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1. INTRODUCTION

1.1 About the Demonstration Version

ECN and Baas & Roost Maintenance Consult (B&R) have made a demonstration version
of the Maintenance Manager. The purpose of this demonstration version is to offer
possible users of the Maintenance Manager (among others: wind turbine manufacturers,
service departments, operators, and technical managers of wind farms) the opportunity to
familiarise with the system.

The demonstration version is the result of a project entitled “Development of a
Maintenance Information System for Wind Turbines”. The project was carried out
between October 1999 and November 2000 by ECN, B&R and Lagerwey the
WindMaster. A major part of the work was sponsored by the Dutch Organisation for
Energy and Environment (Novem) in the Netherlands. Apart from this demonstration
version, the reports [17], [18], (both in Dutch) and [19] have been published within this
project. When working with the demonstration version, please note the following.

e The demonstration version of the Maintenance Manager reflects the status of the
program of November 2000. The development of the program is still ongoing and
many improvements have already been made. ECN, B&R and Lagerwey the
WindMaster are now carrying out a second project that will run until November 2002.
In this project, the system is going to be implemented at the service department of
Lagerwey the WindMaster. ECN and B&R are using the operating experience of
Lagerwey to improve the Maintenance Manager. Furthermore, ECN and B&R are
building synchronisation routines to automate data transfer from the central version of
the Maintenance Manager to the regional version and to the local version; and for data
transfer in the opposite direction.

e The demonstration version is not completely free of errors and bugs. At present, many
problems have already been solved. Some problems you have to be aware of when
working with the demonstration version are:

- The print options and the options to export the data in the “Definition Module” do
not function. These options in the analysis module however do function. This
problem is already solved in the present developments

- Some of the text is in English and some in Dutch since the original version of the
Maintenance Manager has been developed in Dutch. In the final version, the
language can be adjusted to the requirements of the customers. The default
language will be English.

- The lay out of some screens and the working of some input fields have to be
improved. This is being done in the current project, based on specific requirements
of the users. The lay-out and the input modules will become more user friendly in
the final version.

- The list with possible analysis options is only a first guess of ECN and B&R and is
definitely not complete. Based on the requirements of the users and based on the
feedback that ECN and B&R may obtain from experiences with the demonstration
version, the list can either be extended or adjusted to the needs of a specific
customer.

- It is not possible to make adjustments in the list with consumables. The list with
consumables (and also the spare parts lists) is so client specific that ECN and B&R
have decided not to implement it in the demonstration version. In the final version,
the list with consumables and spare parts will be provided in an Excel format that
can be put into the Maintenance Manager.
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- The selection of parks and turbines in the “Analysis Module” sometimes seems not
to work properly. However, the final analyses results are correct.

- The modules for maintenance planning and scheduling which is especially of great
interest for operators do function but is in fact not appropriate for the specific wind
turbine needs. In the currently ongoing project, this part of the program is going to
be improved. It is recommended not to use these modules. Moreover, most of the
language is still Dutch.

In the demonstration version, ECN has defined some fictive turbines, parks, and failure
data. This gives you the opportunity to start immediately with the data logging module
and the data analysis module. These are the two modules that will be used most
frequently in daily practice by maintenance technicians, operators, R&D departments, and
the managers. The definition module will be used only now and than by very few users,
e.g. to adjust the FMEA data.

1.2 About the Manual

The user manual contains the following:

- A description of the turbines and parks in the demonstration version.
- Some hints to get started

- An explanation of the data logging module.

- An explanation of the analysis module.

- An explanation of the definition module.

ECN and B&R wish you success with the demonstration version of the Maintenance
Manager.

If you have any comments or suggestions, or you wish to have more information, don’t
hesitate to contact:

Luc Rademakers or: Saskia de Jager

ECN Wind Energy Baas & Roost Maintenance Consult B.V.
P.O.Box I, NL-1755 ZG Petten Europalaan 526, NL-3526 KS Utrecht
Tel: +31 224 564943 Tel. +31 30 281 7823

Fax: +31 224 56 8214 Fax +31 30 267 01 80

e-mail: rademakers@ecn.nl s.y.de.jager@maintenance.baas-en-roost.nl
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2. CASE STUDY

ECN has filled in already some fictive turbines, parks and failure data in the Maintenance
Manager. In this chapter, the case studies are presented.

A manufacturer sells three types of turbines:

1. 750 kW turbine, IEC class 2

2. 1000 kW turbine, IEC class 1, direct drive
3. 1000 kW turbine, IEC class 2, direct drive

The turbines designed for IEC class 1 differ from those for IEC class 2 that they have a
larger rotor diameter and a somewhat higher hub height.

To keep the case studies simple, each turbine consists of only three building blocks:

1. Rotor
2. Nacelle
3. Tower

The typical structural breakdown of the 1000 kW class II turbine is given below.

Turbine type |Building Blocks Components Tag nr. ComponentID _ Specification

1000 kW-II Rotor Blade 1 BL1 BL28 28 m
Blade 2 BL2 BL28 28 m
Blade 3 BL3 BL28 28 m
Pitch motor 1 M1.1 PM1000_B M-10
Pitch motor 2 M1.2 PM1000_B M-10
Pitch motor 3 M1.3 PM1000_B M-10
Pitching gearb 1 G2.1 PG1000 PG-10
Pitching gearb 2 G2.2 PG1000 PG-10
Pitching gearb 3 G2.3 PG1000 PG-10
Pitch bearing1  B1.1 PB PB-10
Pitch bearing2 B1.2 PB PB-10
Pitch bearing3 B1.3 PB PB-10

Nacelle Generator GEN GN1000 Direct drive
Pitch relay K1 RE
Yaw relay K2 RE
PLC PLC PLC
Yaw brake YB1 YB
Yaw motor M2.1 YM
Tower Cylindrical part TW CYL70 H=70m

Top flange TF TF D=3m

The three types of turbines have been sold to two regions (WS North and WS South)
between 1990 and 1996.

WS North consists of only one park
e Park North Trend, 4 turbines 750 kW-II
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WS South consists of four parks

e Park South Supplier 8 turbines 1000 kW-I
e Park South Single 1 1 turbine 750 kW-II

e Park South Single 2 1 turbine 1000kW-II
e Park South Start Date 6 turbines 750 kW-II

The turbines are being maintained by the two maintenance departments, one for each

region.

O&M data has been filled in only for the parks ‘“Park North Trend” and “Park South

Supplier”.
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3. GETTING STARTED

3.1 Start-up

: Raamwerk Demo

 Welcome screen

User code: |DEMD

Pazzward: I ]

0K I Cancel

User code: DEMO
Password: demol

After entering the user code and the password the following screen will show up.
Furthermore, you will find “Raamwerk Demo” and “OnderhoudsManager Demo”in your
task bar.

i OnderhoudsM anager Demo M=l
Properties  Edit Beportz  Special Help
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The button “properties” will be used most frequently. By clicking this button you are able
to perform the following:

- Definition of a wind turbine “definition WT”

- Performance of an FMECA “FMECA”

- Reporting failures and O&M data “LOG ECN”

- Analysing failures and O&M data “Analysis”

Furthermore, you will find the options for maintenance scheduling and maintenance
planning. Presently they are being revised to meet the of wind turbine applications. They
will not be discussed in this manual furthermore.

The buttons “edit”, “reports”, “special” and “help” are not relevant for the demonstration
version and are not being discussed here.

If you open the window “Raamwerk Demo” in the task bar you are able to modify the
reference tables and financial tables under the button “Administration”. The reference
tables contain information about e.g. manufacturers, regions, kind of employee (with
costs), or root causes. The figure below shows the root causes. Note that the program
should be re-started after the reference tables are modified! Otherwise the program
continuous to work with the original reference tables. After modification of the financial
tables, a restart is not required.

