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Maintenance at ALBA Infrastructures

* An accelerator maintenance singularity is the conjunction
of a high complex conventional facility with an intrinsic
dynamically changing scientific environment.

« The dense preventive maintenance program matches
tightly with the operation plan that at the same time is
going shorter in order to increase beam time hours for
users.

« Shutdown periods are the best availability window to
execute the critical scheduled maintenance joined to the
Improvements and upgrades of the whole facility.

« The Computerized Maintenance Management Systems
(CMMS) are the tools to coordinate whole year process
activities related to maintenance and analyze operation
calendar updates and facility upgrades.
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Maintenance at ALBA Infrastructures

e Objective: maximum reliability at minimum cost.

» Strategy:
— Keep in-house all knowledge necessary to operate and maintain the facility.
— In-house management of the whole maintenance of the facility.
— Optimize the maintenance cost related to personnel, spares and reposition.

e |nfrastructure scheme:

— Team of in-house engineers (4) and technicians (2) trained and educated
multidisciplinary with maintenance.

— Spares and components supply framework conditions with general and specialist
suppliers, price and delivery time not blind.

— Outsourcing to specialized companies the routine preventive and normative
maintenance of specific equipment's.

— Contract with external specialized maintenance company for outsourcing
personnel support during preventive and corrective maintenance (2+1 FTE).
Flexibility on the contract supplier in order to absorb peak work loads at
shutdown periods or critical corrective manpower necessity.
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Maintenance at ALBA Infrastructures

Prisma 3°

sisteplant

« Preventive maintenance approach by CMMS (Computerized
Maintenance Management System) - Software PRISMA 3

— Availability of the component database from the installation period.
— Experience from installation/exploitation period.

— In-house knowledge

— Widely implemented in industrial and technological environments
— Scalability

— Integration capabilities

— Potentiality

— Maturity

e Installation description implemented in 6 levels
— Facility
— Building
— Zone
— System
— Asset (main)
— Element (part of Asset)
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Maintenance at ALBA Infrastructures

« Key figures: From management of Normative (legal operations),
Corrective, Preventive and Predictive maintenance.

56 Contador Lineas Normas por Gama WorkProcedureQOperation 349
57 Namero Solicitud Trabajo 'WorkRequest - 59
58 Nimero OT \WorkOrder | 3.902
59 OTs de Preventivo ‘WorkOrder . 11.231
60 Contador Lineas Trabajos previstos 'WorkOrderPlannedLabor ' 11.895
61| Contador Lineas Cargos previstos 'WorkOrderPIannedCharge . -
62 Contador Lineas Mat.Externos previstos 'WorkOrderPlannedExtMat - 0
63| Contador Lineas Normas por OT "i.r"uforkOrderOperation . 29.247
64 Nimero Feedback Mano Obra 'LaborReporting 5.525
65 Contador Lineas Feedback M.Obra 'LaborReportingLine 8.073
66| Contador Lineas Ausencias 'Wod(erDayOff 0
67 Contador Lineas DCAs ‘WorkOrderDefect 0
68 Nimero Cargo 'Charge 67.947
69 Contador Lineas Cargos 'ChargeUne 67.947
70 Ntmero Material Externo ExternalMaterial 0
71 Contador Lineas Materiales Externos ExternalMaterialLine 0
72| Contador Lineas Feedback Herramientas ‘WorkOrderTool 0
73 Nimero Parada DownTime 0
74/ Nimero Medicién ‘Measure 1.290
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Maintenance at ALBA Infrastructures

o All figures are since we launched application, (JAN-2012)

« Work order : 11.231 (PR) + 3.902 (CR) = 15.133 WOs.

* Planning Task simulated: 71.893

 Number of Operations used in Work Procedure = 349
 Number of Operations used in Work Orders = 29.247
 Number of Measurements performed = 1.290 (assets measure)
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EURD

Asset/Group Type Cost Graphic

Coste Total
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Grupo Clases Trabap

Assets number: 2.713 assets
(since Jan-2012)

Asset procedure created: 1.353
(since Jan-2012)

Period Analyzed in graph’s:
June-2012/June 2013

Total cost versus dates, detailed
Work Group types:

PR: Preventive+Predictive
— CR: Corrective
— CO: Conductive
— NL: Legal Operations
— ME: Improvements
— NI: New Facilities
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EURD

Equipment Type Cost Graphic

* Major costs by type of equipment:
— ELECT: Electric Motor Pump
— CLIMA: Heat, Ventilation and Air Conditioning, HVAC
— SADIN: Rotary UPS, Specific Outsourced Services
— CUAEL.: Power Cabinets, (Maintenance Legal
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Labor Reporting

« Total Labor Reporting lines since we launched
application: 8.191 lines (manpower line counter
feedback)
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Work Flow Order Process

=* WORK ORDER WORK FLOW ***

PROCESS GROUP

WORK
REQUESTS LAUNCH AND

SIMULATICN
APPROVAL
YES

TASK GEMERATICN

FLANNING LAUNCH

« Work flow orders
generated by :
— Operator user
— Schedule

VéOEEEP?ARF?OENR — Preventive
2 maintenance
sl ASSIGMENT program due to
=S b indicators
FEEDBACK by
WORKER

NO
WORK
FINISHED?

