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Talk outline

* Overview of ALBA Building and utilities.

 Building and utilities current maintenance
approach.

» Computing and control current maintenance
approach

 Condition Based Maintenance introduction study
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Lattice

Energy GeV 3.0
Nominal current mA 250
Design current mA 400
Horizontal Emittance nm rad 43
Lattice Expanded DBA
Storage nng Circumference m 268.8
No. of dipoles 32
Bending angle mrad 196.34
Radius of curvature m 7.047042
Dipole magnetic field T 1.42
Critical energy from dipole keV 8.5
Total photon flux at the design current Ph/sec 9.7-10"
Total power at the design current kW 407
Harmonic number 448
Frequency MHz 500
Momentum Compaction Factor 8.8-10~
Chromaticity (Horzontal/Vertical) -39.8/-25.6
Block 4b

Unit Cell

Matching Cell
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Accelerators layout
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ALBA Site
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ALBA Site
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CELLS Structure

Organization Scheme of CELLS

Rector Council

Executive Commission

Scientific Advisory : Machine Advisory
Committee Director Committee

Management Board

Director

Experiments CC+DACQ (| Administration || Engineering || Accelerator
Division Division Division Division Division
(S.Ferrer) (J.Klora) || (M.Sazatornil) (L.Miralles) || (D.Einfeld)
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Engineering Division Structure

CELLS Engineering Support Division Organizational Chart

Infrastructure sectio Transversal section

urvey & Alignmen

Maim'enance & Transp
0/6

| Workshops & Labs
4/15

Transversal section
Between others the mandate of the Transversal Section includes the following aspects

Management of the transversal human resources of the division. Technicians, designers, general
calculations specialists and project managers are part of those resources.

Management of the material resources of the division. Workshops, technical buildings,
CAD/CAE generalist equipment, survey equipment are part of those resources.

Production and follow-up of the master plan of the CELLS project.

Coordination and follow-up of the activities projects in which the division is involved, being
in charge of keeping up to date the schedules.

The transversal section is supposed to be the main responsible for the optimisation of the
resources across the division.
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COOLING AND HVAC

FACILITIES AT ALBA

MAIN ENERGY PRODUCTION

«THERE ARE THREE ENERGY
CIRCUITS:

- COOLING WATER, AT 7+05°C

- HOT WATER, AT 50:1°C ,
- DEIONIZED WATER, AT 23:0.2°C N
THERE IS AN EXTERNAL POWER Y&
PLANT, REDUNDANT 100% LOCATED B £ =
NEAR THE SITE, CALLED ST4
POLYCOGENERATION IS A DHC
(DISTRICT HEATING AND
COOLING)

POSSIBILITY OF SWITCHING
FROM ONE SYSTEM TO THE OTHER
INTERNAL PRODUCTION OR
EXTERNAL PRODUCTION
COGENERATION PLANT.

Some figures:
Cooling power: 8,750 kW
Heating power: 1,400 kW
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COOLING AND HVAC

FACILITIES AT ALBA

MAIN ENERGY DIAGRAM

— 06 COGENERATION PLANT
2t N\ P ST4
P30 < | 7°C
o % (DHC)
£o1
P04
DEIONIZED COOLING TOWERS
VWATER TANI«_{_A;__ PQIS CHILLERS
AND | }__ r_:-__ J
HYAC _{E]_

HWAC HWAC HWAC

Iy
{3}

ST-4
(DHC)

LA
A}

COGENERATION PLANT
DEIOMIZED
| | WATER
T TANK

Ll. Miralles. SOLEIL Maintenance & Reliability Workshop.9th-10th November 201. Gif-sur-Yvette




/ COOLING AND HVAC
——,

FACILITIES AT ALBA
AL BA

CHILLED WATER PRODUCTION

-COOLING SYSTEM IS MADE BY 4
CONDENSED WATER MACHINES.

- PRODUCE WATER AT 7°C:

-2 UNITS: CENTRIFUGAL
COMPRESSORS WITH 2,900 kW EACH

-2 UNITS: SCREW COMPRESSORS WITH 1,300
kw EACH

A TOTAL OF 8,750 KW

-CONDENSATION OF TI-I-ESE MACHINES HAS
BEEN MADE WITH 8 OPEN COOLING
TOWERS 1,250 kW EACH.

-THIS CHILLED WATER PRODUCTION IS
USED TO COOL WATER THROUGH TWO
PRIMARY PLATE EXCHANGERS (DW), 1,815
kW EACH.

