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PREFACIO

Esta dissertacao de mestrado tem como objetivo a aplicagdo de conhecimentos
tedricos e praticos de estatistica e de engenharia visando a resolugdo de um problema real
da Forca Aérea Brasileira. Mais do que a resolucao do problema o trabalho, cria uma
metodologia, com seqiiéncia de passos a serem executados, para quando se deseja avaliar
se um sistema, apds sofrer uma manutencao, retorna a Condicdo de Tao Bom Quanto Novo.

Com o propodsito de tornar a informacdao acessivel ao maior numero de pessoas
possivel, tendo em vista os recursos que Internet nos oferece, decidiu-se redigir o texto no
idioma inglés. Também, devido ao assunto ser interessante, o fato de se ter redigido em
inglés favorece a confeccdo de um artigo, baseado nesta dissertacdo, para uma futura
submissao do contelido a uma revista especializada na area.

A atividade aérea tem muitas vezes definido o Estado da Arte na drea de manutengdo, visto
que o maior bem a ser preservado € a Seguranca de V6o, mas sempre levando em
consideracao a questao financeira. O conteldo deste trabalho, apesar de ter sido voltado
para um problema de motor de aeronaves, pode ser utilizado para muitas outras areas,

como manutengao de sistema de geracao de energia, sistemas ferroviarios,



Apds uma rotina de manutencao preventiva costuma-se assumir que determinado
sistema volta a condicdo de “Tao Bom Quanto Novo”(AGAN). Este trabalho utiliza algumas
ferramentas estatisticas para propor uma metodologia capaz de testar se um sistema volta a
Condicao de AGAN e, nos casos em que a suposicao de retorno nao puder ser feita,
determinar um coeficiente capaz de medir a degradacao do sistema. Um exemplo real,
relacionado a aeronave Universal da Forca Aérea Brasileira, € analisado neste trabalho. O
conjunto de dados envolve informacdes de 43 aeronaves. A partir dos dados e da
determinacdo do coeficiente de degradagao é possivel definir Intervalos entre Manutencoes
(TBQ'’s) variaveis de acordo com nimero de manutengdes que o sistema ja sofreu, assim
como tirar uma série de conclusOes praticas para otimizacdo das rotinas de manutencao.
Palavras chaves: Bootstrap, Manutencao, Tempo Entre Manutencao, Estimador de

Maxima Verossimilhanca.

ABSTRACT

After a usual preventive maintenance routine it is usually assumed that a system
returns to the condition of “As Good As New" (AGAN). This work uses some statistical tools
to propose a methodology able to test if a system returns to the Condition of AGAN and, in
the cases in which the supposition cannot be validated, to determine a coefficient reliable to
measure the system degradation. A real example related to the Universal aircraft of the
Brazilian Air Force illustrates the proposed methodology. The data set considers information
from 43 aircrafts. From the data set and the determination of the degradation coefficient it
is possible to define Intervals Between Maintenances (TBQO's) variables with the number of
maintenances that the system has been submitted to, as well as, taking a series of practical
conclusions for optimization of the maintenance routines.

Key words: Bootstrap, Maintenance, Time Between Overhaul (TBO), Maximum
Likelihood Estimator.
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For many systems, it is assumed that after a revision the system returns to the
condition of "As Good As New" (AGAN). However, some engineers believe that this is not
always true. If this is not true, it would be reasonable to assume that the time until the next
revision, Time Between Overhaul (TBO), be variable depending on the cycle.

This work uses some statistical tools in order to propose a methodology able to verify
in what cases it can be assumed. Moreover, in the case we cannot make such assumption,
develop a method to make possible say how much the system gets better or gets worse.
From the results, and based on engineering knowledge, it can be defined variable
maintenance intervals dependable upon the cycle.

The MSG3 (Maintenance Steering Group, version 3), from it was originated the
Reliability Centered Maintenance Program, is the most modern and accepted maintenance
methodology in the aircraft area. It uses statistical tools of reliability for the determination
of the best maintenance intervals. The content of this study complements MSG3 supplying a
methodology to help in the determination of a system condition after a maintenance.

In this work, it is used the data of 43 Universal, known as T-25 in the Brazilian Air
Force, aircraft engines of the Brazilian Air Force (BAF), to verify if is it reasonable to assume
the condition of AGAN, after a general revision. The quantitative methodology developed by
Yanez, Joglar and Modarres [7] is used to determine the reduction or the increment value in
the failure probability after each revision. From such value, considering the more extreme
interval, it can be defined time variable intervals for TBO's, in function of the cycle, what
corroborates with the vision of Brazilian Air Force Engineers that believes there might be an
aging of a system after a maintenance routine.

The application of such methodology allows, also, the creation of a method able to
estimate prices of used items, or item that has been passed for a rebuilt. For example, the
price of an engine that has been passed through the third overhaul should be 70% of a new
one? Besides of it, this method is a tool that can provide information for the insurance

companies