YES

WORK ORDER
CLOSED

Juanjo Manotas — CELLS ALBA - AMMW 2013 — 13/15 November 2013 CERN, Geneva



Work Orders | Other Data

Manpower by WO | Work Requests | Operations by WO | Defects by WO | Qutputs by WO | Charges b~ »

Output Date
29/04/2013 08:30
29/04/2013 08:30
20/04/2013 08:30
29/04/2013 08:30
29/04/2013 08:30
29/04/2013 08:30

P 29/04/2013 08:30

Item
2011013134
2012013549
20120135510
20120135512
20120135513
20120135514
20120135515

. Wide spectra of information
can be specified. Manpower
and technical information
specifications (Drawings,
technical instructions, safety
instructions, tooling,...)

Dther Data | Manpower by WO | Work Requests | Operations by WO | Defects by WO | Outputs by WO | Charges by WO | Externz € »

Item Name Issued
\i) 504010513 CIERRE MECANICO de P-08

\'*)Juego de TACQS de P-08/10 Tipo N-Eupex H-160

\i) Rodamiento de BOMBA P-08 SKF 3310 A/C3

;‘) Rodamiento de BOMBA P-08 SKF NU 2310 ECP

JJRETEN de P-08/10 Dim 50 x 65 x 8

\i) RETEN de P-07/P-08/P-09 Dim 45 x 60 x 7

\'*) 999013428 Juego de JUNTAS de P-08

WO Number i 3,096 CANVIAR RETENS I RODAMENTS BOMBA
WO Origin Q O,
Requester Q
Request Hour/Date WO Document
Edition Date/Hour  |26/04/2013 20:21 Priority 13
Asset  IDWXXAPOS-A Qe
Equipment Q,
[ Use Serial Number
Warranty State Q
WO State i) 90 Q
Work Procedure Q
Work Type  |CRINT Q
Supplier Q,
Planned Date 29/04/2013 00:00 Prev. Duration Planned oo
Minimum Previewed Date Maximum Previewed Date
Planned Shift a4

Worker Worker Name Job
P1] PABLO JIMENEZ JIMENEZ MECANI
P1] PABLO JIMENEZ JIMENEZ MECANI
FATA FRANCISCO ALEJANDRO TRUJILLO ALBARRAL MECANI
P1] PABLO JIMENEZ JIMENEZ MECANI
P11 PABLO JIMENEZ JIMENEZ MECANI
FATA FRANCISCO ALEJANDRO TRUJILLO ALBARRAL MECANI
Pl PABLO JIMENEZ JIMENEZ MECANI
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Work Orders | Other Data | Manpower by WO | Work Requests | Operations by WO | Defects by WO | Outputs by WO | Chargest %

Starting Date
29/04/2013 09:00
20/04/2013 14:00
29/04/2013 10:00
30/04/2013 08:00
30/04/2013 14:00
30/04/2013 08:00
06/05/2013 16:00

Work Orders | Other Data | Manpower by WO | Work Requests | Operations by WO | Defects by WO | Qutputs by WO | Charges E

Project

Safety Plan
Workshop

Store

Item List
Calendar
Service Contract
Sales Contract
Customer
Invaoiding Mode

WO Description

e db

Canviar ¢l ts després del fund
Caldrd fer alineament del conjunt motor-bomba

ten buit del divendres 26/04/2013.

06/05/2013, JIP: Es torna a obrir 1a OT per poder fer l'alineament en calent de la bomba, en
dues operacions: en funcionament fins les 14:00 per a que s'escalli, comprobacid i
just t de l'ali t, segon fund t duna hora i tarnem a comprovar estat de la

hamba

ovember 2013 CERN, Geneva



e |Internal and Outsourced services schedule

Worker Assignment

ECM - ESTEBAN CRIADO MARTINEZ

LMC - LUIS MORILLAS CREMADES

MATA - MIGUEL ANGEL TORO ALCARAZ

PJ1] - PABLO JIMENEZ JIMENEZ

Wi Mumber: 11038 - G TRIM.MOTOBOMEBAS DE
CIRCULACTON

Asseb: ICWRKAPSO-4 - ELECTROBOMESA PSO-4
Priority: O
Wi Stake: 00 - Estado inicial por defecto

Edition Date/Hour; 1571172013 12:00
Planned Date: 15/11/2013 12:00

Minimum Previewed Date: 12/10/2013 12:00
Maximumn Previewed Date: 02/12§2013 12:00
Starting Dake: 12§11/2013 00:00

Planned Time: 2:00
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Worker Assignment

ELECNOR - ESPECIALISTA ELECNOR

ODYL - ESPECIALISTA ODYL, 5.A.