- TOTAL COOLINGS ARE:

1. THE SOURCE LIGHT (3,627 kW)

2. HVAC, HEATING VENTILATION AND AIR
CONDITIONING, (3,245 Kw)
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/ COOLING AND HVAC
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FACILITIES AT ALBA
AL BA

WATER TREATMENT

REQUERIMENTS:

Input temperature of the circuit in the ALBA tunnel, 23
+ 0.2°C.

Thermal loads to be dissipated by the water.
Circulation flow rates and pressure

Water with great purity, maximum conductivity of 0.20
uS/cm.

Filtered to 10 u (micron)

Volume ring circuits about 100 m?, 4 closed rings with
common retfurn.

CHOSEN SOLUTION: decalcified units plus reverse
osmosis equipment. More ecological in regard to the
residual water but great attention, maintenance and
care of the membranes.

«Characteristics parameters of the INLET water
supply from the urbanization net in Cerdanyola.
(Barcelona)

Decalcified unit, maximum production of 27 m3/h.
*Osmotic water production capacity of 2,5 m3/h.
«2.000 I/h flow for maintenance of membranes.
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/ COOLING AND HVAC
—

FACILITIES AT ALBA

AL B A

AIR CONDITIONING

ALBA Tunnel: turbulent flow system.
FIVE AIR CONDITIONING WITH COOLING CAPACITY OF 200 Kw, TOTAL AIR FLOW
68.000 m3/h

Average temperature 23°C. variation Tmax-Tmin < 0'2°C

Duct Disfribution 4 .

HoN/ =
Hall Experimental: displacement flow system.
SIX AIR CONDITIONING WITH COOLING CAPACITY OF 1,160 Kw AND
HEATING CAPACITY OF 450 Kw. TOTAL AIR FLOW IS 240.000 m3/h AND
EQUIPPED WITH FREECOLING SYSTEM AND HUMIDIFIER BY SPRAYING

Average temperature 23°C, variation Tmax-Tmin < 1°C
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COOLING AND HVAC

FACILITIES AT ALBA

CENTRALIZED CONTROL OF INSTALATIONS - ARCHITECTURE

I:I —_—

Management level i | <—

1. Server ’SERVER ’CLIENT ‘CLIENT

2 Clients BACnet_Ethernet/IP

3. Lan/Ethernet FIRE

controllers FLUIDS HVAC PROTECTIQO ELECTRICITY

Global level Automatlon@_n E)D @D E)D

1. PLC

5> SCADA PLC SCADA PLC SCADA PLC SCADA PLC| SCADA

BACnet, | ON BACnet, | ON BACnet, | ON BACnet, | ON

3. BACnhet Bus

4. LON mark

Local level =5 2 s B g B O B

. SCADA |pLC | SCADA |PLC | SCADA |PLC | SCADA |PLC |

Automation ! ! ! !
Field 16 Field b Field 16 Field b
Bus MODULE Bus wes! Bus MODULE Bus 'MOoDI

) Controller Controller Controller Controller

Field level

1. Values I/O /0 1/0 1/O

2. Inverters

3. Sensors AL =20 2l 3l a1 2l 2l 2l

4. Indicators
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AL BA

« ALBA IS DIRECTLY CONNECTED TO THE 220 KV HIGH VOLTAGE NET.

- THROUGH A 20 MVA TRANSFORMER, THE VOLTAGE IS REDUCED FROM
220 KV TO 25 KV, AND TRANSMITED TO ALBA.

- ALBA HAS 25 KV REDUNDANCY THROUGH A COGENERATION PLANT.

- AT ALBA, THE VOLTAGE IS FINALLY REDUCED FROM HIGH TO LOW
VOLTAGE, FROM 25 KV TO 400 V.

i

| —

220 KV/25 KV
TRANSFORMER
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AL B A

S.E. CODONYERS
220/25 KV

. AN

2 X 25KV 2 X 25KV

81 11 DRY TYPE TRANSFORMERS
s DIFFERENT POWERS (From 0,8 to 2 MVA)

ST4 COGENERATION PLANT
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AL B A

- SUPPLIES THOSE LOADS THAT CAN ADMIT SHORT POWER
CUTS, UP TO 30 SECONDS.

- SUPPLY THROUGH DIESEL GENERATORS.

- USED FOR: LIFTS, HYDRAULIC CIRCUITS, PART OF THE
LIGHTING, ETC.

S
! S
’ <L TOR
— 4&&'
e

e s
e

2 Diesel generators at ALBA (720kW each)
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AL BA

- SUPPLIES THOSE LOADS THAT CAN NOT SUPPORT POWER CUTS.
- SUPPLY COMPOSED BY DIESEL GENERATOR + STATIC UPS.