+ Raamwerk Demo [_ (O] =]

Administration  Beportz  Application  Special  Help
! Referentietabellen HiE

Program: |Dnderh0udsManager ;I

Tables: M sintenance
Kind of employes - Description Active
MTTF » Lightriing [E]
MTTr Storm, Severe wind [E]
Ma?n Libraries Detris [E)
Maintenance strategy Incanect assembly H)
m:?;:ldwa Incomect repair [H))
Medium Wear, Ageing
Owerload (1)

|»

Add

LChange

Delete

Operator

Other Costs

Ot

Perniods

Pricrity
Productiedervingzkosten

Project libraries 1. Afdrukken
Randvoona. [Conditions)
R egion

Afdrukken alle

Routeschems's
Security
Selection classifs [new]
Service centre

Shift L[N K

Close

mtf
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4. LOGGING FAILURE AND MAINTENANCE DATA

4.1 Screens and Buttons

To record the failure and maintenance data select “LOG-ECN” from “Properties”. The
screen looks as follows.

i OnderhoudsManager Demo [_ (O] =]
Properties  Edit Beportz  Special Help
\ Log -RCM - DEMO GEBRUIKER / ECH-test-1 M= 3

Log |Eailure data | Specifications | Beports |

Event =
Registr. rr.: =
Tirne: I - Melder: | ;”
Wind Turbine: I s I Type: I j' E@N
Alarmnr. I Energy prod. ID Frint |
Failure: I Duplicate |
Solution: ;I . .
| -
[Ehange
Priority: |<geen> ;I Digcipline: |<geen> ;I
[Elete
Actual information of this event —
a
Status:  |Description Date ¢ time - _—
s
— o
Action:  |Description Date / time = =2
Eind |
Cloge |

For the demonstration version, only the tabs “Log”, “Failure data” and “Specifications”
will be used. (The tab “Reports” was originally used to perform various analyses. In the
current demonstration version for wind energy, the analyses can be best performed with
the option “Analysis” under “Properties”! In the final version, the tab Reports will be
used to generate standard reports.)

As soon as the failure is being noticed by either the operator, the service company, or a
technician, he can fill in the administrative data in the tab “Log”. The person who restores
the failure has to fill in the tab “Failure Data” and the tab “Specifications”. In the tab
“Failure Data” background on the failed component can be reported. In “Specifications”,
the costs (labour, consumables, parts, and others) can be reported. First the subsequent
tab’s will be explained. In Section 4.2, it will be illustrated how a failure should be
reported.

4.1.1 Tab “Log”

The tab Log is being used to report the administrative information as soon as a failure is
noticed by an operator, a service centre, or a maintenance technician. Th fields have the
following meaning:

Time: date and time the failure is recorded (default: present time)
Melder: Name of person who reports the failure (default: login name)
Registr. Nr. Unique code (default: code starts with abbreviation of login name)
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Wind Turbine: Identification of failed turbine (combo box)
Type: Type of event during which the failure is detected (combo box)
Alarmnr: If a failure is detected by an alarm, the alarm code should be filled in

Energy prod: The number of kWh’s produced by the turbine at the moment of
recording

All other fields are not relevant and obligatory for the demonstration version. However,
some of them will be discussed here. Later on, some of these fields will be used to plan
the pending actions.

Failure: Free format to report some background information for the technician
(default value of filed "type")

Solution: Free format to give some background information on how the failure is
repaired.

Priority: Combo box to select if a failure has a high or low priority.

Discipline: Combo box to select the required type of technician or external
assistance.

Status: Combo box to report if a failure is pending, solved, etc.

Action: Free format to report any other action to solve the problem.

4.1.2 Tab “Failure Data”

The tab “Failure Data” is being used to report the background information on the failure
in a structured manner that is suited for automated analysis afterwards.

! OnderhoudsM anager Demo HE=E
Fropertiee  Edit Beports Special Help

i Log -RCM - DEMO GEBRUIKER / ECN-test-1 |

:l Specifications I Reports | -
Alarm with failure =
Alarmrr, I Alarml Componert; | =1 —

Stand still: I S [dd-mm-wywy hhimm]  Followeup melding @
Fiint |

Start repair; I S [dd-rm-yyy bkzmm)

Restart: I R [dd-rmm-yypy b mm) uplizate |
FMECA Prapesti
- Save
Failure mode: I = Cancel
Failure cause: I [DEfete
Root Cause: |<unkn0wn> ﬂ
Comments FMECA-data

E|«|4|>|N |

Wark done | Reset ;I

[Elase |

Alarm nr. If an alarm code is already filled in in tab “Log” the alarm code will be
generated automatically in this field.

Component: Combo box to select the failed component
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Logging Failure and Maintenance Data

Stand still: Date and time of shut down

Start repair: Date and time at which the technician starts with repair (or failure
investigation).

Restart Date and time at which the turbine is started again.

These three fields are necessary for the downtime analysis.

Failure mode (and cause): By clicking on the button, the FMECA data of the failed
component shows up. By double clicking on the appropriate failure
mode and cause, the field is filled in.

Root Cause: Combo box with the most likely root causes of the failure mode

Comments FMECA Data Free format for background information

Work done Combo box with four most commonly used types of work to restore the
failure.

4.1.3 Tab “Specifications”

The tab “Specifications” is meant to add the costs to the failure.

i OnderhoudsM anager Demo H=] &=
Froperties  Edit Beportz Special Help
i Log -RCH - DEMO GEBRUIKER / ECN-test-1 !IEI
Log | Failure data ~ Specifications |Bep0rts |
WUERE K ind employes Hourly wage: Duration [hr.]:
Total wages: 0.00 | Frint I
Consumables: |Aricle: Price: Amount; Costs: |~
[ruplieate |
¥ Add
Tatal costs consumables: 0.an Change
Parts: |Name: Price: Amaount: Costs: % Biclkhe
- -
Total costs parts: 0.00 -~
Other: |Description: Casta] = w
R
-
Total other costs: 0.00 &l
Total costs: 0.00
Close |

It consists of four types of costs: Wages, Consumables, Parts, and Other costs. The fields
can be filled in as follows.

1. Highlight the grey bar of the field by clicking on the mouse. The grey bar will turn
black.

2. Click “Add”

3. Click on the left column and a pull down menu will show up with the various
choices. Costs are linked to the various articles, employees, etc.
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! OnderhoudsManager Demo H=]
Properties  Edit Beportz  Special Help

! Log -RCM - DEMO GEBRUIKER / ECN-test-1 HIE E3

Log I Eailure data  Specifications |Bep0rts |

Wages ARz Hourly wage: Duration [hr.]:
5.00

Sr. Techn. travelhour.

ECN

Total wages: 400.00 Print |
Consumables: [Article: Price: Amount: Costs: |
[plizate |
Total costs consumables: 0.00 Change
Parts: |Name: Price: Amount: Costs: |~ Delete
o | = |
Total costs parts: 0.ao e
Other: (Description: Costs{ = W
v
_ |
Tatal other costs: 0.00 Eirid |
Total costs: 400,00

o}
g
@
o

4. Fill in the Duration (or: Amount in case of the other fields) and the program will

calculate the costs.
5. Click “Save” to save the costs.
6. All costs should be filled in in the same manner and one by one!

If the tables with employees and costs have to be changed, act as follows:

1. Go to reference table “Kind of employee” (window “Raamwerk” in the task bar!) and
add, change, or delete the desired types of employees involved. Exit and restart the

program.

2. Go to the “Financial tables” (window “Raamwerk” in the task bar, select “Financial

tables” under “Administration’).