VICTRON - ESPECIALISTA VICTRON

2013/11
11 12 13 14 15

10971
10574

AIRMATIC - ESPECIALISTA AIRMATIC

[ moo]| mool| o) sl sinl

&:00 s:i00 800
EE R R
3859

R VAR

£

WD Mumber: 3859 - SUSTITUCION BATERTA UPS0S

Asset: TSUINASALS - SAT BEAMLIMES
Priority: 3
Wi Skate: 00 - Estado inicial por defecto

Edition DakefHour: 211002013 14:00
Planned Date: 13/11)2013 12:00
Skarking Date: 13/11/2013 12:00
Elapned Time: 100

Real screen shoot of current week activity
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A~ Work order generated by indicator

Assets Work Procedure | Other Data | Permissions Hazardé Preventive Actions | Skills | Documents | Queries

asset  [[COGEDGA X [T  Work order generated by
Equipment a indicator:
Work Procedure  [GINTSEC Q * November planning launch
Interval Type [ Meter Level work order to clean
Sequence  Entry Priority 3@ exchanger secondary side.
Measurer Type  [SECDIF a » Differential pressure 0.60
Starting Date |05/03/2013 Intial Measurement Value 0@ bar > 0.54 bar, C|eaning 1S
Measurer Interval B Launch WO with Interval B requ ired
Tolerance - 0@ Tolerance + 360 )
Min.Num.Days B Max.Num.Days B

Lower Limit 0[ Upper Limit 0.54 7 <:|

Excluded Days O Monday O Tuesday [ Wednesday O Thursday OI Friday Saturday ™ Sunday

Calendar o Preventive Calendar
Preventive Plan Q Asset Q5B
Equipment
Last Modification Date 05/03/2013 01:27 Planned Tasks Work Procedure aQ
— SECDF-EX6A00 7
Messurements From Date  [11/11/2013 =] Task Type: Exceeded Meter
00.68| Load
0066 o Displaced Calculated Dake: 111172013
H Carrying Ouk Date: 111120135
cl 00.64 !
: T S 3‘ =8 I I T m‘: 1251 e Carrying Qut Date: 11/11/2013 31|
§ o062 4——|Max Carring Ouk Date: 06/11/2014
% 00.8 [=] [=] [=] [=] [=] [=] [=] [=] [=] ==} 2013'{12 | |
= 2 s s = & 2 g 8 g S e Required Resources:
g g S § g S g § § "g’ § MECANI - ESPECIALISTA MECANICO: 5:00
" b v o Edllhl'\ HQ:‘I.‘DE[E " " ° ° - s
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Work order feedback tool

Feedback by Worker
Worker Q
Date Load
WO Nu WO Name Edition Date/Hou Asset Asset Name Prio Startin Ending Manp: Hou WO De CaAc W(

10,945 GAMA SETMANAL CONDUCT11/11/2013 12:00 EDTECZCOND CONDUCTIVO! 3 08:00 10:30 |2:30 HN &iJ
11,067 GAMA MENSUAL VASOS DE 15/11/2013 12:00 ICWXXAEXP-05 VASO EXPANSI  0/10:30 11:10 |0:40 HN |SiJ
11,061 GAMA MENSUAL DEPOSITO¢15/11/2013 12:00 ICWXXAD-07  MECS5- DEPOSI 0 11:30 12:00 0:30 HN ci)
11,089 GAMA MENSUAL FILTROS H115/11/2013 12:00 ICWXXAP50-B ELECTROBOMB, 012:00 12:10 |0:10 HN |&1)

11,090 G.TRIM.MOTOBOMBAS DE C 15/11/2013 12:00 ICWXXAP50-B |ELECTR ;ee‘d'l;ack by\:\rorl;er
11,090 G.TRIM.MOTOBOMBAS DE C15/11/2013 12:00 ICWXXAPS0-B  ELECTR WO Number o
11,209 GAMMA DIARIA BIOCIDA T(11/11/2013 12:00 |ZCUBIICTXX INSTAL Asset s
3,941 PONTEJAR EQUIP SENSE BO11/11/2013 09:05 |IAGDEADES-01 |DESCAL -
Edition Date/Hour =@ Priority |
Starting Hour Ma_ﬂpower' Work
 Feedback by Worker: encing Hour ime Feedoack
 Every day worker make report fourTiee 2
. WO State i) Q
for every work order assigned. . .
« Explain the main operations and Cause A
change the type of work to finish e -
g s Work Type Q,
(99) if is the case.
* Manpower work time is filled T COuSNGS POk FASE: 611671105 A £ . 1.4
4 . . PRESIONES: Tmpulsion: 3,2 bares Retorno: 2,6 bares
with other many information.
0K Previous line Next line Insert Row
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Spares warehouse management

*** WAREHOUSE WORK FLOW ***

PROCESS GROUP

C?RRECTNE Wo WAY OF TOOLS OUTPUT PREVENTIVE WO . WAR E H O U S E STO C K
WAREHOUSE WAREHOUSE OPERATION H CO U NT
Havorien " — Stock Movement: 1.915
WORK :
PROCEDURE items
e — Purchase order through
DOES EXIST YES frem R?;CF]-‘.L:)':: pEEEE’EEE Purchase order proposal:
ITEM? oo B R 1.537 items
l NO I YES Tool (h'II:yenThsly}
PURCHASE
PUORRGDHEA RSE Does necessary RCE:EBEET
REQUEST '