- USED FOR: COMPUTING ROOM, CONTROL ROOM, BEAMLINES,
ETC.

i
il ERENEEE
1

Static UPS's supplied through diesel generators
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AL B A

- SUPPLIES THOSE LOADS THAT NEED A HIGH QUALITY SUPPLY,
WITHOUT POWER MICRO CUTS, VOLTAGE OSCILLATIONS OR

DISTURBANCES.
- SUPPLY FILTERED BY DYNAMIC UPS.

- USED FOR: ACCELERATOR EQUIPMENT (MAGNETS, RF PLANTS,
COOLING INSIDE TUNNEL).

4 Dynamic UPS (arround 6 MVA)
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Talk outline

 Building and utilities current maintenance
approach.
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AL B A

Objective. Maximum reliability at minimum cost

Strategy
Keep in-house all knowledge necessary to operate and maintain the facility.
In-house management of the maintenance of the facility.

Optimize the maintenance cost related to personnel, spares and reposition.

Scheme

Team of in-house technicians (2) and engineers (4) trained and
educated on all the disciplines related with maintenance.

Outsourcing to specialized companies the routine and normative
maintenance of specific equipments. Corrective in function of volume.

Spares and components supply framework conditions with general and
specialist suppliers (price and delivery time).

Outsourcing personnel support for preventive and routine corrective
maintenance (2 FTE). Flexibility on the contract in order to absorb
peak loads.
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AL B A

In-house

Preventive and corrective of low voltage, cooling and HVAC

distribution.

Preventive and corrective on architecture.

Supervision of all systems on dairy, weekly and monthly basis.

Outsourcing

LIl. Miralles. SOLEIL Maintenance & Reliability Workshop

Medium voltage (25Kv) and high voltage (220Kv)
Low voltage yearly normative

Cranes and elevators normative

Fire extinguishing normative and corrective
Boilers 5 years normative and yearly preventive
Chillers yearly preventive

Cooling towers. Normative follow-up

Dynamic UPS preventive ( 2/year)

Static UPS yearly preventive

Diesel generators yearly preventive

Compressed air preventive (2/year)
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AL B A

Preventive maintenance approach by CMMS (Computerized Maintenance Management System)

Software PRISMA 3
Main reasons driving the choice:

- 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

Installation description implemented in 5 levels
* Facility
* Building
« Zone
e System

« Component
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Building breakdown
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Technical Building zone breakdown
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Deionized Water System breakdown
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Work Flow
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The work order process

e

Work order generated
by user or preventive
maintenance program
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Work order

Ordenes de Trabxjo | Ooros dados | Docurentos | Sobohaies oo Tredai | Marg Obre presass por O | Cangos Fredasios. D ]

Wide spectra of information can be specified. Manpower and
technical information specifications (Drawings, technical
instructions, safety instructions, tooling,... )
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Execution time,
comments, ...
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Work order. Feedback tool
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Work order. Generated by trigger
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Work order. Generated by schedule
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LIl. Miralles.

CLASS TOTAL CORRECTIVE |PREVENTIVE
LOW VOLTAGE BT 185 170 15
MEDIUM VOLTAGE MT 2 1 1
FIRE PROTECTION Cl 0 0 0
HVAC CL 201 66 135
CHILLED WATER PRODUCTION MP 261 33 228
CHILLED WATER DISTRIBUTION 7° MD7 62 13 49
CHILLED WATER DISTRIBUTION 23° MD23 90 15 75
ARCHITECTURE A 128 128 0
TOTAL 426 503
Maintenance orders distribution
ARCHITECTURE
14%
LOW VOLTAGE
20%
CHILLED WATER DISTRIBUTION MEDIUM VOLTAGE
23° 0% LOW VOLTAGE

10%

CHILLED WATER DISTRIBUTION
70
7%

CHILLED WATER PRODUCTION
27%

SOLEIL Maintenance & Reliability Workshop

FIRE PROTECTION
0%

HVAC
22%

B MEDIUM VOLTAGE
FIRE PROTECTION
HVAC
B CHILLED WATER PRODUCTION
CHILLED WATER DISTRIBUTION 7°©
W CHILLED WATER DISTRIBUTION 23°©
ARCHITECTURE
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CLASS TOTAL CORRECTIVE |PREVENTIVE

LOW VOLTAGE BT 185 170 15
MEDIUM VOLTAGE MT 2 1 1
FIRE PROTECTION Cl 0 0 0
HVAC CL 201 66 135
CHILLED WATER PRODUCTION MP 261 33 228
CHILLED WATER DISTRIBUTION 7° MD7 62 13 49
CHILLED WATER DISTRIBUTION 23° MD23 90 15 75
ARCHITECTURE A 128 128 0
TOTAL 426 503