+ Raamwerk Demo _ (O] ]

Adminigtration  Beports Application  Special  Help

+ Financial tables !El

Wages |Eloductiedewingskosten I Other costs | Currency |

BECKN
Afdrukker.. |

Fram Jr. Techn. warking hours
m-m BICT Techn tiavelhours [ Wy
Add
LChange
Delete
a
4| | 3| —
v
Frarm: |D1-D1-ZDDD Liratill: |D‘I-D‘I 2010 Costs per hour: I BEI.DEIE'. ¥

14
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Logging Failure and Maintenance Data

3. Select the appropriate type of employee, click “Change”, “Add” or “Delete” and
adjust the
- time period (field “From” and “Until”)
- “Costs per hour”
at the bottom of the sreen. Return to the screen "OnderhoudsManager".

The same procedure should be followed to adjust the “Other costs”. (Change the type of
“Other costs” in the reference tables and the costs per item in the financial tables.)

Note: The information behind the pull down menus “Parts” and “Consumables” cannot
be changed in the demonstration version. In the final version, parts lists and lists with
consumables can be put in the Maintenance Mangers in an Excel format, including
internally used codes and prices.

4.2 Alarm with Reset

Alarms that can be reset remotely occur very frequently. The related costs are the revenue
losses and the costs of the help desk employee. Here an example is how such an event
should be recorded.

1. Select the wind park in which the faulted turbine is located under “Edit”. In this case
“Park South Supplier” in the field “Actual Wind Park”. Ignore the two selection
windows and click “OK”.

i OnderhoudsM anager Demo

=] B

Froperties  Edit Beportz Special Help

rF 4

+ Select Wind Park - DEMO GEBRUIKER

Actual Wind Park

ECM-test-1 ECH city
Park Morth Trend  Residence Park Nortl

G ]
ey Park South Single 1 Residence South Sin

Other windparks: Park South Single 2 Residence South Sin 1d parks:

|Park South Start D ateResidence Park Sout ECN city ‘l

[ |

ok | Cancel

2. Select “LOG ECN” under “Properties” and click “Add”

3. Select the failed wind turbine in the field “Wind Turbine”. (In this case S-Supplier-
1000-1-002.)

4. Select the type of event. (In this case “Alarm with reset”)

5. Fill in the alarm code or number. (In this case “12”)
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! OnderhoudsManager Demo H=]
Properties  Edit Beportz  Special Help

i Log -RCH - DEMO GEBRUIKER / Park South Supplier M= E

Log |Eailure data | Specifications | Beports |

Event
Registr. rr.:
Time: [23-05-2001 10:01 Melder: | Demogsbruiker = | [DEMOTIE
‘wind Turbine: I 5-5upplier-1000-- = I Type: |EAENNNE

Energy prod. Alarm with Failure

Alarmnr. I b " REl
LAlarm with reset

Failure: IAIalm with rezet Failure uoeate
Madification 4|°

Solution: L .
Frewventive maintenance
Save
| -
Cancel
Pricrity: | <geen =1 Discipline: |<geen> =1
[efete
Actual information of this event
— - -
Status:  |Description Date ¢ time = _—
s
= o
Action:  |Description Date # time = oL
Eitd |
[Hase |

All the other fields are not mandatory. As can be seen, the “Melder” and “Registr. Nr.”

and “Time” are generated automatically.

6. Select tab “Failure Data”. As can be seen, you do not have to fill in any details about

a component. The alarm nr. is copied from the tab “Log”

+ OnderhoudsManager Demo _ (O] ]

Fropertiee  Edit Beports Special Help

v Log -RCH - DEMO GEBRUIKER / Park 5outh Supplier !El

Log Eailure data | Specifications I Bleports |
Alarm with rezet

Alarmn, I 12 Alarm |

Stand still: |20-05-2DD1 1300 [dd-mm-wywy hhimm]  Followeup melding E@
Fiint |

Restart: |2D-05-2DD1 17.00 [dd-mm-ppy bh:rim] [uplizate |
FMECA Prapesti Cave
Cancel
WElete

IDebris [E]
Incomect azzembly (H]
Ihcarmrect repair (H)

\i I<|4|>|N

Lightring [E]
Owerload 1) i
Starm, Severe wind [E) -
Wark done | Reset ;I
[Elaze |
7. Fill in the data for the down time analyses. The fields to be filled in for the FMECA
properties depends on the "Failure type". In case of "alarm with reset", no additional
information is required. The type of work is in this case default “Reset” but can be
adjusted if necessary.
8. Click “Save” and select tab “Specifications”. Please note that there is only one type
of costs to be filled in: “Wages”.
16 ECN-C--01-0XX



Logging Failure and Maintenance Data

i OnderhoudsManager Demo =

Properties  Edit Beportz  Special Help
i Log -RCH - DEMO GEBRUIKER / Park South Supplier M= E

Log I Eailure data  Specifications |Bep0rts |

Wages ARz Hourly wage: Duration [hr.]:
Sr Techn warking hours E@N
Jr. Techn. travel hours ol - oo -
Jr. Techn. working hours ali] etEe : Eiifit |
Sr. Techn. travelhours
[Tl cate |
Save
Cancel
[Elete
a
s
o
¥
Eitd |
Total costs: 0.00
[Hase |

9. Select the help desk employee and fill in the number of hours. (If the help desk
employee is not present in the selection options, try to add the employee in the
reference tables and in the financial tables. Don't forget to restart the program after
modification of the reference table(s). The procedure is described in Section 4.1.3).
Click “Save”

4.3 Alarm with Failure

In this case, an alarm is generated by the turbine. The Help desk employee (logged in as
DEMO) reports the failure to the Sr technician who has to travel 2 hours and carry out the
repair for 3 hours. (The Sr technician is logged in as ECN).

1. Select the wind park and turbine as demonstrated in Section 4.2, step 1, 2, 3, and 4
and select event “Failure with alarm”. Fill in alarm nr. 13.

i OnderhoudsM anager Demo M= &=
Froperties  Edit Beportz Special Help
! Log -RCM - DEMD GEBRUIKER / Park 5outh Supplier !EI
: Failure data I Specifications I Reports |
Ewvent
Registr. nr.:
Time: [Z3-05-2001 1136 Melder: |Demogebruiker = |[DEMO319
“wind Turbing: I S-Supplier-10004-1 = l Type: IAlarm with failure - l E@ N
Alarmnr, |13 Energy prod. IIJ Erint |
F ailure: IAIarm with Failure :
[ruplieate
Solution: d
_I Save
Cancel
Pricrity: |<geen> ;I Discipline: | <geen: ;I —
Delete
Actual information of this exvent —
-
Status:  |Description Drate / time — _
s
= w
Actiore | Description Date / time 2 =
Fird |
[Elase |
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It appears that the help desk employee is not able to reset the turbine. He informs the Sr.
Technician and gives him the alarm nr. (13) and the Registr. nr. (DEMO319). He saves
the data and fills in the time he spent in tab “Specifications”.

The Sr. Technician carries out the repair and fills in the tab “Log” identical to the help
desk employee. He has to change the registration number manually.

