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to be redesigned having always present the new ecologic concept that will permit humans to live in harmony with nature,
preserving it and returning what it gave us and we transformed but, after hag been used, extensively, with no aggression,
we retum in an ecologic way. Terology has the potential to help manage goods developed by humans in a better way,
minimizing or, at least, turning null the effects of those goods over nature and, it is because of this, that we bel
terology can give a contribution for a sustainable future,

2 MAINTENANCE VERSUS PRODUCTION

The economy and well being of the 19™ and 20" centuries were Supported by intensive consumption of natural
resources. These were of all types, namely, forest, minerals and fossil resources, The result of this way to manage nature
with the objective of creating new goods for well being was the degradation of the planet in several manners, like the
following:

* Humans took resources from the interior and surface of carth;

* Humans transform natural resources into artificial goods, using energy initially from forest and coal and,
nowadays, from petroleum and gas;
Functioning of many goods consumes a lot of encrgy;
As the heat cannot be sent outside of earth’s atmosphere, it causes the planet to become more and more heated,
like a sauna;
Additionally, and no less important, the artificial goods send a lot of chemical products to the atmosphere and to
the surface and interior of earth, globally contaminating the planet;
*  Also important are the wars, forest fires, among other accidents thay destroy and degrade the planet.

All this degradation was possible, because the evolution of knowledge was exponential and this has been the bible of

humanity, Science always believed that humanity could manage, control and always find solutions for all of nature’s
problems. The results that we are fecling in our lives show that it was not humans that dominated nature but that humans
are ike our planet, by the inadequate use of knowledge and, fi + it Will be nature winning the war!

The main objective of all kinds of production is to be effective or, gt minimum, efficient. This means that the
objective is to take morc and more from carth, from sea, from any place Where natural resources exist and can be value-
added in commercial terms. The main objective seems to empty all resources, so efficient possible but... if appears the
danger of really empty a certain resource than, it is easy to make a natural park or a bank of sceds or something similar,
believing that in a uncertain day in the future that resource will be rehabilitated, But, if this is bad enough, people don’t
care if some animals and plants species disappear. Where does maintenance enter here?

Maintenance has been seen as a way to help to maintain production as high as possible. But, by this way, it is
seen as a cost that, by d the profits of This implies that maintenance has been amssn&
as an activity less important and less valuated when compared with other activities in companies, namely with production.
Nevertheless, the and the ge involved in the maintenance area by technicians are very high and one
of the most eclectic within a company. So why not take this potential to guarantee a better and more sustainable future?
And how? Proposal for percentage inclusion of 25%(...) duction V§ 75%(...) in terology studies,
effectively changing the negative impact of raw production and applying new ways of producing and maintaining
facilities and equipments in a more plug and play, or customize and transform manner directly for the user.

Under the maintenance theme of facilities and equipment (Maintenance Objects ~ MO), it assumes several

namely the of reliability of MO, rencwal, their replacement, and all activities associated, including

purchase and withdrawal; by other words, the maintenance approach of terology. But, there exists always a but... The

economic models that are soaked within algorithms and thought in universities, have the principle that natural resources

are infinite, or almost, and the life cycle of MO is seen without any importance by environment. Here lies a problem: it is

necessary 1o change the nowadays economic paradigm for an ecologic economy paradigm. This may signify that it would
be necessary to deconstruct present economy and to reconstruct it; but what is the cost of that?