Corrective maintenance orders distribution

ARCHITECTURE
30%

CHILLED WATER DISTRIBUTION
230
4%
CHILLED WATER DISTRIBUTION
70
3%
CHILLED WATER PRODUCTION
8%

)

LOwW
VOLTAGE

MEDIUM VOLTAGE

0%

FIRE PROTECTION

HVAC

LOW VOLTAGE
W MEDIUM VOLTAGE
FIRE PROTECTION
HVAC
B CHILLED WATER PRODUCTION
CHILLED WATER DISTRIBUTION 7°
M CHILLED WATER DISTRIBUTION 23°
ARCHITECTURE
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CLASS TOTAL CORRECTIVE |PREVENTIVE

LOW VOLTAGE BT 185 170 15
MEDIUM VOLTAGE MT 2 1 1
FIRE PROTECTION Cl 0 0 0
HVAC CL 201 66 135
CHILLED WATER PRODUCTION MP 261 33 228
CHILLED WATER DISTRIBUTION 7° MD7 62 13 49
CHILLED WATER DISTRIBUTION 23° MD23 90 15 75
ARCHITECTURE A 128 128 0
TOTAL 426 503

Preventive maintenance orders distribution

ARCHITECTURE
0%

CHILLED WATER DISTRIBUTION
23°
15%

CHILLED WATER DISTRIBUTION
70
10%

CHILLED WATER PRODUCTION
45%

LOW
VOLTAGE

0%

MEDIUM VOLTAGE

FIRE PROTECTION

HVAC
27%

LOW VOLTAGE

B MEDIUM VOLTAGE
FIRE PROTECTION
HVAC

B CHILLED WATER PRODUCTION
CHILLED WATER DISTRIBUTION 7°
W CHILLED WATER DISTRIBUTION 23©

ARCHITECTURE
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Talk outline

« Computing and control current maintenance
approach
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uration Management

Centralized ccdb has been developed as main hardware repository:

Technical description of equipments, connectors and cable types.
Including datasheets, test procedures, installation logs... etc...

Instance of each equipment and cable of the machine following CELLS naming
convention.

Some stats:
6377 Equipments instances
23099 cables instances (more than 167Km)
641 Equipments types (with all technical info) >
294 Cable configuration (with all technical info)

> 5.000h invested.
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But ccdb is not only being used as a static repository:

Automatic Network configuration

Automatic Controls code generation. Tango devices and attribute names.

/E\ (;\, (?\ m(p://www.(e\Is.es/\mranet/MlSApps/ccdb/f‘.nd_equip,network»info W D ’\E\'
Gettir

00:30:64:06:£9:8C 84.89.238.2 YES YES-ALBAO2

di0d04 00:30:64:06:E9:DA 84.89.238.3 YES

1 icedi040l 00:0C:C6:76:01:C7 84.89.238.81 YES NO

H deed0401 84.89.235.21 YES N

| L ABADIFSOTR  |ETHI | decd0402 54.89.235.22 YEs [N
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317 Racks

5044 Equipments

p, I\ 13477 Total Cables
f— . 4179 Internal Cables
u
aical Y s ons
wy ~ ]
AN Ins

hales
ngth: 16930427 m

Length average: 12.96 m

ALBA ccdb DB

| SOLICI

DOCUMENTACION

FUCs Radioheqoency

FERCT-PLC. W
FEM.CTPLC. -~ SRLT-PY
FERS.CTPLC. - SRCT
FENCT-PLC-RKAJCOS] |~
FEN-CI §

XLS — VBasic
script

~
PS,. BO |
T TLs (AW, (RQ.1] |
SOFT_ESUEMA el
e it | " [t —
T 50FT Esouena YU Esquena / FINALCELLS @I QTR W AT ALIEY, HARD ESQ (R HARD Esquemal K

Automatic Equipment Protection System code generation
(PLC)

XLS files

PLC documentation: I/F with devices,
I/O channels assignation, etc.

PLC code generation:

Server

AlbaPLC Device

PLC variables declaration

allocation.

PLC standard services: disable and
force variables, alarm/warning
thresholds checking, permanent
memory storage, etc.

5 9—=
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Currently ccdb does not implement:
Traceability of each equipment position
Traceability of each equipment instance
Chronological logs of all changes.
Stock management.

It is being studied the best way to implement the functionality linked
with our current repository.
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Stock control;

An estimation of the initial stock of cabling and equipments needed have

been done using Poisson distribution:

o3

n=0

LIl. Miralles. SOLEIL Maintenance & Reliability Workshop

(KAt ™

n!