2. Select tab “Failure data” and fill in the data (In this case a failed pitch motor).

Froperties  Edit Beportz Special Help
:Log -RCM - DEMO GEBRUIKER / Park South Supplier !E

Log  Eailure data | Specifications I Reports |
larm with failure

Alarrminr. |13 Alarml Companent: I Pitch matar 2 =

Stand still: |21 -05-2001 1200 [dd-ram-pyey bkcrm) - Follow-up melding r
Start repair; |21 -05-2001 15:00 [dd-rm-pywy hh:mm] =
Restart: [21-05-2001 16:00 [ddcd-mm-ppy bk mm] Duplicate I'|

A]9ey - Failuredata component Pitch motor 2 M1.2  [HIE] E3

- p ; =
Failure made: I fails to rn at rated speed | |Failure mode Failure cause
. Fails ta run at rated control ermor |
Failure causs: ICDntrol enar M reed

Foot Cause: IWear, Ageing fails ta run mechancal failure

Comment:
motor burned

M oisture detected inthe p | |
loose contact

L

4 I | » u

Frd
Wark done | Fepair % Cleaning ;I #l
[EEsE: |

3. Click “Save” and select tab “Specifications”. Fill in the appropriate data and close the

window.
! OnderhoudsManager Demo M=
Properties  Edit Beportz  Special Help
' Log -RCM - DEMO GEBRUIKER / Park 5outh Supplier !li[
Log | Eailure data  Specifications | Beports I
Wages: |Kind employee Hourly wage: Dwration [hr.]: Cogts: |+
Sr. Techn. travelhour 20.00 200 160.00
51 Techn warking ho 80.00 200 240,007+ E@ N
Tatal wages: 400.00 Print |
Consumables: |Ai=y Amount: :
Cable 442 5mm 7250 1 i
Total costs consumables: 7250 Changs
Parts: (M ame: Price: Amourt: Cogte: |~ Delete
= -
Total costs parts: 0.oa s
Other: D escription: Costs:[~ w
>
Total other costs: 0.an Eird |
Total costs: 47250
Cloge |
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5. DATA ANALYSIS

5.1 General

The operation of the analysis module can be best demonstrated by means of the case
studies. ECN has filled the demonstration version already with some fictive O&M data.
ECN did not fill in data for all parks so sometimes you will find zero maintenance actions
or downtimes which is correct. The same holds for the maintenance costs. Only in some
cases the maintenance costs have been filled in. The data will be analysed from different
persons with different point of views.

Please feel free to try all the other options too but take into account that no failure data is
recorded for some turbines.

5.2 Management of Turbine Manufacturer

Situation 1: The management wants to compare the “O&M performances” of region WS
North with that of WS South. for the WS 750 kW-II turbines (Note that no data is
available in region WS South. You may fill in some data in the Log-module yourself for
these turbines in 1998.)

i The number of failures per region (per turbine)
il The downtimes (logistics and repair) per region
Carry out the following steps
1. Properties = Analysis
2. Type of WT: “WS 750 kW-II”
3. Regions : All (= Workshop North, Workshop South) = next
i OnderhoudsM anager Demo M= &=
Froperties  Edit Beportz Special Help
1 Analysis-tool M= E3
Select a Group of Wind Turbines
Type of Wind Turbine
IWS A0 Kl - l
Other regions Selected regions
;I ﬁ wiarkshop Morth ;I
’ 'wiorkzhop South
<
— Erpnrt e
a4« = | Emile
Other Wind Parks — Selected Wind Parks [itvEenseaes
;I ﬁ Park Morth Trend ;I
} Park South Single 1
| Fark South Single 2
4 Park South Start Date
LI z Park South Supplisr -
Other Wind Turbines - Selected Wind Turbines
= » N1 -750H 1007 =
b W1-750-1-002 Next
| W1-750-1-003 Back
4 M1-750-1-004 —
2 g EEneEtER =
ﬂ Close
4, All available data in 01/01/1998 — 31/12/1998
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5. Ranking—> next

i OnderhoudsManager Demo =

Properties  Edit Beportz  Special Help

1 Analysiz-tool HE 3

Select the peniod and Type of analyzi

Select the period of analysis

Al available failure data,

& Al failure data within this period:

From: |D1 A01/1998 Lrtill:

€ Al failure data between these warking hours

3141241938

[ Ay [dd/mmdypyn]

Evport lile

Witvoendeces

Frarm: I Uil |

Select the type of analysiz

 Statiscal analysis
 Trend dnalysis

¢ Component data

Mest
Back

Cloge

6. Regio=> next

+ OnderhoudsManager Demo _ (O] ]

Fropertiee  Edit Beports Special Help

1 Analysis-tool HE E

Select level for Ranking

Lewvel for ranking

& Regio

© Windpark

= Windturbing

€ Building block

" Group of components

LA

1 Dbyt

£ Hlope

1D reimore Eoidinghloes

[ ter Building Blochks Selented Bulding Blocks

Macelle d »
Raotor
Towwer

b
4
=

Erportiie

itwEenseees

Mext

Cloge
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Data Analysis

7. 1  Number of maintenance actions

+ OnderhoudsManager Demo _ (O] ]

Fropertiee  Edit Beports Special Help

1 Analysis-tool HE E

Select type of analyszi

Type of Analysis

& ‘Mumber of maintenance actions [per tutbine];

" Downtime [per turbing]

£ Pl bt [pentinhine]

" Mumber of alarms [per turbine]

" Maintenance costs [per turbine]

€ Diawn time vs. alarmname

" Maintenance costs ve. alamname

© Number alams ve Alamname

" Murmber of maintenance actions vs. type of maintenarce

ECN

Erportiie

itwEenseees

Mext
Back

Cloge

8. Next

i OnderhoudsManager Demo =

Properties  Edit Beportz  Special Help

1 Analysiz-tool HE 3

Ranking Analysiz
12
1
s Expont file
Witvoendeces
0s
04
nz
|tz
Back
04
Wtrkshop Morth
legenda: #-as:  Region y-az. Number of maintenance actions per turbine

ECN-C--01-0XX
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9.

ii —>back, downtime—> next

i+ OnderhoudsM anager Demo

Fropertiee  Edit Beports Special Help

1 Analysis-tool

=1 B

SE E3

Ranking Analpsi
- Logistic: dowintime
- Repair time EG N
Export file
itwEenseees
IdEst
Back
Witrkshop Morth
legenda: «-as: Fegion y-az. Downtime per burbine [hrs. ] Cloze
10. Close

5.3 Service Manager of a Region

Situation 2: The region manager of WS South wants the O&M performance of the first
two operational tears of the WS 1000 kW class I turbine.

i
ii

00Nk W

—_ —
— O

—_—
W N

Number of failures per turbine
Downtime per turbines
Maintenance costs per turbine
Properties = Analysis
Type of WT: WS 1000 kW-I
Regions : Workshop South
Wind Parks : Park South Supplier
WT : All 2 next
All data between 0 en 17500 working hours
Ranking=> next
Windturbine—> next
i Number of maintenance actions—=> next
ii —>back, downtime—> next
iii =2back, maintenance costs
You may try the other options too!
Close

22
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Data Analysis

Situation 3: The manager of region WS South also wants to know how often “lightning”
is the root cause for events in “Park South Supplier”

Properties = Analysis

Type of WT: WS 1000 kW-I
Regions : Workshop South

Wind Parks : Park South Supplier
WT : All 2 next

All available data

Component data—> next
Componets : all

XNk WD =

Root cause — number of occurances = next
Close

._
e

Situation 4: The manager of region WS South wants to identify the most vulnerable
i building blocks

il components

in “Park South Supplier”

Properties = Analysis

Type of WT: WS 1000 kW-I

Regions : Workshop South

Wind Parks : Park South Supplier

WT : All 2 next

All available data

Ranking—> next

i Building block = next
Number of maintenance action = next
Back—>downtime—>next

ii > back >back group of components
all - next
Number of maintenance action = next
Back—>downtime—2>next

Close

XN hs W=

—_
— O

—
D kW N

Situation 5: The manager of region South wants detailed information about the pitch
motors in “Park South Supplier”

i failure modes

i failure causes

iii suppliers

1. Properties = Analysis

2. Type of WT: WS 1000 kW-I

3. Regions : Workshop South

4. Wind Parks : Park South Supplier
5. WT : All 2 next
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6. All available data

7. Component data—> next

8. Componnets : Pitch motor 1, 2, 3

9. Failure mode — number of occurances = next

10. - back, Failure cause — number of occurances = next
11. - back, supplier — fraction of maintenace actions = next
12. Close

5.4 R&D Department of Manufacturer

The R&D department wants to know the MTTF (Mean Time To Failure) for a yaw brake
of a 750 kW class II turbine. Note that the MTTF data is only relevant for estimating the
failure rate of new designs if it is constant over the time. This means that first a trend
analysis should be performed.