The cost is, before anything, political. It is necessary to assume the cost of survival! But, i
change quickly but carefully in order not to make many victims. The most part of businesse:
dependent of petroleum, so, it is necessary to make the changes taking this into account, such as:

® Stop construction of new buildings, unless it is extremely necessary: in this case, the materials should be
ecologic and new buildings are necessarily autonomous in terms of energy, water and so on;
Adapt present buildings to be more efficient, from the point of view of energy; at least in order to reach the
objective of autonomy;
Same concopt for water, namely, recycling used water i storing rjy waler)

is necessary to make the
are directly or indirectly

Using and reusing ecologic bags to transport purchases and eliminate other types of plastic bags;

Using ecologic public i b engines into ecologic ones;

When necessary, using private transport that was transformed from combustion engines to ecologic ones;
Buying a new car only and only when necessary and, obviously, ecologic;

New materials will be only ecologic;

Planting trees in cities in as many points as possible! All cities will have a well defined relation between green
arcas and constructed areas;

All citizens should help government pay the changing that will be made in a well defined period of time,

As can be seen, maintenance or, by other words, terology, will be always in all points of the changing of the aspects
that will make humanity believe in its future and of the planet.

3 MAINTENANCE INFORMATION SYSTEMS

The complexity and diversity of situations around the management of facilities and equipment implies the use of

systems for The ioned in this paper are supported over the SMIT that is an
) i ion system that starts with the characterization
of the facilities and equipment and ends with the
withdrawal of them [4], and has the following modules,
figure 1, [5]: Maintenance Objects (MO); Work Orders
(WO); Suppliers: Technicians; Tox Spare Parts;
Intervention Requests; Fault Diagno Maintenance
Plans; Withdrawal.

The terology activity starts with the purchase of MO
and ends with the withdrawal. The modules and the
interrelation among them is the following:

® The Maintenance Objects (MO) module permits
the characterization of facilities and equipments,
namely, technical, economical and reliability
data;

ey ey R

Fig. 1~ SMIT main Form

® The Work Orders (WO) module permits manage each intervention, planned or non-planned through a WO and
this, when closed, spreads data by several modules;

® The Suppliers module intervenes since the insertion of MO data and is updated with data from WO, namely
economical data;

® The Technicians module manage the internal and external ones and is related with WO and planning modules;

® The Tools module, namely the special ones, is very important in certain interventions. This module manages this
item that interacts with planned and non-planned maintenance;

* Each maintenance intervention, planned and non-planned, uses Spare Parts that have a certain cost. This module
manages this item, including the ordering;

® The Intervention Requests module is used when there is a fault and, by consequence, it is necessary to open a WO;

 The Fault Diagnosis module is filled through the register of non planned interventions and, by other hand, it helps
this kind of maintenance, minimizing intervention time;

® The Maintenance Plans is a module where the interventions are planned including the resources necessary for
them;

* The Withdrawal module permits to evaluate the moment to replace the MO or renewal it and completes the SMIT
management cycle.
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5 DIESEL ENGINES

It seems obvious that in an i ] persp the best mai p dure for Diesel engines was to
eliminate them. But, as the “optimum is enemy of good”, that objective must be achieved step by step. Most part of
economy is supported by the petroleum and it is not possible to change things from one day to another, It is necessary to
change quickly but, under this perspective, an important step is to start (o see maintenance through nature’s eyes. In the

case of Diesel engines, it can be used national and
i ional i | and studies as

Tadbate -
Degradation / | references [ 2]. Some pollutants and other variables are
_. regulated in it, like the followings: Particles with dimension
less than 10 pm (PMI10); NO; CO: HC: COy fuel

consumption; noise level, and some oil variables
environmentally related. There is some contribution that
everyone can give for a befter environment that is to influence
political decisi to the g by ecologic P
and use maintenance management icies like those here
explained, among others. The main objective of the research
that is carried on is illustrated in figure 8 [13].

Fig. 8 - To predict the next intervention

The here expl d is under lop and the model is being validated in a public fleet bus in the
city of Coimbra, in Portugal. The hodology is an d model based on a prediction
| that uses a Hidden Markov Model (HMM). A Hidden Markov Model is a statistical model in which the system
modeled is assumed 1o be a Markov process with unknown p The chall is to ine the hidden
indicators from the observable variables. In this case, the data ds to the i istrations of effluents
from Diesel engines [14]. The measurements are made through data collected in the Diesel engine exhaust system and
also through control system that includes, among others, air mass meter, air (emperature sensor, air pressure sensor, water
mperature sensor, crankshaft position sensor and camshaft sensor. The data collected is used for training each HMM.
The time series of collected data correspond to inputs to an HMM for variable evaluf prediction. The model is being
validated and the results seem promising. After all it is believable that the public transport company that is supporting the
present research will accept to change its maintenance management for a better and environmentally sustainable model
that is being developed [15].

