 18.9 116 50.9 69 30.3

Drinking 0.5141

Yes 7 22.6 13 41.9 11 355

No 40 184 115 53 62 28.6

Diet 0.678t

Yes 32 18.7 86 50.3 53 31

No 11 15.5 40 56.3 20 28.2

Use of oral diabetes drugs 0.157¢

Yes 35 175 101 50.5 64 32

No 12 25 27 56.3 9 18.8

Use of insulin 0.531*

Yes 23 17.3 73 54.9 37 27.8

No 24 20.9 55 47.8 36 31.3

Note. Source: Own elaboration; Chi-squared test; Fisher’s Exact test?

Table 4. Association of clinical variables with functional capacity to perform IADL in older adults. Fortaleza, Cear4, Bratzil.

Dependence Partial Dependence Independence
Variables (n=47) (n=128) (n=73) p value
N % N % N %
Self-rated health 0,0662
Very good 2 8 13 52 10 40
Fair 27 16,8 82 50,9 52 32,3
Poor 17 27,9 33 54,1 11 18
Current health compared with that in the previous year 0,019t
Better 10 16,1 38 61,3 14 22,6
The same 9 111 40 49,4 32 39,5
Worse 27 26,5 49 48 26 25,5
Dyslipidemia 0,976
Yes 27 17 83 52,2 49 30,8
No 11 15.9 36 52.2 22 31.9
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Dependence Partial Dependence Independence
Variables (n=47) (n=128) (n=73) p value
N % N % N %
Hypertension 0.527%
Yes 37 17.7 110 52.6 62 29.7
No 9 25 16 44.4 11 30.6
Stroke 0.002t
Yes 13 41.9 11 35.5 7 22.6
No 33 15.3 117 54.2 66 30.6
Hypoglycemia within 6 months prior to the consultation 0.951*
Yes 9 17.3 27 51.9 16 30.8
No 37 19.2 99 51.3 57 29.5
Infectious episodes within 6 months prior to the consultation 0.695t
Yes 10 22.7 21 47.7 13 29.5
No 35 17.5 106 53 59 29.5
Peripheral Neuropathy 0.0021
Yes 20 21.3 57 60.6 17 18.1
No 15 11.5 64 49.2 51 39.2
Foot ulcer (current) 0.0222
Yes 10 40 9 36 6 24
No 35 15.9 119 54.1 66 30
Amputation 0.0612
Yes 2 13.3 12 80 1 6.7
No 42 18.4 116 50.9 70 30.7
Coronary insufficiency 0.717*
Yes 13 17.3 37 49.3 25 33.3
No 33 19.4 89 52.4 48 28.2
Heart failure 0.022*
Yes 11 344 16 50 5 15.6
No 34 16 110 51.9 68 32.1
Self-reported cognitive disorders <0.0011
Yes 24 51.1 21 44.7 2 4.3
No 20 10.3 105 53.8 70 35.9
BMI 0.0552
Underweight 7 41.2 7 41.2 3 17.6
Normal weight 15 20 42 56 18 24
Obesity 21 13.9 78 51.7 52 34.4
Note. Source: Own elaboration; Chi-squared test!; Fisher’s Exact test?
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VI. CONCLUSION

We conclude that it is important to work on public policies
that reduce social inequalities, as this study demonstrated
that socioeconomic differences such as income and
education are related to the loss of functional capacity in
older adults. Autonomy and functional independence in the
household and community should be encouraged in order
to achieve healthy and active aging.
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Abstract— Scoliosis is a pathological deviation of the vertebral column in the frontal plane, associated or
not to the rotation of the vertebrae in the axial and sagittal plane. It is measured by the Cobb angle,
considered the gold standard in the diagnosis. The Global Postural Reeducation (GPR), conceived in the
80s by Philippe Souchard, consists of the muscular work in chains, thus allowing the reorganization and
restoration of the muscles maintainers of posture. The klapp method was developed by Rudolf Klapp in the
decade of 40, after the observation that only Bipeds had scoliosis, where they were made activities on
quadruped position, attenuating the strength of gravity on the spine. Our purpose was to compare the two
therapeutic methods in the treatment of idiopathic scoliosis adulthood verifying if there is effectiveness at
the end of the proposed protocol. Subjects were selected 6 female, aged between 20 and 30 years, patients
with idiopathic scoliosis, who met the inclusion and exclusion criteria established. These were divided into
3 equal groups: control (who did not attend any treatment), klapp and RPG. Nine sessions were carried out
with 50 minutes duration for 3 weeks. At the beginning and end of the treatment, the individuals underwent
postural evaluation and examination of RX. Both methods reduced the scoliosis present in subjects after the
treatment period as compared to the increase seen in the control group (6.7%), with a slight advantage for
the klapp method (a reduction of 21%) in relation to the RPG ( a reduction of 17.5%). But the results were
not significant. Although both methods have reduced the Cobb angle, showing a clinical relevance of
results, this reduction was not statistically significant. The reduced sample size certainly influence here,

requiring research in larger groups to obtain more reliable results.

Keywords— Scoliosis, Physiotherapy, Klapp Method, Global Posture Reeducation.

l. INTRODUCTION

Scoliosis is a pathological deviation in the spine in the
frontal plane with or without rotation of the vertebrae in
the axial and sagittal planes. It can be classified as to its
curvature: when less than 20 ° it is considered light,
moderate between 20 ° and 40 ° and greater than 40 °
severe. As for the types of curvature, there is the shape of
C, composed of only one curve; and in S, composed of two
curves, the largest curve being considered primaryfl,

The Cobb angle is commonly used for quantitative
assessment of the lateral curvature of the spine in the
frontal plane in 2 dimensions. Considered the gold standard
for the diagnosis and monitoring of patients with scoliosis,
this method is also important in the planning of surgical
procedures, monitoring and management of spinal

www.ijaers.com

deformities, since it determines the severity of the
curvatureltl,

Global Postural Reeducation (GPR), a method
developed by the physiotherapist Philippe Souchard, was
created in the 1980s. It consists of adjustments in posture
to reorganize the segments of the human body, allowing
the reorganization and rebalancing of the postural muscles.
Identifies and stretches the muscles considered responsible
for postural changest2!.

Rudolf Klapp developed his method in 1940 after an
observation about the fact that only bipeds present
scoliosis, since the orthostatic position favors the
appearance of the phenomenon. Working bipeds in
quadruped position, the thoracic spine when horizontal
would eliminate the force of gravity, the movements of the
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rib cage would have greater amplitude and the spine would
suffer maximum relaxation having a greater expansion and
mobilization of the rib cage. Despite being a little
researched technique, it is widely used in clinical practice
in the treatment of scoliosisl.

Little is said about the effects of these methods in the
treatment of scoliosis, even though they are techniques
with evidence of good results when applied. Furthermore,
their fundamental rehabilitation principles are consistent
with the necessary intervention to reduce scoliotic
curvature in patients with it. The objective of this study
was to highlight the effects of the Klapp and RPG methods
in the treatment of idiopathic scoliosis, comparing them
with respect to post-intervention results.

1. METHODOLOGY
2.1 Sample

The sample universe was the University Center of
Goiatuba - UNICERRADO, whose community, within the
inclusion and exclusion criteria, was recruited. The sample
was for convenience, with dissemination on institutional
social networks and folders posted at strategic points on the
campus, initially formed by 21 subjects and was reduced to
6, distributed equally and randomly in the Klapp, GPR and
control groups, the latter only doing the initial and final
evaluation.

Nine individuals were excluded from this study because
they were not available to participate in the consultations,
two after the radiographic examination did not find
scoliosis, one in the postural evaluation because they did
not present changes consistent with the pathology in
question and 3 were excluded by the age criterion.

2.2 Procedures

At the beginning and at the end of the treatment, the
individuals were submitted to a postural evaluation using a
symmetrograph where the conducts were adopted for
greater reliability of the evaluation, such as: distance of
15cm  between individual and symmetrograph, the
costumes should be bikinis or swimming trunks, in order to
better visualize postural changes via bony prominences!l.
All postural evaluations, at the beginning and end of the
experiment, were performed by the same examiner, to
avoid evaluation bias. The subjects' images were recorded
using the Motorola Gb5s Plus® Smartphone Digital
Camera, using 13 megapixel (MP) resolution.

The second evaluation was performed by radiographic
examination (X-ray) of the spine with posteroanterior view
to quantify the angulation of scoliosis based on the Cobb
anglel®. The subjects underwent the X-ray in a hospital in
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the municipality of Goiatuba on a previously scheduled
date. After the initial evaluations, the subjects in their
respective groups performed 9 sessions of 50 minutes each,
distributed three times a week.

Both treatment groups received similar passive
stretches, which are: paravertebral and gluteus stretches,
hamstrings and sural triceps, quadriceps, biceps,
brachioradialis, wrist and finger flexors, pectorals and
anterior deltoid; neck region, in scalenes, trapezius,
platysma and sternocleidomastoid. The stretches were
performed up to the physiological limit respecting the
individuality of each one and maintained at this threshold
for 20 seconds.

The group that received the treatment with the GPR
method performed two postures: frog on the ground and
frog in the air, both with open arms. The postures were
applied in 2 stages, the first being 5 minutes long and the
second 10 minutes; with rest interval if necessary®®l. In the
Frog posture on the floor, the individual was instructed to
lie supine on the stretcher, hip in semiflexion and rotated
externally, knees in flexion, feet in dorsiflexion with heels
together. The arms were placed in 90 ° abduction initially
with supination of the forearm and finger extension. The
Frog posture in the air was performed with the subject in
supine on a GPR stretcher, hips at 90 ° of flexion with
external rotation, knees semi-inflected, feet in dorsiflexion
and heels together, shoulders at 90 ° of abduction with
supination of the forearm and extension of fingersll.

The group that received the Klapp method as treatment
performed the postures: “lateral crawling” - quadruped
position, with the hands directed inwardly, bringing the
upper limb forward and the lower limb backwards on the
side of the concavity, the head was kept turned to the
convexity side; “Large arch” - quadrupedal position,
extension of the upper and lower limbs on the concave side
on a diagonal. The contralateral knee and elbow were kept
close together; "Turning the arm™ - position of cats, with
upper limb on the concave side in extension and 90°
abduction, performing a rotation of the trunk accompanied
by the head also towards the side of the concavity; “Big
curve” - extension of the upper and lower limbs on the side
of the concavity. The postures were maintained for 5
minutes eachl®l,

2.3 Inclusion and Exclusion Criteria

Subjects between 20 and 30 years old, of both sexes,
with idiopathic scoliosis were admitted to this study.
People with rheumatic, cardiac, pulmonary, neurological
diseases, smokers, pregnant women, alcoholics and who do
not have availability or agreement to participate in the
sessions, were excluded from this study because they
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presented less resistance to postures and pregnant women
due to the fact that the exam is included in the evaluations.
radiation that can pose risks to the fetus.

2.4 Data analysis

The parametric data were tabulated and statistically
analyzed using the GraphPad Prism 7.0 software, where
descriptive statistics were performed (means and standard
deviation) and the results before and after the intervention
were analyzed by the Anova Multivariate test with
Bonferroni's post hoc test of multiple comparisons,
considering the samples within the Gauss curve.

2.5 Ethical Issues Fig. 1. Control Group A - Before B - After

All volunteers received the appropriate guidelines for
participation in the project, including the risks and benefits
of the project, and agreed by signing the informed consent
form established in accordance with Res. 466/12 CONEP.
The research was authorized by the Human Ethics
Research Committee of the Goiania General Hospital Dr.
Alberto Rassi by CAAE 93622618.0.0000.0035.

Source: Authors' data.

11. RESULTS AND DISCUSSION

After applying the inclusion and exclusion criteria and
evaluation to confirm the presence of scoliosis, 6 subjects
participated in the experiment, divided into the Control,
Klapp and GPR groups.

Fig. 2. Group GPR A - Before B - After
Source: Authors' data.

The results of intervention are shown in table 1

Table 1: Cobb angle pre / post treatment

Groups Pre (mean + Post (mean +
SD) SD)
Control 15+9.89 16+11.31
Klapp 19+4.24 15+7.07
GPR 26+19.79 21.5+16.26
p> 0.05

The results, although showing a reduction in the Cobb
angle in both treated groups, showing clinical efficacy,
were not statistically significant, and there was also no
significant difference in the results between the groups
analyzed.

The most relevant radiological images of each group
were selected to visualize the scoliotic curve before and
after the intervention period.

Ak A
Fig. 3. Klapp Group A - Before B - After

Source: Authors' data.

At the end of vertebral growth, which occurs around 15
years of age, the spine becomes less flexible, thus making
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its correction more difficult®. Due to the rotation of the
vertebrae, many authors believe to be irreversible and few
believe in reducing scoliotic curvature!® ,

Although the Klapp method is little researched, it is
present in the daily treatment of scoliosis, due to the fact
that it is easy to apply, even in groups. It has as a
disadvantage the difficult adherence by patients with older
age, because the maintenance of postures is for long
periodstsl,

The Klapp method was effective in improving the
extensor muscles of the spine and prevented the
progression of the angle of gibosity™'®, in addition to
attenuation in body asymmetries after application of the
method, but none of the authors used the angle as a
parameter for scoliosis measurement. Cobb thus making
the result of low reliability!,

In a study using stretching as a method of treating
scoliosis for 40 sessions, a significant reduction in gibosity
was detected. Stretching was part of both treatment
programs done here, and it is believed that they
participated in the subjects’ scoliosis reduction process,
although the authors cited did not quantify this reduction to
serve as a co-collaboration parameter for the final resultil,

In the study by Segura et al, 16 girls aged 10 to 17
years were selected, divided into 2 groups, one being
treated with GPR and the other with Pilates for 20 sessions
individually. At the end of treatment, a reduction of 1.87 °
in the Cobb angle of the Pilates group and 3.5 ° in the
GPRUZ group was reported. Here, even with only 9
sessions, a greater reduction in pathological curvature was
achieved.

The Klapp method and the GPR are similar in terms of
the development of flexibility and muscle tissue, as well as
in the stimulation of motor learning in postural muscles. It
is suggested to monitor the subjects treated for at least 6
months to 1 year, in order to identify the impact and
maintenance of the long-term results of these effectsft,

The Klapp method was more effective in treating trunk
asymmetries when compared to those of the pelvist3. There
are reports that the same method was not effective in
reducing body asymmetriesittl, Both studies used
computerized photogrammetry as a form of evaluation and
20 consultations were made per subject. Despite the
reliability of computerized photogrammetry, studies are
lacking on the measurement of the scoliotic curve. Here it
was possible to notice a reduction in the curve with less
than half of the sessions performed.

The GPR method was effective in reducing scoliosis
after 5 sessions, although greater monitoring of patients to
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verify the duration of the effects is recommended. This
corroborates the result of this research, which with few
sessions managed to reduce scoliosis, but it also shows the
importance of medium and long-term monitoring to verify
the maintenance of gains!3l,

The small sample size, as well as the few sessions
made, is placed as biases for the result obtained. It is
believed that in larger groups and with more sessions, the
results are significantly positive regarding the scoliosis
solution.

AV CONCLUSION

According to the results obtained here, both methods
were clinically effective in reducing the Cobb angle when
compared to the control group. The results were not
statistically significant, and it is believed that the reduced
number is the main reason for the occurrence. It can be
inferred that the number of sessions is also a factor of
influence, although both treatments have reduced the
scoliotic curve within the proposed time. There was no
significant difference between the Klapp and GPR methods
in the findings.

It is also important to emphasize that there is no
evidence on the maintenance of post-treatment results,
pointing out the importance of long-term monitoring.
Further studies are needed on this topic.
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Abstract— In this article,carry out an analysis on the growth and expansion models of the new virus
outbreak belonging to the Coronavirus family called SARS-CoV-2 and associated with the clinical picture
COVID-19. This outbreak of the disease was declared a pandemic by the World Health Organization
(WHO) in March 2020, it is now affecting most countries in the world and its accelerated progress is a
global concern. A non-linear growth model based on the Gompertz function was designed to characterize
the serious pandemic impact in Asian and European countries: Spain, Italy, South Korea, and Hubei
(China). The compilation of official data from each area on infected and deceased people until May 11,
2020, to verify the validity of the growth model in the calculated terms. With the obtained values, made a
comparison by measuring the forecast errors, using the root indicators of the root mean square error
(RMSE), the mean absolute percentage error (MAPE) and the regression coefficient index R?, which
yielded highly accurate values of the predicted correlation for infected and dead of 0.99 on the dates
considered. Verified the validation of the viral growth model of COVID-19 for these four countries and
verified how the different measures taken to alleviate the pandemic have affected the final results of
infected and dead countries, obtaining different growth coefficients that could be due to some exogenous
factors (such as social, political and health factors, among others) that are difficult to measure and require
qualitative methods and resources. The simple and well-structured model can be adapted to different
propagation dynamics. Due to its direct and rapid implementation, the model could be useful for health

managers and politicians for better decision-making in the control and prevention of this pandemic.

Keywords— COVID-19, coronavirus, growth model, Gompertz, pandemic.

l. INTRODUCTION

In December 2019, in the city of Wuhan (China),
severalpneumoniasinduced by a newrespiratory disease
were detected [1]. The causative agent was the new
coronavirus that was identified and isolated from a single
patient in early January, and subsequently verified in other
additional patients [2]. This clinical disease was named as
COVID-19 and it was discovered that was a novel
betacoronavirus, now named SARS-CoV-2. A very rapid
scientific response leads to the publication of its genome
which reveals shares 88-96% sequence similarity to bat
coronaviruses, in keeping with other pathogenic
coronaviruses such as SARS-CoV and MERS-CoV[3-
6].SARS-CoV-2 is a remarkable pathogen which showed a
high transmission potential [7,8] and it is responsible for
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the international outbreak COVID-19. The fast dispreading
of the virus can be explained for different reasons, being
the human-to-human transmission way the most proven.
[9]. Therefore,close contact between individuals can
facilitate transmission [10]by scattering drizzle droplets
whencoughing or sneezing.The swift spread of the disease
is explained by the virus survival period of several days
[11,12], with active persistence in metal and glass for up to
9 days [13]. Current data seems to suggest that the virus
has an incubation period of three to seven days with a
mean incubation period of 5.2 days [14], though other
authors suggest periods between 2 and 14 days[15,16].
Moreover, asymptomatic, or mildly symptomatic persons
can transmit the infection[17], which makes identification
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very arduous and the number of infected people higher
than the official count.

Given the severity of the outbreak and its swift spread,
the WHO declared the new disease on January 30 as a
public health emergency of international concern [18]. On
March 11, the spread reached118,000 cases in 114
countries with 4,291 people dead, the WHQO's Director-
Generalproclaims COVID-19 as a global pandemic [19].
This declaration forces all countries to take more radical
measures to stop the spread of the virus; among those, the
confinement of the population and the closure of borders
which had already been carried out initially in Hubei on
January 23. In Italy, the constrictions began in the northern
zone on February 22, going to a total closure on March 9
and the stoppage of all productive activity on March 21. In
Spain, the closure of commercial activities begins on 15
March [20]. The measures carried out in South Korea are
focused on the initial patients, performing massive tests to
all the people [21] who had been in contact with them,
isolating only the affected people and areas[22]. With all
the measures taken, it is already considered the largest
quarantine in history, but the virus continues to spread
throughout the world. On May10, the situation is 3,917,366
confirmed infected, 274,361 dead and 181 affected
countries [23].

All this makes the coronavirus is spreading across the
globe at an alarming rate and caused more infections and
deaths as compared with SARS or MERS[17] which could
be due in part to the fact that SARS-CoV-2 is more
infectious due its higher RO values. The speed of
transmission has meant that the preventive and control
strategies that states have been taking, such as isolation,
detection tests and prophylactic measures, although they
have somewhat flattened the epidemic curve, have not been
able to prevent the spread of the virus throughout the
world. Therefore, there is an urgent need to develop
models that allow predicting the behaviour of the pandemic
in the different affected areas, in order to be able to take
the most appropriate prevention and control measures of
the outbreak in each circumstance and with sufficient time
in advance.Mathematical modeling of the spread of
infectious diseases is essential to understand the evolution
of epidemics over time.

Modern mathematical epidemiology can be considered
to have started with the studies of Kermack and
McKendrick with the classic model of susceptible -
infected - recovered (SIR) [24].Subsequent studies for
outbreaks, from SARS [25] and Cholera [26], apply more
complex models with multiple variants, with the
susceptible - infected - recovered - susceptible pattern
(SIRS) [27], where the recovered can be re-infected by not
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developing immunity; or the susceptible — exposed —
infectious-recovered model (SEIR) [28] where the exposed
population is assessed and immunity is evolved. For the
description of the growth and development of diseases, the
logistic model has been applied; as in the case of bacterial
growth [29], the infectious diseases spreading [30], or the
Gomperzt model that is also used for bacterial sprouting
[31].Currently, the studies that have been carried out on the
growth of COVID-19 have focused on specific areas,
mainly in China, with the SEIR model by Wu etLeung
[32]who predicted the national and international spread of
the pandemic, or the study by Yang and Wang[33]who
introduces a confinement variable. Also, unreported cases
have also been studied and estimated in areas of China
[34], and on flights from Japan [35].Various prediction
models have been studied, based on the SEIR model[36]
and the logistic model has also been used to successfully
predict for 20-day infections[37].The epidemic evolution
model has also been studied following the system of
differential equations for the susceptible - infected -
recovered - dead (SIRD) variables, analysing the temporal
dynamics of the disease on the leap from China to Italy and
France [38].

Creating a mathematical model of the spread of
infectious diseases is essential to understand the evolution
of epidemics over time, the objective of this study is to
obtain a model capable of predicting behaviour (humber of
infections and mortality) to help health systems and
politicians in predicting future situations for better
decision-making in the control and prevention of this
pandemic. Have taken the values of several countries in
Europe that are Spain and Italy and two other countries in
Asia, which are the Hubei area (China) and South Korea,
to apply a growth model based on the Gompertz function
and verify its application. . This research is divided into
section 2 of the methodology where the workflow followed
is explained, in section 3 describe the Gompertz model, in
section 4 perform calculations and prognostic models for
deaths and infected, ending section 5 with the conclusions
of the investigation.

1. METHODOLOGY

The study of the growth prediction of the COVID-19
pandemic using the Gompertz growth model scoped
various areas and countries of the world: South Korea,
where initially monitoring and control measures were taken
that managed to significantly reduce the incidence of the
pandemic; Hubei area (China), which was the first area that
began with total confinement; and in two European
countries, Italy and Spain, where the incidence of infected
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and dead is very striking. Table 1 shows updated
population data for each country [39] and COVID-19
infections and deaths as of May 11, 2020. Data on
confirmed cases and deaths were obtained from WHO [23],
with daily reports presented worldwide from the European
Center for Disease Prevention and Control (ECDC) [40],
selecting reports on from lItaly, Spain and South Korea.
Data for Hubei (China) were obtained from the National

Health Commission of the People’s Republic of China [41].
It should be noted that on April 16, Hubei's data were
updated with values not derived from official statistics,
which affected the model and could only be calculated up
to that date. In Spain the statistical system was also
changed to consider the number of infections, as of April
24, but did not affect considerably the calculations and the
results obtained.

Table 1. Summary of country data as of May 11, 2020.

