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Cryogenic maintenance overview:

Scope of work

CRYOGENICS OPERATIONS 2008

. 5 Local Control rooms + 1 Central Control Centre
. 23 main cryogenic installations @4.5K
12 Magnet Test Bench

81 screw compressors and high voltage motors (160kW to 1,8MW)
22 medium and high pressure compressors (45 to 600kW)

300 vacuum pumps

100 gas turbines & cold compressors

1’000 cryogenic valves for refrigeration units

120 large GHe vessels
30 large LN2 vessels

65’000 1/0 signals treated by industrial control
5’000 instrumentation materials
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I .é Cryogenic maintenance overview
@ E&‘ Yearly schedule

CRYOGENICS OPERATIONS 2008
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Cryogenic maintenance overview :

Internal Vs External

CRYOGENIC TIONS 2008

External contractor CERN Departments
INSTRUMENTATION Utilities
Measurement calibration » -Water cooling
Control valves calibration Power supply

Gas analysers calibration

Electrical maintenance
MECHANICAL

Preventive maintenance plan

Predictive vibration & oil analysis

Safety valves follow-up & repair

Mechanical Support
Re-engineering
Retrofit

v

Instrumentation

\ 4

- Tunnel instrumentation

VACUUM B | Maintenance interface |

Preventive maintenance plan ) g & coordination A CERN safety

Gauge calibration » Pressurized vessels

Pumps maintenance Safety Valves control

Leak detection

Vacuum pumping & conditioning Control
METHODOLOGY , Supervision

CMMS deployment Automation

Spare parts procurement
Store management

Continuous improvement CERN TS
- CMMS administration

v
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Contractor team organization

@ I& Cryogenic maintenance overview :

CRYOGENIC ATIONS 2008
: L : : : : Process orientated staff
Technical specialists Maintenance Operation : .
. . organised by equipment
organised by field Team leader Team leader :
or plant section
Day + Standby duty Shift + Standby duty
: T Equipment 1
> Mechanical @ > quip

Corporate Technical | g

SUEpe o Equipment 2

> Vacuum N >
(@]
«Q
D .
S. Equipment 3
- > Instruments o >
External ) ®
contractors . Spare part
Procurement & storage
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@ Aé Cryogenic maintenance overview :
A -4 . - -
— Industrial contributions

CRYOGENICS OPERATIONS 2008

Not so far away Present Future...

Equipment list CMMS Arbores
. Griiity S
Organization
Spare parts Develop Rep
Spare parts Spare parts pr Deploy CMMS
Methods

Erection & Cryogenic Large sca|e cryogenic operation

Develop maint Work Orders s

Cost optimization
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e Focus 1: Develop predictive maintenance - Vibration analysis
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2\ Focus 1.:
@ M vibration analysis

CRYOGENIC ATIONS 2008

e Scope of work
» Screw compressors > Power above 250kW
e LHC accelerator: 63 compressors ai considered as critical
e LHC Experiments: 10 compressors ali considered as critical
e Labs & testing areas: 8 compressors
» Proximity piping vibration level measurement

e Measurement methodology
» Manual measurement with mobile spectrometer
» Monthly measurement basis
» Specific campaigns for oil pumps and large vacuum equipments
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CRYOGENICS OPERATIONS 2008
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Focus 1:

vibration analysis

CRYOGENIC ATIONS 2008
e Level measurement - Indicators according to 1SO 10816-3
Zones de sévérité
Vibration values within this zone are normally considered to be of sufficient severity to cause damage to the
machine
Machines with vibrations in this zone are normally considered unsatisfactory for long term continuous operation.
Generally the machine may be operated for a limited period in this condition until a suitable opportunity arises for
B Machines with vibrations in this zone are normally considered acceptable for un-restricted long term operation
A The vibration for newly commissionned machine should fall normally in this zone
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Focus 1:

A [\

CRYOGENICS OPERATIONS 2008

vibration anal

Vibration status

VERY HIGH, identified vibration issue, operation of the machine
may result in mechanical damages, machine must be stopped
HIGH, significant vibration level requiring specific follow-up andfor
actions in short or mediumn range ->= Punch list

MEDIUM, acceptable vibration lewvel, follow up of dewviation in level of
characteristics frequencies is necessary