Properties = Analysis
Type of WT: WS 750 kW-I1
Regions : Workshop North
Wind Parks : Park North Trend
WT : All 2 next
i All available data

Trend analyse—> next

e Ao

components: yaw brake = next

i+ OnderhoudsM anager Demo

Fropertiee  Edit Beports Special Help

1 Analysis-tool HE E
Trend Analysi =
hei]
e tit] - Fasilre intenzity
— h[t] - failure rate
0

= Export file
Uitwoer Acces
=1
a0
i
IdEst
0

=== 12 JEiT ] et ar:] R 41235 Loonss] i = ) BTFE (==252)

legenda; #-az working hours [krg] w-az  Rate™10EE [1/hour] Cloge |

(Note that the curve of the failure intensity is constant in between say 14.000 and 66.000
hrs. of operation, which corresponds to approximately 1,6 and 7,5 years.

9. ii >back, 2back,
10. all availbale data between 12000 and 87000
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Data Analysis

11. statistical analysis—> next
12. components, yaw brake = next
Fropertiee  Edit Beports Special Help
Calculation results statiztical analysi
General data: Mean time to repair:

Period between 1-1-80  and:
Selected tppe of Windturbine. WS 750 khw'|

23-5-01

Tatal Population: 12
Total Mumber of failures: 0

Mumber of censured walues: 4

Perzert of tatal: 33

MTTR 8.333
Standard dewiation [M] 8
Standard deviation [N-1] 8
Wariance [M] 61
Wariance [M-1] BB

Censured values included:

Censzured values not included.:

MTTF 18535
Standard deviation (W] 15909

Standard deviation [M-1] 16617

Warance [N] 253105792
Wariahee [M-1] 276115410

MTTF 15863
Standard deviation [M] 11208
Standard deviation [M-1] 11982
WVariance [M] 125626303
Wariance [M-1] 143672918

ECN

Export file

Uitwoer Acces

Selected Wind Turbines Selected Components
N1-750-1-001 |Z| aw brake Ll
N1-75041-002 Back
N1-75041-003
N1-75041-004
|Z| Cloge
13. Close
5.5 Final Remarks

The following remarks should be made to better interpret the analysis results.

The number of maintenance actions means the number of actions for which the

technician had to go to the turbine. The failure could not be solved by a reset from the
helpdesk.

e The difference between “failure rate” and “failure intensity” requires some
understanding of the theory on reliability and safety analyses. It is beyond the scope of
this report to go into more detail.

e All the results are “normalised” to [per turbine] in order to compare the O&M
performances independent from the size of the population of a region or park.

e If you go from a certain screen back to the previous on by clicking “Back”, you will
notice that the button “Next” is disabled. You are obliged to make your selection
again. This is done to avoid errors by clicking too fast through the various screens.

ECN-C--01-0XX
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6. DEFINING NEW TURBINES

6.1 Screens and Buttons

To define new turbines, open the option “Definition WT” under “Properties”. The screen
below will show up.

+ OnderhoudsManager Demo _ (O] ]
Fropertiee  Edit Beports Special Help
1 Wind park - DEMO GEBRUIKER / Park South Single 1 HE E3
‘wiind Parks [\wind Iurbil Building Blcl Egmponenll Sub Eomp.l |§omp. Datel Consuri.
Wind Park. of ;I
p §
In region: | ;I
Region: |“arkshop South
Description : | Demonstration Erint
Sequence
Wfind park Residence Addrezs - Duplicate.
Fark South Single 1 Residence SouthAdress South Single 1
Fark South Single 2 Residence SouthAdress South Singls 2 Change
Fark South Start Date Residence Park [Adress Park South Start Date Delete
Fark Marth Trend Residence Park [Adress Park Morth 1
a
Fs
o
i
= Eitid |
4 > |
| | Cloze |

To define each turbine in a unique manner it is necessary to define the:
- Wind park
- Wind turbine
- Building blocks (or main system) of each turbine
- Components of each building block

These items correspond with the “tab’s” of the definition screen. The tab “Sub-comp.” is
not being used in this demonstration version. The tab “Comp. Data” can be used to define
spare parts and the tab “Consum.” to define consumables.

As already stated in the introduction, Chapter 1, three types of turbines are already
defined in the Maintenance Manager. To see what information is attached to the wind
park “Park South Supplier”, you should click on the park and than on the button
“Change”. The screen on the following page will show up.
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i OnderhoudsM anager Demo H=] &=

Froperties  Edit Beportz Special Help

+ Wind park - DEMO GEBRUIKER

+ Change Wind Park
wind P

/ Park South Single 1

M ame:

Residence:
Country:
Tel:

Description:

Reaion:

Location: Address:

i Terrain:
: “Wind Conditions:
g Owrer:

Operator:
Service Centre:

Remarks: R

wind park:

Park South Supplier

W orkshop South ;I
Adress Park South 1

Residence P51

ML

0224 554943

it

ENCE

Eate,

8 turbines, 1000 kW, class 1
hilly

claze 1

OwN2

e tllelie]

|oPR2

[ - |

sC
sC1

5C2

Cancel

The items Region, Terrain, Wind Conditions, Owner, Operator, and Service Centre work
as combo boxes. The options to choose can partly be set in the corresponding reference
tables (See chapter 2). Terrain and wind condition options are standard and cannot be

changed.

By clicking the tab “wind turbine” you can see that the wind park “Park South Supplier”

consists of 8 times IMW

+ OnderhoudsManager Demo _ (O] ]

class 1 turbines.

Fropertiee  Edit Beports Special Help

1 Wind park - DEMO GEBRUIKER / Park South Single 1 HE E3

wind Park: Wind Turbi

Buildihg Blcl Egmponenll Sub Eomp.l

“Wind Turbine of:

|§omp. Datel LConsun.

wind park: |F'ark South Supplier

Fiesidence: |F|esidence P51

BECN

Description: I 8 turbines, 1000 kw/, class 1 Brint
Sequence
Wfind Turbine Lacation Description & Duplicate.
S-Supplier-10004-001 Foundation 1| 1000 k% turbine:
5-5upplier-1000H-002 Add
S-Supplier-1000--003 Foundation 3 | 1000 Ky turbine Change
S-Supplier-10004-004 Foundation 4 | 1000 kY turbine: Delets
S-Supplier-10004-005 Foundation 5 | 1000 kW turbine:
S-Supplier-10004-00& Foundation & | 1000 kY turbine: a
S-Supplier-10004-007 Foundation ¥ | 1000 kW turbine .
S-Supplier-10004-002 Foundation 8 | 1000 kYW turbine -
1 .
_ILI Fitid |
l I 2 Close: |
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Status and Implementation

With the button “Change” you can change the background information of the turbines,
e.g. the date the turbine is taken in operation, or you can add some unique characteristics
to the turbine (rotor diameter, special feautures, rated power, etc.)
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= B2

i OnderhoudsManager Demo

Properties  Edit

Beports  Special Help

|| ]

i Wind park - DEMO GEBRUIKER / Park South Single 1

wind Parlee wind Turhi In. il nlrl rnmnmnnll Cuk Carnn |

i Change Wind Turbine

L ] rrvnn 12

Wind Turbine:

Mame: [l5-Supplier-10004-002
Location: IFoundationZ

Description: | 1000 Ky tutbire

b anufacturer: | hMF1

o
N
nt

Type: | WS 1000 ki =l

Characteristic: 1: |55
Characteristic 2: |50
Characteristic3: I
Characteristic 4: I

Characteristic 5: I

D ate in use:

[01-04-1938 cate.