Life Population Infected Dead Fatality Infected/ Dead /
COUNTRY Population expectancy % g od >65 (2020-  (2020- rates 10° 108
P y g 05-11) 05-11) (CFR) population population
Spain 46,400,000 84 20% 227,436 26,744 11.8% 4,902 576
Italy 59,200,000 84 24% 219,814 30,739 14.0% 3,713 519
Hubei oo 160,000 77 12% 68,134 4512  6.6% 1171 78
(China)
South Korea 51,300,000 83 15% 10,936 258 2.4% 213 5
These initial data show that the most efficient

containment system at present is that of South Korea, with
an infection rate of 213 people per million inhabitants, and
the least effective is that of Spain, with an infection rate of
4,902 per million inhabitants. With regard to deaths, it can
be seen that the highest mortality rate is that of Italy, with
almost 14% of deaths onthose infected, but the one with
the highest mortality rate with respect to the population is
again Spain with 576deaths per million inhabitants, and the
one with the best data and the lowest mortality rate is again
South Korea, with 2,4 % mortality and 5 deaths per million
inhabitants.

To carry out the study of propagation and deaths due to
COVID-19 using the Gompertz growth model, the
following workflow has been followed to obtain the
growth forecasts sought, which are shown in Figure 1.

1.  The collection of data on the spread and deaths of the
countries and areas examineduntil May 11, 2020. The
data on the change in the mortality measure in Hubei
from April 16, 2020, which changes the curve model
obtained.

2. Data preparation and adjusting initial pandemic and
death dates by country to make calculations

3. The treatment of assumptions over different rates of
spread and maximum number of cases of infection
and deaths predicted by country.

4. Estimation of the number of infected and dead in each
country using the Gompertz growth function.

www.ijaers.com

1. Collection of updated infection
and death data.

L]

N
2. Check data and adjust
pandemic onset dates by
country.
J

L]
/ A

3. Adjust the propagation and
patient coefficients of the model. ‘ )
\ + J
4 A
6. Obtain results and graphs 4, Calculate infections and deaths
that describe the start and using the Gompertz function. Values
end of the pandemic. \ ) donotadjust

Values adjust +

5. Check the data obtained
with the real ones and adjust
coefficients if necessary.

7. Conclusions. -

Fig.1: Research flowchart

5.  To contrast and verify the results obtained versus
actual facts, adjusting the coefficients of growth and
prognosis of cases to obtain the values that best fit the
current  situation, checking their validity by
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calculating the values of R?, RMSE and MAPE for
each estimate and country.

6. With the predicted values that best fit the reality of
each country, obtain the sigmoid graph that describes

the growth and estimated end of the pandemic for
each country, for infected and dead.

7. Conclusions and description of more accurate
methods to contain future pandemics.

Table 2. Summary of characteristic and predicted values of COVID-19 infections

Forecast infected characteristic values - GOMPERTZ METHOD

Constant  Infection Forecast
Country RMSE  MAPE R? infected / 106
growth forecast .
population
Spain 0.071 253,000 6,903 16.31% 0.9972 5,453
Italy 0.061 243,000 4,279 9.28% 0.9994 4,105

2.1 GOMPERTZ MODEL

The mathematical model of growth used to predict the
pandemic is the Gompertz model, which belongs to the
family of sigmoid curve modelling [42], initially appliedto
model human mortality. There are different types of
Gompertz curves depending on the parameters involved,
but they all have a double exponential as a common
characteristic element. With the function defined for
human mortality, Charles P. Winsor [43] began to study
the growth of biological phenomena, demonstrating its
usefulness in biological and bacterial growth curves. Later
studies by Laird [44], in some tumours concluded that the
exponential model was not totally adequate for the
description of growth and that an exponential Gompertz
model could explain the observed growth. The Gompertz
model was used by many authors in growth studies of all
kinds, such as population growth [45], growth of animal
fetuses[46], chickens growing [47] and weight growth in
fish in Canada [48]. Among multiple options to express the
Gompertz’s model, since this family of functions
comprises a wide variety of curves with double exponential
as common feature, this study of growth and development
of the COVID-19 addresses the following model.

)

k>Xo>0

Considering "k" the maximum predicted number of
patients infected or dead in the development of the
pandemic, ""Xo" is the number of initial patients, infected or
dead, when the pandemic starts at instant "'to"*, andconsider
"t the prediction time, and "a" is the growth rate
characteristic of the pandemic. For biological growth
calculations estrict the values of t > t0 > 0 and the value of
initial patients X0 = f (t0)> 0.

o - k{(zn(

t=>t,, a>0,

www.ijaers.com

This sigmoid curve has the characteristic of being
monotonous in its growth, being limited in time and
presenting a point of inflection where the curve goes from
concave to convex reaching approximately 37% of the
growth that comes to depend on "Xy" and can be defined
for "k >Xo¢" at the point:

. - . Inge k .
Inflection point dimension: (TO + to,z)and approximate

Xo
k-Xo

percentage of growth at that point: 37 x (1 - ) %

I1. RESULTS

With the data obtained from infected and dead, carried out
the forecast calculations for the Gompertz model using the
mathematical modeling software IBM SPSS Statistics [49],
to check and calculate multiple mobilizations for the "a"
growth rate of deaths and infections, and with multiple
values also of the "'k"" value with the maximum predicted
number of deaths and infected per country. With the
different values obtained, compared the predicted values
with the current actual values, performing a quantitative
examination of the fit using error measurement indices
commonly used to evaluate prediction models [50]. Using
Karl Pearson's R? regression index [51] to justify its greater
or lesser correlation [52], also comparing the model
accuracy of the different regressions by calculating the
RMSE[53] and MAPE[54], which is a forecast indicator
that measures the size of the absolute error in percentage
terms, giving us a relative measure of the error. The
functions used for accuracy calculations are as follows:

1< /2
?Z(u,, —u,,)2| MAPE
i=1
t

_1002
Tt

i=1

RMSE =

k, — k;
k.
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Where "'t is the number of observations, ""u' is the
residue of the estimates, the subscript "'p"* is the predicted
residue and "o'" the observed residue, "'k:" is the actual
number of infected or dead and "k is the estimated
number of infected or dead according to the analysed
prediction model.

3.1 PREDICTION OF INFECTED

Making the calculations for the number of infected, it is
seen as the data from Spain and Italy has a lower growth
but the final value is much higher than that obtained in
Hubei and South Korea, as it has not yet reached the
tipping point of stabilization of cases, but are already
reducing the daily cases, while Hubei and South Korea
data are stabilized and near the end of the pandemic. The
characteristic values obtained in the modeling of the
pandemic for the final predicted number of infected people
can be seen in Table 2, where it can be seen how the values
of infected people per million inhabitants are very high in
Spain and Italy, with 5,453 and 4,105 infected people per
million inhabitants respectively, and in Hubei and South
Korea they remain at values very similar to the current
1,172 and 214 infected people per million inhabitants
respectively, as these areas are in the upper part of the
stability curve and the end of the pandemic.

The dates taken to make the calculations of infected differ
from country to country, as they have different dates of the
beginning of the virus infections in the countries. Perform
the infected forecast calculations by comparing them with
the actual values for the dates chosen for each country and
check their suitability. The daily infected values have been
calculated until the date that the pandemic disappears and
the number of infected goes to 0, calculating the end date
of the pandemic according to this Gompertz model with the
corresponding coefficients of each country used. In Hubei,
the end of the infections is forecast for May, in South
Korea in June, in Spain in September and the last to
emerge from the pandemic would be Italy in October, all of
them in 2020.The following Table 3 shows the dates that
have been taken to make the forecasts of infected people
by country, as well as the expected end date of the
pandemic in each case.
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Table.3: Dates used for end of pandemic estimates and
forecasts by country

INFECTED
COUNTRY
Start date Forecast end
date
. September
Spain 2020-02-24 2020
Italy 2020-02-20 October 2020
Hubei (China) 2020-01-22 May 2020
South Korea 2020-01-31 June 2020

The following Figure 2 shows the real and predicted
values calculated for the accumulated number of infected
by country, verifying how Hubei and South Korea are at
the end of the pandemic with very little increase in those
infected over time. Figure 3 shows the real and calculated
values for new infected per day by country, where you can
see the approximate time period calculated for the
reduction of infected, which is verified with the change in
trend of the daily infected curve. As can be seen from the
correlation factors R? for all countries, there is a very high
correlation between the predicted and actual calculated
values. Can also see how the spread values are lower in
Spain and Italy, but with more cases of contagion, mainly
due to the time elapsed for these countries to take measures
to stop the pandemic, being the case of the fastest
contagion in South Korea. and China but with fewer
infected, by taking radical measures of confinement and
monitoring of infected to stop the pandemic, with different
methods in these countries, which have managed to
paralyze the pandemic as soon as possible in these areas.
The model that best fit is Hubei's since it is at the end of
the pandemic and its fit to the Gompertz model is very
good. The models of the rest of the countries have a
considerable adjustment, being the one that least adjusts
that of South Korea, since they have several sources of
infection that were identified late.
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Fig.2: Accumulated contagion forecast until of May 11.
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Fig.3: Forecast of new daily infections by country.

3.2 MORTALITY FORECAST

With the same model as Gompertz, began to calculate the
growth of the number of deaths from the pandemic. In this
case, can see how the growth data is very similar in all the
countries studied, with South Korea being the lowest again,
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which also has the fewest expected deaths. The values

obtained with the Gompertz model also have a very high
correlation adjustment coefficient R?, with an almost
perfect adaptation to the real values. The characteristic
values obtained in the pandemic model for the number of
deaths can be seen in Table 4, where it must be taken into

account that the Hubei data are taken up to the date of
April 16, 2020, which were subsequently adjusted data on
deaths and the growth curve is no longer applicable as
there are no real values throughout the series, therefore the
values up to that date and those obtained on May 11, 2020
are used.

Table 4. Summary of characteristic values of deaths from COVID-19

Deaths characteristic values - GOMPERTZ METHOD

Constant Death

Country growth  forecast RMSE
Spain 0.073 29,000 542
Italy 0.06 34,000 375
Hubei (China)
(Until 04-16- 0.09 3,225 56 3.43%
20)
Hubei (China)
(Until 05-11- 4,520
20)
South Korea 0.058 280 6 9.86%

MAPE

16.26%
12.21%

Fatality Forecast End date of
R? rates death / 108 pandemic
(CFR) population deaths
0.9987 11.5% 625 August 2020
September
0,
0.9996 14.0% 574 2020
0.9990 4.7% 55 May 2020
6.6% 78 May 2020
0.9988 2.5% 5 June 2020

The highest mortality values are obtained in Italy and
Spain with 14% and 11.5% of the infected population
respectively, and the lowest, again, in South Korea and
Hubei with 2.5% and 4.7% (until 04-14-20) and 6.6%
(until 05-11-20) of the infected population respectively,
also achieving the lowest number of deaths per million
inhabitants, being only 5 and 55 (until 04-14-20) and 78
(until  05-11-20) deaths per million inhabitants
respectively, while the highest values are obtained in Spain
and Italy with 625 and 574 deaths per million inhabitants
respectively. With the forecasts obtained, the forecast of
the end date of daily deaths from this pandemic has also
been calculated, which in Hubei predicts the end of deaths
for May, in South Korea for June, in Spain for August and
in Italy for September 2020. The dates chosen for the
forecasts are from the beginning of the deaths confirmed
by countries, except in Hubei which is from January 22,
2020.

In the following Figure 4 shows the actual and predicted
values calculated for cumulative deaths by country, and in
Figure 5 showing the actual and predicted values of daily
deaths by country. In the daily deaths curve, it can be seen
how the shape of the curve decreases with time and an
approximate date of the end of the deaths from the
pandemic can be predicted. Again, the correlation factors
R2 for all countries are very high, from the calculated and
predicted values with respect to the real values. It must be
taken into account, what how the data from the Hubei
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curve can be observed the jump that occurs on April 17 due
to the update of data on that date, where 1290 more deaths
were added. For Hubei, the curve for the values until April
16 has been estimated. South Korea again having the
lowest value of deaths and in the curves can see how South
Korea and Hubei are already in the stabilization zone and
Spain and Italy are already in the zone of decrease in the
number of cases. In the South Korean curve for daily
deaths, due to the stochastic noise of such small numbers,
it is impossible to adapt the curve of the values obtained to
the real one.
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Fig.5: Forecast of new daily deaths by country.

(AVA DISCUSSION

This work verifies the use of the mortality growth model to
analyze the growth and development of unexpected
pandemics, for mortality and new infections of COVID-19.
Specifically, show the utility of mathematical modeling of
the COVID-19 pandemic when using the Gompertz
sigmoid curve growth model. The simulation model
presents good results and excellent prognoses, with the
correlation index being greater than 0.999 in all cases, both
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for mortality and for those infected, giving very low
MAPE values for both mortality and those infected. It is
verified as in Spain due to the change in the system of
confirmation of contagions carried out on April 23[55], the
measurement values of infected the MAPE rises to 16%
and is the highest of the four calculated cases, giving
strange values as of this date .

Have also verified that the short-term estimates are correct
for all cases, this study being valid to estimate the mortality
and infections of the pandemic with respect to infected
individuals, who were detected with symptoms. As such,
this study does not apply to asymptomatic patients since
they cannot have real data on them. The limitations shown
in the study are mainly due to changes in counting the
deceased or the infected, which generates problems and
erratic data in the statistics of the studied areas. In order to
estimate the growth indicators and the peak of infections or
deaths, it is necessary to have enough evolution data to be
able to make an estimate as accurate as possible, which is
why the use of this growth model is limited if you do not
have sufficient data on the evolution of the sick or
deceased. Another significant limitation of the study are
external pandemic containment factors, which are applied
by each state. Such factors can cause growth patterns to
decrease or increase significantly if the correct measures
are taken to contain cases and stop the spread of the virus.
Meanwhile, it is worth noting the importance of obtaining
reliable data from government health entities to make the
correct mathematical predictions.

V. CONCLUSIONS

This study demonstrates the validity of the proposed
model, based on Gompertz techniques widely applied to
biology, to describe the pandemic growth of COVID-19,
both in the number of infections and deaths, emulate
dynamic progression and predict the peak of the trend
change. Verify how the model is adaptable to different
countries with different socio-political circumstances,
adjusting the growth coefficients for each case. The result
is a theoretical curve that is very close to the real evolution
of the pandemic, achieving forecasts with high correlation
coefficients with respect to real cases, greater than 0.99 in
all cases and countries, both of infections and deaths.
Therefore, the Gompertz model could be an appropriate
procedure to analyse the growth and development of
unexpected pandemics with sudden and general outbreaks,
describing epidemiological stability indices based on those
obtained in the different countries that have already
reached the peak. of no growth.
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Taking into account that the countries studied have treated
the pandemic in a different way and with different actions,
the proposed model can reveal how South Korea's strategy
has been more efficient to control this pandemic than those
carried out by European countries. , where the number of
deaths and infections are extremely high. Have shown that
the Asian viral pandemic treatment strategy is much more
efficient in these cases than the European one. Our results
show that the South Korean procedure based on the
systematic control of all those infected, their monitoring,
control and isolation is the way to go. Their strategy to
combat this exponential invasion of the virus consists of
the isolation of groups that have been in contact with the
virus, the use of preventive protections for the main
contagion through masks, and control through massive
population tests. In contrast, the European system with
partial confinement and spot testing has been very
ineffective in avoiding or mitigating pandemic damage.

The model presented in this document may be extended to
other affected countries. The model design will be
periodically updated during the global outbreak. The
research results could be the basis for future studies related
to the evaluation of the impacts of the pandemic on the
economy, the ecosystem, and renewable energies, among
others. The authors hope that this project will be of some
help to health and political authorities during the difficult
times of this global outbreak.
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Abstract— The role played by General Mechanics education on the advancement of scientific and
technical knowledge in our society is vitally important. In Brazil, this education is increasingly relevant
due to the great boost in civil construction that our society has been attending. Particularly, we would like
to highlight that this research aimed to apply the theory and exploration of friction concept, from a
constructive criticism in the context of civil construction, for example: surfaces with friction, inclined
planes with friction, in wedges and screw or the screw thread. To better understand the concept of friction,
we instrumentalized it in a didactic context, respecting the existing knowledge with regard to the study of
forces in some problems regarding to analysis of structures with friction, as we mentioned before. We
understand that this is the most adaptable to the conception of a textbook in Mechanics, because it allows
the exploration of the concepts in a hierarchical manner, as well it enables the deliberate manipulation of
this universe to proper a meaningful learning.

Keywords— Concept and Applications of Friction, General Mechanics, Meaningful Learning, Types of

Friction.

I. INTRODUCTION

This article is a result of theoretical studies that seek to
succinctly introduce the themes of friction in the analysis
of mechanical vibration in structures and structural
analysis. In the implementation of the research, its phases
are organized in a temporal order, being, therefore,
differentiated by its main features, being thus explored in
parallel.

In daily, it is common to us disregarding the friction
presents on surfaces, in other words, the force exerted by a
surface on another is the normal to the surface and both
surfaces can freely move across each other. This model
would be the ideal. Nonetheless, actually, there is no
perfectly smooth surface, in other words, frictionless. The
friction, for a didactic purpose, can be defined as the
resistance between two bodies in contact when they tend to
slide or roll one over another. Then, the relative motion of
two bodies in contact is always followed by a force
opposed to the displacement, generically called friction
force or friction.

In the course of the study it is presented a vision of the
main properties about the friction. In addition, we speak in
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detail on the development that lead to the expansion of
friction concept and its types. We develop and represent,
according to the mathematical system, the concept of
friction presents in some problems in civil construction,
like on surfaces, inclined planes, wedges and threaded
bolts.

Il. DEVELOPMENT

To better understand the concept of friction, we are
going to apply it in a didactic way, respecting the previous
knowledge regarding to the study of forces into some
problems affecting structural analysis, for example: sliding
friction, friction on wedges, friction on inclined plane and
screw lift.

Friction in sliding situations

Let’s consider a block W that is placed on a horizontal
surface with friction and that is under action of a horizontal
force F. As the weight W has not a horizontal component,
the surface reaction does not present a horizontal
component, then the reaction is the normal to the surface
and is presented by N, as represented in figure 01. For
didactical purpose, let’s consider that the body slides in a
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uniformly movement along a straight line. Thus, the sum of
the acting forces and momentums on it are null.

w

z -
—

l

b

. p S e
P

Fig.1: Slinding friction

We can observe through the figure above that if F has a
low magnitude, the block will not move, in other words,
another horizontal force should exist to balance F. This
another force is called static friction force f, that is the net
of many forces that acts above all the surface between the
block and the plane. However, if the force F gets stronger,
the friction force will increase too to a maximum value fm,
in other words, when two bodies in contact are on the
verge of sliding one over another. But if F continues to
increase, the friction force will not be able to balance it
anymore and the block will start to move, reducing this
force fm to a force fk. So the block will keep its speed, and
the force represented by fk is called kinetic friction force. It
is important to highlight that it is proved, through
experimental results, that the static friction force fm as well
the Kkinetic friction force fk are proportional to the
vectosdrial component N from the surface reaction.
Represented by equations 01 and 02 [

fm =ug N (01)
fk = Hy N (02)

ps is a constant so-called coefficient of static friction
and pk so-called coefficient of kinetic friction. These static
friction coefficients are parameters that depend from the
nature of surface and other factors as temperature and
presence of other elements on the surface such as water,
oil. However, to the same material and same conditions,
proportionality is valid. It is important to highlight that the
friction force that exists when two bodies in contact are on
the verge of sliding one over another is usually bigger than
the friction force when they are sliding, that is to say, ps >
“k [2
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Wedges

Other example very common in constructions are the
wedges, that are simple machines used do lift big stone
blocks and other heavy loads, for example, the wedges are
used to split logs. In other words, the wedge is used to
move up or move down a load or to separate two parts of a
system. Knowing that, these loads can be moved up by
applying a force to the wedge, in general considerably
smaller than the weight of the load. Furthermore, due to the
friction between the surfaces, a wedge of a proper shape
remains in place after been pushed to under the load. In
other words, we can use the wedges as we want to make
little position adjustments of machines’ heavy pieces. A
wedge is represented in Figure 02.

Fig.2: Wedge
In Figure 02, a horizontal force F applied on wedge C
tends to lift the column B. Despising the parts’ weights and
considering the same friction angle ¢ to all the surfaces, it
is desired to know the magnitude of force F that lifts a load
P above column B at a constant velocity.

As the bodies are in mechanical equilibrium, the sum of
parts B and C forces has to be zero, in other words, ) F =
0, and it is represented in Figure 03.

|

N1 w P

/]j,

Z/‘;

N3 I‘éﬂ

Fig.3: Representation of acting forces on the blocks
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nB: W+Ry, +R; =0 (03)

In C: ﬁ+§3—ﬁ2 =0 (04)

The vector diagram can be seen in Figure 04.
Considering triangle properties,

F/senc=R,/senb  (05)

W /senc=R,/sene (op)

F=R,senc/senb 07)
ﬁz =W sene/send (08)
F =W (senc sene)/(senbsend) (09)
To the angles:
0
a=90"—¢p-« (10)
b= 900 - (11)
Therefore,
senb=cos¢p c=a+2¢ (12)
R1
R3 C d o
R2 . w
/b a
F‘
Fig.4: Representation of vector diagram
d=90° —2p— & 13)
Therefore,
send =cos (2p+ ) (14)
e=900 + ¢ (15)
Therefore,
Sene=cos¢ (16)
f=p+a 17
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Replacing, F =W sen (a +2¢)cose/ (cos@cos(2p+a)).
The simplification of this equation results in:
F =W tan (20 + ) (18)

Jack screw

It is a screw with a rectangular threaded (Figure 06)
and it is used to raise certain load. They are usually used
for jacks, presses and other engines. In other words, the
screw thread behaves like an inclined plane rolled up to
form a screw. To better understand this concept, let’s
observe the Figure 05 that represents a block on an inclined
plane that makes an angle o with the horizontal and is
under action of its own weight, according to Figure 05, and
has a friction angle ¢ with the surface.

L
“r

]
[=]
n (3
e P et
-

A
a N R

E e,
b
Fig.5: Inclined plane

Thereby, we are able to conclude that the body
remains at rest if,

a<q. (19)

For this purpose, we can find the momentum M of
Figure 06, for which it will be necessary to apply in
function of this load, the thread’s internal (Di) and external
diameter (De), the thread’s angle a and the friction angle ¢.

De ! * u_\

Fig.6: Rectangular thread screw
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Considering that each thread screw supports the load b) Wedge
W uniformly distributed along an average radius r, given
by (De + Di)/4. So, in each infinitesimal portion of r it will
occur a reaction dR that makes an angle (a0 + ¢) with the
vertical. In other words, in equilibrium condition;

> Fy=0=W-[dRcos(a+¢p) (20

or

W =cos(a+¢) [dR (21)

As we have Fig.8: Wedge
Image source: Google Images

> M =0=M —((Dg +D;)/4]dRsen (a+¢) (22)

Thus, 1
N1 w
ol
- . Al 1
M=Wtan(a+¢)(De +Dj)/4  (23) e
/]], M2
I11.  FIGURES AND EQUATIONS NZth
The following is the representation of the figures used -A2
in this article, present in the development of this paper. E
] —_
a) Sliding friction
A3
Wi N3 [5=
)
a Fig.9: Representation of forces acting on the blocks
i
E L. R1
: A
T R3/ € d
VN R2 W
b— [+—"*R f
1 b a
Fig.7: Sliding friction F

Image source: Google images Fig.10: Representation of vector diagram

Image source: Google images
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c) Jack screw

oL
-ﬂH w
o
[=]
;] %
1 ?5'3“
—
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o N R
.r'"‘
¢

Fig.11: Inclined plane

Image source: Google images

Fig.12: Rectangular thread screw

Image source: Google images

Equations

a) Sliding friction

—

1) fm -> Static frictional force

—

2) fk - Kinetic frictional force
3) U, -> Coefficient of static friction

4) U, -> Coefficient of kinetic friction

fm =5 -N (01)
Fk =Hi N (02)
b) Wedges

www.ijaers.com

The vector components are represented below in bold
and are named as: I

1) W - Weight force

2) R > Net force
3) ¢, b, d, e > Angles relative to Figure 04.
4) @, > Angles of triangle.

