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ABSTRACT

Observatories are important for the evolution of astronomical research. Equally important is their maintainability. Of
course, the management of our fixed budget as well as assuring reliability, availability and system efficiency is directly
related to the maintainability of this center of observation.

Can we manage this situation and maintain reliability, availability and efficiency? The answer is, yes. There are new
maintenance techniques that allow us to deal with these requirements.

PMO, Preventive Maintenance Optimization is one of the new techniques that has recently grown in popularity and it is
structured as follows:

Prepare PMO

Define System or Equipment according to Reliability Requirements
Review Existing PM

Screen Task for Removal

Optimize Remaining Tasks

Fill Gaps on PM

Review Manufacture Recommendations

Optimize PM Work Order

Implement Change

Evaluate Improvement.
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The implementation of PMO is a process that will allow the Observatory to increase the efficiency of the Maintenance
plans. The results of this new process will not be evident immediately and will be evaluated in the future.

1. INTRODUCTION

The maintenance department of LSP observatory, which was the first department of its kind operating at an observatory,
has been working through the years in the development of new techniques and strategies to achieve our goals.

This Paper will focus on the development process of our Maintenance strategies and will also briefly present the tools
that we are developing in order to reach our goals.

PMO, which is a tool in wide use today, is primarily concerned with finding a proper way to optimize the Maintenance
Plans through the maintenance task, by adding or either removing some of tasks. Of course, the results of this
optimization will not be immediate, but will become clear in the long term.



2. PMO AS PART OF OUR RELIABILITY PROCESS

Mission of the Group
“Continuous improvement of all maintenance plans to give reliability and availability to all equipment and subsystem of
the Observatory”.

PMO is an important part of the Maintenance internal process and during the development of it you can use
various tools in order to progress through the different established steps.

PMO Steps

Prepare PMO:

Define systems Reliability requirement

Establish system criticality Ranking

Establish systems availability Ranking

Selection of the equipment and/or system, according to Reliability, criticality and availability.

Define System or Equipment according to Reliability Requirements:
Gather information about the related equipment selected.

Classified the information collected.

Established failure Mode

Analyze the information.

Analyze the failures modes of the system.

Review Existing PM:
Check every one of the existing tasks of the actual plan.
Check if the above failure modes are covered by the existing task.

Screen Task for Removal:
Review all tasks to decide if it is necessary to remove one or more of them.

Optimize Remaining Tasks
Optimization of the existing tasks by adding more information or modifying the existing information.

Fill Gaps on PM
Recheck each task and confirm that nothing is missing.

Review Manufacture Recommendations
Double check manufacture recommendations

Optimize PM Work Order
Modify actual PM work order

Implement Change
Apply all the changes made on site.

Evaluate Improvement.
Evaluate all changes with inspections.



Maintenance Internal Process
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3. PMO PROCESS AT MAINTENANCE DEPARTMENT OF LA SILLA PARANAL OBSERVATORY

B Prepare For PMO
» Select Equipment or System From the List of Main Systems at the Observatory

ENCLOSURE QOBSERVING SLIT DOORS

ENCLOSURE QOBSERVING SLIT DOORS

MAIN STRUCTURE Alt BRAKE SYSTEM

MAIN STRUCTURE Alt BRAKE SYSTEM

MAIN STRUCTURE Alt LOCKING SYSTEMS

ENCLOSURE WINDSCREENS

ENCLOSURE WINDSCREENS

MAIN STRUCTURE HES

MAIN STRUCTURE HES

MAIN STRUCTURE Az ENCODER

MAIN STRUCTURE Alt ENCODER.