U

Create
ITEM
“PRISMA3"

$

(=

OUTPUT WAREHOUSE

G

TOOL RETURN

«

STOCK
ADJUSTMENTS

I anipulation INPUT
Internal Crder WAREHOUSE

Create
ITEM
“PRISMA3”

]

IManipulation
Internal Crder

ADD ITEMS IN
WORK
PROCEDURE

102 NO° Sugerencia
103 Contador Lineas Sugerencias de Pedido

82 Contador lineas Almacén Estante
83 Numero Movimiento Almacén

84 Numero Ajuste

85 Contador Lineas Ajustes

86 Namero Entrada

87 Contador Lineas Entradas

88 Namero Salida

89 Contador Lineas Salidas

90 Contador Lineas Salidas Generadas
91 Namero Transferendia

92 Contador Lineas Transferencias

. OrderProposal
OrderProposalltem

StoreShelf

:Sto ckMov

StockAdjust

StockA djustitem

StockEntry
StockEntryItem
StockIssue

Stocklssueltem
StockIssueGenltem
StockTransfer

.Sto ckTransferltem

22
1.537

729
1.915
147
506
234
538
706
701

43
85
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Store Valuation

* In 2012 november, starts activity from warehouse.

 Warehouse usage depends on the preventive maintenance
plan and corrective operations and other types work orders.

Consumos de Almacin
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Valuation by Fammily

 Main item familys:
— FILTROS: Filters for HVAC.
— CIERRE MEC: Mechanicals seals for Motor Pumps.
— JUNTAS: Joints for Motor Pumps
— RODAMIENTO: Bearings for Motor Pumps, Ventilation, etc.

Consumos de Almacin
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1. ALBA Infrastructures: building
and utilities current maintenance
approach.

2. Conditions based maintenace
Introduction

3¢ Next steps and conclusions.

Juanjo Manotas — CELLS ALBA - AMMW 2013 — 13/15 November 2013 CERN, Geneva



Summary

« Particularities of the scientific research facilities
operation and design (fast variable load, high availability,
redundancy,..) brings to an scenario where the
conventional industrial approach to maintenance should
be improved.

« Motivation to explore the viability of CBM approach
Implementation:
— Increase reliability.
— Decrease cost.
— Decrease at minimum not programmed shutdowns.

— Increase predictability to optimize the programmed shutdown
activities
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CBM architecture system

* Main requests to the centralized managemetn system:
— Measure
— Control
— Alarm generation
— Archiving
— Diagnostic
— Support to maintenance decisions
 Modules to be implemented in the framework of the operations (SCADA)
and maintenance (CMMS) ALBA scheme. Three modules are defined:
— Measure system
— Alarm and diagnostic system
— Support to decision system
 The pumps of the cooling and HVAC systems are choose as study case.
e Motivation
— critical for the facility
— literature availability
— real data availability
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CBM architecture system

Operator

E
<) ‘ Supervision

st  SCADA application for
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Data Analysis applications to support

decision making_mcesses on maintenance and optimization

O Failure diagnostics

[ Decision making

repport
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2. Probability of failure
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[
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Alarm and diagnhostic system

s

st SCADA application for
CBM monitoring

Alarms CBM

Alarm generation embedded in in
the control system, generated
from internal and external
parameters.

The limits of the parameters
deviate from the control range, a
potential failure alarm is
generated. The alarm shall be
considered with the historical data
from the CMMS (work orders
knowledge) and RCM (Reliability
Condition Maintenance, reliability
knowledge).

The limits of the parameters
deviate from the control range up
to a critical level, a functional
failure alarm is generated that
implies the emergency stop of the
equipment.
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Maintenance Decision

r Operator [ Analyst
Maintenance
Data Analysis applications to support

decision making processes on maintenance and optimization

O Failure diagnostics h-i CBM Maintenance decision
Decision making RCM+Codt
repport Weibull Continiue
% 1. Diagnostics of state Analysis - Esploitation
L Schedube

4. Probabadity of tailure

v, tene i ‘ , Intervention
3 Réemamrung Uieful Lite ' il Immediate
lI!!"!I!l!! |i Intersenbon

. - = T

* Support to decision system. Once a potential failure alarm has been
generated the system shall combine the following information

component diagnostics based on the operative measurements of the component
and the process.

information about the lifetime behaviour of the component (CMMS historical
data)

Failure probability in the future. Weibull analysis.
Estimation of remaining lifetime
Data on the cost associated to unexpected failure and preventive maintenance.