5) f > Friction force

VV+I§2+§1:0 (03)
F+R;-R,=0 (04)
F/senc=R,/senb (05)
W /senc=R, /sene (06)
F= |§2 senc/senb (07)
R, =W sene/send (08)
F =W (senc sene)/(senbsend) (09)
a=90" —p—a (10)
b=90O - (11)
senb=cos¢p Cc=a+2¢ (12)
d=90° —2¢p—a (13)
send =cos (2p+ ) (14)
e=90° +¢ (15)
Sene=cos¢p (16)
f=¢p+a (17)

F =W tan 2o+ a) (18)

c) Jack screw

1) M > Momentum of a force

2) R > Net force
3) ¢, b, d, e > Angles relative to Figure 04.
4) @, > Angles of triangle

5) @ > Angles of friction
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a<Q. (19)

Zlfy:O:VV—deCOS(a+(p) (20)

W =cos(a+¢) |dR 1)

> M =0=M —((Dg +D;)/4]dRsen (a+¢) (22)

M =W tan (a +¢) (Dg + D;)/ 4 (23)

IV.  CONCLUSION

This work aimed to develop a didactic material in the
field of Newtonian Mechanics, geared for the meaningful
learning of generators concepts attributed to the study of
problems involving the friction force applied to sliding
bodies, on wedges, on inclined planes and on screw or
screw thread.

From this analysis, we intended to demonstrate and
represent the friction force present in several structures
associated with civil construction. In other words, it results
in the expansion of friction concept, which conception and
application in the practical context reflects the physical
concepts’ representational ability in various situations.
Furthermore, its wide range of actions allows the gradual
deepening exploitation of this physics concept, being
unnecessary a systematic introduction of mathematical
formalism.
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Abstract— This paper aims to develop and verify the efficiency of algorithm aplications and compare them
with the numerical techniques used in engineering areas, stem from structures of neural network for
function approximation. For that, function modeling were used, based on complex formulas, making
approximation mandatory. The statement investigated is that neural networks are capable to solve with
great accuracy problems of this kind. As a test model, a measurement approximation of thermodynamics
tables (saturated water) was carried and it was compared with the results of traditional methods (linear
and quadratic functions), confirming the efficiency and possibility of its use.

Keywords— neural networks, artificial intelligence, engineering education.

I.  INTRODUCTION

Artificial Intelligence (Al) consists in withdraw
information from the embbed ambient and utilize them to
solve determinated problems, like a study. This way, it
becomes adaptive for use in a variety of areas of
knowledge, as engineering [1]. According to Heckmann
[2], Artificial Intelligence is a Science to make a computer
do tasks that, until now, only people could do it and very
capacited people could do well.

The engineering is visible everywhere, their working
fields are extremely embracing, making possible to preside
in small domestic tubulation system and even in great
petrolific industry. With the technology evolution, the
engineer obtained more efficient and faster ways to
mathematically calculate using the computer. It can reach
even higher levels solving math problems. Therefore, it is
necessary to have engineers capable to use the resources of
computer Science, since the integration of these fields can
be very effective in problem solving.

The Al show itself as an efficient alternative to be
studied. Among its capacities are problems involving
proximity and function modeling, which can be applied
areas such as thermodynamic and function optimizer

WWwWw.ijaers.com

problem solving with lots of variables and common
restriction in project area [2]. According to Russel and
Norvig [3], learn how to approximate function is
considered inductive task, the Artificial Neural Networks
(ANN) learns to represent function effectively and
usefully.

In this research, it will be compared the function
approximate method obtained by artificial neural network
and by numerical analysis method, such as interpolation
and spline functions, that can be defined by polinomes [4].
As an object, the thermodynamics tables will be used to
find a function that approximate the non-registered results
to solve specific problems.

At the same time, the constants involved in the
estimates of the approximation error for neural networks
often depend exponentially or polynomially on the
dimensionality of the data [5,6]. Thus, by using lower
dimensional data following the mapping of the original
data into the lower dimensional space, it can be expected
that the error of the approximation will be reduced [7].

This paper aims to develop algorithm that can test
Artificial Intelligence techniques (neural network) and
compare its practical efficiency with numerical techniques
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(interpolations), to verify a possibility of its use in solving
common problems on Mechanical Engineering. Simple
experiments will be made using algorithms, which will be
possible to calculate its efficiency regarding other methods.

Il. LITERATURE REVIEW

Function approximation is a core task in many
engineering, economic, and computational problems [8].
There are many approaches to the function approximation
including relatively simple methods such as least squares
linear approximation and many more complex methods
such as approximation with splines or neural networks [9].

Functional neural models can also be created by
translating well understood principles from classical
algorithms from the fields of machine learning [10]. Such
techniques work as a data-driven brain models and the
hardware and can be used for creating entire cognitive
architectures with the potential of helping to decipher
neural principles [11].

2.1 Linear Interpolation

Linear Interpolation is the simpler case and also the
most used. Given two distinct points in a function, a degree
1 polynomial must be created P1(x) = a0+alx, which has
to satisfy the equation system, where geometrically P1(x)
is an equation of a line that pass through two points, x0 and
x1[12].

The interpolation function always pass by known points
of the original function and, from them, are estimated the
unknown values. Being f(x) the original function and g(x)
the approximation, it can be realized that the distance
between them rises when they are more distant of the
points used on interpolation. This distance is that defines
the error [13].

In practical aspects, functions with more than six points
are rarely used, because the error overly rises, so,
surpassing to splines in the other cases. The splines are
used to get a reduction of the approximate function. The
utilized method for his approximation consists in adjusts
the polynomial of lower degree than the data subset. These
polynomial links are called spline functions [13].

Higher degree polynomials tend to not to perceive
abrupt changes in the function behavior. Polinbmios com
ordem alta tendem a ndo captar mudangas bruscas no
comportamento da funcdo. Thus, the splines obtain better
approximation in functions with this kind of characteristic
[14].

www.ijaers.com

2.2 Neural Networks: learning and implementation

As Braga et al. [15] stated, the neural network training
can be supervisioned or unsupervised. While the
unsupervised training doesn’t require a desired output (the
network makes an auto organized considering only the
input data), the supervised training considers the network
learning from input data and the respective desired outputs.

While, for a satisfactory performance of a RNA is
necessary to properly choose the network attributes. There
are lots of learning algorithms developed for RNA training,
and also needed to define the number of network layers,
the neurons of hidden layers, the activation function of
hidden layers and output and the specifics parameters that
compose each algorithm [16].

The main characteristic of neural network is its
adaptation and generation capacity. This feature is acquired
changing its synaptical weights in such a way that
minimizes the network output error, until an optimum
solution is reached. To achieve such solution, some
specific training algorithms from each neural network
architecture are used.

The Backpropagation algorithm was developed by
Werbos [17] and by Parker [18]. Since its creation, the
backpropagation algorithms has been largely used as a
learning algorithm for RNA with multiple layers’ topology
[19-21]. For this paper, Multilayer Perceptron Perceptron
(MLP) network was used, which is based in this algorithms
(or variations) for its training [2].

2.3 Thermodynamic Tables

The comprehension of these tables are very important
for academical develop of a mechanical engineer, because
they are indispensable when working with steam or
thermodynamic cycles. Temperature and pressure can be
expressed in three occasions: compressed liquid,
superheated steam and saturated steam [22].

The tables have rich content of details, low error tax
from real of compounds and lots of temperature versus
pressure are already listed, besides they are constantly used
with linear interpolation by engineer students. With these
characteristics, the tables are a good option to be used in
the approximation method, because, besides showing
practical values, also shows simplicity in its use [22].

I1. METHODOLOGY

Through testing of the studied methods of this paper,
we developed algorithms wrote in C language, and Matlab
was used for graph generation, with that it is possible to
obtain better view and results analysis.
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Every code used in this research is owned by the
authors and are  available on  the link
“https://github.com/Eliasrgjuniorl/CITI2017-
1/blob/master/README.md”, any adaptation or parts from
others authors were used. Its development was based on
techniques described during the literature review,
highlighting the Al fundamentals.

About function approximation case, thermodynamics
table (saturated steam water), which calculations using
interpolation (linear, quadratic and spline function) were
made and neural networks were used as object of study. A
routine was generated, using the Matlab, so the graphs for
every function using each method can be plotted. To model
the functions, 46 samples were selected from the table
randomly for Neural Network training and interpolation.
The efficiency calculation for each technique was done
using the thirty-three unused samples. Comparing the
values obtained with the real ones, it was possible to
estimate the error in both methods, showing the most
efficient one in this context.

For each case witch neural network were used, its
structure was made in Multilayer Perceptron’s (MLP)
architecture and is training was the Levenberg Maquardt
(LM), so the used topologies can be varied to obtain results
more similar with the real ones.

Through these methods, this research aims to obtain
desired solutions about the possibilities of application of
neural network on engineering, its efficiency and the
facility of the projects.

3.1 Data preparation

In order to the data be suitable to test realization, the
following steps were made:

* Creation of a file containing the values to be used
from thermodynamic tables of saturated water, focusing on
values of pressure and enthalpy;

* Development of the routine for the Matlab plot graphs
extracted from the developed algorithms. These ones will
be plotted in two dimensions with pressure to temperature;

* Tabled point plotting to visualize the table clearly.
3.2 Algorithm Programming
In this phase, the following actions were done:

* Development of an artificial neural algorithm (ANA)
through MatLab®, with a hidden layer, and LM training.
The algorithm will be capable to alter the number of
neurons of the hidden layer, to do the tests with many
topologies;

 Development of an algorithm to linear interpolation
using splines;
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* Development of an algorithm for interpolation, using
quadratic spline funcions, that must receive the number of
points and the needed table points to approximate the
function.

3.3 Tests

The tests followed the process defined by the flowchart
(Fig. 1):

Execution of the algorithims
with numerical techniques
v
Plotting graphs with
the results
v
Execution of RNA traming
by using starting topologies
v
Results validation

v

Execution of trained RNA
v
Plotting the graphs
by using Matlab
v

Data discussion

Fig. 1: Process flowchart.

IV. RESULTS AND DISCUSSION
4.1 Saturated Water Thermodynamic Table

The graphs of thermodynamic tables obey a determined
pattern, which has to be learnt by the Neural Networks
(NN). For validation, the points of the table were placed in
order, generating the graph presented in Fig. 2).

Fig. 2: Temperature (°C) x enthalpy (kJ/kg) graph.

Page | 86


https://dx.doi.org/10.22161/ijaers.77.10
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.org/10.22161/ijaers.77.10

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

4.2 Dispersion Calculation

The algorithm used for interpolation worked like as
expected, modeling the function with low error rate. From
trained neural network and interpolation, desired values
approximations were obtained. As result, the variance and
standard deviation were calculated (Table 1).

Table.1: Results of the calculation of standard deviation
and variance — temperature x enthalpy.

Tests Standard Deviation Variance
N tel_rip)rgeiziion 0,35438 0,125585
|n?el:r?>i§:(;n 0,017839 0,000318
NN1 0,829772 0,688521
NN2 0,004884 0,000238
NN3 0,001444 0,002085
NN4 2,231818 4,98101
NN5 1,2319894 1,520028
NNG 4,299726 18,487644

4.3 Approximation graph analysis

The algorithms used in interpolation worked as
expected, modeling the function with low error rate. From
trained neural networks and interpolations, the
approximations for desired values were obtained.

Graphs comparations between the NN of 1 or 2 layers
and interpolations were made and better efficiency
obtained can be noticed. Fig. 3 and Fig. 4 shows the graphs
of combined NNs and points of interest. Fig. 5
demonstrates the values obtained by polynomial
interpolations. To ensure a high-quality product, diagrams
and lettering must be either computer-drafted or drawn
using India ink.

Fig. 3: Temperature (°C) x enthalpy (kJ/kg) graph. - NN of
1 hidden layer approximation.
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"

Fig. 4: Temperatura (°C) x enthalpy (kJ/kg) - NN of 2
hidden layers approximation.

Fig. 5: Temperature (°C) x enthalpy (kJ/kg) -
approximation with polynomial interpolation.

At last, for comparative effects, a combined graph of
the neural network and polynomial interpolation values
were plotted as presented in Fig. 6.

Fig. 6: Temperature (°C) x enthalpy (kJ/kg) comparing the
obtained values by the approximation techniques used in
this study.

The graphs show the approximation results, using all of
the points. The neural networks didn’t behave in an exact
way, it may contain errors, including the points that were
used for training. It is important to state that this behavior
doesn’t occur in interpolation, because with a proper
training can eliminate this kind of error. Also, there is a
homogeneous behavior in the whole function, where the
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error is not increased, comparing with the interpolation,
they have more efficient approximation in these points.

It’s possible to notice, by the graphs obtained by the
used table, that it generates a continuous function with
insignificant randomness. This is the best scenario for
linear and quadratic interpolation to be applied. In
situations that high precision is not necessary, the linear
interpolation would be ideal, since it’s simpler, but, when
the application requires high precision, the methods must
be compared.

In every test, the neural network configuration number
2 could stand out from the others, so this will be the patter
for comparation purposes.

It also can be noticed that the linear interpolation falls
short when the curves with higher inclination, making the
error, in some cases, rise considerably. The obtained curve
by quadratic interpolation wasn’t symmetrically arranged,
which deviates the function from satisfactory results.

The NN must have its training meticulously made to
have an efficient result. Some configurations show an error
rate higher than the others, but the final result obtained was
more precise than quadratic interpolation. The NN’s
dispersions were lower or equal in all situations, as
displayed in the tables.

From the training, it can be observed that the needed
error rate for this kind of function is from 10e-2 order,
lower errors rate configures about the training, which is the
two-layered neural network’s case. Besides, it is possible
to realize that, with less complex functions, simpler NN,
with a layer and few neurons, are more efficient for this
objective. The training with few samples (relatively to NN)
was possible and the neural network adapted themselves
without great effort.

V. CONCLUSION

Based on the superior performance met by neural
network on interpolations, even in standard functions with
low randomness, it’s assured that they can be used to
complete the measurement table (like thermodynamic
ones), adapt the control answer description function,
vectorial drawing in specialized software, like Matlab and
help in physics phenomenon’s study. Besides
thermodynamical for function description, and even help to
solve and develop specifics engineer.

The most efficient NN’s topologies — NN2 and NN3 —
can be used by starting point to similar projects, the
described training can be utilized in other problems. The
Neural Network can also be used in cases that have
function mathematical solution, like this one, and presents
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similar results or more efficient ones, since the adequate
training routine is followed.

Based on the results reported, some other comparation
of numerical analysis can be explored, like extrapolation
and some function modeling that can be difficult to
calculate, also be able to compare between the others
variables provided on thermodynamical tables.
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Abstract— Objective: To report the experience of monitors of the discipline Nursing Care in Emergency and
Trauma in the performance of their academic activities, from August to December 2019. Method: Experience
report presenting the experiences of the monitors of the Nursing course at UNAMA (University of the Amazon),
Belém, State of Pard, Brazil, on the dynamics developed in the teaching-learning process in the discipline
Nursing Care in Emergency and Trauma, taught in the 7th semester of the undergraduate nursing course, in the
period referring to the second semester of 2019. Result: During the monitoring experience, activities were
carried out in the realistic simulation laboratory, as well as in the classroom, with the purpose of reinforcing the
contents of the curricular component, as well as clarifying possible doubts from students about the health care
process addressed in classroom by the professor. It is considered that the relevance of academic monitoring in
higher education goes beyond the acquisition of a curricular title; because in addition to fostering an
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intellectual gain in the teaching-learning process, it contributes substantially to the knowledge of the monitored
students and, especially, in the relationship between the tutor and the monitor student, significantly favoring the
exchange of knowledge. Conclusion: The monitoring contributed to promote the capacity of the monitors in
terms of concentration, argumentation and mastery over the group. We emphasize the importance of preparing
studies and research carried out and exchanging knowledge that contribute to the intellectual, emotional and
social empowerment of student monitors, thus revealing new professional perspectives, with security,
competence and skills for a qualitative action in the health teaching process.

Keywords— Mentors. Learning. Education, Nursing.

l. INTRODUCTION

Academic monitoring, governed by Federal Law no.
5.540 / 1968, allows students to act as moderators in the
teaching-learning process and to participate in the
organization and planning of pedagogical strategies
together with teachers. This experience provides an
introduction to the teaching context and, in addition, allows
the monitor stimuli to improve technical skills and
competences, interpersonal and intrapersonal relationships
and leadership skills®.

The academic monitoring program was introduced with
the aim of adding values and learning to all academic
practices since November 28, 1968, which provides the
stimulus for performance and proactivity in the discipline
sought, allowing some benefits for the academic, such as:
scholarship, tuition discounts if it is linked to a private
Higher Education Institution (HEI), among other
benefits®. Furthermore, monitoring provides remarkable
learning and significant professional training to the health
demands that emerge from the population, as well as
allowing students to enter the context of educational and
leadership practices in favor of their preparation for
professional practice®.

The educational practices introduced in the monitoring
program of the Nursing Course provide knowledge and
health promotion for the entire community, as they are
extension practices of a university character that provide
feedback, both for other academics and for the teacher
responsavel for discipline®.

Although this teaching-learning strategy is relevantly
common in universities, there are still few studies that
address the theme.

In the meantime, the guiding teachers conceive of
monitoring as a modality that needs systematic
coordination in person or at a distance (via e-mail) and
supervision, to better prepare the monitors in the
administration and promote assistance to other students,
representing a strategy of investment in dynamic and co-
participative learning®).
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Monitoring allows the student to live experiences and
awaken to being a teacher, as it helps in the teaching-
learning process and helps to strengthen the academic
trajectory of colleagues in the acquisition of skills,
solidification of theoretical and practical knowledge and
incentive to search for new knowledge scientific®.

In research on the role of monitoring in the
development of academic training, it was shown that
88.6% of students improved their performance with group
work, 74.14% developed new teaching methods, 40%
developed the habit of reading and 68% declared
improvements in posture in seminar presentations(.

In this understanding, the student, in the role of monitor
in collaboration with the teacher, performs a fundamental
activity, in addition to performing his duties in the
classroom and laboratories, other related activities, which
include teaching, research and extension, corroborating for
meaningful learning and strengthening the academic
community®,

The discipline Nursing Care in Emergency and Trauma
has an extensive course, requiring the monitor and teacher
to adopt active teaching methodologies aimed at critical
formation, creative and reflective, carried out through
practical classes, in which one can simulate situations of
real care, allowing familiarity with the necessary materials
and equipment, techniques and the correct sequence of
care, through simulations, dramatizations and repetitions of
procedures®.

In this conception, the study proposes to expose the
contributions of academic monitoring of the discipline of
Nursing Care in Emergency and Trauma, for the teaching-
learning process in the training of professional nurses. The
experience report is understood as an experience, which
goes beyond a mere summary description about some
activity, because when reading it, it is possible to know
more accurately the experience described. It also makes it
possible, from a theoretical point of view, to compare it
with other similar experiences, allowing for greater
reflection on the theme addressed.

Page | 92


https://dx.doi.org/10.22161/ijaers.77.11
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orqg/10.22161/ijaers.77.11

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

Thus, the realization of this study is justified by
enabling greater discussion and expansion of new studies
on the subject, in addition to providing subsidies for the
development of future research that focuses on the theme.
Thus, the objective of this study was to report the
experience of monitors of the discipline Nursing Care in
Emergency and Trauma in the performance of their
academic activities, from August to December 2019.

1. METHOD

Experience report about the experiences of the monitors
of the Bachelor of UNAMA (University of the Amazon),
Belém, State of Para, Brazil, about the dynamics developed
in the teaching-learning process in the discipline Nursing
Care in Emergency and Trauma, from August to December
2019.

The descriptive method was used. Therefore, a critical
analysis of the activities developed during the period
subscribed with the monitors of the discipline and the
reports developed at the end of the academic semester was
carried out.

The discipline of Emergency Nursing Care and Trauma
is a mandatory curricular component of the undergraduate
nursing course, being taken in the seventh academic period
of this HEI Theoretical-practical, with a total workload of
80 hours.

The monitoring activities were developed by students
who had already taken the course. In addition, students
were approved in an internal selection process instituted in
the first semester, with entry in the second semester of
2019, through the request of the professor in charge of the
discipline, of the academic board of UNAMA in agreement
with the coordination of the Nursing Course.

The selection process consisted of a written test, an
interview with the judging committee, chaired by the
professor responsible for the discipline and an analysis of
the candidates’ academic performance. In this process,
three monitors were selected, one with a scholarship and
two volunteers, who were subsequently distributed in the
three shifts.

The monitoring activities were developed both in the
classroom and in the realistic simulation laboratory, where
there was an opportunity to develop competencies and
skills in the preparation of the activity plan, when
exercising with students, clarifying doubts about the
subjects taught or remembering the practical maneuvers
developed in the previous semesters, aligned with the
curriculum design, always under the supervision of the
teacher responsible for the discipline.
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The monitors fulfilled a mandatory workload of 20
hours per week in accordance with the selection notice, 12
hours of which are intended for attending the student in the
monitoring room or in the realistic simulation laboratory, 4
hours for the study of the discipline and 4 hours for
academic production. The times were distributed to the 3
monitors throughout the week, in the morning, afternoon
and night shifts.

1. RESULTS AND DISCUSSION

The activities carried out by the monitors, range from
class follow-up, activities, guidance, clarification of
students doubts, and because it is a discipline that includes
practical workload with curricular internships at the
hospital level, there was also a need to carry practical
laboratory classes, so that students have the opportunity to
carry out and review the procedures related to the
discipline.

The proposal to combine the activities inherent to
teaching, participation in the removal of doubts after
classes and active participation during theoretical and
practical classes simulated in the laboratory, emerged from
several moments of debate between the teachers
responsible for the discipline, aiming to combine items
fundamental for the training of the future nurse.

From the survey of the needs of the class, the monitor
scheduled a meeting with the teacher responsible for the
discipline, aiming to define the dynamics of the class, as
well as deciding exactly how the monitor's collaboration
would be in the teaching-learning process. At the time, the
monitors were guided by the teacher as to the aspects
inherent to the didactic behavior and the theoretical-
practical contents to be taught.