CORRECT,

e General Key Point indicators

VERY LOW

(plndeconsctor

Installation Date Niveau d'alarme {de 1 & 5) derniére mesure Date Niveau d'alarme {de 1 a 5) nouvelle mesure
mestit® Tep1]cp2|cp3[cps]cpscps[cpr]cps]cpa]cpa) mestite  Icp1]cp2[cp3]cp4]cps[cps[cpr]cps]cpa]cpal
P1.8 LHCB 1.8 | 03/06/2005 07072008
LHCCB 1.8 | 03/06/2005 07 0772008
P2 LHCA 2 13052008 30062008
LHCCA 2 | 03/06/2005 30/06,2005
LHCE 4 15/05/2008 010772008
P4 LHCCE 4 09/07/2008
LHCA 4 15/05/2008 01/07,/2005
LHCCA 4 | 25/05/2005 09072008
LHCB 6 19052008 04072008
PG LHCCB 6 | 04/06/2005 08/07,2005
LHCA & 22052006 04,07 /2008
LHCCA & | 04062003 08072008
LHCB 8 14,/05/2008 24/06,/2005
Ps LHCCB 8 | 020062008
LHCA 8 14,/05/2008 24/06,/2005
LHCCA 8 | 02/05/2005
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CRYOGENIC ATIONS 2008

» Focus 2: Develop reporting tools - Mobile devices for
instrumentation
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E A& Focus 2: mobile devices for

CRYOGENICS ¢ ATIONS 2008

Field technician on site

Température, pressure,

4-20mAmps signal... Relevé des données

sur la supervision

Cell Phone to get O /& Liaison téléphonique
information from > EESEEY avec le technicien de
supervision terrain
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Focus 2: mobile devices for

INstrumentation

CRYOGENIC ATIONS 2008

Etalonnage des transmetteurs de pression N
SErco
P1.8-LHC Unité 1,8 (P18 Bofte fraide
Unté Fohalle Toldrawce PA av 3Pcav [00%av PA aqp 50%ap  100%av Rscopis  Fecopie  Recopie  Matériels
masure (%) giad fmd) dtal fmd) dial (mA) étal (md) dtal (md) il (md) superv 0% suparv supary watilisds ChS
506G 100
Bowrle régrd. (i) PApa) | s [ o | HE [ | Serrage comperions | NIA
| (TR | | PP | E Y Lo [ Jfiss Qe J ]
Tag [1PT220 | [era [ 02 o o0& [ [ [ [ [ [ [ [ [ |
Remargues :
Dae : Par:
Bouele régud (i) PApa) [ o= | o | [ o= ][ os | Serrage comerions | NIA
| 11 ] 12 ][rns ] oot | [neo][afisss|[ons][ ]
Tag [ 1PT241 | [bwa [ 02 of 03] I I I I I I I I I |
Remargues :
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Focus 2: mobile devices for

INstrumentation

CRYOGENICS ATIONS 2008

Real Time data available through
supervision network = Online

Read only Read only

Automatic copy

Read/write

Field

technician AR
Manual typing
signal 4-20mA
‘ Calibration history available in
- mobile device = Batch
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CRYOGENICS

Focus 2: mobile devices for

INstrumentation

P1.8-LHC
Linife 18K (P18)
Baite froice

FEtalonnage des transmetteurs de pression

un Lauoe |
]

=1

SErco

Fahricomt Code Irre

Code pasition 4 Référence  Désignadion
[0 1p1220
O 1p124

Veuillez scanner un code

Mesure IDétaiIs ‘
Tache :

Equipement :

[Cquitter ] | | | |
Plus

Cryogenics Operations 2008, CERN,
Geneva, Switzerland

Consigne :

12,5 bara
Limite min : Limite max :
11,88 mA 12,12 mA
Mesure :
50% av etal (mA)
l |
Mesure 3 | Détails ‘
Tache :

Etal. transmetteurs pression (PT)'

Equipement : QSRB-18-1PT220

[ Quitter | |Précédentl | Suivant |

Plus
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E AJ Focus 2: mobile devices for

CRYOGENIC

ATIONS 2008

Duration of shut down

Data availability in maintenance DB, almost
real time

Processus Efficience

Reliability of information, real time value
checking by the data base

Navire adantad tn fiald wnrle
LA VIUL ULUUL'JLL,UI U\ TILUIA VVUJIL TN

Good feedback from field technicians and
customer
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CRYOGENIC ATIONS 2008

e Focus 3: Spare parts selection
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CRYOGENIC

TIONS 2008

e Create homogeneous equipment listings, built from various

Focus 3:

narts selection

suppliers worldwide - CMMS template
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e Criticity study - failure frequency, detection, impact