» Graphs are to be generated to asses the decision making process
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#=. General layout of DW cooling circuit

AL BA

. The cost associated with the preventive maintenance
~and the complexity in arranging the needed activities
and operations are the motivation to explore the
viability of Condition Based M aintenance (CBM)
approach at ALBA, seeklng for op ng the
‘maintenance frequency and conseguently, cost and
 reliability. T Sl
I"Tha_gumplnq .&atlcms of th@-ﬁb@%lerato%nd
beamlines cooling:system havé%bg‘%n chosen as case

of study ‘Those systems are crltreal for the operatlon

g - ~of the faC|I|ty and have showrg,é“‘eme problems in the
: past. & N _

S =g g ‘g @% !

T | : ¢
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FLOW | High | Power | Config Models Inlet | Outlet| Vel

(m3/h)| (Kpa)| Kw num. (mm)| (mm) | rpm

PO7] 84 |1010| 45 1+1 | NM-65/250B | 100 65 |3000

PO8| 127 | 1340 90 2+1 | INP-80/315C | 125 80 |3000

r PO9] 38 |1150| 37 1+1 |NM-50/315BR| 80 50 |3000
| P10] 104 |1030| 75 2+1 |[NM-65/315BR| 100 65 |3000
P11] 646 | 230 75 1+1 |INP-250/300C| 250 | 250 |1500
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There is a problem at pumps

|H.|m-ln'lﬂ-.-d.uuu WO B WO e Editiom Hoear
WD -C  |MEBC] - ELECTROBOHEA MIE-C DS | ALTMERCISH ZFOFF A0 1543
ICPWCEAP1 -4 |MEC] - ELECTROBOHES P11-4A S AL TMERCICM ZTOFA0N0 A5 EF
ICWCEAP1L-B  |MEC] - ELECTROBOHEA F11-B DT |ALIMERSCIM 11,0000 1543
IDWIOEAFi0-A |MBC] - ELECTROBOHEA Pi0-A 973 Al IMESCISH 05117300 0 1543
IDWIOEAFID-B  |MEBC] - ELECTROBOHEA Pi0-B 974 [ALTMESCISH 057117300 0 1543
IDWCEAFI0-B  IMEBC] - ELECTROBOHEA Pi0-B TS | REPARACIOMN FE/1 10 0 2542
IDWCEAMIE-B  |MEC] - BLECTROBOHEA MOE-B TG E&CIOMN 2004001 1543
IO AR -C  |MIBCH - BLECTROBOHEA, P08 TF EACIM BOy0E 0 1 1543
IDWCARID-A  [MBCH - BLECTROBOHEA, Pil-A are A0S A543
IDWCAFID-E  |MEC] - BLECTROBOMEA Fi0-B ] EACD0M g B e v
IDWICCARDE-A  [MIEC] - BELECTROBOMEA, OS-A ] LHO5 31 1543
IDWCEAFI0-C |MEC] - BLECTROBOHEA Pi0-C A4 E&CD0M 20010001 15243
IDWOEAFID-C  |MEC] - BLECTROBOHEA Fi0-C ABEIF 2Oy 100 1 1543
IDWIOCAOE-C  |MEBC] - ELECTROBOMEA POS-C 1410 |EQUILIBRADG EJE Y RODETE 2206300 T D0e D0
IDWIOEAOE-C  |MEC] - ELECTROBOMEA POE-C 40 |EQUILIBRADD RODETE ¥ ENE BDMAS 2206300 T 10 54
IWEATE-B  |MEBC] - BLECTROBOHEBEA M08-B A0 [ EE TN OES A T 10k 36
IASOEAPID-A  |MEBC] - BLECTROBOHEBEA Pil-A 1400 |REALTZAR Al TMEACION ¥ AMAL WIBRACTONES 03AOFF AT 14: 33

IDWOOEAFId -4  |MIEC] - ELECTROBOHEA Pil-& 4048 |REWISENH ¥ REAFRIETE BOHEA ¥ MOTOR |O4 /NPT 45: 13
IDWOOEAICE-A  |MEC] - ELECTROBOHEA IS4 1412 [0 FolsCAMIERNTC POT O L ENOFF AT 1447
IDWIOEAOE-B  |MIEC] - ELECTROBOMEA POS-B 1416 [REPARACION RODAHIENTD LA MOTOR BOMOFFI00 T 15: 31
IDWIOEAIOE-A  [MEBC] - ELECTROBOMEA POS-A 1431 ESCUDD LA MOTOR ¥ WERNTILA DR AFMOTFAAT 1139
IDWIOEAOE-B  |MEBC] - ELECTROBOHEA MOE-B 1433 ESCUDD HOTOR L& A7 AT 15: 1%
IDWIOCAOE-C  |MEC] - ELECTROBOMEA MOE-C 1424 ME&CIH 250702 11004
IDWIOCAO-B  |MEC] - ELECTROBOHEA M-B 3311 [SUSTITUIR RODAMIENTOS BOMEA 171001 11:51
IDWIOEACE-C  |MEC] - ELECTROBOMEA MOE-C Z328 [ALTMERCIGN 2310 T 13: 19
ICASOEAFI DA [MIEC] - ELECTROBOMEA Pil-A Z2050 | AL T ER TN 2370 IA0A Y 1384
ICASOERICR-d,  [MECT - ELECTROBOMEA, P-4 3450 |CAMELAR GELLD MECAMICD POR PERDIDS DE AL PEF1iS AT 14 5
ICADOEAITE-B  |MIEC] -« ELECTROBOMEA MIE-E ZS05 |CAMBLAR RETEN DE BOMBA FERDIDA ATETTE 28511300 3 D00
ICADOEAIOT -4 [MEC] - ELECTROBOMEA MO7 -4 Z527 |ALTMESCICMN iy 2 A5 34