In this perspective, the monitoring contributed to the
academic scope self-sufficiency with regard to decision-
making, related to the act of giving discipline reviews,
indication of materials for reading and carrying out
simulated activity in the laboratory, in favor of active and
qualitative learning, both in the classroom, and for
professional and personal life, allowing better interpersonal
relationships between students and monitors, teachers and
the university, solidifying learning®®, because even though
certain disciplines present a certain degree of difficulty, the
monitor collaborates with building knowledge, expanding
training, cooperating to incorporate attitudes that facilitate
the learning of skills, attitudes and competences®?,

In the meantime, monitoring is recognized as a
pedagogical strategy of great scope and relevance, which
enables the intellectual improvement of the monitors with

Page | 93


https://dx.doi.org/10.22161/ijaers.77.11
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orqg/10.22161/ijaers.77.11

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

regard to the acquisition of skills related to teaching,
raising reflections and strengthening the training of health
professionals from an understanding teaching that values
the construction of knowledge from the perspective of
more critical and reflective thoughts?,

The monitoring program is an essential component of
the teaching process. Such activity contributes to the
training of health professionals in line with the
sociopolitical assumptions of the current health system, in
Brazil the Unified Health System (SUS), and enters the
scenario of discussion about the education of the student,
in addition to being a space that favors the construction of
knowledge for the monitor, students and teachers; it allows
immersion in teaching to the monitor, an intervention to
improve the quality of teaching at graduation and a support
plan in which the most advanced students help their
colleagues in the search for knowledge®.

In this context, the monitoring activities started loaded
with anxiety, as such activity is permeated with
uncertainties, especially with regard to emotional and
behavioral skills, from how to react to doubts to the posture
and vocabulary accessible to students.

The monitoring project is a pedagogical support service
made available to students with an interest in deepening the
knowledge related to a given discipline, as well as
enriching the academic curriculum, envisioning better
results in terms of competitiveness in selections in the
graduate, Lato or Stricto Sensu processes, among other
academic processes.

The higher education nursing course is one of the
courses in the world that most benefit from monitoring
activities, with the objective of making it possible for
students to get closer to their future work environment4,

For this activity to achieve its purposes, this resource
must be idealized through effective communication and
exchange, where both the teacher and the student learn
from each other in the course of the teaching process,
breaking with traditional models of unilateral and
verticalized teaching, conceiving such space and activity as
a fundamental strategy, propelling and consolidating
teaching®®).

Despite the recognized importance attributed to the
academic monitoring program, research carried out in a
private institution in Fortaleza-CE, Brazil, showed low
interest from students in participating in the monitoring
program, justified by the lack of incentive of some HEIs to
attract and encourage students for activities of this kind, as
well as an unsatisfactory financial contribution offered by
the programs™®. Another factor that contributes to lack of
interest is the lack of time in the curricular component so
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that the monitors can incorporate academic activities and
diversify the monitoring work plan®?,

Academic monitoring is characterized as an important
teaching-learning method, as it stimulates attitudinal skills
in the student monitor, subsidizing the improvement of
teaching, through the improvement of nursing care
practices, based in motivating and dynamic teaching
strategies with the potential to consolidate the qualitative
curricular practices essential for working with the
teacher®?),

In this context, moving to the practical field, it was
possible to perceive that the hours available for laboratory
practices favor student learning, as they have the
opportunity to simulate the performance of procedures that
are routinely part of their professional life and, previously
develop their manual skills before direct contact with
patients in the internship fields.

It should be noted that in this process, the act of
preparing classes to teach students is of great relevance and
importance, because through this experience it is possible
to contribute to the empowerment of the monitor, taking
into account that the monitoring activities go beyond the
acquisition of a curricular title, having positive impacts on
the personal aspect of the monitor, contributing
substantially to the students' knowledge, a trusting
relationship between the tutor and the monitor student, thus
favoring the exchange of knowledge and consolidation of
the teaching-learning process.

The monitoring contributes positively due to the
contextualization of the subjects compiled in clinical cases
and directed studies, put into practice through simulated
practical classes in the laboratory, thus allowing to broaden
the horizons regarding the actions inherent in making
nurses in the labor Market. The teacher had a fundamental
role in this process, guiding and solving doubts, so that the
class taught would occur satisfactorily.

One of the benefits obtained from this experience was
the improvement of theoretical and practical knowledge,
from an expanded view of the teaching-learning process. In
addition, the monitoring provides subsidies for the
academic to develop a practice with greater security, within
the best practices in care and scientific evidence.

The importance of the monitoring program in academic
training was evidenced, since guiding other academics
encourages to seek more knowledge, in addition to
improving skills and allowing greater interaction with
academics and teachers in the process of teaching-learning-
teaching.
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V. CONCLUSION

From the results, it was demonstrated that the
monitoring is a scenario of active construction of
knowledge and development of skills, attitudes and
competences, which are relevant to the personal and
professional growth of the student.In addition, the activities
developed are essential in the teaching-learning process,
with significant benefits for both students and the teacher,
as they provide significant exchange of knowledge
between the actors involved.

In view of the objectives of the monitoring program, it
is concluded that these were achieved, as there was an
improvement in academic training and in the learning of
the student monitor, as well as providing interaction
between these actors and the others involved.

It is considered that a well-trained monitor contributes
to the insertion of excellent professionals in the job market,
since decision making and autonomy are instigated, and a
commitment to other students from previous semesters is
reinforced in the scope of monitoring activities, ratifying
responsibility in the social role as a professional future.

It is understood that the study brings important
contributions to the reflection regarding the effectiveness
of academic monitoring in the teaching-learning process
and its relevance in the context of higher health education.
The study can also contribute to advances in research on
the subject and, potentially, to the improvement of
undergraduate nursing, impacting on the training of
professionals much better prepared to meet the health
needs that emerge from their reality in different human
groups and health cycles life.

Monitoring contributes to the construction and
reframing of knowledge inherent to the profession, in the
perspective that knowledge is dynamic, is constantly
changing and, therefore, the search cannot be stagnant. The
process contributes to identify and share with the health
and nursing teams knowledge that supports qualified care
action, corroborating the role of nurse educator still in their
training.

From the results of this study, the need for further study
on the topic by the academic community is reiterated,
considering its relevance.

Despite the lack of studies at national and international
levels, dedicated to investigating the teaching-learning
process and the relationships that permeate the
implementation and evaluation of monitoring programs,
especially in the training of nurses, with its implications for
professional performance, further studies are suggested.
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Abstract— With the advancement of fluid mechanics in engineering, the need to estimate the pressure drop
coefficient, becomes necessary for flow loss calculations in order to be able to measure pipe diameter or
stipulate flow regimes that are required for a given situation. This coefficient appears in the Darcy-
Weisbach formula in equality with the Poiseuille equation and is now measured by the Colebrook-White
equation. However, because this equation presents a different characteristic, where the coefficient appears
on both sides of the same equation, scholars of the area over time modeled approximations derived from
this previous knowledge. In this work we will approach the Colebrook-White principles and their
subsequent approaches. The aim of this paper is to analyze the correlations cited, as well as their authors,
also analyzing the relative errors between the approximations and the Colebrook-White equation at
specific intervals for the relative roughness and the Reynolds number and, from this, to determine which
ones. have the lowest relative error.

Keywords—fluid mechanics, pressure loss coefficient, Colebrook-White equation and mathematical
approximation.

l. INTRODUCTION

Engineering regarding fluid mechanics has several focuses
of study. One of these focuses is on the flow of fluids and
their particularities. The focus of this work is on the flow
and its concepts, with respect to the flow resistance factor
for pressure loss calculations in fluids.
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It is discovered through studies that when a fluid gets
closer and closer to the “wall” of the pipe, its flow velocity
tends to zero, that is, there is a resistance to flow (viscosity
of the inner surface of the pipe).

According to Sa Marques and Sousa (1996), the
Colebrook-White equation is commonly mentioned in the
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literature on fluid mechanics and has wide applicability by
the technicians involved in this specialty, being considered
the closest to the physical reality of flows.

To Coban (2012), the Colebrook-White equation is an
implicit formula that generates the best result for the
pressure loss coefficient in turbulent regime, however, to
obtain these results there is a need to perform iterative
processes. Such equation has as parameters the relative
roughness (&/D) and the Reynolds number (Re).

Therefore, there are several studies of explicit equations to
measure this resistance precisely, replacing the Colebrook-
White equation, as closely as possible to the result of the
implicit equation.

The calculation of the head loss is the main issue of this
work, however there is a problem, since the Colebrook-
White equation that is used for this purpose has a
characteristic of being implicit, since it presents the
coefficient on both sides of the equality.

Due to this characteristic, calculating using this equation
becomes complex, as there is a need to perform iterative
processes to obtain a result.

With this problem, we seek to gather information, data and
authors that otherwise express this modeling, in a less
complex way, aiming at an explicit equation and with the
results as close as possible to the formula made by
Colebrook-White.

For flow in industrial pipelines, knowing how to accurately
measure the head loss is essential, as there are several
unknowns to be seen, be it the material, the roughness to be
worked, the dimensioning, the necessary performance for
each case, etc.

According to Resende (2007), the head loss is highlighted,
for example, in a hydroelectric power plant, because as the
head loss is increased, the generation capacity is
decreased.For this, a formula is needed that accurately
models this coefficient.

According to Zidan (2015), a suggestion by C.M. White
for transition formula which similar to those obtained
experimentally for commercial pipes, was simply add
together the lower limits of integration y, which satisfy the
rough and smooth pipe laws, providing the general
formula.

This article has as general objectives to analyze the explicit
equations and verify which ones have the lowest and
highest average relative error and analyze the relative
errors and organize them from the lowest to the highest
percentage, since the lowest percentage will have results of
coefficient closest to those of Colebrook-White and, by

www.ijaers.com

definition, the ideal approximation will be considered. The
highest percentage will demonstrate the opposite.

1. THE COLEBROOK-WHITE EQUATION
AND ITS APPROXIMATIONS

Below are briefly presented the equations used for study,
followed by the calculations to make comparisons.

Colebrook-White equation

To Bager (2015), the Colebrook equation is an implicit
equation that combines experimental results from studies
of turbulent flow in rough tubes. The equation is used to
iteratively solve the Darcy-Weisbach friction factor “A”.

According to Soares (2012), we present equation 2.1.

1 21 ( £ + 2.51) 2.1)
—=—2lo — .
Vi 837D " Revi

Moody approach

Pimenta (2017) explains Moody's equation (1947)
aspresentedin 2.2.

1
£ 10%\3

Wood approach

Asker, Turgut and Coban (2014), Wood (1966) made
correlations validating region extensions for Re > 10* and
10° < (/D) <4x1072. Equation 2.3 demonstrates such an
approximation.

A=a+bx*Re”* (2.3)
Where:
a = 0.53 = (¢/D) + 0.094 * (¢/D)°22° (2.49)
b =88 x (¢/D)%** (2.5)
¢ =1.62 x (¢/D)%134 (2.6)

Churchill approach

According to Brki¢ (2011), Churchill's approach (1973) is
demonstrated in equation 2.7.

L = 2log(— +(7)°'9 (27)
Vi “%®\3710 " \Re '
Eck approach

According to Asker, Turgut and Coban (2014), Eck (1973)
performs an approximation expressed in equation 2.8.

L ( £ +15> 2.8
Ja “°8\371D T Re (28)
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Haaland approach

Fox, Mcdonald and Pritchard (2014), Haaland (1984)
contributed to the approximation of Colebrook-White's
implicit equation to “A” (Darcy-Weisbach friction factor)
and can be expressed in equation 2.9.

LYY & R 29

v 08 \37p Re (29)
Tsal approach
According to Pimenta (2017), Tsal's approximation (1989)
is expressed in equation 2.10.

68 £\%%
A=011(—+— (2.10)
0 (Re + D)

Where:
A>0.018r1=A
A <0.018; 2 =0.0028+0.85A
Buzzelli approach

According to Asker, Turgut and Coban (2014), Buzzelli
(2008) developed the relationship present in equation 2.11.

1 A+ 2log(B/Re)
N _[ 1+ (2.18/B)

Where "A" and "B" are expressed in the equations 2.12 and
2.13, respectively below.

_ (0.744In(Re) — 1.41)
(1 +1.32 e/D)

(2.12)

(2.12)

 Re+2514 (2.13)

B =
3.7D

Relative error

To Asker et al (2014), the calculation that will be the basis
for the analysis of the approximations in relation to the
Colebrook-White equation will be that of the relative error.
The relative error can demonstrate how close the result of
the coefficient of the explicit equation will be when
compared to the coefficient of the equation. Such an
equation of relative error can be expressed in equation
2.14.

MCW - Aapp‘roach |

RE = ( )100 (2.14)

ACW
Where:

RE = Relative error (%)

Aew = Friction factor of the Colebrook-White equation
(dimensionless)

happroach = Friction factor of the approach (explicit equation)
in question (dimensionless)
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The following Table 1 illustrates the error percentages and
their respective classifications.

Table 1 —Relative error (%) and their classifications

MeanRelativeError (%0) Classification
<0.55 Perfect

0.56 —1.00 Good
1.10-2.00 Regular
2.10-3.00 Weak

>3.00 Terrible

Source: Pimenta (2017)

1. RESULTS AND DISCUSSION

The present work obtained friction factor data considering
that the turbulent flow, with Reynolds number greater than
four thousand. To obtain the data, sixteen values of relative
roughness were used, which correspond from the smooth
surface to a rougher surface.

After that, there will be a discussion of relative errors
between Colebrook-White and their approximations, to
observe the best explicit equations regarding relative
errors.

Colebrook-White

The Colebrook-White equation will be used as a reference
for comparison with the other explicit equations.For the
friction factor calculations, the following parameters were
used: 4x10° < Re < 10%nd 10 < ¢/D < 5x102 The graph 1
shows the calculated values of the friction factor for
Colebrook - White equation.

Graph 1 —Friction factor with Colebrook-White equation
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Graph 1 shows the values for the friction coefficient in the
vertical part (y-axis) and the values of the Reynolds
number in the horizontal (x-axis). The respective values of
the relative roughness are shown in the lines to which the
legend explains their respective colors and values.

It can be seen from Graph 1 that the greater the Reynolds
number, the lower the value of the coefficient “A” for the
relative roughness intervals. It is also noticed that there is a
tendency for values of "A" very close to the Reynolds
intervals, especially in the periods of 5x10* < Re < 108,
where the results approach the equality as the value of the
relative roughness grows.

This can be explained by the fact that Equation (2.1),
together with the explicit equations, presents a sum of the
relative roughness (¢/D) with the Reynoldsnumber (1/Re),
since the rest will be just a relation of mathematical
operations with constants. This sum, as the relative
roughness increases and goes through the Reynolds
number intervals, it tends to have a common result. For
example, for a relative roughness = 5x107?, in the Reynolds
number range between 5x10* < Re < 108, the sum will tend
to 5x1072, as the term “1 / Re” will tend to zero.

Bandeira (2015) reports that the viscous sublayer presents
a thickness which is capable of covering the rough
elements, it will not have a significant loss, in this
condition it can be said that the flow is in a hydraulically
smooth regime. However, the thickness of the viscous
sublayer is influenced by the Reynolds number, as the
Reynolds number increases, the thickness of the viscous
sublayer decreases and for a given high Reynolds number
some rough elements emerge significantly, at that moment
the friction becomes a function of Reynolds number and
roughness as well. For even higher Reynolds values, all the
rough elements emerge through the viscous sublayer and
the loss of pressure depends on the size of the rough
elements, in this condition the flow is in a rough regime.

According to Schlichting (1979), the friction factor varies
up to a certain Reynolds number, this is due to the ratio
between the protrusions of the surfaces and the height of
the boundary layer, however, after a certain point the
friction factor stops varying , that is, the friction factor no
longer depends on the Reynolds number, this is because
the flow has reached a completely rough regime, being
possible to visualize in the graph 1 the friction factor
remains constantfor each line that represents each relative
roughness.

Moody
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Calculations will be performed at the intervals above for
Equation 2.2. Graph 2 shows the values of A according to
the relative roughness and Reynolds number.

Graph 2 - Friction factor for the Moody equation
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It can be seen from Graph 2 that there is a difference with
Graph 1 in values for “A”, such discrepancies will be
addressed in the error percentage, using Equation 2.14. The
behavior and explanation for it are similar to Graph 1, but
there are differences in values due to the approximation of
the model equations.

Wood

The wood approximation, equation (2.3) was used to
obtain data that are shown in Graph 3.

Graph 3 shows the data in which the Wood equation was
used, with the behavior of the lines slightly different from
the previous graphs, it being possible to observe that for
low values of the Reynolds number the results are more
different than the Colebrook - white data.
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Graph 3 - Friction factor with Wood's equation
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Churchill

According to equation (2.7), Graph 4illustrates the friction
factor values in the Churchill equation for each interval as
shown.

Graph 4 - Friction factor with Churchill's equation
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Graph 4 shows the behavior of the lines and margins of
values remarkably similar for the coefficient when
compared with the Colebrook - White data.
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Eck

The Eck model was also simulated with the same
conditions as the simulation of the other models.

The Graph 5 contemplates the results of the “A” coefficient
for equation (2.8), for the “Re” intervals and the relative
roughness.

Graph 5-Friction factor with Eck equation
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It can be seen from Graph 5 that there is the same
behavioral similarity of the graphs of coefficient values
previously mentioned, and with values of “A” awfully close
to the results of Colebrook-White.

Haaland

For equation 2.9, the following graph 6 is made to
demonstrate the values of the friction factor.Graph 6 shows
the results of “A” for the pre-determined “Re” and “e/D”
intervals.

It can be seen from Graph 6 that there is the same
behavioral similarity and with coefficient values tending to
equality when compared to Graph 1.
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Graph 6—Friction factor with Haaland equation
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Tsal

For the equation Tsal(2.10), was used for show the data in
the graph 7.

Graph 7—Friction factor with Tsal equation
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According to the above data, there is a similarity in
behavior but there is a considerable discrepancy, it is
possible to verify that for low Reynolds numbers the
relative roughness present nearest friction factor values
than the other methods, it becomes clearer when it is held a
comparison with other graphics.
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Buzzelli

Buzelli propose the equation (2.11) for determination
friction factor. The graph 8 shown the coefficient values
for the “Re” and “e/D”.

It can be seen in Graph 8 that it is most similar to Graph 1
in the values of “A”, with low discrepancies will be
addressed in the percentage of error, using Equation 2.14.
And the low discrepancy makes this approximation method
has good results compared to Colebrook - White.

Graph 8—Friction factor withBuzzelli equation
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Relative Error

Considering that all the models presented above are an
approximation of the Colebrook - White equation, the
relative error will occur when comparing the results of
each model with Colebrook-White.

The comparison made in the present work lists the results
of all models for each relative roughness.

Error for relative roughness of 0.000001

The graph 9 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.000001.
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Graph 9—-Comparison of the friction factor models for
relative roughness of 0.000001
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The data shown in graph 9, it is possible to observe that for
the relative roughness of 0.000001, Wood's method
presented a more discrepant result when compared to the
Colebrook-White data.Table 2 shows percentage values of
the relative error between all the models.

Table 2 - Values (in %) of the relative errors for the
relative roughness de 0,000001

Relative Error (values in %)for &/D = 0,000001

Mood Church Haala Buzze
Re y Wood ill Eck nd Tsal i
4x1 | 0,603 28,23 6,443 0,470
0 ) 35 1,7526 8 1,2910 7 0,0395
1x1 | 0,472 23,72 1,513 2,281
04 5 04 0,4078 1 0,0076 1 0,0280
5x1 | 2,205 18,38 3,573 1,114
04 3 12 0,5276 4 0,8608 5 0,0201
1x1 | 3,544 16,77 4,951 0,505
05 9 71 0,6138 4 0,9308 5 0,0187
5x1 | 5,466 13,79 7,064 1,951
05 3 58 0,4256 1 0,7398 3 0,0171
1x1 | 5,414 12,59 7,629 2,969
06 1 54 0,2387 5 0,5739 5 0,0165
5x1 | 2,537 9,579 0,3294 8,195 0,1499 5,196 0,0130
0¢ 2 5 5 0
1x1 | 0,004 8,209 0,6003 8,003 0,002 5,746 0.0114
0 2 4 8 2
5x1 | 8,291 5,852 5,934 5,151
07 6 9 1,1037 7 0,1845 6 0,0028
1x1 | 12,07 5,816 4,436 4,140
0° 02 4 1,1534 3 0,1956 9 0,0004
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When comparing the results contained in table 1 with table
2, it is possible to conclude, that for the relative roughness
condition of 0.000001, the approximation models could be
classified as: Moody (0.0042<RE <12.0702) Good for low
Reynolds numbers and terrible for high Reynolds humbers;
Wood (5.8164 < RE < 28.2335) Terrible; Churchill (0.2387
< RE < 1.7526) between perfect and regular; Eck (1.5131 <
RE < 8.1955) between regular and terrible; Halland
(0.0032 <RE <1.2910) between perfect and regular; Tsal
(0.4707 < RE < 5.7462) between perfect and terrible;
Buzzelli (0.0004 < RE < 0.0395) perfect result.

From the analysis of the graph 9 and the table2, it is
possible to verify that the Wood, Moodyand Eck models
generate results with greater errors in relation to the
Colebrook - White equation, while the Haaland and
Buzzelli models present good approximations.

Error for relative roughness of 0.000005

The graph 10 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.000005.

Graph 10-Comparison of the friction factor models for
relative roughness of 0.000005
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The data shown in graph 10, it is possible to observe that
for the relative roughness of 0.000005,in general method
all have a tendency to next Colebrook-White data.

Table 3 shows percentage values of the relative error
between all the models.
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Table 3 - Values (in %) of the relative errors for the
relative roughness de 0.000005

Relative Error (values in %)for &/D = 0.000005

Mood Church Haala Buzze
Re y | Wood ill Eck nd Tsal Ili
o002 10 w7sse O 12853 0475 0019
1;41 0,174 8,%76 0.4105 1,5;13 0,0024 2%75 0,0298
5;41 2,1178 6,292 05177 3,5;73 0.8884 1,218 0,0212
b 39 6503 osorz M ogras %% 00104
5;51 5,1298 5,229 0375 7,(164 0.8548 1,6231 0,0159
1;1 4'%45 4'237 0,1624 7‘229 0,743 2’291 0,0137
| a0 134 gusgs 819 gagis 3918 g o0sp
0° 2 5 2
1();1 1,255 0,253 06939 8,(;03 0.3712 3,;18 0,0016
5;1 7'3;16 1’3188 0,7813 5’334 0,0763 2’%57 0,000
1;(1 8,i91 2,8184 06258 4,236 0.0313 1,;1324 0,0008

To compare the results contained in table 1 with table 3, it
is possible to conclude, that for the relative roughness
condition of 0.000005, the approximation models could be
classified as: Moody (0.4744 <RE < 8.8914) Perfect for
low Reynolds numbers and terrible for high Reynolds
numbers; Wood (0.4532< RE < 10.0637) between perfect
and terrible; Churchill (0.1624< RE < 1.7539) between
perfect and regular; Eck (1.5131 < RE < 8.1955) between
regular and terrible; Halland (0.0024<RE <1.2853)
between perfect and regular; Tsal (0.4750< RE <3.9182)
between perfect and terrible; Buzzelli (0.0008< RE <
0.0419) perfect result.

From the analysis of the graph 10 and the table 3, it is
possible to verify that the Wood, Moody and Eck models
generate results with greater errors in relation to the
Colebrook - White equation, while the Buzzelli models
present good approximations.

Error for relative roughness of 0.00001

The graph 11 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.00001.

WWwWw.ijaers.com

Graph 11-Comparison of the friction factor models for
relative roughness of 0.00001
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The data shown in graph 11, it is possible to observe that
for the relative roughness of 0.00001,in general method all
have a tendency to next Colebrook-White data.

Table 4 shows percentage values of the relative error

between the models.