6 WIND GENERATORS

A wind turbine is a complex system with several components which constantly move and support strong forces. By

consequence, it can have problems, such as vibrations,

i clectrical failures and many other kinds of faults.

Additionally, wind farms are usually far from cities and

from companies that support their maintenance.
i i ive and the

the best practices of

[ T T T

uguf
S;v it Bia
usoﬁ,—, ? — 3 ? distance costs is
114 N s work, the main
100 0 £ an objective is to implement a maintenance plan using,
namely, on-condition maintenance through on-line data i ion, acoustic techni vibration i {16),
infrared images, stress measurement, zero crossing current analysis and artificial intelligence, in a coherente and
synergetic way. Figure 9 shows a graph with a vibration spectrum using Fast Fourier Transform (FFT) from a motor data
7).

extremely important. Within

Fig. 9 - Vibration analysis using an FFT with 6000 points, fs=2kHz

SMIT is able to acquire wind speed, axis rotation, active and reactive power and vibration signals. The techniques
used to monitor the cond f the wind system are based on the following aspects:
®  Vibration monitoring on generator and gearbox;

o Time series analysis using regression techniques:
«  Weather monitoring station.

The complete model is, at the present time, to be completely validated and the results are concrete and, by
it could be imp d in a near future in thousands of wind generators.

7 INTEGRATED SYSTEM

The main objectives of all developments that are being done by the team are around terology and taking as purpose an

carth. All are
VIAEPIA ITX USB20/ Modeko 6251 supported by SMIT and enrich at present time,
uss 3 . the new hardware and software sol require a more

AL Ser s i

3 = v complex integration and communication among the
several pieces of this complex “puzzle”. Figure 10 shows
a real configuration to integrate the several terology

e Sensors pieces. Simplicity was always a concern, friendliness,
| " and low cost of all system, as can be observed in those
“Tabvew  PIC 18X figures. The central system is based on a Linux Server

[18]. All systems are available through IPv4 connectivity
from the acquisition system level to the Linux Server and
SMIT clients. Data acquisition can be done using special

low cost hardware, as also by high performance
@ Sensors| systems like National acquisition hardware
c

g running apache web server and PostgreSQL. database
Sensors|
i

using LabView (connectior server is also
obtainable by [Pv4 connectivity), and Ethernet PLC's. It
P is also available on the SMIT Server, a Fax server
(Hylafax), and a TCP/IP server for reception of data
acquired from different acquisition hardware, using upP
packets with

Fig. 10- An integrated system for terology with on-line data reading

Nowadays, SMIT has or

e Wireless communi

engines, or any othe

« On-condition modules to predict planned interventions based on variables that are regularly measured being by
remote way, by physical connecting or by human reading.

to have, new adding like the followings:
10 IP devices to receive measurements from any MO, like Wind Generators, Diesel

8 CONCLUSION

Terology is a more wide way to understand maintenance. The approach made by this team shows some contributions
to reach a more envi 10} inable world. The mai itself, namely through materials,
conditions, and management of life cycle of Maintenance Objects are the first things that were described. After that, the
maintenance of Diesel engines in an ecologic perspective and using a Hidden Markov Model are a new contribution for
that objective. The maintenance of wind farms, where a lot of contributions were introduced, since the wireless

ications 10 new for mai planning based on time series and other methodologies are also
referred. A new approach of fault diagnosis aided by 3D models is a very new value added, also presented in the paper.
Finally, the integration of all these components shows terology has a large spectrum and is increasing its inclusion of new
contributions to be possible to have a sustainable and ecologic world for a better future.
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