IDWIOEAF1 -4 MIEC] - ELECTROBOMEA P11-4 2520 |REAPRIETE IDE TORNILLOS PLANG 2 03127302 I3 57
IDWIOEAFI1-A  [MEBC] - ELECTROBOMEA Pi1-A Z557 [REALIZAR ALTNEACION COMIUNTO 24137300 3 D000
IDWIOEAFID-C  |MEC] - ELECTROBOMEA Pil-C 551 |REALIZAR ALTHEACION PREVENTIVA 14137300 3 0306
IDWIOCARCd-A  |MEBC] - ELECTROBOHEA P04 F552 [ALTMERCIOM 147137303 11: 53
IDWCEA-B  [MEC] - BELECTROBOHEA P-BE FEET |41 TMESCHM 24713 T 11: 53
IWCEATE-E  [MBEC] - ELECTROBOHEA PE-B IS5 10 |CAMELAR RODAMIENTOS. MOTO R 0201, 03 10 51
IWOOEAITE-B  |MEC] - ELECTROBOHEA MIE-BE 547 |ALIMES IO 280 30 3 14000
IACEAITE-C  |MIEBC] « ELECTROBOMEA IS DETT |CANVLAR RETENS 2204 0E Y 35 Ed

MEC] « ELECTROBOMEA FIX-E

BETE

FOFCMA AMLAL 2 MOTOBOMBAS DE CIRCULACION

EXF0A DOE Y 15: 52

IO aPI1l-4  |MBC] - ELECTROBOHES P11-4 DEEL |CANVIAR RETEN TRASERS 2301 03 1734
IWCEAPI-E  |MEBC] - ELECTROBOHEA MG-B AT |CANVIAR RODAMENTS BOMES 2E01 013 168 30
IWCEAP10-4  |MBC] - ELECTROBOHES Pi0-A DEE |REALTTZAR ALTMES HERNT OOMIUNT HOTOR - BOMBA FEMA 0T 18 34
IWCEAMIE-C  |MEBC] - ELECTROBOHEA MS-C ZFA5 |HODIFICAR FRECUENCIA MATURAL BRRCADS L1001 T O 34

MEC] - ELECTROBOSES, Pl

IPEE |SUBSTITLCT RODAMENTS.

AN AN S D I

MEC] - ELECTROBOMES Fil-E

_|_

ZETE |FERDIDE DE ACETTE PO RETEN

00300 3 18 18

ICASOEAITE-B  MEC] - ELECTROBOHEA PE-B mwmu ETOSAEY 17 24
IWOCEAITE - |MEC] - ELECTROBOHEA PIE-C Sl 1 |CANY] RETERS I SEGELLS MECARNCS 20830 3 17003
IDWIOEAOE-A  |MEBC] - ELECTROBOMEA POS-& a0 [CANVILAR RETENS 1 RODWMHENTS BOM BA DMLY T 0k 31
IDWIOEAOE-A  [MEBC] - ELECTROBOMEA POE-A E222 |[INCIDENCS DWW 200 30603 03,06 200 3 1000
IDWIOEAOE-C  |MEBC] - ELECTROBOMEA POE-C 2304 |[INCIDENCTS O'W 200 30603 |I}4|!E.EI}13-'IE443
IDWIOEAOT -4 |MEBC] - ELECTROBOHEA P07 -4 S35 |[INCIDENCTA DWW 200 30603 O D60 3 168
IDWCEalil-B  MEBC] - ELECTROBOMEA Pil-B S35 |[INCIDENCTS DWW 300 30603 INEEE‘IJ LEER
IDWIOEAFi1-B  |MEC] - ELECTROBOMEA Pi1-B 3007 |ALTMESCISH EN CALIEMTE BOMBA 1D 0 3 0000
ICADCEAITE- B |MEC] - ELECTROBOHEA PE-B 2334 [REALTFAR ALTHESACION EM CALIENTE A DG 3 35 5B