Table 4 - Values (in %) of the relative errors for the
relative roughness de 0.00001

Relative Error (values in %)for /D = 0.00001

Re

Moo
dy

Woo
d

Churc
hill

Eck

Haala
nd

Tsal

Buzze
Ili

4x1
03
1x1
04
5x1
04
1x1
05
5x1
05
1x1
06
5x1
06
1x1
07

5x1

0,601
0

0,476
8

2,144
3

3,413
6

4,882
4

4,422
4

0,371
9

2,069
5

6,245

3,66
84

3,18
38

3,73
51

3,83
49

2,64
04

1,48
85

1,27
89

1,64
58

0,61

1,7555

0,4140

0,5055

0,5768

0,3158

0,0782

0,5476

0,7100

0,5767

6,44
40

1,51
52

3,55
50

4,91
12

6,84
81

7,20
56

6,54
18

5,47
04

2,32

1,2790

0,0133

0,9171

1,0165

0,9507

0,8651

0,5901

0,4194

0,0275

0,48
03

2,26
88

1,12
36

0,49
84

1,69
10

2,38
13

2,82
87

2,33
09

0,88

0,043
7

0,031
2

0,021
8

0,019
6

0,014
0

0,010
4

0,001
2

0,000
0

0,001
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0| 4 28 39 61 1
1x1 7,103 2,34 1,36 0,51 0,000
o | Ty 04120 0 00732 Tt

To compare the results contained in table 1 with table 4, it
is possible to conclude, that for the relative roughness
condition of 0.00001, the approximation models could be
classified as: Moody (0.4768 <RE < 7.1034) between
perfect and terrible; Wood (0.6128< RE < 3.8349) between
good and terrible; Churchill (0.0782< RE < 1.7555)
between perfect and regular; Eck (1.3646< RE < 7.2056)
between regular and terrible; Halland (0.0133<RE
<1.2790) between perfect and regular; Tsal (0.4803< RE <
2.8287) between perfect and weak; Buzzelli (0.0000< RE <
0.0437) perfect result.

From the analysis of the graph 11 and the table 4, it is
possible to verify that the Moody and Eck models generate
results with greater errors in relation to the Colebrook -
White equation, while the Buzzelli models present good
approximations.

Error for relative roughness of 0.00005

The graph 12 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.00005.

Graph 12-Comparison of the friction factor models for
relative roughness of 0.00005
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The data shown in graph 12, it is possible to observe that
for the relative roughness of 0.00005,in general method all
have a tendency to next Colebrook-White data.

Table 5 shows percentage values of the relative error
between the models.

www.ijaers.com

Table 5 - Values (in %) of the relative errors for the
relative roughness de 0.00005

Relative Error (values in %)for /D = 0.00005

Moo | Woo | Churc Haala Buzze
Re | dy d hill Eck | nd | Tsal i

4x1 (0,591 531 6,44 0,52 0,051
00 ) 1 1,7682 a1 1,2365 30 3

1x1 0,495 2,35 1,51 2,21 0,036
04 3 1 0,4411 78 0,0829 42 3

5x1 (1,884 0,63 3,53 1,15 0,022
0+ 6 82 0,4116 29 1,0725 99 3

1x1|2,872 053 4,86 0,95 0,017
o |1 gy 04200 07 12216 TS T

5x1 (2,934 2,33 6,59 0,86 0,003
05 5 26 0,0352 40 1,1960 20 9

Ix1 1,733 3,79 6,73 0,82 0,000
o | g 03175 o7 10109 T T

Bx1 | 1,879 4,55 5,20 0,12 0,001
o |1 5y 0595 C1T 03647 "o T

1x1|2,926 3,66 3,88 0,52 0,001
07 4 08 0,4986 57 0,1349 78 7

5x1 | 4,006 0,89 1,29 0,98 0,000
| o3 0089 ST 01217 T T

1x1]4,161 0,14 0,72 1,04 0,000
o | 4 g 01077 T 0a601 ot

To compare the results contained in table 1 with table 5, it
is possible to conclude, that for the relative roughness
condition of 0.00005, the approximation models could be
classified as: Moody (0.4953<RE <4.1614) between
perfect and terrible; Wood (0.1426< RE < 5.3121) between
perfect and terrible; Churchill (0.0352< RE < 1.7682)
between perfect and regular; Eck (0,7230< RE < 6.4441)
between good and terrible; Halland (0.0829<RE <1.2365)
between perfect and regular; Tsal (0.1295< RE < 2.2142)
between perfect and weak; Buzzelli (0.0002< RE < 0.0513)
perfect result.

From the analysis of the graph 12 and the table 5, it is
possible to verify that the Moody, Wood and Eck models
generate results with greater errors in relation to the
Colebrook - White equation, while the Buzzellimodels
present good approximations.
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Error for relative roughness of 0.0001

The graph 13 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.0001.

The data shown in graph 13, it is possible to observe that
for the relative roughness of 0.0001,in general method all
have a tendency to next Colebrook-White data.

Graph 13-Comparison of the friction factor models for
relative roughness of 0.0001.
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Table 6 shows percentage values of the relative error
between the models.

Table 6 - Values (in %) of the relative errors for the
relative roughness de 0.0001

1x1 3,099 3,99 1,09
5x1 (3,614 1,88 0,28

1x1|3,684 121 0,17

1,14 0,001
07 6 42 0,3505 85 0,0011 23 3

1,36 0,000
| e ey 0021 7 01867 7 T

1,39 0,000
o |0 a3 00430 "0 01782 N7 T

Relative Error (values in %)for &/D = 0.0001

Moo | Woo | Churc Haala Buzze
Re | dy d hill | Eck | nd | Tsal | li
4())(31 0,5778 6(,)24 17839 65,)4;4 11921 Oé527 0,256
1;(41 0,317 253;3 0.4744 1;;3 0.1510 2(,3124 0,0339
5;(41 1,284 0(,)236 0.3032 3;,5 11910 1(,329 O,(!)SZO
1;(51 2,179 0;15 0.2609 4;;9 13439 Oégo O,(S))lz
53(51 1,:182 4;14 0.2851 5;;4 11556 Oéés 0,0300
13(61 0,(3167 5é239 0.4993 4i?:14 0.8576 Oé032 O,(A)lOO
53(61 2,5:139 4(,532 0.4833 1%%6 0.1668 Oé951 O,(iOZ
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To compare the results contained in table 1 with table 6, it
is possible to conclude, that for the relative roughness
condition of 0.0001, the approximation models could be
classified as: Moody (0.0674 <RE < 3.6840) between
perfect and terrible; Wood (0.2603< RE < 6.2406) between
perfect and terrible; Churchill (0.0430< RE < 1.7839)
between perfect and regular; Eck (0,1700< RE < 6.4453)
between perfect and terrible; Halland (0.0011<RE
<1.3439) between perfect and regular; Tsal (0.0253< RE <
2.1462) between perfect and weak; Buzzelli (0.0001< RE <
0.0566) perfect result.

From the analysis of the graph 13 and the table 6, it is
possible to verify that the Woodand Ecktmodels generate
results with greater errors in relation to the Colebrook -
White equation, while the Churchill and Buzzelli models
present good approximations.

Error for relative roughness of 0.0002

The graph 14 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.0002.

Graph 14-Comparison of the friction factor models for
relative roughness of 0.0002.
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Table 7 shows percentage values of the relative error
between the models.

Table 7 - Values (in %) of the relative errors for the
relative roughness de 0.0002

Relative Error (values in %)for &/D = 0.0002

Moo | Woo | Churc Haala Buzze
Re | dy d hill Eck | nd | Tsal ]

4x1 10,553 5,52 6,44 0,68 0,063
00 6 07 1,8148 68 1,1169 24 4

1x1 0,558 1,33 1,56 2,01 0,042
o | 5,5 05387 27 02578 C ot T

Bx1 | 1,055 0,12 3,15 1,24 0,015
w1 gy 01127 T 13107 AT T

1x1 1,313 1,57 4,08 0,31 0,006
o |5 Tag 00003 L0 14208 T T

5x1 (0,393 5,42 3,83 0,16 0,000
05 1 81 0,5106 43 0,9325 47 7

1x1 1,509 6,02 2,92 0,54 0,002
06 4 42 0,5801 74 0,5699 42 3

Bx1 | 3,084 5,03 0,99 1,14 0,001
| g g3 03470 700122 Lt L

1x1 | 3,355 4,29 0,56 1,25 0,000
07 6 97 0,2205 06 0,0889 68 7

5x1 3,588 2,91 0,16 1,35 0,000
A A X A £ T

1x1 | 3,618 2,52 0,10 1,36 0,000
0¢ 9 50 0,0014 63 0,1887 68 0

Error for relative roughness of 0.0005

The graph 15 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.0005.

Graph 15-Comparison of the friction factor models for
relative roughness of 0.0005.
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The data shown in graph 15, it is possible to observe that
for the relative roughness of 0.0005,in general method all
have a tendency to next Colebrook-White data.

Table 8 shows percentage values of the relative error
between the models.

Table 8 - Values (in %) of the relative errors for the
relative roughness de 0.0005

Relative Error (values in %)for &/D = 0.0005

To compare the results contained in table 1 with table 7, it
is possible to conclude, that for the relative roughness
condition of 0.0002, the approximation models could be
classified as: Moody (0.3931 <RE < 3.6189) between
perfect and terrible; Wood (0.1287< RE < 6.0242) between
perfect and terrible; Churchill (0.0003< RE < 1.8148)
between perfect and regular; Eck (0,1063< RE < 6.4468)
between perfect and terrible; Halland (0.0122<RE
<1.4205) between perfect and regular; Tsal (0.1647< RE <
2.0107) between perfect and weak; Buzzelli (0.0000< RE <
0.0634) perfect result.

From the analysis of the graph 14 and the table 7, it is
possible to verify that the Woodand Eck models generate
results with greater errors in relation to the Colebrook -
White equation, while the Churchill and Buzzelli models
present good approximations.

www.ijaers.com

Mood | Woo | Church Haalan Buzzel

Re y d ill Eck d Tsal li
4x1 | 0,475 2,726 6,456 0,997

0 4 5 1,9038 1 0,9450 7 0,0738
1x1 | 0,659 0,611 1,745 1,608

04 1 4 0,7158 ’ 0,4651 ) 0,0428
5x1 | 0,110 1,025 1,965 1,236

04 0 7 0,3036 9 1,3819 3 0,0060
1x1 | 0,503 3,073 2,161 0,297

05 3 5 0,4591 3 1,2810 5 0,0003
5x1 | 2,429 5,881 1,103 0,082

05 ) 5 0,6182 5 0,4824 ) 0,0032
1x1 | 3,052 5,900 0,5045 0,671 0,1084 0,160 0,0029
0° 1 5 0 8
5x1 | 3,703 4,948 0,1862 0,200 0,1086 0,417 0,0006
0° 8 2 9 8
1x1 | 3,797 4,535 0,0057 0,132 0.1536 0,455 0,0003
0 7 1 1 2
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5;(71 3,?-75 3,?392 0,0123 0,075 0,1908 0,486

1;(81 3,284 3,;31 0,0323 0,067 0,1955 0,490

0,0000

0,0000

To compare the results contained in table 1 with table 8, it
is possible to conclude, that for the relative roughness
condition of 0.0005, the approximation models could be
classified as: Moody (0.1100 <RE < 3.8849) between
perfect and terrible; Wood (0.6114< RE < 5.9005) between
good and terrible; Churchill (0.0123< RE < 1.9038)
between perfect and regular; Eck (0,0678< RE < 6.4561)
between perfect and terrible; Halland (0.1086<RE
<1.3819) between perfect and regular; Tsal (0.0822< RE <
1.6082) between perfect and regular; Buzzelli (0.0000< RE
< 0.0738) perfect result.

From the analysis of the graph 15 and the table 8, it is
possible to verify that the Wood models generate results
with greater errors in relation to the Colebrook - White
equation, while the Churchill, Haaland and Buzzelli
models present good approximations.

Error for relative roughness of 0.001

The graph 16 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.001.

The data shown in graph 16, it is possible to observe that
for the relative roughness of 0.001,in general method all
have a tendency to next Colebrook-White data.

Graph 16-Comparison of the friction factor models for
relative roughness of 0.001.
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Table 9 shows percentage values of the relative error
between the models.

Table 9 - Values (in %) of the relative errors for the
relative roughness de 0.001

Relative Error (values in %)for &/D = 0.001

Mood | Woo | Church Haalan Buzzel
Re y d ill Eck d Tsal li

4x1 [ 0336 0,002 6,462 1513
w | g g 20406 U7 07474 T

1x1 | 0,761 1,831 1,929 0,952
0 3 ) 0,9652 1 0,6390 1

5x1 | 1,202 1,790 1,130 0,933
04 9 1 0,6925 1 1,2126 1

1x1 | 1,872 3,698 1,152 0,430
05 6 9 0,7555 5 0,9395 5

5x1 | 3,339 5,366 0,489 0,201
05 4 1 0,5453 8 0,1889 5

1x1 | 3,663 5,243 0,299 0,290
06 4 8 0,3761 4 0,0113 9

5x1 | 3,961 4,615 0,116 0,361
06 9 5 0,0964 4 0,1548 5

Ix1 | 4,002 4,397 0,001 0,370
o | o g ool T 01774

5x1 | 4,034 4,088 0,070 0,377
0 6 6 0,0367 8 0,1957 1

1x1 | 4,038 4,017 0,068 0,378
0% 7 5 0,0490 3 0,1980 0

0,0797

0,0369

0,0005

0,0010

0,0032

0,0019

0,0003

0,0001

0,0000

0,0000

To compare the results contained in table 1 with table 9, it
is possible to conclude, that for the relative roughness
condition of 0.001, the approximation models could be
classified as: Moody (0.3368<RE <4.0387) between
perfect and terrible; Wood (0.0029< RE < 5.3661) between
perfect and terrible; Churchill (0.0331< RE < 2.0406)
between perfect and regular; Eck (0,0683< RE < 6.4625)
between perfect and terrible; Halland (0.0113<RE
<1.2126) between perfect and regular; Tsal (0.2015< RE <
1.5134) between perfect and regular; Buzzelli (0.0000< RE
<0.0797) perfect result.

From the analysis of the graph 16 and the table 9, it is
possible to verify that the Wood and Moody models
generate results with greater errors in relation to the
Colebrook - White equation, while the Buzzelli models
present good approximations.

Error for relative roughness of 0.002

The graph 17 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.002.
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Graph 17-Comparison of the friction factor models for
relative roughness of 0.002.
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Table 10 shows percentage values of the relative error
between the models.

Table 10 - Values (in %) of the relative errors for the
relative roughness de 0.002

Relative Error (values in %)for &/D = 0.002

Mood | Woo | Church Haalan Buzzel
Re y d ill Eck d Tsal li

4x1 | 0,033 2,473 6,461 2,509
0 8 7 2,2766 0 0,5105 7

1x1 | 0,784 2,432 2,192 0,304
0 1 5 1,3352 0 0,7339 1

5x1 | 1,985 2,156 0,327 0,082
0 9 1 0,9970 6 0,8390 9

1x1 | 2,611 3,544 0,390 0,313
05 0 0 0,8721 ) 0,5182 9 0,0034

5x1 | 3,486 4,386 0,187 0,592
05 1 3 0,4097 6 0,0037 4 0,0020

1x1 | 3,635 4,286 0,134 0,633
05 4 3 0,2460 1 0,0976 6 0,0009

5x1 | 3,763 3,967 0,084 0,667
05 5 8 0,0320 9 0,1790 4 0,0001

1x1 | 3,780 3,871 0,078 0,671
07 1 5 0,0102 4 0,1896 7 0,0000

5x1 | 3,793 3,744 0,073 0,675
07 5 5 0,0544 1 0,1982 9 0,0000

1x1 | 3,795 3,717 0,072 0,675
0* 5 4 0,0619 4 0,1992 6 0,0000

0,0774

0,0235

0,0008

WWwWw.ijaers.com

To compare the results contained in table 1 with table 10, it
is possible to conclude, that for the relative roughness
condition of 0.002, the approximation models could be
classified as: Moody (0.0338 <RE < 3.7952) between
perfect and terrible; Wood (2.1561< RE < 4.3863) between
weak and terrible; Churchill (0.0102 < RE < 2.2766)
between perfect and weak; Eck (0,0724< RE < 6.4610)
between perfect and terrible; Halland (0.0037<RE <
0.8390) between perfect and good; Tsal (0.0829< RE <
2.5097) between perfect and weak; Buzzelli (0.0000< RE <
0.0774) perfect result.

From the analysis of the graph 17 and the table 10 it is
possible to verify that the Wood and Moody models
generate results with greater errors in relation to the
Colebrook - White equation, while the Haaland and
Buzzellimodels present good approximations.

Error for relative roughness of 0.005

The graph 18 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.005.

Graph 18-Comparison of the friction factor models for
relative roughness of 0.005.

[N IR UL LR

L

100 2

[WRNNT R 111 A NN 1| B AW R 111 WA

10° 10° 10° 1’ 10°

R, = udv
- Colebrook - White Haaland - Tsal
- Buzzelli - Wood - Moody
- Churchill - Eck

The data shown in graph 18, it is possible to observe that
for the relative roughness of 0.005, Moody’s, Wood's and
Tsal’s method presented a more discrepant result when
compared to the Colebrook-White data.

Table 11 shows percentage values of the relative error
between the models.
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Table 11 - Values (in %) of the relative errors for the
relative roughness de 0.005

Relative Error (values in %)for &/D = 0.005

Moo | Woo | Churc Haala Buzze
Re | dy d hill Eck | nd | Tsal ]

4x1 11,008 4,38 6,37 524 0,051
00 9 97 2,7640 93 0,2773 95 7

1x1 0,091 2,31 2,53 3,65 0,004
0+ 5 36 1,8829 1 0,5484 47 5

5x1 (1,410 1,73 0,31 3,45 0,003
0 1 47 1,0699 42 0,2846 20 5

1x1|1,745 2,46 0,09 3,54 0,003
05 4 04 0,7508 25 0,0879 01 4

5x1 |2,081 2,85 0,05 3,64 0,000
05 4 19 0,2295 19 0,1335 56 7

1x1|2,128 2,83 0,06 3,66 0,000
06 3 42 0,1091 79 0,1663 14 3

5x1 | 2,167 2,75 0,07 3,67 0,000
06 7 98 0,0253 88 0,1934 45 0

Ix1| 2,172 2,73 0,08 3,67 0,000
07 6 78 0,0491 02 0,1968 61 0

5x1 2,176 2,71 0,08 3,67 0,000
07 5 02 0,0729 14 0,1996 75 0

Ix1 | 2,177 2,70 0,08 3,67 0,000
0* 0 47 0,0767 15 0,2000 76 0

To compare the results contained in table 1 with table 11, it
is possible to conclude, that for the relative roughness
condition of 0.005, the approximation models could be
classified as: Moody (0.0912 <RE < 2.1770) between
perfect and weak; Wood (1.7347< RE < 4.3897) between
regular and terrible; Churchill (0.0253< RE < 2.7640)
between perfect and weak; Eck (0.0519< RE < 6.3793)
between perfect and terrible; Halland (0.0879<RE <
0.5484) perfect result; Tsal (3.4520< RE < 5.2495) terrible
result; Buzzelli (0.0000< RE < 0.0517) perfect result.

From the analysis of the graph 18 and the table 11, it is
possible to verify that the Tsal and Wood models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzellimodels
present good approximations.

Error for relative roughness of 0.01

The graph 19 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.01.

www.ijaers.com

Graph 19-Comparison of the friction factor models for
relative roughness of 0.01.
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The data shown in graph 19, it is possible to observe that
for the relative roughness of 0.01, Wood's and Tsal’s
method presented a more discrepant result when compared
to the Colebrook-White data.

Table 12 shows percentage values of the relative error
between the models.

Table 12 - Values (in %) of the relative errors for the
relative roughness de 0.01

Relative Error (values in %)for &/D = 0.01

Mood | Woo | Church Haalan Buzzel
Re y d ill Eck d Tsal li

4x1 | 2,924 4,448 6,128 9,153
0 9 8 3,1583 0 0,3127 3

Ix1 | 1,873 1,790 2,578 8,172
0 0 0 2,1068 1 0,1894 0

5x1 | 0,970 1,222 0,449 8,110
0 9 3 0,9096 1 0,0047 8

1x1 | 0,810 1,671 0,178 8,159
05 5 9 0,5639 0 0,0908 4

Bx1 | 0,669 1,967 0,037 8,212
| 5 s 01213 TS0 01763 7,

1x1 | 0,650 1,985 0,064 8,220
06 7 7 0,0346 4 0,1882 0

5x1 | 0,635 1,985 0,085 8,226
06 7 2 0,0560 9 0,1979 3

1x1 | 0,633 1,982 0,088 8,227
o | g g oomiz LT 01001 O

0,0223

0,0000

0,0032

0,0020

0,0003

0,0001

0,0000

0,0000

5x1 | 0,632 1,977 00859 (090 02001 g227 0,0000
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07 3 8 7 7
1x1 | 0,632 1,976 0,091 8,227
0* 1 9 0,0883 0 0,2002 8 0,0000

To compare the results contained in table 1 with table 12, it
is possible to conclude, that for the relative roughness
condition of 0.01, the approximation models could be
classified as: Moody (0.6321 <RE < 2.9242) between good
and weak; Wood (1.2223< RE < 4.4488) between regular
and terrible; Churchill (0.0346< RE < 3.1583) between
perfect and terrible; Eck (0.0376< RE < 6.1280) between
perfect and terrible; Halland (0.0047<RE < 0.3127) perfect
result; Tsal (8.1108< RE < 9.1533) terrible result; Buzzelli
(0.0000< RE < 0.0223) perfect result.

From the analysis of the graph 19 and the table 12, it is
possible to verify that the Tsal models generate results with
greater errors in relation to the Colebrook - White
equation, while the Haaland and Buzzelli models present
good approximations.

Error for relative roughness of 0.015

The graph 20 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.015.

Graph 20-Comparison of the friction factor models for
relative roughness of 0.015.

6 TTTH] T T T TTTH] UL

100 A .~ T T e e - - — == =

E O T Y T O 11 O 111 I I WA 111

1 2

10° 10° 10° 107 10

R.= udn
= Colebrook - White - Haaland - Tsal
Buzzelli - Wood - Moody
- Churchill - Eck

The data shown in graph 20, it is possible to observe that
for the relative roughness of 0.015, Moody’s and Tsal’s
method presented a more discrepant result when compared
to the Colebrook-White data.

Table 13 shows percentage values of the relative error
between the models.

www.ijaers.com

Table 13 - Values (in %) of the relative errors for the
relative roughness de 0.015

Relative Error (values in %)for /D =0.015

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal i

4x1 | 4,848 3,904 5,843 12,44
0 5 8 3,3067 8 0,4302 81

1x1 | 3,967 1,281 2,470 11,80
| e 2008 YT 00811 T

Bx1 | 3,336 1,165 0,438 11,80
|1 g o7 TUT 01108 T

Ix1 | 3,239 1,521 0,171 11,84
pall L 04521 T 01504 o

5x1 | 3,158 1,784 0,043 11,87
05 4 6 0,0703 9 0,1895 75

1x1 | 3,148 1,811 0,070 11,88
Py 0 1 0,0001 9 0,1948 24

Bx1 | 3,139 1827 0,092 11,88
| e o oom1 T ol0e T

1x1 | 3,138 1,828 0,095 11,88
0 5 3 0,0828 5 0,1997 69

5x1 | 3,137 1,828 0,097 11,88
0 7 6 0,0940 4 0,2002 73

1x1 | 3,137 1,828 0,097 11,88
0 5 5 0,0957 7 0,2002 74

0,0093

0,0006

0,0024

0,0013

0,0002

0,0001

0,0000

0,0000

0,0000

0,0000

To compare the results contained in table 1 with table 13, it
is possible to conclude, that for the relative roughness
condition of 0.015, the approximation models could be
classified as: Moody (3.1375<RE <4.8485) terrible result;
Wood (1.1658< RE < 3.9048) between regular and terrible;
Churchill (0.0001< RE < 3.3067) between perfect and
terrible; Eck (0.0439< RE < 5.8438) between perfect and
terrible; Halland (0.0311<RE < 0.4302) perfect result; Tsal
(11.8060< RE < 12.4481) terrible result; Buzzelli (0.0000<
RE < 0.0093) perfect result.

