on-condition maintenance through on-line data i
stress measurement, zero crossing current analysis and artificial int

ustic vibration techniques (1], infrared images,

ligence, in a coherent and synergetic way.

Another strategic objective of this work, is to build the entirely system with open source and low cost hardware. The
reliability of actual microcontrollers and open source software is of great i for market p ion. The ii on
sustainable ecological energy is in the mind of all political persons in the planet. Nowadays, green energy is a very important
subject and countries believe this it is the good direction to the ecological and oil savings. This is the case, not only for wind
energy, but also for other kind of green energy like photovoltaic solar cnergy, sterling solar energy, and geothermal energy,

BUILDING A WIND MAINTENANCE SYSTEM WITH OPEN SOURCE SOFTWARE AND only to name a few.
LOW COST HARDWARE :.S.w.m.. Brake Around the wind energy, countries are now
Main Shaft_ installing wind power capacity in Europe, United
< . 1% Air Brake States, Asia, etc. In the last year, 2008, 27051 MW of
. D » € ic B, s @ f P »
Indcio Fonseca *, José Torres Farinha *, Fernando Maciel Barbosa + Luis Ferreira “, Anténio Simdes ©, Pedro Bastos —— new wind energy capacity was installed in the world,
o > _——— pitch control now being a total of 120798 MW [2]. This factor is
inacio@isec.pt, tfarinha@isec.pt, fmb@fe.up.pt, lferreir@fe.up.pt, assi bisec.pt, ptbb il.com _51.\“.\ - < 5% not only important for green energy production, for
y / ‘{ﬂ.a.“ex companies, for less oil energy dependency but also for
abep A : . . . economical reasons, the financial money paid in the
tit b ¥ 199 Coimbra, ; d ¥y
Instituto Superior de Engenharia de Coimbra, Rua Pedro Nunes, 3030-199 Coimbra, Portugal. \/ ofl docs ot leave the vovntry and, i allemative, can
od 5 TN - "\_Hydraulik System  be applied in the construction of new wind farms,
“ Faculdade de Engenharia da Universidade do Porto, Rua Dr. Roberto Frias, 4200-465 Porto, Portugal. o % thereby leveraging an energy resource. Some authors
Grid or Electrical | \ Generstor have reported different types of failures in wind
! Instituto Politécnico de Braganca, Campos de St* Apoldnia, Apartado 1138, 854 Braganga, Portugal. wﬁa \ Y turbines, which presume the existence of an area of
\ great economic importance, such as the financial costs
/Yaw System about maintaining these facilities. Some of these
™
SUMMARY ket iadie scenario, maintenance problems will grow in future
Electrical Control i ! s of equil t L i asonabl
The use of open source software in many institutions and izations is i i wever, a balance should m,_‘m..\..s e u“%_ ﬁh.ﬂ”ﬂmﬂ. w%”s.&:ﬂ.“-_m_uwh”_ov__.n_.“ ._.M m._nzﬁu_m
be considered between the software cost and the cost of its technical support and reliability. In this article it will knowledge.
be presented a maintenance system for wind farms. It is with an i ion system for mai called
mz_:.ﬁaan_e.ww _._.oau_&z,hﬁ___: System), as a general base to manage the ._ﬁm and H__.s_i.nma line of Figure 1. Share of components in the total failures in a Wind Turbine [3].
cvolution of this system, which was ditie i modules, ang corresponding

research and development done around this theme. The SMIT system is based on a tep/ip network, using a Linux
server running a PostgreSQL database and Apache web server with PHP. Octave and R software are used for

analysis. Mai hnici: chiefs, ic and ducti can
access SMIT database through SMIT clients for Windows, However, this maintenance system for wind systems
uses also special low cost hardware for data acquisition on floor level. The hardware uses a distributed tep/ip
network to synchronize SMIT server master clock through Precision Time Protocol. Gnu gee-4.3.3 toolchain for
arm processors, newlib-1.17.0 and binutils-2.19.1 are used to program the ARM Cortex-M3 processor. Usually,
the manufactures construct, deploy and give the means to the suppliers to perform the wind system’s

2 A WIND MAINTENANCE SYSTEM

The SMIT (Terology Integrated Modular System) [4 is a general propose structure for a wind maintenance system
including hardware and software components. The system includes the conventional modules of maintenance software, with
some innovations like Maintenance Objects relations in matrix format, unlike
the normal tree relation. Working Orders (WO) can be created by a non- PIC 18FXXX or
periodic maintenance plan, by corrective purposes or by an on-condition / . BPIC0F012

Sensors

mainienance. In some cases, the owners of wind farms can choose the maintenance company. This is a very tri acti . Fig. < o
itive area, where ies hide the details and impl i Another i factor o<ww<o““ of h:mﬁumo.ﬂt “nﬁha.nm—e«hv“.ﬂ“”: :_mn_hﬂﬂ _,..1_m . ks / IJV
is that it is the first time, in last ten years, that three countries with the largest installed power, together, have f
fallen to a minimum historic, below 40% of the market for wind power in the EU. Definitively, the other \VA/ —er. Y
pean countries ged the ing of fori ing wind power, with prominence for Italy, - M
Portugal and Netherlands. Within this scenario, the develop of mai models for 21 Main of program SMIT —
3=__6_m,¢.<=& Sj_vésﬂ_érﬁ”ﬁ_ﬁ_imﬂﬂﬁd“,” ﬁnm“.:”h_ _ﬁ_ﬁdﬁﬁﬁwsﬂ,“ The central system is based on a Linux server running a PostgreSQL =

database and an Apache Server with PHP language included. At the time the
Linux distributi ing SMIT was Slack version 12.1 and also
FreeBSD version 7.1 [5].

under Octave and R cvﬂ_ source softwares.