MAIN STRUCTURE HEBES

M1 UNIT Hydraulic System / Support

M1 UNIT M1 Cell

MAIN STRUCTURE ALTITUD SHUTTERS

MAIN STRUCTURE CAB E.LO7/3 SHUTTER

M1 UNIT EQD Battery

ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR

ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR

ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR

ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR

ADAPTER ROTATOR NASMYTH B ADAPROTATOR

ADAPTER ROTATOR NASMYTH B ADAPROTATOR
H Define Systems ADAPTER ROTATOR NASMYTH B ADAPROTATOR Reliability Requirements

ADAPTER ROTATOR NASMYTH B ADAPROTATOR

ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR

ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR

ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR

ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR




» Establish System Criticality Rankings

FF PO MA DP ED PL Done by | proposal
ENCLOSURE OBSERVING SLIT DOORS PM Mechanical 0SDEMO01 2 3 1 10 3 1280  [ESO ESO
ENCLOSURE OBSERVING SLIT DOORS PM Electrical 0SD1Y00S 2 3 1 10 3 1280  [ESO ESO
MAIN STRUCTURE Alt BRAKE SYSTEM PM Mechanical ABREMO01L 1 12 1 10 3 960 ESO ESO
MAIN STRUCTURE Alt BRAKE SYSTEM PM Electrical 1 12 1 10 3 960 ESO ESO
MAIN STRUCTURE Alt LOCKING SYSTEMS PM Mechanical ALSEMO01 1 B 1 10 8 640 [ESO ESO
ENCLOSURE WINDSCREENS PM Mechanical WSCEMO01 1 8 1 10 5 400 ESO ESO
ENCLOSURE WINDSCREENS PM Electrical WSC1¥005 1 8 1 10 5 400 ESO ESO
MAIN STRUCTURE HES PM Mechanical HESEM001 2 12 1 1 5 120 [ESO ESO
MAIN STRUCTURE HES PM Electrical HES1Y005 2 12 1 1 5 120 [ESO ESO
MAIN STRUCTURE 4z ENCODER PM Electrical ZEN1MO01 1 12 1 1 3 96 ESO ESO
MAIN STRUCTURE Alt ENCODER PM Electrical AENI1M001 1 12 1 1 3 96 ESO ESO
MAIN STRUCTURE HES Test HBS 4 4 1 1 5 80 ESO ESO
M1 UNIT Hydranlic System f Support IN Mechanical 2 4 1 1 3 64 ESO ESO
M1 UNIT M1 Cell PM Mechanical 1 ] 1 1 3 64 ESO ESO
MAIN STRUCTURE ALTITUD SHUTTERS PM Mechanical ASHIMOOL 1 8 1 1 8 64 ESO ESO
MAIN STRUCTURE CAB E LO7/3 SHUTTER PM Electrical ASH1YO0S 1 8 1 1 8 64 ESO ESO
M1 UNIT EQD Battery PM Electrical 1 3 1 1 8 64 ESO ESO
ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR PD Test Torque Adapter ARTSMO001 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR PD Encoder Test Adapter ARTSMO025 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR PD Test Torque Rotator ARTSEMO13 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR NASMYTH 4 ADAP. ROTATOR PD Encoder Test Rotatox ARTSEMO37 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR NASMYTH B ADAPROTATOR PD Test Torque Adapter ARTEMO02 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR NASMYTH B ADAPROTATOR PD Encoder Test Adapter ARTEMO026 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR NASMYTH B ADAPROTATOR PD Test Torque Rotator ARTSEMO14 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR NASMYTH B ADAPROTATOR PD Encoder Test Rotatox ARTSEMO38 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR PD Test Torque Adapter ARTSEMO09 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR PD Encoder Test Adapter ARTEMO027 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR PD Test Torque Rotator ARTSMO021 1 12 1 1 5 60 ESO ESO
ADAPTER ROTATOR CASSEGRAIN ADAP. ROTATOR PD Encoder Test Rotatox ARTSMO39 1 12 1 1 5 60 ESO ESO
MAIN STRUCTURE Alt DRIVE SYSTEM PM Mechanical ADRSM001 1 12 1 1 5 60 ESO ESO
MAIN STRUCTURE Alt DRIVE SYSTEM PM Electrical ADRIY00S 1 12 1 1 5 60 ESO ESO
ENCLOSURE CAB EE02 PM Electrical CABLY019 1 8 1 1 5 40 ESO ESO
ENCLOSURE CAB EHOl MMD/VDS/RTM/ATU PM Electrical CABLY013 1 8 1 1 5 40 ESO ESO
ENCLOSURE CAEB EH03 LVR/OSD/Locking Pin PM Electrical CAB1Y001 1 8 1 1 5 40 ESO ESO
ENCLOSURE CAB E.L02 LVR{WSC PM Electrical CAB1Y005 1 8 1 1 5 40 ESO ESO
ENCLOSURE CABE.LO3 LVR/OSD PM Electrical CAB1Y009 1 3 1 1 5 40 ESO ESO
B Define Systems Reliability Requirements
> Establish System Availability Rankings
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»  Establish System Reliability Rankings