IO APDT -4 [MEC] - BELECTROBOHEA M7 -A 2235 |REPARACION RODAMIENTOS HOTOR D6 A0S 173
IO AT [MEC] - ELECTROBOHES, ST 23597 |Comprobar estado boenibea PS50 | [ v e e o e u]
IDACEAPDT -4 [MEC] - ELECTROBOHEA PO -4 4TI | MONTAR WOLUTS ¥ BOES EN BANCADS 2LOTFD0LT 16 6
IWCCaPIE -4 |MEBC] - ELECTROBOHES PS4 341 |REPARACION COMPLETA BOMEBS 24T 0T 26 52
IWCEAME-E  |MEBC] - ELECTROBOHEA ME-B 495 |UTILITZEAR EQUIP COMTRAST Ol FEOT AT 113
IDWCE AP -4 [MEBC] - ELECTROBOHES P07 -4 521 |RECTIFICAR: ETX BOMBA |07 NES A3 172 36
IWCEAP1D-A  |MBC] - ELECTROBOHEA Pi0-A IS |CANV] SEGELL MECANDC 140801 3 16002

MEC] - ELECTROBONES, Pil-d

ST

CaMVLAR TRANSMISSOR BOHBES

MIEC] - ELECTROBOMEA, Pil-C

-7k

14 AW 3 15 3

CAMVLAR TRANSMISSOR BOHBES

406 A 3 16 ¥

IDWCEAPIL-BE  |MEC] - ELECTROBOHEA Pii-B 547 ﬁEE DE BOMBA ESTANMDHS EH MAMLIAL ZEAOE I 3 O 30
IDWOCEADT A |MEBC] - ELECTROBOMEA PO7-A 3551 EACINH 25,08/ 013 11: 35
IDWICEAPID-A  IMBC] - ELECTROBOMEA P10-A R EAMENT COMILUNT MOTOR - BOMBA 14/10/3003 14T
IDWICEAMIE-B  |MBC1 - BLECTROBOMEA POE-B EEED |CANVLAR SDCHR MOTOR BOMBA 22/00/ 2013 1759
IDACAPTE-A  [MEBC] - ELECTROBOMEA, PO-A. ZEES |CAMY] ASDAHENTS COSTAT BOHEBEA L
I APTFR-A  [MEC] - ELECTROBOMEA, PO-A. ZEET |ALTMEACIOH E
I APID-E  |MBEC] - ELECTROBOMEA P10-B ZEEE |COMPFOVAR ALTNEAMENT eI 1139
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The current
preventive
maintenance
scheme
Implemented
showed us that
there is
something to
Improve with the
cooling pumps.

— Maintenance
activity
Increasing
yearly




Within predictive machine maintenance, vibration monitoring is one of the most used techniques. I

provides the following advantages:
+ Vibration magnitude is proportional to the magnitude of the problem
+ Vibration measurement is non-invasive
v Most faults show increased vibration in an early stage of the deterioration sequence
+Vibration can be measured instantaneously
+Vibration can indicate severity and deterioration rate of a fault
+Vibration can help to find the location of the fault

v Vibration can help to find the cause of the fault
Machine Vibration is generated in server ways:

o Operating machinery produces vibration due to its rotational or linear motion
* Increasing trends towards a higher level indicate emerging problems
o Typical problems arise through
o misalignment of drive train components
o worn or damaged bearings
o load asymmetry due to debris adhesion on rotary parts like fans etc.
o Incorrect assembly

» Vibration generally accurs with its major component perpendicular to the rotational axis of the load

transmission shaft
+  The amount of vibration depends on
o the stiffness and geometry of the machine's structure
o the machine foundation
o the speed of rotation of the shaft

PC Database
“Master DB MDE Microsoft Access

Master DB : Master_cvndbl.mdb

Sending Interface DB : cvndbl.mdb

*Interface DBl - Interface DB2
\
Microsoft é Synchronization b
3

ActiveSyne or File copy \

MicroVibe P

*Mobile Database
Pocket Access

' Waveform file

— Mobile DB : cvndbl.cdb

-

Q
®

Vibro Meter No.2

[

Pocket PC

9.0000
8,0000 1=
7.0000
60000
5.0000
4.0000 +
3.0000 +

20000 +

Seriesd
SeriesT
Seriest
Seriesd
— Series4
0,0000 L 5 Series3

Series2

1,0000
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Reference Standard ISO 10816

 The standard gives recommendations for the evaluation of machine
vibration on non rotating parts.

Range Limits and Machine Classes |50 Standard 1 1
Severlty ’ e Severly CBM vibration pattern
IS, g, Group 2 Mediom Sized Group 1: Large (WS (e Slab 1X
displacement|  welocity Machines machines velocity | displacement
- eloci o<k - Imbalance 1x
Rigid Flexible Higid Flexible P
7 - -+ - " Eccentricity 1x, 2x
i I E— * 2) & Misalignment 1x, 2X, 3x
B & 34 45 i
y L c ~ = Double Axis 2X
. » . a0 Roominess 1x, 2%, 3X, 4X,
e 0 Bearings — see form
Supports 0.5x, 1x, 1,5x
Large machines with rated powsr aboee 300 kWY and not mors than 50 MVY; electrical machines with Lubrication 0.4. 0.5x
Group 1 shaft height H = 3115 mm. These machines normally have slesve bearngs. The range of apsrating or !
nominal spesds is ralatively broad and ranges fram 120 rimin to 15 000 fmin. Blades (1)()* (5:n0 bladeS)
Medium-zized machinas with rated pawar abowe 15 W up to and including 300 kWY, elactrical
Gmup 2 machines with skalt keight 160 mm = H < 315 mm. These machines narmally have rolling element
bearings and aperating spesds aboue 800 rnin
Zona A The vbration of newly commissioned machines normally falls within this zona
Machines with vibration within this zone are normally considered accaptable for unrestricied longiem
Fone B operation
Machines with vibration within this zone e normally considersd unsatisfactory for long-
temncontinuous aparation. Ganarally, the machine may be operated for a limitad period in this
Zone C: [condition until 3 suiable spportunity arises for remedial action.
“Wibration valugs within this zong are normally corsidered to be of sufficient sewerity to cause damage
Zone 0: [to the machine
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Measurement points