From the analysis of the graph 20 and the table 13 it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.02

The graph 21 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.02.

The data shown in graph 21, it is possible to observe that
for the relative roughness of 0.02, Moody’s, Wood's and
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Tsal’s method presented a more discrepant result when
compared to the Colebrook-White data.

Graph 21-Comparison of the friction factor models for
relative roughness of 0.02.
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Table 14 shows percentage values of the relative error
between the models.

Table 14 - Values (in %) of the relative errors for the
relative roughness de 0.02

Relative Error (values in %o)for &/D =0.02

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal ]

4x1 | 6,698 3,252 5,570 15,29
0 5 4 3,3443 1 0,5380 98

1x1 | 5971 0,763 2,339 14,86
0+ 1 5 2,0254 8 0,1671 o1

5x1 | 5,506 1,340 0,407 14,88
04 0 7 0,6806 7 0,1621 92

1x1 | 5440 1,646 0,153 14,91
05 5 3 0,3776 7 0,1787 58

5x1 | 5,386 1,887 0,051 14,94
05 4 7 0,0388 7 0,1955 19

1x1 | 5379 1,915 0,077 14,94
06 6 9 0,0213 5 0,1979 54

5x1 | 5,374 1,936 0,098 14,94
06 1 8 0,0812 9 0,1998 83

1x1 | 5373 1,939 0,100 14,94
0’ 4 1 0,0909 7 0,2001 87

5x1 | 5,372 1,940 0,102 14,94
0’ 8 8 0,1001 8 0,2003 90

1x1 | 5372 1,941 0,103 14,94
0% 8 0 0,1016 1 0,2003 90

0,0038

0,0013

0,0018

0,0009

0,0001

0,0000

0,0000

0,0000

0,0000

0,0000

WWwWw.ijaers.com

To compare the results contained in table 1 with table 14, it
is possible to conclude, that for the relative roughness
condition of 0.02, the approximation models could be
classified as: Moody (5.3728 <RE < 6.6985) terrible result;
Wood (0.7635< RE < 3.2524) between good and terrible;
Churchill (0.0213< RE < 3.3443) between perfect and
terrible; Eck (0.0517< RE < 5.5701) between perfect and
terrible; Halland (0.1621<RE < 0.5380) perfect result;
Tsal(14.8601 < RE < 15.2998) terrible result; Buzzelli
(0.0000 < RE < 0.0038) perfect result.

From the analysis of the graph 21 and the table 14 it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.03

The graph 22 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.03.

Graph 22—-Comparison of the friction factor models for
relative roughness of 0.03.
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Table 15 shows percentage values of the relative error
between the models.

Table 15 - Values (in %) of the relative errors for the
relative roughness de 0.03

Relative Error (values in %)for /D =0.03

Moo | Woo | Churc Haala Buzz
Re | dy d hill Eck | nd Tsal | elli

4x1 | 10,10 1,93 5,09 0,692 20,06 0,000

03 94 09 32856 13 1 98 4

1x1 | 9,602 028 18592 210 0315 19,84 0,001

Page | 112


https://dx.doi.org/10.22161/ijaers.77.12
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orqg/10.22161/ijaers.77.12

[Vol-7, Issue-7, Jul- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

0* 0 88 05 8 40 9

5x119,317 199 0,34 0,210 19,88 0,001
0’ 9 12 0.5476 75 4 97 2

1x119,281 2,24 0,11 0,204 19,90 0,000
0° 2 06 0.2820 89 4 77 5

5x119,251 2,44 0,06 0,201 19,92 0,000
0° 5 88 0,0002 57 0 46 1

Ix1| 9,247 2,47 0,08 0,200 19,92 0,000
0°¢ 8 57 0.0482 88 6 68 0

5x1 19,244 2,49 0,10 0,200 19,92 0,000
0¢ 8 75 0.0951 74 4 87 0

1x1 9,244 2,50 0,10 0,200 19,92 0,000
07 4 03 0.1026 97 3 89 0

5x119,244 2,50 0,11 0,200 19,92 0,000
0’ 1 26 0.1096 16 3 91 0

1x1 9,244 2,50 0,11 0,200 19,92 0,000
0* 1 29 0.1107 18 3 91 0

To compare the results contained in table 1 with table 15, it
is possible to conclude, that for the relative roughness
condition of 0.03, the approximation models could be
classified as: Moody (9.2441 <RE < 10.1094) terrible
result; Wood (0.2888< RE < 2.5029) between perfect and
weak; Churchill (0.0002< RE < 3.2856) between perfect
and terrible; Eck (0.0657< RE < 5.0913) between perfect
and terrible; Halland (0.2003<RE < 0.6921) between
perfect and good; Tsal (19.8440< RE < 20.0698) terrible
result; Buzzelli (0.0000< RE < 0.0019) perfect result.

From the analysis of the graph 22 and the table 15, it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.04

The graph 23 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.04.

www.ijaers.com

Graph 23-Comparison of the friction factor models for
relative roughness of 0.04.

S ) 1 1 R MR U

4

100 J. e e T

L il

PR I T O 1 W 1 A W W11

10' 10° 10° 10’ 10°
R, = udv
- Colebrook - White - Haaland - Tsal
- Buzzelli - Wood - Moody
- Chrchill - Eck

Table 16 shows percentage values of the relative error
between the models.

Table 16 - Values (in %) of the relative errors for the
relative roughness de 0.04

Relative Error (values in %)for &/D =0.04

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal Ili

4x1 | 13,15 0,689 4,701 23,98
0 65 9 3,1681 9 0,7851 18

1x1 | 12,78 1,316 1,908 23,85
04 61 8 1,7097 3 0,389%4 74

5x1 | 12,59 2,782 0,298 23,90
0* 36 4 0,4597 8 0,2315 39

1x1 | 12,56 2,997 0,090 23,91
05 98 8 0,2213 7 0,2155 74

5x1 | 12,55 3,181 0,077 23,92
05 08 3 0,0248 0 0,2033 96

1x1 | 12,54 3,205 0,098 23,93
06 84 6 0,0656 1 0,2018 12

5x1 | 12,54 3,225 0,114 23,93
06 65 9 0,1051 9 0,2006 25

1x1 | 12,54 3,228 0,117 23,93
07 62 5 0,1113 0 0,2004 97

5x1 | 12,54 3,230 0,118 23,93
07 61 7 0,1172 7 0,2003 28

1x1 | 12,54 3,231 0,118 23,93
0% 60 0 0,1180 9 0,2003 28

0,0000

0,0020

0,0008

0,0004

0,0000

0,0000

0,0000
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To compare the results contained in table 1 with table 16, it
is possible to conclude, that for the relative roughness
condition of 0.04, the approximation models could be
classified as: Moody (12.5460 <RE < 13.1564) terrible
result; Wood (0.6899< RE < 3.2310) between good and
terrible; Churchill (0.0248< RE < 3.1681) between perfect
and terrible; Eck (0.0770< RE < 4.7019) between perfect
and terrible; Halland(0.2003<RE < 0.7851) between

perfect and good; Tsal (23.8574< RE < 23.9818) terrible
result; Buzzelli (0.0000< RE < 0.0020) perfect result.

From the analysis of the graph 22 and the table 16 it is
possible to verify that the Moody and Tsal models generate
results with greater errors in relation to the Colebrook -
White equation, while the Haaland and Buzzelli models
present good approximations.

Error for relative roughness of 0.05

The graph 24 shows the result of all models, including
Colebrook - White, for the relative roughness of 0.05.

The data shown in graph 24, it is possible to observe that
for the relative roughness of 0.05, Moody’s, Wood's and
Tsal’s method presented a more discrepant result when
compared to the Colebrook-White data.

Graph 24-Comparison of the friction factor models for
relative roughness of 0.05.
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Table 17 shows percentage values of the relative error
between the models.

www.ijaers.com

Table 17 - Values (in %) of the relative errors for the
relative roughness de 0.05

Relative Error (values in %)for &/D = 0.05

Mood | Woo | Church Haala Buzze
Re y d ill Eck nd Tsal i

4x1 | 15,89 0,447 4,383 27,30
0 87 4 3,0408 9 0,8418 66

Ix1 | 1561 2,287 1,754 27,23
b | e 5 Lseas T 04200 S

5x1 | 15,47 3,590 0,260 27,27
0+ 80 9 0,3960 1 0,2425 9%

Ix1 | 1546 3,782 0,068 27,29
| 1o o oamel T o211 S

5x1 | 15,44 3,946 0,086 27,29
05 79 3 0,0425 5 0,2044 97

Ix1 | 1544 3,968 0,105 27,30
v | oo 3 00786 T 02024

BX1 | 1544 3,986 0,121 27,30
| a9 7 01132 T 02007 T

1x1 | 15,44 3,989 0,123 27,30
07 47 1 0,1186 4 0,2005 20

5x1 | 15,44 3,991 0,124 27,30
07 46 1 0,1236 9 0,2003 21

IxI | 1544 3991 0,125 27,30
o | a5 3 01244 7 02003 7

0,0002

0,0019

0,0006

0,0003

0,0000

0,0000

0,0000

0,0000

0,0000

0,0000

To compare the results contained in table 1 with table 17, it
is possible to conclude, that for the relative roughness
condition of 0.05, the approximation models could be
classified as: Moody (15.4446 <RE < 15.8987) terrible
result; Wood (0.4474< RE < 3.9913) between perfect and
terrible; Churchill (0.0425< RE < 3.0408) between perfect
and terrible; Eck (0.0680< RE < 4.3832) between perfect
and terrible; Halland (0.2003<RE < 0.8418) between

perfect and good; Tsal (27.2361< RE < 27.3066) terrible
result; Buzzelli (0.0000< RE < 0.0019) perfect result.

From the analysis of the graph and the table it is possible to
verify that the Moody and Tsal models generate results
with greater errors in relation to the Colebrook - White
equation, while the Haaland and Buzzelli models present
good approximations.

V. CONCLUSIONS

It can be seen how the Moody and Tsal method performs
high errors as the relative roughness is increased. The
Wood method oscillates between good and bad percentages
of error, with greater emphasis on the bad results. Churchill
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and Haaland methods show excellent results for all relative
roughness intervals. The Buzzelli method is the model that
performed best.

There are several other correlations, statistics, and values
for relative roughness (absolute roughness and pipe
diameter) and Reynolds number (turbulent fluid) that can
be determined.

As future work it is possible to estimate such
approximations, statistical calculations and Reynolds
values, absolute roughness, and diameters, for a more
statistically concrete analysis and / or a more specific
analysis depending on the values adopted for relative
roughness and Reynolds.
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Abstract-One of the biggest concerns of the industries is to align the production flow with the demand,
therefore, the main focus is to adjust all the processes so that they operate at the maximum installed speed,
without generating bottlenecks. to ensure the reduction of waste, especially those related to the
consumption of electricity. In this sense, this work aims to identify the production bottlenecks of the manual
insertion process of the components - BMI of a factory in the Industrial Pole of Manaus, to apply the theory
of restrictions - TOC and the Overall Equipment Efficiency index - OEE of the equipment. Based on the
results obtained, it was possible to identify the bottlenecks and restrictions of the system and to propose
suggestions for improvements in the process, in addition to improving the overall equipment efficiency
index of the welding machine through fine adjustments in its setup, as well as software and hardware
acquisitions. Installing sensors on the assembly line for monitoring and improving process and

maintenance.

Keywords-Bottlenecks, Overall Equipment Efficiency Index, Theory of Constraints.

I. INTRODUCTION

From the first Industrial Revolution onwards,
subsequent revolutions resulted in significant changes in
manufacturing processes from water and steam powered
machines to automated, electrical and digital production.
As a result, advances in manufacturing process technology
have become increasingly complex, automatic, and
sustainable by operating machines in a simple, ceaseless,
and efficient way [1] and [2].

According to Rashid and collaborators [3], changes in
organizations are evident in all operational aspects. They
need to improve their processes and their business model to
meet demands and remain in the highly competitive
market.

However, any industry, company or service provider is
subject to restrictions that affect and limit the production
process, known as bottlenecks, strangulation, or restrictions
[4].

According to Chase and colleagues,[4] the bottleneck,
constraint or strangulation are designations given to
components that limit the performance or capacity of a
productive system. In addition, in a production process, the

www.ijaers.com

bottleneck is the activity with the lowest production
capacity, preventing the company from fully meeting the
planned demand [5]. The bottleneck is characterized as the
slowest resource, in short, it is the one with the longest
delay.

The restrictions are related to the operations of the
equipment, which can generate some unforeseen events
and become bottlenecks. For example, if an equipment has
a market demand of 150 hours, but the availability is 200
hours, it is considered a non-bottleneck resource. However,
if the equipment has difficulty maintaining this total
availability, it is considered a restriction [6].

The problems caused by excess or lack of productive
capacity exist in all companies, however, they can be
minimized by scaling the investment in machinery and
equipment in parallel with the management of bottlenecks
or restrictions in the productive sectors [7] and [8].

The work aims to investigate the bottlenecks or
restrictions of a production line of electronic products and
to apply OEE with the TOC in the Manual Component
Insertion (IMC) process to reduce waste. For example, in
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the case where one of the resources of operations is
considered slow, causing material and financial losses.

Therefore, to observe the bottlenecks of a slab
production line and suggest new ways to minimize it, using
the Theory of Constraints (TOC) aligned with the
calculation of the Overall Equipment Efficiency Index
(OEE), more specifically in the operations of the welding
machine, with the aim of improving and guide the sectors
involved in improving the manufacturing process.

I1. BACKGROUND

2.1 Production Systems

According to Moreira and collaborators [9], the
production system is a set of activities and interrelated
operations involved in the production of goods (case of
industries) or services. Some fundamental constituent
elements are distinguished in the production system. They
are the inputs, the creation or conversion process, the
products and or services and the control subsystem. In this
way, it can be said that a system is any activity or set of
activities that receives an input (Inputs), usually raw
materials, adds value to it and provides as a result the
creation of products or services that are the outputs, to a
particular customer [10].

In this sense, productive systems are taking on an
important role in modern society [11]. Thus, the market
demands continuous improvements in products in terms of
quality, delivery costs, which can only be achieved in a
flexible environment, capable of changing quickly,
adapting to the process without losing its reliability [12]
and [13].

Thus, the provision of efficient alternatives for the use
of resources in their activities and support for the
productive system's capacity for flexibility seems to be
relevant for production management [14]. Intelligent
production systems, as well as adapted engineering
methods and tools are an important factor in successfully
programming distributed and interconnected production
facilities in future Intelligent Factories [14] and [15].

Smart factories combined with emerging technologies
such as: Internet of Things, Intelligence and Computer
Vision etc. They lead the organization to evolve in the
maturity levels of Industry 4.0.

Thus, the exchange of data and information between
devices in real time is the fundamental element of smart
factories, as these data represent production status,
electricity consumption behavior, material handling,
customer orders, feedback, supplier data, etc. [15].
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2.2 DMAIC Method

The DMAIC method, whose acronyms are: Defing,
Measure, Analyze, Improve and Control, came up with the
task of reducing variations in manufacturing processes and
aims to improve the process through the correct selection
of projects and with steps directed to solving problems in a
cyclical and continuous way [16], [17] and [18].

According to Escobar [19], the use of the DMAIC
methodology is able to promote the reduction of defect and
failure rates in products or services and processes, as well
as in increasing productivity, reducing costs, among others.
The five stages and their main characteristics are detailed
below according to [20].

Defining is the first stage of DMAIC, which consists of
identifying the critical processes responsible for generating
bad results and defining the project's goal. Through the
history of the problem and the presentation of possible
restrictions and assumptions, as well as the work team is
formed and the preliminary project schedule is defined.

The Measure is the second step of the method, because
with the problem refined or focused, the team decides
between collecting new data or using the existing ones in
the company. In this step, data collection is essential to
validate and quantify the problem or opportunity, aiming at
defining priorities and making decisions about the criteria
that are necessary [21].

Analyzing is the third step, in which the identification
of the variables that affect the process is carried out, and it
is necessary to find the causes of the problem by delving
into the details, identifying its critical activities [21].

Improving is the fourth stage of DMAIC Initially, clear
and objective proposals are created to solve and eliminate
the causes found in the Analyze stage, of the identified
problems. According to [22] the guarantee of improvement
in the process is associated with a solution that is able to
eliminate and prevent the occurrence of problems. Thus,
ideas and solutions are analyzed, prioritizing potentials,
assessing and minimizing their risks.

Controlling is the last step of the method, in this step
the implementation of the improvement is confirmed, the
problem is solved, the validation of the benefits achieved,
the necessary changes to the procedures and work
instructions, the implementation of the control tool, ending
with the audit of the process and performance monitoring
[23].

In summary, according to the author [24] DMAIC, if
well used can increase the efficient and the profitability of
companies making them more competitive.

2.3 Theory of Constraints

The Theory of Constraints (TOC) was developed by Eli

Goldratt, to manage bottlenecks or restrictions in the
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productive sectors [7]. In general, the TOC consists of a
production scheduling system created from the analysis
and restructuring of the restrictions found in the line [25].

According to Cox and collaborators [26], TOC is a
theory rich in terms of actions, which can be developed in
the current principles and methods that support the
production sectors, being applicable in the identification of
bottlenecks, as well as in any sector of the company.

For the Bertaglia,[27] the main idea of TOC is based on
the fact that every tangible system has at least one
restriction. Restrictions are factors that prevent resources
from reaching the goal, they are responsible for
determining the maximum levels of system outputs.

In short, restrictions can be any element or factor that
prevents a system from achieving its performance with
respect to its demand [25]. According to Caulliraux and
colleagues, [28] TOC starts from the premise that in every
system there is a bottleneck. However, to identify the
bottleneck, an articulated view of the entire process is
necessary. Thus, this vision is built from a network that
represents resources, products, times, etc. [29].

Accordingly, Cox and collaborators, [26] the five steps
to identify bottlenecks are:

1st Step: Identify the bottleneck or restrictions of the
system, that is, the resource with the lowest capacity
defines the maximum capacity of the system;

2nd Step: Decide how to exploit the system constraint,
that is, maximize the performance of the system, in order
to make the most of it;

3rd Step: Subordinate the entire system to what was
decided in the 2nd step;

4th Step: Raise the system constraint;

5th Step: Return to the 1st step if the restriction is
removed in any previous step and does not allow inertia to
act again in the process.

The authors [30] show that many restrictions happen in
operations involving machines that consume a lot of time
for preparation. In this case, it is necessary to use quick
changes and work with larger batches. Therefore, an hour
lost in a bottleneck results in a loss in the entire production
system, that is, a waste of time.

2.4 Bottlenecks

Bottlenecks, restrictions or bottlenecks are designations
given to components that limit the performance or capacity
of an entire production system [4].

According to De Paula Pessoa and collaborators [5] the
bottleneck is any block in the production system that
limits, determines its performance and its ability to obtain
revenues for the company, that is, the bottleneck is the
stage with the lowest productive capacity preventing the
company in fully meet planned demand.
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The author [31] points out that the bottleneck is the
slowest activity in a production chain, although it can, in
most cases, be a machine or part of the information flow,
such as order processing.

For the authors [32], bottlenecks are defined as the
operation performed on a given equipment that has less
capacity for net production of goods, such as parts, circuit
boards, services etc., restricting the production of the entire
line.

Consequently, once the bottlenecks or restrictions in the
production line have been defined, it is necessary to
investigate and treat them, using tools that measure the
OEE of the equipment.

2.5 Global Equipment Efficiency Index

The OEE, from Total Productive Maintenance (MPT)
was created so that companies could measure the levels of
efficiency of their equipment, being seen as a tool in the
implementation of MTP. However, it was only in the late
1980s that OEE came to be recognized as a powerful tool
in measuring the performance of equipment in the
production system [33].

According to Pacheco and collaborators [34], the OEE
is an operational indicator with application at several levels
within a manufacturing system. In this way, OEE can be
calculated on several production lines, to verify the actual
levels of use of the industry's assets [35] and [36].

For the author [37] the calculation of OEE should be
applied primarily to resource bottlenecks that restrict
industry gains. Thus, the constant monitoring of resource
efficiencies will provide relevant information for the
elaboration of action plans that aim to reduce the
insufficiencies of the productive systems [38]. This index
indicates the efficiency of the equipment during its cycle of
operations [39]. The calculation is done using Equation 1:

_ E?:lt.pi X q;
]—'—gfo.{:a} - T
1)

Where:

Hgiobal = Global operating income index;

tpi = cycle time of a product i;

gi = quantity produced of the product;

T = total time available for production

The OEE takes into account factors such as equipment
production, availability and cycle time of the operation
[39]. However, [38] points out that OEE should not be
calculated in the same way for all jobs, as the available
time T, to be considered in the equation, depends on
whether or not time is a restrictive resource in the
production flow.

Thus, the calculation of OEE is considered in the
following cases: If the job is a critical resource bottleneck:
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In this case, the denominator OEE is called TEEP- Total
Effective Equipment Productivity. Thus, the time T
considered in the Equation is the total time, either 24 hours
/ day or 1,440 minutes / day in the case of critical
bottlenecks [40]. This is explained by the fact that, since
the workstation is a bottleneck, all the time available must
be used in production. Thus, this index indicates the time
that can be gained to produce and corresponds to the real
productivity of the productive system, from the bottleneck.

If the workstation is a critical resource, no bottleneck:
In this case, the indicator is called OEE- Overall
Equipment Efficiency. The time T considered in the
equation is the time available, obtained by the difference
between the total time and the time of the programmed
stops. As it is not a bottleneck job, it is possible to schedule
stops such as lunch breaks, workplace gymnastics, snacks
etc., since the non-stop of this equipment would generate
intermediate stocks before the bottleneck. Thus, this index
indicates the equipment's effectiveness during the
programmed operating time [38] and [34].

In summary, OEE, when applied to the bottleneck
resource, can increase the system's gain [41]. In view of
this, it can be concluded that the management of
bottlenecks or restrictions suggested by TOC, in line with
the OEE indicator can contribute to the effective increase
in productivity, as well as to the profit of the system [34].

I1l. RELATED WORKS

The related works presented in this section were
cataloged from the bibliographic review database in order
to present the concepts and applicability of TOC and OEE.

The authors' work [42] aimed to apply TOC to a
manufacturing line, through a case study in a war products
industry, together with continuous improvement to reduce
losses in the production process of a part, which restricted
the production of one of the items produced in the
company.

As a result, the authors applied TOC to the production
line as follows: based on the production times of the
company's system and the takt time (production rate), with
the relationship between jobs, processing times and the
production rate. production of each post.