Fréquence [Fréguence panne Détectabilité |Niveau de détection Impact _ [Type de conséguence
1 Jamais ; Lg\ suivi ?es |zr:hfcaieurs statistiques permet de savoir que cette 1 Pas de consequence ou dimpact
IeCe est en defau R R
2 Entre 5 et 25 ans 2 Ene alarme ou un maonitoring spécifigue sont associées & la pidce 2 pdeU.C“Dn maintenue pend:?nt 2 H - -
3 Entre 3 et 5 ans Une alatme nous indique spéciiquemant un defaut sur 3 Fonct!onnement en mode d?gradipossﬂ?le pendant moins de 6 H
4 Entre 2 et 3 ans 3 Iquipernent et nous permet rapidement didentifier la piece 4 Foncnonnementﬂen modn_a deglrade possible pendant plus de B H.
5 Entre 1 et 2 ans Peut &re trouvée dans les 2 H suivant 'alarme ou linformation de 3 Provogue un arrét de mains d'1 H. i _ i i
6 Dans I'année 4 panne ou de la défaillance. Provague un arrét de plus dY H mais moins gue 2 jours. lci la valeur
7 Dans les B mois Peut &tre trouvée dans les 10 H suivant 'alarme ou linformation de de B est imprécise car un arrét de production peut durer de Th a 2
3 Dans le trimestre 3 panne ou de .Ia defalllance'. i i _ 6 jours. i i i i
9 D 105 2 mois 6 Peut ?tre facilernent trouveg lors des |nspect|onspumal|er‘es 7 Provogue un arrét de plus de 2 jours mais moins gue 3 jours.
ans : T Peut ?tre dlfﬁ.ulement trou'\fee lors de§ |nspet.:t|0n510urnalleres Pravogue un arrét de plus de 3 jours, ou a des conséquences
10 Dans le mois Peut étre facilement trauvée lors des inspections mensuelles ou 8 importantes sur le fonctionnement ou la seécurité de linstallation
8 ;nnueﬁl\es - Il'y a un arrét de production d'une durée incertaine. Peut &tre lié a
eut Etre difficilerment trouwé lors des inspections mensuelles ou . v A . .
9 annuelles 9 un probléme de réclamation, d'assurance, de garantie ou légal.
Il est nécessaire gque la piece soit en défaut pour rechercher et Il existe un probléme trés sévére ou un accident qui induit un arrét
10 localiser |2 problame 10 prolongé de l'installation ou de la production.
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Focus 3:

narts selection

CRYOGENIC ATIONS 2008

e Installations similarities, cross checking of 8000 references

A o /o [&/8/E/&
e 8 B &/E g Sd Q‘-".g-" 39
/L8 o S f 2 E/E SIS/, S
&6-«&;&&&‘35.‘”&?5.35.?&? -3 égwgw.&j‘; §§¢§|¢§|¢§J¢§I -3'\:
55’555’“&“&*&“5’“55&*&*5’:‘*.&‘*&*?“‘?:&?&5&?
[ 000724 [Fitred0prmsurRéguiNlE Gt 2 (2] [ T[]« 1 | [ Je2fz2lzf2] T 1 1T 1 1 1]

e Budget sizing = Cost of spares Vs Cost of equipment

Ratios usuels ___ . : » Approach excludes capital spare parts:
fuiperents meécanigues maintenanble 8% K
Instrurndrégul en fonction de la complexité =10% Compressor and tu rb|nes
T o7 . . .
Tob e AL L » Ration in between 2 and 4% as a first
Pompes centrifuges 10% 1
Compresseurs alternatifs 16% baSIS
Compresseurs centrifuges 5%
Egquiperents électriques moteurs et altérnateurs 5%
Tahleaux de distribution 6%
Instrumentation 12%
Robinetterie 3%
hateriel de filtration 3%
Matériel électronique (calculateur) avec redondances 38%
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Focus 3:

=l =t

narts selection

CRYOGENICS ATIONS 2008

e Management of spare parts
» Specification and procurement

» Centralised warehouse project for cryogenics
cryoplants spare parts - Ongoing project to be
finalized end of 2008

IO N emncancpmssssnspasnamssganae] psssassar
AN,
| R-i07 R-401 R-203 h
348 || 315 3.00
lgfgi H E g R-004
H 138.06
E etz
2769
\ R-202 )
207
H - - If’\ /V\ H mwu:—‘(\/\ N\r\I . - . -
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Thank you for your attention

F. FERRAND & F. BARACCO

ﬂ AIR LIQUIDE |
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