Data taken at horizontal / vertical / axial — several points each one

Horizontal / Vertical Axial
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Example measurement at pumps P11

ALBA

Spectra analyzer GX-70-M

Ea o
SKF 'h'—‘_'"
Accelerometer CMSS 2200 of 100 mV/g - ‘
= o |
[BOMBA P 11 B (75 KW 1485 rpm)
[1 z}:ﬂ: 5 4
PUNTOS|[1HVEL|1HENV|1VVEL|1VENV
P1 3.9 0,92 5.1 0,64 Motor Pump
2HVEL|2HENV|2VVEL|2V ENV|2 A VEL |2 A ENV
P2 5.1 0.54 8.1 0.6 48 0,59
Regular monthly monitoring,
3HVEL |[3HENV|3VVEL|3VENV|3AVEL|3AENYV —.
P3 15.6 1.21 42 1.24 26 1.5 NO permanent monitoring.
AHVEL|4HENV|4VVEL[4VENV|4 AVEL[4AENY
P4 126 1,59 4 117 2.9 3.09
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Measuring the vibration

« Every component, every fault, every hurt associated with some

component generates a vibration to a certain frequency. In the
example pumb P11B

Espectro
PLIBVHDE 4HVEL 11, 21072010 95330, Canel 2T Clobal tendatieda: 20,95 pon's

Analysis in frequency:
every band of frequency
IS associated with a
certain fault,

in this case with a
misalignment of the
pump P11B.

mimls - RIWE

100 10
Frecusneia - Hx
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Vibration monitoring evolution

BEFORE replacement of bearings

AFTER replacement of bearings

Compare data taken before and after the intervention

FUBAN I 08,
POBALA Madciones
— POBALOA 08

07
06
05
04
03
02

o1 Mackacn

L]

2105412 00:00
10/07412 0000

30/06/12 0000

05)
1006712 00.00
20/06/12 0000

FechaiHora Madicidn
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Correction of the fault

 ACTION: Alignment of the pump P11B. We move the pump
horlzontally and vertically to correct the misalignment.

o Gpera e
am | neens
......... s Allgnment report et
-

woaterin o

. -
Aacadtatie coaing e
L S ———
[ [ -

Machine z

T geroRE™
Measuring results heigh Measuring results sideways

'E . oot R a4+ 0& e easurue;;‘{.;:m:a
3+ 0.04/1007 ¥ 0.14/100 X =%ﬂ ) =%ﬂ“ @
4 -0.233mmX | = -0.027mm/ e I 1 = r T H
E i = <] :%Hégm,.ee.wm a - :Edm,_s,.ge.mm
i At =k % e R
" & 7] |, Sl O 0 M ®
>0 2 v; . T d v | o | ) |
A R 2 I
:an et - coupiing Remaining misalignment $]§dem?ysrlmcpling
150 136 moameaci ornilios l =
rlAle P\I’ D®'\ """"" l‘lA o@'\
(Typical worksheets of alignment work orders) —— S
T =0
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1. ALBA Infrastructures: building
and utilities current maintenance
approach.

2. Conditions based maintenace
Introduction

3. Next steps and conclusions.
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Next steps

 Once the P11 circuit will be well studied and implemented
permanent monitoring, move to the other circuits with
sarr;e problem but different configuration (2+1 instead of
1+1).

 In alater stage, the current scada software platform that is
the Centralized Management System of the conventional
infrastructure facilities, will manage:
— Monitor alarms of equipment health, and failure diagnosis
support.

— Perform health/life data analysis and maintenance decision
support.

* Measure equipment status and performance in a [Vibration Vonitoring |
permanent monitoring towards improvement of the |
preventive. | |

Permanent Monitoring Regular Patrol
+ Vibration switches + Hand-Held vibration severity meters

« Plans for the implementation of a predictive maintenance | retonsevriymoniors ootz
approach where applies and the extension of the current
maintenance strategy to other scientific equipment.

V56 VM15
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Conclusions

* This exercise it has been a very good example of how interact and
work all together the multidisciplinary profiles of our engineers at
CELLS Engineering Division.

— Technician and Engineers from several fields such us Infrastructure,
Workshop, Maintenance technicians, Civil Works, Survey&Alignment,
Project Office, Draftsmen, Designers and Calculists.
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_Thankst!!
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