Data collection was performed using the Enterprise
Management System (EMS), which was used in the
company, in which it was possible to simulate capacity in a
graph, using the takt time to locate the system's bottleneck
operations in relation to demand. The calculated times
were divided into takt time to reach the monthly demand
for 1600 products and the other for the goal imposed by the
2000 product team.
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Fig. 1: Company productive capacity

Analyzing the graph of productive capacity, it is
observed that three jobs met the demand proposed by the
client, among the others, they were: the 414 station with
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9.93 minutes; the post 460/466 with 6.79 minutes and the
post 720 with 7.02 minutes, since they met above the takt
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time. Fig.1 shows the company's productive capacity,

before the TOC application methodology.
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Fig. 2: Company productivity index

With the application of TOC methodology, productivity
was higher, as shown in Fig.2, obtaining an increase of
80% with improvement, operational leverage of 37
products / day, the time of crossing parts dropped from
77.75 to 67.02 minutes , disregarding the movement time
and Working in Process (WIP) won around 12%, in just
three posts.

In the authors' work [39], a case study was presented in
the production process of a manufacturer of capacitors
resistant to high vibrations in the automotive industry. The
objective was to find the path of efficiency, measuring the
production cycles to identify flawed points, and then to
propose actions aimed at the growth of OEE.

The authors balanced the flow, reduced losses and
continued improvement. Data collection was carried out by
monitoring the manufacturing sector for special elephant
and soldering star capacitors.

The application of the method allowed to identify the
bottleneck operation and other limiting points of the
process, contributing to the leverage of efficiency in the
company. As a result, the authors obtained eight types of
tasks that represented losses, being classified into five
distinct types: transportation, processing, defective
product, stock and waiting.

The authors obtained as a result the excesses of rework
and inspection of 84.5% while the operations that
transform the capacitor were 15.5%. While the versatility
of the welding process was the main cause of the failures,
since 37.5% of its activities that do not add value are due to
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the inefficiency of this equipment. According to the graph
in Fig.3, the loss from defective products is the sector that
most occurs in the system.

By waiting

By
proces amq

By
defective
product

37,5%

Fig. 3: System loss analysis

In addition, focusing on the optimization of the
Capacity Restriction Resource (RRC) and the bottleneck,
they obtained an increase of approximately 20%, as the
current production increased from 3,500 to 4,189 pieces
per shift.

In the work of Wolniak and collaborators [43], a study
was presented with practical application of TOC to
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improve the production process, in a company that
produces electrical equipment to serve the mining industry.
The equipment produced by the studied company is
electrical equipment with dustproof enclosures, services
related to the production of electricity and air conditioning
systems for underground mining facilities.

The sector of the company in which the study was
applied was the painting department, identified as a
bottleneck with great financial and material loss, as well as
customer complaints about product quality.

The focus of the work was divided into two aspects of
the implementation of TOC. First, a new way of organizing
work inside the painting shop was developed, according to
table 1 presented below.

Table.1: Change in the working hours of the painting

sector
Before After
implementation implementation Duratio
n
2nd Shift 22: 00- | 2" shift 18: 00-02: 00
06: 00 8 hours
Break between shifts
Lack of a break 02: 00-06: 00,
between shifts possibility of 4 hours
overtime when
problems occur,
drying the device
after completion of
work by the painter
1stshift 06: 00-
14: 00 1st shift 06: 00-14: 00 | 8 hours
Lack of drying Drying the devices
after completion | after completion of 4 hours
of work by the work by the painter
painter 14: 00-18: 00

By employing changes in the paint shop in the second
shift and by inserting an additional four (4) hour interval
between shifts, as well as additional drying after the second
shift, the company achieved an increase in efficiency of
around 19% for a work shift.

By adding the possibility of overtime in the production
process in the painting sector, the study made it possible to
optimize the sector, enabling him to work 24 hours a day in
shifts.

The second change applied was in terms of the quality
of the painting of the products, but specifically in the
validation of the double painting, in which the product was
painted disassembled and subsequently assembled.

The application of TOC in the production process
analyzed by the authors allowed to eliminate bottlenecks
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and reduced the painting process of the pieces from eight
to seven stages and the duration time from 1,145 to 1,051
minutes.

The related works presented in this work were
compared according to the use of the TOC, DEMAIC and
OEE tools regarding the approach used to improve the
evaluated processes.

It is possible to observe that the use of TOC, DMAIC
and OEE appear separately applied in the presented works
and that only in [39] is the joint use of the two
methodologies, TOC and OEE, in a case study of an
automotive industry, which resulted in the reduction of
losses and continuous improvement of the process, which
is a good indicator for applying the methodologies together
as proposed in this work.

The difference of the proposal of this work in relation
to the other related works is in relation to the suggestion of
improvements in the processes involving the DMAIC,
OEE and TOC together to identify the bottlenecks and
propose improvements in the process.

IV. METHODOLOGY

According to the author [44], scientific research is a
reflexive and critical procedure in the search for answers to
problems not yet solved. Thus, this research is
characterized as action research, which aims to understand
and intervene in the situation, with a view to changing it.

Action research is defined by a type of research with an
empirical basis, which is carried out and conceived in close
association with an action or with the resolution of a
collective or individual problem, in which researchers and
participants are cooperatively involved [45] . Thus, while
performing a diagnosis and analyzing the problem, action
research proposes changes that lead to the improvement of
the analyzed processes [46].

The methodology for the development of this research
consists of four phases. In the first phase, the search for
articles that make up the bibliographic review was
performed, which served as the basis for the development
of this work.

In phase two, after the bibliographic review, the
production operations related to the IMC process were
analyzed, the production cycles were observed, considering
the beginning and end of the cycle according to the
guidelines on the operation sheets.

In the third phase, the analysis of the BMI process was
carried out, in order to monitor the operations to identify
possible bottlenecks or restrictions. Subsequently, data
collection was carried out through observations of the
process, interviews and survey of cycle times for each
operation. In this stage, tools such as OEE were used to
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assist in the continuous improvement of processes and
equipment, the DMAIC method in identifying times, and
the application of TOC principles.
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Bibliography your search
‘:."'F!' - | Bibliographic |
= L,_l|'._-,_.| ™ Review
- e while do not finish the
l checking the line
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the production improvement
process =3 inthe process
Identification
and treatment
of Bottlenecks
or Restrictions

Fig. 4: Flow of the adopted methodology

The fourth phase consists of proposing improvements
in the process based on the OEE calculation. Fig. 4 shows
the flow of the steps of the methodology proposed in the
work.

V. ANALYSIS OF THE RESEARCH RESULT

The company's manufacturing process uses Surface
Mounting Technology (SMT). The SMT process begins
with the Automatic Insertion of Components (IAC) on the
Printed Circuit Board (PCI) to which the Surface Mounting
Devices (SMD) components on the PCI are applied, by
means of automatic insertion machines, known as pick-
and- place. The next step is to make the plate go through
the solder remelting oven, to fix the components on the
PCI.

Subsequently, the plate goes to the Manual Component
Insertion (IMC) process, where the components are
inserted in which the machines cannot run in the 1AC
process. The process is finished with Final Assembly and
Testing (MTF) of the plates, where they are performed
tests to guarantee the functionality of the produced board,
proceeding to the final packaging and transportation.

The IMC process studied it's composed by a production
line.the batch consists of 36 boards per box and when
completing a pallet (four boxes) they are sent to the MTF.
Fig.5 shows the flow of the manual insertion process of the
components.
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Fig. 5: Flow of the manual insertion process of the
components

The IMC process starts from the output of electronic
boards from the IAC process. This process is directed to
the manual insertion of the components in the PCI, each
board has positions defined according to the project, where
the electronic components must be allocated.

The first six posts are responsible for inserting the Pin
Through Hole (PTH) which means “terminal inserted into
the hole” in the PCI. Although, with all the resources
available in the 1AC process, there are still other PTH
components, which depend on manual assembly, as they
do not fall within the component categories radial,
jumpers, axial and SMD. After the components are
mounted on the board, the last post is responsible for doing
the overhaul test and packing.

After reviewing the last workstation, the board is
directed to the welding machine, using a belt. The welding
machine is responsible for fixing the components to the
PCI. Thus, before entering the machine the board receives
a spray, which is responsible for promoting the cleaning of
the surface and the terminals, to avoid oxidation of the
same and to ensure the quality of the PCI before passing
through the welding tank.

Subsequently, the PCI goes on to preheat, in which the
solder flow is activated to occur the deoxidation and
cleaning of the board, after which it is directed to the
passage in the melted solder tank.

Wave soldering is used in this process of fixing the
electronic components on the board. In the process there is
also manual welding, in which it is directed to necessary
rework in the post-assembly of the board or for
maintenance during the manufacturing process. Fig.6
shows the welding machine used in the IMC process line
and the object of study in this work.
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After the board leaves the machine, an operator is
responsible for uncoupling it from the pallet and passing it
through the scanner to count the number of boards.

-
Fig. 6: Welding machine

The next stages are related to the tests board inspection,
the first is the manual and visual test, performed by three
operators who analyze the boards, in this test a magnifying
glass, good lighting and manual welding is used for
possible reworks or flaws found on the board.

The second test is the functional test, used to eliminate
defects in assembly and design because it checks the
dynamic behavior of the circuit. This test is used at the end
of the line to identify whether the circuit board mounted
printed passed or failed. At the last station, an operator is
responsible for applying the silicone glue to the board, to
fix the components and then read them on the scanner the
signs up until finalization of the batch. Fig.7 shows an
example of a printed circuit board with welded
components.

Fig. 7: Printed circuit board with soldered components.
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This study was supported by the Production
Engineering sector and the Factory Maintenance sector in
the follow-up during visits.

Based on the on-site assessment and observations of the
production line of electronics and informatics it was
possible to define the data collection methods together with
TOC, to identify bottlenecks and line limitations and
subsequently propose improvements.

The DMAIC and OEE tools were also used to calculate
the efficiency and quality of production, regardless of the
results obtained in the responsible sectors, the company
allowed the measurements to be performed with production
in full operation and data collection in real time.

Monitoring in the company it was for four months and
visits were divided once a week, in order to learn about the
IMC manufacturing processes. The work was guided by
the DMAIC tool, which is part of the Six Sigma
methodology that directed bottleneck identification
activities, to be later applied to TOC.

Observing Table 2, it is noted that the steps defined in
the line verification were thought from the definition that is
the first step of the DMAIC method, with the applications
of TOC and the measurement with records and process
mapping, and the analysis by timing each station on the
production line to check the causes of bottlenecks and
propose the necessary changes, aimed at improving and
controlling waste.

For better targeting, the data for analysis were collected
from the timing of the assembly times of the electronic
components on ten boards.

Table.2: DMAIC methodology steps

Phases Appetizer Activities Outputs
-TOC -ldentify the | -Definition
application bottleneck of the

To -Specify problem
define | -Proposal for | bottlenecks
improvement | -Measure - Project
variables scope
- Collect .
- Records of | data ;)thr):tair\:wth
the BMI perating
times for
process - Integrate
each
Measur data .
6 - Mapping workstation
the IMC - Making ~Time charts
of each
process tables and .
workstation
graphs
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. -Raise Table 3 presents the raw data collected from the
-Table with . . . . .
th atin possible production line for a given board model with the total
. € operating causes thirteen jobs. The data were timed and transformed into the
times of each - Root cause . - .
orkstation the unit of seconds to facilitate OEE calculations.
W I -Investigate . Workstations were given letters of the alphabet from A
Analyze generation of - . o . .
. the root to N, to maintain the confidentiality and integrity of
-Time chart bottlenecks . L
cause employees who had their production times accounted for.
for each or o . . .
Kstati icti To maximize collection, all stations were monitored and
workstation -OEE restrictions timed ten times, where P1 corresponds to the mounting
calculation board (board 1) to P10 (board 10), thus, the times were
- To propose divided by the amount of collections made, and with that it
Root improvement was possible to obtain the average time for each station.
-f 00t cauise S The evaluation of the data was on the first line from the
Improv 0 non-automated workstations, considering the time of
bottlenecks - Process . .
e - Propose . insertion of components on the board of each assembler
. improvement . . . X
OEE corrective and the position of the welding machine where the time of
i actions entry of the plate into the machine until its exit was
evaluated , ending with the collection of testing time and
- the application of silicone and packaging.
-Meetings Effectivenes Thus, as the object of study of the work is the welding
) and s of the machine, the timed time was from the entry of the plate in
Control | Improvement accompanim | process the automatic welding until its exit from the machine,
of the process ents through OEE totaling ten welded boards.
and TOC
Table.3: Data collected from the production line.
Line 01
Model plate Time in seconds (s)
Workstations | P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Average
A 14 13 15 26 21 15 21 13 26 20 18.4
B 14 17 15 18 19 17 18 15 19 15 16.7
C 18 15 17 18 19 17 15 18 18 19 174
D 18 22 18 15 19 18 22 18 15 18 18.3
E 11 11 13 11 9 11 12 11 13 14 11.6
F 8 14 14 16 14 14 16 14 14 16 14
Soldering | 35 | 137 | 138 | 137 | 136 | 137 | 137 | 138 | 137 | 136 | 1369
Machine
H 11 10 7 9 7 11 11 10 7 9 9.2
I 34 19 30 47 21 34 30 19 47 21 30.2
J 11 19 16 20 17 19 16 17 20 19 174
L 86 79 89 86 84 86 86 84 89 91 86
M 77 81 89 81 77 81 89 97 88 89 84.9
N 11 10 18 14 14 18 14 14 18 14 14.5
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During measurements, although the entire welding
process is automatic, variations in operating time between
136 and 138 seconds were observed. It was also observed
that this station is the one that demands the most time in
the process, since in addition to welding, the plates
undergo a flow of cleaning, preheating and ends with the
cooling process until they arrive at the uncoupling station.

The graph shown in Fig. 9 shows the variations in the
cycle times of the process, noting that it is not constant.
This happens, because the operator of the previous station
sometimes holds the process flow by pausing the
conveyor, causing variation.

Time (s) Caldirs: b
Soldering Machine

Qty of Boards (Unit)

Fig. 9: Graphic of the welding machine

In addition to evaluating the operating time for each
part produced at the welding machine station, it was
necessary to calculate the OEE, which is obtained by
multiplying the calculation of the performance, quality
and availability of the equipment. Thus, it was identified
that the welding machine has an overall efficiency rate of
73.43%.

Availability was obtained through Equation 2, where
TC is the equipment load time given in hours and TPNP
is the time of unscheduled stops. Applying the values
obtained from the equipment specifications and data
collections, TC = 3 hours and TPNP = 0.16 hours, the
result is 0.95, which is equivalent to the availability of the
equipment.

_ TC-TPNP

D = 2

The Performance is calculated using Equation 3,
where QPP is the quantity of parts produced multiplied by
TT, theoretical time and divided by TO, equipment
operating time given in hours. Applying the values
obtained from the equipment specifications and data
collections, QPP = 26 pieces, TO =8 hoursand TT =24
hours, the result of 78.0 is obtained, which is equivalent
to the performance of the equipment.
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QPPxTT
P= ®3)

Quality was obtained using Equation 4 where PT is
the total production subtracted losses and scrap PR
divided by total PT production. Applying the values
obtained from the equipment specifications and data
collections, PT = 210 pieces, PR = 3 pieces, a result of
0.99 is obtained, which is equivalent to Production

Quality using the equipment.
0= PT—PR

o (4)

The total OEE index of the equipment is obtained by
multiplying the results of availability, performance and
quality. Thus, Equation 5 is used to perform this
calculation resulting in 73.35% of the equipment's overall
performance.

OEE =  AvailabilityxPerformancexQuality
(®)

The evaluated data of the welding machine station
show variations in timing, although in the machine setup
the configuration allows to increase or decrease the
production speed, however during operation this should
not be done, as the operator of the station can pause the
belt production to slow down.

The welding machine's OEE was 73.35% and
according to the World Class OEE this index should
fluctuate between 80% and 85%, because the higher the
OEE index, the more efficient the machine is, however
this can become a bottleneck, as it dictates the output of
the pieces [48].

For the application of the TOC, a study flowchart was
developed involving the identification of restrictions, the
definition and ways of exploring them, subjecting the
choices to management, leveraging the restriction and
eliminating the identified restriction. Therefore, this
happens in a cycle during the evaluation of the process.
Fig. 10, adapted of the authors [42] demonstrates the flow
used in this work.

2nd To define ‘

3® Submit to
management

5th Eliminate |

the constraint

4th Leverage
the constraint

Fig. 10: TOC flow used at work
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For application analysis, the production line stations
were grouped and divided into three parts, as follows: the
first process with the manual assembly of the
components, the second with the welding machine and
the third with the tests and application silicone and
packaging. Based on the data collected and the
evaluations, the automatic welding process was identified
as a constraint, based on the OEE.

The automatic welding process was determined and
obtained an average time of 136.9 seconds. In step two
the constraint was explored and it was calculated that the
machine uses 73.4% of its productive capacity, as
follows:

- Improvement in the machine setup regarding the belt
speed;

- The adjustment of the pallet that supports the plates
during the welding process, to reduce unscheduled stops
in the event of losses during welding;

- Welding machine monitoring software that allows
messages to be sent to maintenance to predict failures,

(predictive maintenance with Industry 4.0 and 1loT). In
addition to informing the consumption of electricity for
the best management of this resource, minimizing waste;

- Decoupling the pallet plates using a robotic machine
without the need for an operator (Industry 4.0 and 110T).

In step three of the flowchart, the suggestions were
submitted to the company, and are being implemented. In
step four, a forecast was made based on the data collected
on how the process can be improved, based on the
decrease in the production time of the parts, with the
solutions proposed in step two, improving the equipment
efficiency index by approximately 12% and , therefore
production.

The graph in Fig.11 shows the projection of the
improvement of the times of the welding machine in
relation to the average of the times collected with the
operator and only with the welding machine with
automated decoupling.

Welding Machine with
operator

§EcE.NiNzs =oEoanoh
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 B

Welding Machine
without operator

.5

9 10

Fig. 11: Projection of improved welding machine times

In step five, based on the projection of the
improvements mentioned above, the restriction of the
welding machine is removed. Thus, the application of TOC
and OEE in the BMI process of the investigated factory
allowed the visualization of bottlenecks and restrictions in
the production line of electronics and informatics.

Through TOC it was possible to identify and treat
bottlenecks as well as suggest changes in the process with
the application of training in the production line,
interventions in the setup of welding machines and
suggestions for the acquisition of software and sensors to
adapt the line to the new concepts of the Industry 4.0 and
loT.

In this way, the application of the concepts enables
production managers to check the process continuously,
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allowing it to be improved with each batch. In addition, it
allows the team to be able to optimize production and
configure the line more quicklyavoiding waste.

Thus, continuous improvement in the production
process is a major factor for the quality of products and,
consequently, the company obtains greater profitability.

VI. CONCLUSION
The present work presented the application of the
global performance index of the equipment together with
the theory of restrictions in the process manual insertion of
components of a factory in the Manaus Industrial Pole.
Besides that, data were collected from a production line of
electronics and informatics in order to identify bottlenecks
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or restrictions and treat them using the TOC to then
propose improvements in the process.

The results obtained were the improvement of the
global efficiency index of the welding machine through
fine adjustments in its setup, as well as the indication of the
acquisition of monitoring software for maintenance.

As a recommendation for future work, it is intended to
expand the study for the application of Industry 4.0 and
IloT in the studied line, and consequently expand to the
other lines of insertion of the BMI process.
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Abstract— From a management point of view, considering increasingly lean and controlled budgets, and a
restricted schedule there is a need to find cheaper and more viable alternatives for the present scenario
related to commercial electronics parts. On the other hand, the increasing offer of COTS (Commercial Off
The Shelf) and the higher quality manufacture are a good opportunity to use COTS components in electronic
projects for small satellites in short and medium-term missions, through a coherent study that combines the
restrictions and advantages mentioned above, a method that indicates the best COTS for the systems

engineer and/or project can be of great usefulness.

Keywords— COTS Quality; Failure rate, Small satellites; Short-term mission, Taking decision.

I.  INTRODUCTION

The current trend in the use of Commercial-Off-The-
Shelf (COTS) components, due to its of cost management,
development time, availability for purchase and higher
quality and reliability achieved by its large scale utilization
in automotive electronics, and mobile phone, generates a
new approach allowing its use in short-term space projects.

On the other hand, COTS components does not follow
the rigor established in the military standards in terms of
tests, selection, documentation, and required quality levels,
which makes it difficult to track the component since its
manufacture and testing.

The main restrictions on the use of these components in
the space area are due to the hostile environment to which
they will be subject during their useful life since launch until
orbit.

In the space environment, some of the main factors that
degrade the components are:

. Vibration (acceleration) at launch;
. Thermal (during the life cycle of the satellite);

. lonizing radiation (total accumulated dose - TID
and single-effect events - SEE's) from the trapped particle in
the radiation belt around the Earth and solar activity.

WWww.ijaers.com

Considering these factors, the right choice of EEE
components to be used in the design of satellite subsystems
/ equipment is a very important phase.

The choice of the best COTS components becomes a
KEY OPERATION to guarantee the required reliability

In this study, we considered the design of an equipment
/ subsystem. The COTS component to be used in the
equipment performs a specific function according to the
electrical functional requirement of the proposed circuitin a
given electronic module as a solution to the desired
functionality.
Il. OBJECTIVE

This paper proposal aims to present a methodology for
the selection of EEE COTS components in small satellites
and short duration missions.

I1l. DEFINITION
Important definitions of COTS according to NASA [1]:

3.1 COTS: A component designed for applications in
which only the manufacturer of the item or supplier
establishes and controls the specifications for performance,
configuration and reliability (including design, materials,
processes and testing), without additional requirements
imposed by external users and / or organizations. For
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example, any type of assembly or component through a
catalog without any additional testing at the component
level. Delivery of the component by the manufacturer as it
is.

3.2 COMPONENT SELECTION: Consists of a series
of tests and inspections to remove non-conforming
components and/or early failure also known as infant
mortality (components with defects that are likely to result
in initial failures) and thus increase the reliability of the
components selected for use.

3.3 COMPONENT BURN IN TEST: Test applied to
the electrically polarized component (current or voltage) at
an elevated temperature for a specified number of hours. It
is a process of accelerated aging and it aims to make the
component operate at a maximum nominal value of
operating conditions, to reveal intrinsic failure in time and
early defects during manufacturing (infant mortality:
manufacturing defects).

3.4 COMPONENT CHARACTERIZATION: The
process of testing a sample of components in a controlled
environment (temperature and acceleration levels) is done
using applications and / or setups to measure the electrical
parameters of the component. Component characterization
results are often used as a basis for establishing batch
qualification tests.

3.5 COMPONENT SCREENING: A series of
intended component-level tests and inspections to remove
nonconformities and child mortality (defective components)
and increase the reliability of the component selected for
use.

IV. CONTEXTUALIZATION

There are three main reasons for using COTS
components in space projects:

. Best performance;
. The absence of list of qualified parts for space;
. It has 1/10 of the cost of QPL equivalent for space

The first two items are the main reasons for use in space
projects, the lowest cost being the main driver for satellite
launchers and constellations (http://wpo-
altertechonology.com/accede) [2].

Given the possibility of using some options available in
the market, but different manufacturers and unknown
quality levels in terms of reliability, we propose to discuss
the following approaches:

4.1 Develop a method of choice based on the
probability of failure instead of the reliability approach;
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4.2 Use the FIDES guide [3] to calculate component
failure rate based on physical failure mechanisms
(Overstress:  thermal, mechanical, relative humidity,
subassembly of plates and weld points) and manufacturers'
quality factors (manufacturing processes and quality)
considering the life stages of the component;

4.3 Introduce a cost based choice of COTS in specific
cases, for example the intended COTS of the project does
not have sufficient data to prove or demonstrate the required
reliability through accelerated environment tests for MTTF
inferences and burn-in for the general cases ( up screening).