P= Probability of failure (different values
depending if a part is considered critical)
K= Number of instances of each part

t= estimated delivery time

A=1/MTBF

s= number of parts in stock
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Currently a complete tracking of all the interventions is done using an
open software tool:

Work orders generation (only electronically)

Email & communication implementation

Record time invested to solve each ticket

Classify work orders as
Type: Problem, Incident, User request, request for change
Service: 22 different services
Unit: 29 different units (beamlines, RF, ...)
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Indicators measure are already implemented and periodically evaluated:
Time response
Resources invested in each unit

Average Time To Resolve (Hours) Number of Request per Unit

250 8
200 6
150 | Incident 4 |
100 m Problem 2 -
0 4 ‘vl‘I‘FJ—v—.—r‘v—l—v—l—v—L\
50 H m Request for change B N - w: v W ow e — s o
0 s23580s8804z28=xz0cE8=2498 2
m Userrequest = 2 3 =z Z = ~ T = f_‘ 5 =2 213 z
‘0\9 00\ .\C” @\‘v <§“° o 2> S < - X g ~N % 2 -L-Jr S - 5 = = q:J
N R oo <& B Unknow type T S v - O m -4 O T =2 N 2 =20 o =
o N < Q o - N a5 = =)
¢ &L ) cot D@2 ETP2a*tga a3 5
< T 2 o @ < S e o O 4O
8 o)

Using this tool for implementing corrective maintenance seems a good
option. But currently it has clear limitations for implementing preventive
maintenance or calibration plan.
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A list of all maintenance operations have been done, and inserted in the
accelerator operation calendar. Including:

«All control equipments.
*Equipment Protection System.
Preventive earthing tests.
Personal Safety System Maintenance — Directly agreed with CSN
(2wk/year)
Network maintenance.
Minimizing users impact as edges switches have redundant connections.
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AL B A

Conclusions:

Different tools have been developed and
successfully being used during installation &
commissioning period.

New exploitation phase involves new needs that
currently are not fulfilled. It is currently being
checked which of the possible solutions can be used
to implement those needs.

An estimation of the stock needs for initial
exploitation phase has been done.

The list of all maintenance activities for 2012 has
been done and inserted in the accelerator operation
calendar.
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Talk outline

 Condition Based Maintenance introduction study
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Motivation to explore the viability of CBM approach
implementation

- 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 is not adequate.

- Increase reliability.
- Decrease cost.

- Decrease at minimum not programmed
shutdowns.

- Increase predictability to optimize the
programmed shutdown activities.
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Main requests to the system wrt failures.

measure

control

alarm generation

archiving

diagnostic

support to maintenance decisions

Three modules are defined.
- Measure system
- Alarm and diagnostic system

- Support to decision system

Modules to be implemented in the framework of the operations (SCADA) and
maintenance (CMMS) ALBA scheme

The pumps of the cooling and HVAC systems are choose as study case. Motivation

- critical for the facility
- literature availability

- real data availability
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Measure system. Shall combine information coming from the
instrumentation associated to the control utilities system and
information coming from the field. The parameters considered are:

pressure

flow

vibrations

temperature

power consumption

Torque and rotation speed
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Registre:
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Actuacions de reparacio:

- Pl1OB
«  PO9A
«  Variadors de freg. a les 12 bombes.
«  PO9B

Alineacié  ( 2010- 2011 )

FOSB  PORC PO9A PlOA PLOB PlOC PI1A PL1IB

1. X X X
2z X
3. X X

4, x X X X X
5. X

6. X

Ladbe [ c

[30 [zm l2s0 (30

| PAREE Chra -pee e -i"._.-.
H 40,03 oo ¥ 4015 .. 4| #0.04 o | | o5 -0.05
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Presentacio estandar dels resultats seguint la norma I1SO
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Exemple de espectre de vibracions de la bomba P09A en les quatre dltimes mesures.
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Evolucio de vibracio global de la bomba P0SA  en les ultimes 4 medicions.
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Alarm generation and failure diagnostic system.

- alarm generation embedded in in the control system, generated
from parameters 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 wrt 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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Figure 2  La funodn de densicad ce probabilidag de Fallo
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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 generated to asses the decision making process
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Current status.

- Commercial available software market survey done. Benchmarking
going one.

- Data mining subroutines for the scada data extraction ready

- Vibrations analysis hardware market survey done and equipment
selected.

- Collecting work orders data.

- In parallel, looking at the convenience of applying the
methodology to scientific equipment (i.e. Power converters)
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