ENCE

Hd

nge

e

Cancel |

n

Each turbine in this demonstration version consists of three building blocks: rotor, nacelle
and tower. This can be seen by clicking on tab “Building Block™.

i OnderhoudsManager Demo

Properties  Edit

Beports  Special Help

= B2

i Wind park - DEMO GEBRUIKER / Park South Single 1 M= E3

wind F'arksl Wind Turbi

Egmponenll Sub Eomp.l

Building Block of:

| LCormp. Datel LConsum.

Wind Turbine: |S-Sup|:|lier-‘| aoo--002

Location: | Foundation 2

il

Description: I 1000 kv turbine

Macelle

Building Block. |Configuration [0

Orniginal design

Description

Macele for WS tubines

Tower

Orniginal design

Tovwer for WS turbines

3

BECN

Print

Sequence
Duplicate.
Add
LChange

Delete

{4 (> [M

By “Change” you can change for instance the supplier of a main system or the

configuration identification.
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Status and Implementation

i OnderhoudsManager Demo =

Properties  Edit Beportz  Special Help

i Wind park - DEMO GEBRUIKER / Park South Single 1 M= E3
wind F'arksl ‘wind Turki Building Ble Egmponenll Sub Eomp.l |§0mp. Datel Consurn.
Building Block of: . || =
{ Change Building Block M= E N
Building Block: nt
— M ame: IHotor ence
]l cate.
_I Descriptior: IHotor far WS Turbines L
T Supplier: |\~\-"S R otor supplier ;I
nge
Bl Configuration 1D: [{REFENIMMMSNSNNN = |
L e
proto
ol Canfig 2 .
i ok | Cancel I -
¥
> Eirid |
4 3 |
| I Cloge |

Each building block consists of various components. E.g. the rotor consists of three
blades, three pitch motors, etc. A complete list can be found under tab “Component” .
Each component is defined uniquely by its tag nr. So “Pitch motor 1” corresponds to
pitch motor 1 on the electrical schematics. (The “component level” is also the level at
which the FMEA is being performed and at which data should be recorded for further
analysis. This will be discussed later on.)

1 OnderhoudsManager Demo H=l

Properties Edit Beportz  Special Help
} 'Wind park - DEMO GEBRUIKER / Park South Single 1 M= E3

wfind F'arksl Wind Iurbilﬁuilding Blc Component

Sub Eomp.l |§0mp. Datfl LConsum.

Component of:

Building Block: |Rotor E@ N

Configuration [D: IDriginaI design

Description: IFh:-tor for WS Turbines Pririt
Sequence
Camponent TAG-number Compaonent D D escription & Duplicate,
Blade 3 BL3 BLZS blade
Pitch motor 1 Phi1000_B ako add
Pitch motar 2 M1.2 P1000_a& de matar LChange
Fichmotor 3 [M1.3 PM1000_4 e motor T Delete |
Fitching gearbox 1(G2.1 PGE1000 gearbox
Pitching gearbox 2 |G2.2 PG1000 gearbox a
Pitching gearbox 3|G2.3 PG1000 gearbox J .
Pitch bearing 1 B1.1 PR bearing -
Fitch bearing 2 B1.2 FB bearing T
Fitch bearing 3 B1.3 FB bearing |
_ILI Eind |
| | 2 Close |

By “Change” it is possible to change o.a. the following:
- Name, tag nr, description, etc.
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- Type and object are two fields that can be used to make various cross-sections
through the database. E.g. you can select all electrical motors during the analysis
if you add the option “electrical motor” to the component. Or all electrical
equipment can be compared with hydraulic equipment. The possibilities for type
and object can be defined in the reference tables (fype of object and type of

component).
i OnderhoudsM anager Demo [_ (O] =]
Properties Edit Beportz  Special Help
:'Wind park - DEMO GEBRUIKER / Park South Single 1 =] =]
i Change Component 3
S g P . = e
Companent:
| M ame: IF'ilch motar 1
TAB-number: [M1.1 o
D escription: Idc maotor SN
Tupe: |e|ec:tlic:a| ;I * Mew [ atumn it gbr int
1) Object: Ielectlical motar ;I " old IZB'US'ZDDD ence
Function describtion: I driving pitching gearbos and blades -
Component 10 I ;"PNHDDD_B ;I Hd
Serial rr.: I nge
Specification?: I ste
S pecification2: I =
S pecification3: I N
Library reference: |<n0ne> =1 |<n0ne> =1 v
r
Ok | Cancel | d |
! ! —1 ] Cloge |

The field “Component ID” is meant to select the ID from the spare parts list or from the
stock. In the case of the pitch motor, you can use a pitch motor from supplier A (PM
1000 _A) or B (PM 1000 _A). You can select the data in two ways: the full name (1000
kW pitch motor, left hand field) or the code (PM 1000_A, right hand field). The list with
component ID’s and their codes is defined under tab “Comp. Dat.”

i+ OnderhoudzM anager Demo [_ (O] <]
Properties  Edit Beporte  Special Help
wiind Park:l wind Iurbil Building Blcl Cgmponenll Sub Comp.l -
Component 1D Fart Degcription 1= =
BLZ1 21 m blade blade for 7501 K/ turbine with diameter E@ N
BL24 24 m blade blade for 750 kW turbine with diameter
BL25 25 m blads blade for 1000 KW hurbine with diamete Fint
BL2a 28 m blade blade for 1000 kW turbing with diamete Sequence
P 750-20b Fa0 kW pitch motar |de maotor Duplicate.
Fh41000_2 1000 ki ~h mator - de motar from cormpary,
Fr41000_B 1000 kxw pitch mator [de motaor from company B Add
PGTE0 750 k' pitching gearigearbox Change
PG1000 1000 ki pitching gea|gearbox | Delete
MGTR0 780 k' main gearbox|main gearbox ——
MG1000 1000 k¥ main gearbalmain gearbox a
GM7E0 Generator 750 kW |generator -~
GM1000 Generator 1000 ki |generator T
RE Felay 24 de relay f
FLC FLC plc for control system =
;T Mo L _,ILI Eirid |

32
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Status and Implementation

Note: The list with components will be tailor made for each individual customer. The
customer should provide the data in a digital format. Since this is not the case in this
demonstration version, the option does presently not work properly and will be improved.

Furthermore, you can define the serial number of a component. In practice, this will only
be done for major components, not for smaller components.

6.2 Copying Existing Parks and Turbines

To define a new park with existing turbines you should carry out the following steps.
1. Properties = Definition Windturbine

2. Select Tab “Wind Park”

3. Push button “Add” and fill in the data (in our example it is called ECN-test-1)

i+ OnderhoudzM anager Demo [_ (O] <]
Properties  Edit Beporte  Special Help
1 'Wind park - DEMO GEBRUIKER / Park South Single 1

i Change Wind Park [ _ =]
Wind P =
| wind park: =
Mame: [IFCH-test-1 [
Region: |Wwoaorkshop Marth ;I N
Location: &ddress: |ECN street
Residence: |ECH city i
— Country: | Metherlands EnCe
| Tel: |+31 224 BE4343 Cate,
i Diescription; | ECM test station b
Terrair: | flat ;I
i ' " nge
; “Wind Conditions: | class 2 ;I
. Dhwner: | w2 = e
FI Operator: | ECH operation ;I o
Service Centre: | ECN service ;I R
Fiemarks: | Park to show definition of new park with existing turbines B
é
0K Cancel | d |
I‘J= = — I Close |

Close the window by “OK” and notice that the park is added to the 5 other parks
Go to park “Park South Single 2” (this consists of the 1 MW class 2 turbines)
Go to tab “Wind Turbine” and select the turbine S-Single-2-1000-11.