V. METHODOLOGY

The selection of the appropriate COTS component is not
a trivial task and was considered a decision-making process
with several criteria. In our case, only two criteria: reliability
and cost.

After allocating the reliability of the proposed electronic
subsystems / modules, taking into account the minimum
reliability established for the subsystem in question (our
case study: power module - DC/ DC converter), an analysis
will be made using the FIDES method to find out the failure
rate and a theoretical cost analysis related to the minimum
tests necessary for screening in specific cases.

VI. FORMULATION

It has been formulated the selection model considering
the following challenges associated with the problem:

5.1 Complexity: Integration level for IC and Hybrid
integrated circuits (analog and digital circuits and logic gate
No.);

5.2 Costs: Additional Electrical / Environmental
Functional Tests - Burn-in and HALT/MTOL [4];

5.3 Evaluate quality level: (AHP or FIDES Guide [5]:
manufacturer quality factors, features, and functionality
preferences);

5.4 Operational profile: Mission time, Operating
temperature, duty cycle and radiation exposure (tests and
solutions knows to mitigation);

Note: Bold item involve additional costs and will be
treated with a comparative cost analysis to MIL STD 883 or
ECSS-Q-ST-60-13C class 3 [5]

VIl. CHOICE PROCEDURE

7.1 FMECA shall be done to indicate the critical parts
that can lead to catastrophic failure of the
system/subsystem;
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7.2 Calculate the importance of reliability of each
component (Birnbaum measure) based on the
failure rate (A) of an equivalent component MIL 883
(HDBK 217) [6].

7.3 Mapping of less critical components after the
considerations earlier done;

7.4 Using the FIDES Guide to determine the failure rate
by treating the physical failure mechanism besides
the Karmiol / Bracha Method (adapted) with focus
on the complexity the most important effect from
the effects factors listed below, once that it will be
treated of analogous way to component level:

7.4.1  Operating time / duty cycle
7.4.2  Operating Profile (Temperature Range)
7.4.3  Component complexity;

7.5 Optimization method [7] based on two criteria:
Reliability and Cost (testing), aiming at up-
screening having reference to MIL 883 or ECSS-Q-
ST-60-13 C class 3;

7.6 Decision making of proposed COTS components
based on data obtained from manufacturers' audit by
questions formulated in FIDES Method and expert
opinion (using the AHP or WSM method).

Note: The FIDES Guide deals with manufacturer quality
factors (IT. PM and II Process) together with the AHP
method can be treated with the designers' preference
functionalities of the component.

VIll.  APPROACHES TO METHOD

In order to begin the discussion around the problem of
choosing the appropriate COTS to meet the electrical and
environmental functional requirements required in the
project, we must stick to the sequence of steps necessary to
achieve our goal starting with the allocation of reliability for
each unit or subsystem of the mini-satellite so that the
mission achieves its goal.

A reliability allocation study must be done previously on
subsystem/equipment/ module level before the choosing of
the COTS component can start.

Schematic diagrams of the problem and solution are
shown in Figures 1, 2 and 3 as follow:

Propose Solution:

CubeSat Reliability Diagram Block — (Rs(f) — in serie)

Power OBC TT.C Antenna First level — Subsystem/Uni
— R ] RZ ] R3 ] > Y ty
Fowier Snd level - Modules
PCB1 Module
Hn Electronic
Electronic modules
coTS1 coTS2 COTS3 coTsA coTSn

o I >

JHF Thd level - Parts
I—‘

Fig 1: COTS to be used
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Once the number or figure of reliability of the subsystem
under study is obtained it will be treated on the suggested
procedure.

The reliability allocation method is called the AGREE
method which is based on the complexity of the unit or
subsystem rather than the failure rate. The importance or
essentiality of the unit quantitatively defines the relationship
between the unit and the target system failure rate and is
explicitly considered in the AGREE allocation formula.

The allocation formula is used to determine the
minimum acceptable average time of each unit to satisfy the
minimum acceptable system reliability. The premise is that
the unit within the system has an independent failure rate
and operates in series with respect to its effects on mission
success.

Unit complexity is defined in terms of the number of
modules and associated circuits where a module can be a
valve, a transistor or a magnetic amplifier. The unit
importance factor is defined as the probability of system /
unit failure if a particular unit fails. If the factor of the
importance of a unit is 1 the unit must operate satisfactorily
for the system to operate satisfactorily otherwise if the factor
of 0 then the failure of the considered unit does not interfere
with satisfactory system operation.

The specific basis of allocation is to require each module
to make an equal contribution to the success of the mission
and the equivalent requirement would be for each module to
have the same expected average life or failure rate.

The mathematical model for the method considering the
approximation:

e =1—-x @
Where:

x is small and less than 1

The allocated failure rate of this unit is shown in
AGREE.

nj[-logeR"(T)]

A= NEjt; @)
Where:
nj = number of modules (module = electronic

component) of subsystem / unit, jth;
N = total number of components in the system;

E; = Importance factor of jth unit,
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and

tj = number of hours the jth unit will be required to
operate in T system hours (mission time) (0 <tj
(duty cycle) <T)

The allocated reliability for the jth unit (subsystem) for
tj (duty cycle) unit operating hours, R (tj), is given by

1-[R(D)]Y/N
Ej

R(tj))=1- 3

IX. BIRNBAUM MEASURE

The importance of a component should depend on two
factors [8]:

e The location of the component in the PCA / Unit;
here we are concerned with a good thermal design
in order to reduce thermal stress, understanding
that temperature is one of the main factors for
component reliability;

e The reliability of the component in question.

Birnbaum (1969) proposed the following measure of
reliability importance of a component

Birnbaum's measure of the importance of a component i

attime tis:
. dh(p(t

1%ty = 220 (@)

Birbaum's measurement is then obtained from the partial
differentiation of system reliability with respect to pi (t).
This approach is well known as a classical sensitivity
analysis. If IB(i/t) is large, a small change in component
reliability will result in a large variation in system reliability
over time. Let's consider each independent component for
analysis, this means that there is no independence between
components (obviously this approach does not reflect the
actual behavior of systems, this is the interdependence
between modules or series components) but already points
to a degree of importance. reasonable in its determination.

By noting the fault tree, Birnbaum's measurement [9]
can be rewritten:

%) = 558 (5)
Where:
qi (t) = 1-pi (1)

Q0(t) =1 —ps(t) = 1= h(p(®))
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Birnbaum's measure is named after the Hungarian-
American professor Zygmund William Birnbaum (1903-
2000)

Thus, the next step in this methodology would be the
search for options for DC/DC converters in the component
market that would meet the functional electrical and
environmental requirements of the project. For this, we need
to find out a failure rate related to DC/DC Converter
prescribed and to check if that value is appropriate in our
case it means if the value has not compromised the
reliability allocated for the unit. Otherwise, it continues to
choose another part that meets this requirement.

X. FAILURE SURVEY OF COTS [FIDES GUIDES]
Reliability Prediction Using the FIDES 2009 Guide.

The FIDES evaluation model proposes a reliability
prediction with constant failure rates. Therefore, the
probability of failure is independent of the number of hours
of a component in operation. This means that only random
failures during the life of a component are considered and
early failures (infant mortality) and wear failures are not
included.

This methodology for reliability evaluation in electronic
components has two components:

- Component reliability prediction guide,
- Reliability process control and audit guide.

Although component prediction models allow
component failure rates to be calculated based on
component characteristics and application-related data (eg,
applied thermal and electrical stress), the reliability process
control and audit guide assess component manufacturing
quality and the effects of all processes throughout the life
cycle from the design specification phase to maintenance
and support activities. The FIDES Guide aims to enable a
realistic assessment of the reliability of electronic
equipment, including systems operating in harsh
environments (defense systems, aeronautics, industrial
electronics, transportation, etc.). The general model of
FIDES is expressed by the equation:

A= /1Physical * lppy * Hprocess (6)

In this case, our components for study: a DC / DC
converter (hybrid), A / D Converter (IC) and a
semiconductor we apply to formulas to find the failure rate,
as follows:
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Hybrid

— V'Ph
Zi ases

tannual
/1Physical - (

5760 )T * [(AOTH—TCy *
Cru * Opy + Yrey * Hrey) + doy—gu * ("m ™ Iy +Vgy *
HRH)] * (Hlnduced)) T (7)

Integrated Circuit and Semiconductor

8760 )T * [(Qory * Hry +

— Zf’hases (tannual

/1Physical

AOTCyCase * nTCyCase + AOTCySolderjoints *

nTCySolderjoints + AORH * HRH + AOMech * HMech)] *
(nlnduced) T (8)

Nota: All factors (sensitivity, location, technological,
physical stress) and basic failure rate associated with the
assembly will be requested in the algorithm of choice. The
Hppy * Hprocess parameters are quality factors of the
manufacturer and of the component and are calculated based
on evaluations and audits at the manufacturer when possible,
if not, we use default values suggested by FIDES.

Xl. COMPLEXITY FACTOR

We will make an analogy with the Karmiol / Bracha [9]
(the method used to determine effects factor weights to
obtain unreliability and subsequently allocate reliability to
subsystem/unit) with the complexity of a component
understanding that the problem handling can be analogous.
We introduce this factor to increase the stiffness in the
reliability calculation since we cannot increase reliability in
the usual ways as a redundancy.

Karmiol/Bracha(adapted) considers four effect factors,
namely:

a) Sublevel Complexity;

b) Operating time;

c) Operational profile;

d) Criticality and State of art

Understanding that items b, c, d are somehow already
covered in the physical failure rate model through the failure
mechanisms addressed by the FIDES method, we focus our
efforts on complexity.

C=1- e—I(b+0.6kp (9)
Where:

Kb and Kp should be estimated at the beginning of the
development stage.

Kbi =10 nbi/nbc
nbi = Number of components at sub level i;

nbc = Number of components in the most complex sub
level
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*Kp = Number of redundant components

*The Kp factor will not be used because the component
functionality internal is not being redundant. We understand
that the complexity of the component is associated with the
levels of integration of the various functions performed by
the component, for instance, hybrids and microcircuits.

So the complexity factor is:

C=(1- e )

Therefore, for a semiconductor type, we have for

.
- {w JW

Bipolar, Transistor and Mosfet

Fig 4: Semiconductor Schematic Symbols
Kb=10
C = (1- 0.00004539993)
C= 0.9999540007

In other words, the complexity of the component in this case
is low and therefore coherent with the semiconductor diode
component. On the other hand, components that are more
complex tend to zero.

Low Complexity=1
High Complexity= 0

For an integrated circuit, we have:

AD Converter

GND
Vier Bl
> Sign|
ENB
Fig5:  (MAX1112)[10]
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Functional Diagram

E .
SCL ;
: T ——
INPUIT T
[N = SHIFT CLOCK
REGISTER CONTROL

[T
' OUTPUT ——=DOuT
REGISTER +—{—=55TRB
TH
CLICR
N ¢ g7
- SAR ADC
. ou :
COM w1 REF i
T — 0GND
REFOLT ——— e MAY1 12 "
MAX1113 [ —wAGND
REFEN =
“MAX 1112 DHLY
Fig 6: Ex.: Schematic symbol of an A/ D converter
Kb=10

nbi = 8 [n. of elements at sub level i (functional blocks)]

Active Components:

Input Shift Register, Output Shift Register, Logic
Control, 1 / O Multiplexer, Voltage Reference, 8-bit A/ D
Converter, Clock Generator, T / H,

Passive Component:

Analog switch

nbc = 300 [number of elements (discrete components) in
sub-level most complex]

Kb
Kb;

10 ny; /1y

10(8/300)

kbi = 0.26
C=01- e )
C — (1 _ e—0.26)
C =023

For a Hybrid type circuit (DC / DC Converter) we have:
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Voltage Converter

Fig 7: Ex.: DC/ DC Converter Block

Block Diagram

GHU

Fig 8: Block diagram of the DC / DC Converter
(LM2731) [11]

C=(1- e¥b)
Kb =10

nbi = 22 (n. of elements in 1st level)

Active Components:

Comparator, PWM, FF (RS), Oscillator, Adder, Ramp
Generator, Current Limiter, Shutdown Circuit, Driver,
Transistors and FET

Passive Components:

Resistors and Capacitor

nbc = 148
Kbi =10 nbi / nbc
Kbi = 10 (22/148)
Kbi=1.4
C=(1- e¥b)
C=0.75

After we have been able to determine a failure rate for
the COTS via the FIDES method we multiply the result by
C (complexity factor) and close the loop in the choice
algorithm to see if the value still meets the allocated
reliability for the module/circuit in question (one mix
between two methods FIDES and HDBK 217). Another
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thing that must be observed in the case of less complex
digital components is that the number of gates will be used
as a stiffness factor in the failure rate. Otherwise, we start
with a new choice from the available manufacturers. If not
apply additional tests like Burn-in or (HALT or MTOL) for
MTTF inference and cost analysis, optimizing Reliability
versus Cost and having as a reference to MIL 883 or ECSS-
Q-ST-60 -13C Class 3

The decision making in choosing the COTS would then
be after the analysis of the component failure rate via FIDES
Guide and its consistency with a decision based on
functional component preferences by the designer through
an analysis via AHP and the listed criteria.

XIl.  COTS RADIATION

Considering the cost of testing in a qualified laboratory
in the order of USD1500 per hour and minimum test time
required of 60 hours, one can have an idea of the final cost
of one of these non-destructive tests since one would be
curious to see the functional behavior (some electrical
parameters) of a specific component under radiation levels
that must be found in the environment provided for in the
mission based on Software such as SPENVIS of ESA,
OMERE and ANGEL [12]

Some radiation of the type TID, SEU and SET can be
mitigated by means of some known solutions, such as:

12.1 Physics: - Metallic shield (Titanium sheet);

12.2 Better Physical Positioning of the radiation
sensitive (critical) electronic module inside the satellite
(small satellites) - Software: GEANT 4, TRAD'S and
FASTRAD [13];

12.3 Coding: EDAC, Watchdog Timers, TMR and HDL

XIIl.  ENVIRONMENTAL TESTS FOR SPECIFIC

COTS

We will start by treating Burn-in tests as the main test
for the elimination of defective components (infant
mortality), understanding that eliminating the components
that may have manufacturing defects, the rest according to
the bathtub curve (failure rate versus time curve). ) remains
constant with constant failure rate during its "useful life" and
"wear" at the end of the project's useful life.

It is understood that the rate of thermal variation
predicted in the Burn-in tests (cycle: hot < cold) will
induce the mechanisms of physical failure of the
component in addition to an acceleration in the aging of

the component.
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Additional accelerated thermal tests in order to verify the
MTTF and estimate a batch failure rate will also be carried
out and inspections based and adapted according to the
reference ECSS-Q-ST-60-13C Class 3

XIV. COST ANALYSIS

All of these tests generate costs so a balanced cost
analysis of the type of optimization will be necessary and a
risk analysis associated with the problem will be
implemented.

Total cost of a Burn in test:
C =Ax+L[(1—-RX)] (10)
Where:

A: is the cost of Burn in per unit time
L: is the cost of a failure during Burn in
R (X) = Distribution curve Probability of Failure (eg:
Weibull) [17]

s
s
/
[racressing Fallure Rals e
Wethid Shape Pararmeter < 1.0 ~
3/ /
//
g
A\
Canstant Fajlum Fate Increasing Faillure Rate
Welbull 2hage Parameler = 1.0 // Weibtill Shape Pmameter = 1.0
L
e
M
/// -_'_'_""_‘—‘———-——-—._____ R
o g x Time in Service
Fig 9: Failure rate characteristic
Table 01.  ECSS-Q-ST-60-13 (today) applicable for
active EEE
i e
Evaluation Complete Complete Partial

Justification data collection data collection data collection

Screening Complete Partial Light

Lot test Complete Complete Partial

Summary of tests and inspections to be applied in the
COTS:
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14.1 Incoming inspection; date code, dimensional and
visual characteristics (oxidation of leads and visual aspect
of the encapsulation);

14.2 Specific Electrical Tests (digital and analogic);
14.3 PIND and Hermeticity test (if applicable);
14.4 Burn in and HAST test (special cases);

14.5 Documentary verification (manufacturer data
collection)

XV. RISK ANALYSIS

This paper proposal aims to present a methodology for
the selection of EEE COTS components in small satellites
and short duration missions.

costand schedule

impact to fix

min

Box
Parts Board

Fig 10: Notion of cost / schedule and its impacts by
developing tests at the level of Components, Cards (PCA)
and Boxes [14]

Figure 10 shows in the simplified representation that the
cost to test decreases while the impact on cost and schedule
for correction increases as component, board, and box level
testing is performed. This occurs in components because the
number of independent tests required decreases when
moving to a higher level of testing. The cost of testing may
be lower, but the cost and schedule consequences of a failure
occurring increase dramatically. Total cost is lower if no
problem or failure is detected at higher levels of testing.

We conclude that testing is important for minimizing
future impacts and consequences. Therefore, there is a need
to find a compromise or to measure and quantify the
necessary tests in order to have a reasonable level of
confidence for decision making when choosing the COTS to
be used.
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max |

Ability to
detect parts

detects

Parts Board Box

Fig 11: Notion of ability to detect defects in components
and Interaction between components when developing tests
at the level of components, PCA and Box

Figure 11, in a simplified representation, shows that
testing at lower levels of integration improves the ability to
detect component defects. Many partial defects are masked

| Ability to de
interacti
| between pa

at higher levels of integration, but identifying these defects
will increase system reliability, reducing the likelihood of
latent failures. On the other hand, testing at higher levels of
integration is more effective at detecting interactions
between component manufacturing and assembly defects
that affect reliability.

on

XVI. DECISION MAKING

As mentioned earlier AHP method [15] can be useful to
decision making in the choice of COTS by experts

The following is an AHP model for choosing the COTS
according to the listed criteria:

GOAL

Choosa the Best COTS
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Fig 12:

XVII.  CONCLUSION

This methodology approach is a convenient way to
express the system reliability as a function of component
reliability and the independence structure between the
functional levels considered
(subsystem/equipment/module/component) of course there
is an interaction among levels but in this study, the values
were negligible. Another important point that must be
appointed is about the making decisions under many

WWww.ijaers.com

AHP structure model for choosing COTS

uncertainties considered in this model. By the other hand,
these ways suggested give us a possibility to find out the
best solution to the designers in the utilization of COTS in
an electronic circuit searching a balance among Cost,
Reliability, and Risk

XVIIl. CASE STUDY:
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According to the article [16], we have a graph where it
is observed that the power subsystem presents a number of
failures very significant.

Fig 13: Faults observed in the subsystems in Cubes
Satellites after injection in orbit, (Dead On Arrival), 30
and 90 days.

Based on this, we will perform an analysis in the power
circuit of the Tancredo | Satellite "Tubesat" as a case study
according to the proposed method for its validation
considering in this case only 3 steps, as follow:

Consideration of the importance of reliability of each
component (Birnbaum measure) based on the failure rate (1)
of an equivalent component MIL 883 or commercial by
(HDBK-217).

Mapping of less critical components;

Using the FIDES Guide to determine the failure rate A
by treating the failure physics plus the Karmiol / Bracha
Method (adapted) considering the complexity of the
component according to the effect factors:

Procedure step by step:
18.1 Importance of Reliability

Table 02. Importance of the reliability of each

component based on the failure rate () HDBK-217 [17]

e
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18.2 Mapping of less critical components
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1298

Fig 14: Electrical Scheme of the main power circuit of

"Ubatubasat" [18].File TUBESAT_Power.sch

For instance: U1l — DC/DC Converter could be the
component of interest for the choice of a COTS considering
some aspects related to its importance in the circuit in terms
of sensitivity in the reliability of the power subsystem, since
it is sensitive but not as much as the voltage regulator, some
ceramic capacitors and current sensors as shown in table 4.

18.3 The next step (FIDES Guides) in this methodology
would be the search for options for DC/DC converters in the
component market that would meet the functional electrical
and environmental requirements of the project. For that, it is
necessary to find a failure rate of the DC / DC converter and
divided by complexity factor in accord to suggest procedure
and check if this value is appropriate in our case which
means verifying that the value has not compromised the
reliability allocated to the unit. In other wise, it continues to
find another part that meets this requirement.

Calculation of the failure rate of the DC/DC converter
using FIDES guide through the physical failure
mechanisms:

Failure Rate = APhysical* tpm* mprocess

Input data:

APhys: Failure rate calculated according to the physical
failure mechanisms, phases and times considered.

Value = 379.59366

IMpm: Considers the factors of the component
manufacturer's quality and component reliability in addition
to a coefficient of the relationship between the
representative (seller) and the manufacturer.

Value = 1.42262

Iprocess: Consider the audit done in the fabrication
process at the company when possible if not use the default
value suggested by FIDES although the precision is reduced.
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Value = 4.75525 C = 0.75
Output data: Therefore, in accord to proposal of this paper, we have:

Part Failure Rate = 2567.9183

(2567.9183x 10-9 or 2.567 x 10-6) Failure Rate = FR/C
FR = 2.567/0.75

— 6
For a Hybrid type circuit (DC / DC Converter) we have: FR=3.42FITs (1/10°)
Voltage Converter For instance: Tancredo-1 (Tube Sat)
Al e
& Table 03. Reliability Allocated
System: [Payload) Langmuir Probe — [Ubatubasat)
A Cc Frimary Mission: Medig3o de Flasma
Reliability requirement: R*[8760 hr)= 0.9
Fig15:  Ex.: DC/DC Converter Block - Moy | e | | s,
Rilej}
Power 21 8760 1 -9.;5
Transmissor/ Receptor 45 8760 1 0.97
Block Diagram Controller 43 8750 1 0.97
Antenna 7 8760 1 0.97
N =182 8760 1 0.99
So, for the Tancredo | (Tubesat) power subsystem, we
have:
nj = 81
| N = 182
tj = 8760hr
Fig.8: Block diagram of the DC / DC Converter
(LM2731) For the power subsystem, the reliability rate allocated
considering reliability for the whole system of R (t) = 0.9,
C=(1- e ¥n) we would have:
Kb =10 1— (0.9)81/182

R,(87 )= 1-—
1(8760t)) 10

R,(8760tj) = 0.95
N = total system components
(1/2) Power PCA Rate failure A = 0.32 change to

nbi = 22 (n. of elements in 1st level)

Active Components:
Comparator, PWM, FF (RS), Oscillator, Adder, Ramp

Generator, Current Limiter, Shutdown Circuit, Driver, A = 3.74 after calculate failure rate to DC/DC Converter
Transistors and FET suggested

Passive Components: P(t=8760h) = 1 - e~4t= 1 - ¢~(374+10-°x8760)

Resistor and Capacitor P(t=8760h) = 1- ¢~0.0%°

P (t =8760h) = 0.029, that is, the DC / DC converter has

nbc = 148 around 3% probability of failing up to 8760h (one year) of

Kbi = 10 nbi / nbc use considering only one of the power cards (1/2). So it

Kbi = 10 (22/148) would serve this mission well, as the reliability allocated to
Kbi = 1.4 the power unit was 95%.

Therefore, can we see that after a new failure rate

C=(1- e ¥n) calculated does not have a great impact on reliability
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allocated to power supply. In this case, the DC/DC
Converter found to power supplier PCA will met the
reliability requirement established to mission time duration
so it could be used
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