Reliability
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Bl Define Systems Reliability Requirements
» Selection of the System to be Analyzed
According to the criticality and reliability analysis we came to the conclusion that the System that most requires
Optimization is the Wind Screen System

—

B Define Systems Reliability Requirements



»  Failure Modes, Causes & Effects
For this Purpose we gather information from two Sources of data:

*  PPRS Action Request System
¢ CCMS Data base MAXIMO

B Define Systems Reliability Requirements
»  Failure Modes, Causes & Effects
First : PPRS Action Request System

PPRS-003983 |Melipal (UT3) Software/Comunication WS Syst. Software Adjustment
PPRS-004002 |Melipal (UT3) Software/Comunication [WS Syst. Software Adjustment
PPRS-004005 |Melipal (UT3) Software/Comunication [WS Syst. Software Adjustment
PPRS-004313 |Melipal (UT3) Electrical WS 8 Stuck Reset syst.
PPRS-004424 |Melipal (UT3) Software/Comunication [WS 16 Stuck Reset syst.
PPRS-004435 |Melipal (UT3) Electrical WS 8 Stuck Loose Wire J-Box
PPRS-004437 |Melipal (UT3) Limit Switch WS 8 Stuck Adjust Limit Switch
PPRS-004493 |Yepun (UT4) Limit Switch WS 26 Stuck Re-tie bolts of Limit S.
PPRS-004635 |Yepun (UT4) Gear Box/Motor WS B Stuck Belt adjustment
PPRS-004669 |Yepun (UT4) Software/Comunication [WS Syst. Set Auto Higth
PPRS-004894 |Melipal (UT3) Blocked/Slippery WS 24 Stuck Mechanical Adjustment
PPRS-005735 |Antu (UT1) Electrical WS14 Circuit Braker reset
PPRS-005742 [Antu (UT1) Electrical WWS14 Reset

PPRS-029989:" | Kueyen: (UT2):. 2| WS 22 disalighed; Mechanical:Adjustment.:

PPRS:-030144::

Melipal-(UT3

| it : Siwitch:

| Adjiist: Lithit: Siwitch

PPRS:030231:: | Y &puti

| Blocked/Slippery.

| Ruti: Several:Times:.

PPRS:030260: | Meligal:(UT

| Litriit: Siwitch:

Adjust Lirmit Switch

PPRS:030539:: [Afitu (U

RejplacePLC

PPRS:030568::

Liffiit. Switch,

|Aligrret::::

PPRS:030637::|

|Electrical:

Thé'r'fr'l'é I F"rﬁfé'f:tio

PPRS:030694::[Y.

PPRS:030700::Ku

: Replacé..Sea

PPRS:030857::)Y

TGimit: Switch

| Replace:Litmit:Sivitch:

PPRS:030912:: Weliga

Liviiif: Switch:

Rejilace: Liriit: Switch::

PPRS:031228:|

Electrical:::

Loage: Cable at:):-Bok:

PPRE-031633:: [N

Gear:Baoi/Matar.:

|Replace-Gear Bk

PPRE-031741::| e

| Gear Bax/Mito

Gear:Box.Belt:

PPRS:031747. | Malipal: -

Liriiif: Switch:

Adjust:Liriit: Switch:

PPRS:031811:: [ Yepin:(t

| Libit: Siwitch:

| Adjist: Litnit: Switch:

PPRS:031859:: | Yepun.(UT

Liviiif: Switch:

Liibiricate: Liriif: Switch

PPRS:032083::

Litiit: Switeh:

WS:26:did ot Gperate

Adjustiment:Liriit: SwnchE

PPRS:032214::)Y

| Liriiif: Swwitch]

WWS:26: Stuck

|Replace: Lifiit:Switch::

PPRS:032228: | Yapun:

Lkt SWit't':h'

WSI5-Stuck::

‘|Lubticate:Limit:Switch

PPRS:032851: Y

i [VVS:2:5t0e

Up:date::::

PPRS:0325866::

Kuieyen (UT2):

; Lli'mt.Swnch,

WS20: did:not:opetate

| Lubricate: Liit: Switch

PPRS:033151::

epuri(UT4)::

| Gear:Boi/atar:

| WSi3 Stuck:

| Alignment.of: Motar 2

B Define Systems Reliability Requirements




»  Failure Modes, Causes & Effects

Bl Define Systems Reliability Requirements
»  Failure Modes, Causes & Effects

Eventes

First : PPRS Action Request System
As results of the classification of the PPRS information, we obtain the following results

Record Of Failure Mode 2001- 2009

Year

== Electrical —#——Limit Switch

——

ked/Slippery — +— Gear Box/Motor

First : PPRS Action Request System
Also the analysis was done for each Telescope.

Electrical

Limit Switch

Failure Mode for UT's

\\.

Failure Modes

I/Slippery

Gear Box/Motor

——UT1
T2

uT3
= UT4




B Define Systems Reliability Requirements
»  Failure Modes, Causes & Effects

Second : CCMS Data base MAXIMO

Maximo Oct 29.xls
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B Define Systems Reliability Requirements
»  Failure Modes, Causes & Effects
Second: CCMS Data base MAXIMO
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B Define Systems Reliability Requirements
»  Failure Modes, Causes & Effects
Second: CCMS Data base MAXIMO

Failure Mode for UT'S
7
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uT's
—¢—Limit Switch —#=—Electrical Sofware/Comunication Blocked/Slippery === Gear Box/Motor

Q Summary

» As seen on the previous statistical graphics, the Limit Switch and the Gear Box have the most frequent
failure events

B Review Existing PM

» PM - Mech - 6M - Enc — WSC
» PM-Mech-1Y - Enc — WSC
» PM—Elec -1Y - Enc - WSC Electrical



Screen Task for Removal
» Screen Task steps
*  Check all the activities of the PM
*  Double check the existing activities
*  Make proposal for removing activities.

Optimize Remaining Tasks
» Optimize Remaining Tasks
*  Optimize remaining tasks by adding actions that will meet the requirements of the new tasks.
* Discuss the implementation of the tasks with the PMO board.
*  Make all necessary arrangements to update PM.

Fill Gaps on PM.
» Fill Gaps on PM
*  Check PM plan several times as well as any task that may not be cover by the new plan
*  Propose modification if necessary

Review OEM Recommendations
» Review all maintenance activities suggested by the manufacturer.
*  Check PM plan proposed by manufacturer.
*  Propose modifications if necessary
*  Update new maintenance plan

Optimize PM Work Order.
» Proceed with the optimization of the new plan
¢ Update new list of activities
*  Double check the new list to ensure that nothing is missing.

Implement Change.
» On site Implementation of changes
*  During the following PM activities, proceed with the implementations

Evaluation of the Improvement.
» The evaluation of all improvements will require several months or monitoring to obtain reasonable
statistics.
* Three months after task implementation, assess effect of changes.
*  Performing statistics graphics of the new behavior of the WS will give a clear idea of the
effect of the implemented action.

4. CONCLUSIONS



*  The implementation of this new tool in conjunction with other pre-existing techniques will
contribute to maintaining the reliability, availability and efficiency of the Wind Screen
System.

e The Reliability group will suggest other PMs that could benefit from similar Optimization.

*  The continuous improvement of the existing Maintenance Plan will contribute to increase the
Reliability of all others systems in the UT’s.
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