N ok

Select “Duplicate”
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i+ OnderhoudzM anager Demo Hi=E
Properties  Edit Beportz  Special Help
i+ 'Wind park - DEMO GEBRUIEKER ¢ Park South Single 1 M=l

‘wind Prarb< Weird Turki In. il nlfl r'nmnn.-.mll Cuib Carae | | Camn [ =|:I (R e |/-.
i Duplicate Wind Turbine [_ =] ]
I whind Turbine: -.._‘__‘_
nt

Name: |ECN-Test
Location: |F0undati0n‘|
Description: | 1000 Ky turbine
_‘ Manufacturer: | MNF1 =1 et i o [
Type: [ WS 1000 kil =l [T0-0s2001 | cate.
Characteristic 1: I?D hd
Characteristic 2: |58 =
Characteristic3: |
Characteristic 4: | £
Characteristic 5: | -
Plant: [{AMgRE=8] -
Park Morth Trend_ L
ok, E:;t ggz:: g;pllj:e‘l[ . onderdelen en componenten ovemnemen W =
Park South Single 2 FMEC&-gegevens ovememen W [
| [ _ILI Firid |
dl I 2 Close |

8. Modify the name, date in use, etc.
9. Select the park in the combo box (in this case ECN-test-1)

10. Mark “Secties, onderdelen en componenten overnemen” to make sure that all
components and building blocks are being copied

11. Mark “FMECA-gegevens overnemen” to make sure that the FMECA data of each
component is being copied.

12.  Select “OK”

Now select tab “Wind Park™ , go to ECN-test-1, go to tab “Wind Turbine” and see that
the turbine is being copied. If you go to the building blocks and components you will see
that all data is being copied. You now only have to modify the serial numbers for the
main components if you want to ensure configuration control.

6.3 Defining New Turbines and Parks

Here an example is given how to define a new turbine, which consists of only one
component, the tip brake. The turbine is called “Turbine tip brake” Adding more
components to the turbine means repeating the same action or copying existing data.

To define a new turbine you should do the following.
1. Select the reference table “Main Libraries” in “Raamwerk Demo”
2. Select “Add” and type the new name of the library (In this case “ECN-tip brake”)

3. Follow the same procedure to define a new type of wind turbine. Add “ECN tip brake
demo” to the reference table “type of wind turbines”

4. Select “Save” and restart the program to update the reference tables
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Status and Implementation

: Raamwerk Demo =
Adminigtration  Beports  Application  Special Help
i Referentietabellen HE E I
Program: I Onderhoudshkd anager ;I
Tables: Maintenance
Classification Component | MName =
Canfiguration-1D WS Fatol
Countries W5 Nacellg
Currenlc_l,l WS Tower save
D?te.d.mn HE CM-tip brake Cancel
Dizcipline
Kind of employes [ElEtE
M aintenance strategy
b arwifacturer |
M aterial
M edium
Operatar Afdukken
Other Costs Afchukken alle
Owirer _—
Periods
Priority
Froductiedervingskosten
Froject libraries 1
R andvoors. [Conditiorz) hal
Region =~ 4 _>|— [Eoze
5. Select “FMECA” from “Properties”
6. Select the “ECN-tip brake” library as shown below.
\ DnderhoudsManager Demo [_ O] =}
Froperties  Edit Repot: Special Help
i Bibliotheek FMECA - DEMO GEBRUIKER / Risico-analyse Park North Trend HE I
Platt
Urit: | N1-F501-001 =1
Sectie: I Laller ;I
Onderdeel: | <allex =1
TopefObi:  [<aler ol = | IS N
Frd-bibliatheek Frojeettiblioth ek | Onderdelen | Componenten | | Risico-analyze | %l
Onderdeel TAG-nummer Ormschrijving * I Fi A, -opties
Blade 1 BL1 blade Ko . _
Blade 2 BLZ blade b F.4. Sectie...
Blade 3 EL3 blade: X
Cylindrical part Tw cylindrical part of tower # [rupliceren |
Generator GEM Generator H
Main Gearbox G1 Gearbox H Toevoegen
PLC PLC PLC X —
Pitch bearing 1 B11 bearing * WiEEEn
Fitch bearing 2 B1.2 bearing ES [
Pitch bearing 2 B12 bearing % L]
Piteh matar 1 M1.1 d matar #
Pitch matar 2 M1.2 d mator H
Pitch matar 3 M1.3 dc mator H
Pitch relay k1 relay hs
Pitching gearbox 1 G21 gearbox *
Pitching gearbox 2 Gz22 gearbiox X ;I Sluiten |

7. Select tab “FM-bibliotheek™ and select “Toevoegen” (which is Dutch for Add!)

8. Fill in the name of the component (Tip brake) and close the window

9. Double click on “tip brake”
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! OnderhoudsManager Demo H=]
Properties  Edit Beportz  Special Help

i Bibliotheek FMECA - DEMO GEBRUIKER / Risico-analyse Park North Trend

—FM-bibliothegk ———————— Platt

[ECH-tip brake =] | un | N1-750-11-001 =
Sectie: I <aller ;I
Onderdeel: I <allex =

Tpetlbi: [l Sl =] | JBEGN

— Projectbibliothesk
| 'w'S Raotor =1

FM bitliothesk: | PfUiECtbib“DthEnakl | Onderdelen | Componienten | | Risica-analyse ||'_133|
e SR = F.A. -opties...
F.4. Sectie...
Dupliceren |
Toevoegen
Wwizigen
Werwideren
| | _>|J Sluiten

10. The FMEA sheet will show up

1 OnderhoudsManager Demo M=l
Properties Edit Beportz  Special Help

i FM-bibliotheek W5 Rotor: Tip brake

_El Sluiten I

Faalvarm Faaloorzaak. Conditie wan de foulDetectie |Reparatis Standtijd Koz~
1
M ][] j - - j T
=]

Plakken

FK.opieren faalvorm
Flakkern faalvam

Werwideren faalwarm

Bewaret
Afdmkken

Afzluiten

11. Select the right mouse button and select “Toevoegen faalvorm” (Adding failure
mode)

12. Fill in as much failure modes and causes as necessary (The last 5 columns are not
being used in this demonstration version.) and close the FMECA screen by “Sluiten”.
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1 OnderhoudsManager Demo M=l
Properties Edit Beportz  Special Help

i FM-bibliotheek W5 Rotor: Tip brake

El Sluiten I
Faalvarm Faaloorzask Conditie wan de fou
Failz to open Debris j
lce J
v
,| Emergency stap Spring broker] j

13. Select “Definition WT”,

14. Select tab “Wind Park” and select park “ECN-test 1

15. Select tab “Wind Turbine”

16. Select “Add”

17. Fill in all turbine data as shown below. Select “ECN-tip brake demo” as type of

turbine.
i OnderhoudsM anager Demo H=] &=
Froperties  Edit Beportz Special Help
{'Wind park - DEMO GEBRUIKER / Park Morth Trend O] x|
wind P ek« wfired Turhi In..;la;m nlrl Carmmemand || Tk Canan | | Carmn M =|:I [t e |/
+ Add Wind Turbine [ _ [ ]

wind Turbine: -.._‘____‘L
Mame: ITurbine tip brake N

Lo atior: I Foundation

it

Description: I Diermo wersion with only one component

— Manufacturer: | MNF1 = Date in use: [

| Type: | ECH tip brake demo ;I I - - cate.