Key Words: Wind mai predicti i inability; open source; SMIT. For remote access by browser technology an Apache server running PHP  Linux Sarver -
is used, versions 2.2.4 and 2.5.1, respectively. Some pieces of the
maintenance software modules are available for maintenance intervention
1 INTRODUCTION requests and information exchange with third parties using web services PHP
A wind turbine is 8 complex system with several hanging and ing strong forces. By technology. The core of the system uses the popular PosigreSQL database
q it can 1 many probl such as vibrati electrical failures and many other kinds of faults. version 8.2.3 and, -_@.q.a._o. The entire application logic is 2.!& on
Additionally, wind farms are usually far from cities and from companies that support their maintenance. Technical assistance is PostgreSQLfeatures, like stored procedures where data validation and SMIT CLIENT
pensive and the ination of diti i with the best practices of research 10 mini *

dintance costs i extremely important. Within this work, the main objective is o i
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The CAN bus devices are restricted to the global
acquisition rate. If the number of nodes together generate data
with a flow rate higher than the CAN network speed, the nodes
must be divided by two (or more) different CAN networks. For
synchronizing the master gateway Real Time Clock, the system
uses SNTP -~ Simple Network Time Protocol (PIC with CAN
| and ENC28J60 device) and the board based on the Luminary
micro-controller uses PTP (Precision Time Protocol). The use
of different protocols is justified by the Ethernet packet time
stamping facility of the Luminary micro-controller that is full
| explored by the PTP. The SMIT server runs a SNTP and/or

PiGs BN RIS T B aie Hie 319 Eie 315 PTP daemons servers.
« v .

. 3 B A A8 aYB 8 S

Figure. 6 — Sampling time measured (ns) in the Ethemet-CAN gateway after sending the CAN message with one byte. As
calculated and measured, the CAN message should be sent 310 micro seconds earlier. In this example, the maximum error is
about 2,5 micro seconds which gives an error of 0,8%.

4 ALGORITHMS FOR A WIND MAINTENANCE SYSTEM

In the literature many -:__E..m are working on _.__u u=_¢2. _c_ :S [ : and [12]. One important objective of this work is to
-un:.o:-— the fault predi E.Enn Eo through on-line data instrumentation. The
ques used E itori of wind mvﬁn:_ are based on the following aspects:

® Vibration monitoring on
generator and gearbox;

*  Measure the wind speed,
using an analogue

Hvie | 3 Gowte | itoone | <3 treommos |
| — e
Corngo 1 AR [ A

anemometer (inexpensive)
and a ultrasonic
anemometer WMTS0
from Vaisala Company:

] stocos oa abeborem [ 3 o=

e W, I

B] Onute CopMerntPasoonsevet [T ) *  Active power
measurement;

®  Classification using
artificial intelligence;

*  Time series analysis using
regression techniques.

L a8 m v

Figure. 7 — Example of a Working Order in the SMIT program.

Actual work also includes time series analysis to identify trends in the signals and discover future illness in the wind
turbine. More details can be seen on [13].

The data acquired from wind acquisition systems, usually presents irregular values. The system (on-condition classifiers)
must be very accurate; otherwise a false error condition would be triggered. For example, when the wind break system is
activated it is expected that the power curve differs from the relation published by the manufacturer; however, the inner axis
3.n=o= versus active power should maintain the relation, because the break will only change the rotation speed and not the

decide if data measured in the sensors shall be detailed processed or just stored. If the m<Z classifier indicates an anomalous
situation, a detailed processing will be performed related to the sensors already installed (in the present work, vibration and
current). The vector for classification uses in this case two measured values, active power and inner rotor velocity, as can be
seen by equation | and results can be seen on Fig. 8.

Yyind _turbine = [Rotor _shaft _speed Generator _shaft _speed Active _ \es!.-ﬁ ()

Figure. 8 - SVM classifier results. Left: using only active power and wind speed. Right: using equation 1.

5 CONCLUSIONS AND FUTURE WORK

This article describes briefly wind maintenance systems with all the components, from software to hardware, with main
cv._nc:ﬁ i.:. the _oSﬂ.:_m prices; this through the use of open-source software and low cost hardware. An acquisition
system is also using SNTP or PTP hardware with time stamping facility. Finally, a very briefly

presentation for one algorithm used to perform on-condition monitoring.

Future work will be in the study of optimization of of technical | between different generators, taking
into account cost ions, such as loss of production and p ility of failure, and also using 3d models.
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