: Characteristic 1: |2 blades Ld
Characteristic 2 [D = 60 m T
Characteristic3: IH =80m
Characteristic & [F = 1.2 Mw =2
Charactenstic 5 | k

h
r
Ok | Cancel | r

| | | - e |

adl I c Cloze |

18. Click OK to return to the definition screen. You will notice that there are two turbines
in park ECN-test—1.
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19. Select tab “building block™ and select “add”

20. Fill in an appropriate name, select the supplier and the configuration ID and click
OK. You will notice that the turbine “Turbine tip brake” now consists of one building
block.

i OnderhoudsM anager Demo H=] &=

Froperties  Edit Beportz Special Help
i Wind park - DEMO GEBRUIKER / Park Morth Trend =] ]

Wfind F'ark:l “wind Turbi Building Blc Egmponenll Sub Eomp.l |§omp. Datel Cornsum.

Building Block of:: i

{ Add Building Block [_ [} tN

Building Black: nk
= M ame: |Hotor ehce
]l cate.
| 1 Description: | Twa bladed ratar with tip brakes L
T Supplier: IWS Fator supplier ;I o
Hi Configuration 1D: [REHTRMAIIINE - |
-] ElE
I L
| Ok | Cancel | A
i
- Find |
[ » |
| I Close |

21. Select tab “component” and select “add”

22. Fill in the data as shown below. Since there are two tip brakes, this one is called Tip
brake 1. To add the FMECA data to the component select “ECN-tip brake” from the
library reference and “Tip brake” from the parts in this library. (“Component ID” is
not obligatory.) Then select OK and notice that the building block “Rotor” has one tip
brake.

! OnderhoudsManager Demo [ (O] =]
Properties  Edit Beportz  Special Help
i Wind park - DEMO GEBRUIKER / Park North Trend M= E3
+ Add Component M= E
Wind P - .
— Component:
] MHarne: ITip brake 1
TAG-rurber: [TB1 ;'“"'-x
Desaription: | Tip brake of blade ane f
Type: |<none> | & Mew Datumin gbr int
Dbject: | <none: =l oad |2U-U5-2001 -
]_I Function describtion: IAelodynamic tip brake —
T Component 1D: I =l <geen> =1 hd
i Serial v [ TE 12345 o
:: Specification: I i
L Specification2: I -
|
= Specification: I N
:: Library reference: I Tip brake ;I b
<nones | B
= WS MNacele
Ok |
Ll — 'S Fotor 6
A | I WS Tomer 1 ] Close |
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23. To add the second tip brake to the rotor: highlight “Tip brake 1” and select
“Duplicate”. Now change the name, the tag nr., the description, and the serial
number. Then, mark “include components” and “include FMECA-data” and close the
window. You now have two tip brakes with the FMECA data attached.

i OnderhoudsManager Demo [_ (O] =]
Properties  Edit Beportz  Special Help
i Wind park - DEMO GEBRUIKER / ECN-test-1 M= 3

Wind F'arksl Wind Iurbilﬁuilding Bl; Componer

Sub Eomp.l |§0mp. Datel LConsum.
Component of:

Building Block: | Rotar E@
Configuration 10: |Driginal design
Description: I Two bladed rotor with tip brakes Brint
Sequence
Component TAG-number Compaonent 1D Diezcription =
Tipbiake 2 |TB2 Tip brake of blads two fdd
LChange
Delete
a
rFs
.
s
= Eind |
4 »
| | Cloge |

Once you have built the first turbine (as is done at ECN many times), it is not necessary
anymore to build a completely new turbine. In practice, the building blocks with the
components will be downloaded as the parts lists from the manufacturers. The
components will be linked to the various libraries with FMECA data.
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7. Problem with installation

If any problems occur during the installation, try the procedure as described below:

1. Double click on “Onh_demo.exe” in the C:\ directory.
Files will be extracted and the directory “Onh_demo” with the sub directories
“Frame” and “Onhmn” will be generated.

5‘ Exploring - C:\

File Edit “iew Tools Help
|.-’-‘«II Folders | Contents of 'T:A'
=1 Onh_dema

o | Size | Type :I
-+ Frame
-2 Orhmn

4961KE  Application |+
s | 2

|1 objectis] selected |4.840E v

2. Gotodirectory “Onh_demo” and delete “P_bnr.dbf”

5‘ Explonng - C:AONH_DEMO

Filz Edit Yiew Toalz Help
| &l Folders | Contents of 'T:\ONH_DEMO’

[ MS0ffice =] | Name | Size | Tupe | Modified -
(2 Mtm [ Frame File Folder M /0601 0522

(21 My Documents (3 Onhmn File: Folder 01 /06401 0322

(1 Onh_acc 8 B exe 29E  Application 11 /06497 0333

(1 ONH_CD_Klanter Corfia fow KB FP File 24/11/98 16:02

‘S Onh_demo Fonuser.dbf KB DEBF File 03/11/0014:23

-] Frame Fasuzer.fpt 4KE  FPT File 03/11400 14:23
'%hngzm” Frame. app 1,360KE  APP File 29/01/01 21:59

I Dnh_ws @ Logo bmp 11KB  Bitmap Image 30030010002
=1 Frogram Files Lago.msk 11KE  M3K File 30/03400 10002
3 Pu32 Onhirn. app 1.110KB  AFF File 11709400 13:26
& Recyoled Onhrnn.app 3.GKE  APP File 04702401 16:42
] S4Ppc Onhwh.app 1.882KB  AFP File 28/08/00 16:54
3 Sbpci = |l Onfwem.app 1,708KB  AFP File 07/02/01 11:32
(1 Temp [P bro. b ; KB DEF File 11/06/01 0502
7 “iifde Kaderprogr: Wb dbf 1B DEF File 04,/02/01 16:56 |
23 Wind 8] % _onhm. dbf 1KE DEFFile 05/09400 14:03
(21 Windows 8] ¥_onhmn.dbt 1KE DEFFile 0402401 16:56
(1 Windeesteveld Wi | l]'_anhyb.dbf 1KE  DEF File 04/02/01 1656
ﬂ” | _>|J T T B _>|J
|1 ohject(z) selected |502 bytes A

3. Double click on “Bnr.exe” and follow the instructions below
4. Change: M:\TEST\ into  c:\onh demo\

5. Change: PATEST\FRAME\DATA\ into  c:\onh demo\FRAME\DATA\
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! Microsoft Visual FoxPro [_ (O] =]

File Edit ‘Window Help

Geef het centrale directory waar de programmatuur staat
Sluit af met een '\’
c:hvonh_demoy

Geef het data directory van het frame in.
Sluit af met een '\’
c:\onh_demo:\FRAMENDATAY

W_bnr [c:honh_demo’y_bnr.dbf] Fecord: 141 Fiecord Unlacked “_ ’_ ’_ 4
6. Change GA\UITLEVER\DEMO1\ in all fields into c:\
! Microsoft Visual FoxPro [_ (O] x|

File Edit ‘Window Help

Geef het centrale directory waar de programmatuur staat
Sluit af met een '\’
c:hvonh_demoy

Geef het data directory van het frame in.
Sluit af met een "%

+ Directories Instellen - O] x]

Geef de directories in:

Systeem Referentietabellen Data |Tempdirect0ry —
clonh_demaofram|cionh_dematframeizoekd clonh_dematframeld cionb_demat |
cionh_demolanhr]cionh_demolwonhmnizoek] clonh_demoionhmn Qe gy il tlolenllonh_de |

-

«|
-
1

D_params [D_brrlD_params] Record: 2/2 Fiecord Unlacked | 4

Note: The directory C:\Temp must be created.

7. Close the window and fill in the user name and password
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