MAINTENANCE FOR CERN’S CRYOGENIC INSTALLATIONS —
STRATEGIES, METHODS, CASES
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Specifics concerning maintenance:
challenges

Stop of a cryogenic installation of the accelerator

Mechanical components - No LHC beams

Filters ~850 > i.e. very high availability requirements

Compressors 104 Extended stop of a cryogenic installation

Oil pumps, vacuum pumps ~350 - delay of several days to r operation conditions

Safety valves ~2'000 > short MTTRs

Valves (manual, automatic) ~15'000 Annually there are only two weeks for the preventive maintenance and only
Instrumentation a few days of technical stop corrective maintenance

Analysers ~100

Pressure measurement ~2'500

Temperature measurement ~2'700

Total (maintained components not including
tunnel) ~35’000

Reliability constraints
Replacement value maintained components ~~100MCHF

Replacement value installed components 300-400MCHF . . .
Maintenance budget ~~3MCHF * Very few redundancies exist — e.g. oil pumps and some low

temperature sensors
* Some workarounds are possible — e.g. turbine power can be
replaced by LN2 in some cases, the neighbouring plant can boost

Special conditions, e.g. the process
» Many components are prototypes

* Low temperature conditions * The access to underground installations is bound to spoecific
* High purity requirements conditions
*High leak tightness requirements e Little reliability information exists




Specifics concerning maintenance:
example of the shut-down planning for one refrigerator

installation fully operational installation fully operational
installation in transient operation mode installation in transient operation mode
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Secteur 2-3

cryogenic tests

fill-up with 15 t liquid helium

maintenance slot

cool-down to 4K

warm-up of the refrigerator

emptying of 15 t of liquid helium

installation conditioning after maintenance
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Maintenance
Principles

A Simple adjustments foreseen by the component,
equipment or installation supplier by the means of
components that are accessible without disassembly and

Maintenance
services

I

Predictive maintenance Time dependent or
Counter dependent
—— ) Maintenance
- Vibration analysis plan
- Oil analysis - Verifications
- Infrared - Adjustements
thermography (e.q. calibrations)

ST e

- Replacement of
consumables
(e.g. seals, bearings,
oils, greases, filters,

)

Corrective maintenance

in case of failure

l

- Debugging, search of
failure cause

- Repair

- Standard exchange

\_/\

Constant improvements

opening of the component. and/or
The replacement of consumables that can be accessed
safely as bulbs, filters, oils, etc.

The repair or maintenance by standard exchange of
elements foreseen for this type of repair

and/or

Minor operations of preventive maintenance.

The identification and diagnostics of the failure which
may be followed by the replacement of components.
and/or

The global adjustment and calibration of the
equipment/component.

Complex tasks of corrective and preventive
maintenance, in particular the disassembly of a system,
exchange and/or repair of components, reassembly and
adjustment of the system, but it is excluding the
rebuilding of components.

and/or

The replacement of an assembly of electrical
components.

Extensive repair, renovation and rebuilding tasks.
Rebuilding means in this context the manufacturing of
components on the basis of a manufacturing drawing
(examples are the manufacturing of a rotor screw, the
rewinding of a large motor winding and the
manufacturing of a cooler).

Operators

Contractor

Contractor

CERN Contractor or CERN



y Basic elements of the maintenance Process
i

What is required to provide a merely unnoticed service?

) 1 ASSET

WAREHOUSE MANAGEMENT
MANAGEMENT

MAINTENAN CE

(PM AND C V1) .

DOCUMENTATION
MANAGEMENT

WORK ORDER
MANAGEMENT

3
RESOURCE
MANAGEMENT




1 ASSET

MANAGEMENT

CMMS Service - BusinessObjects interface
\ Dept-Class-Category-Asset-Position
gencrated on : lundl, 05 septembre 2011
Rapport TURBINES LINDE par Dept, par Model

Class : Q4Q - Cryogénie
Category : QKQTU - TURBINES
Manufacturer : LINDE

©

s

Department : QOA

TGL32-28R/AS56

Equipment structure in CAMMS

QCRTU-LI097  Turbine cryogenique pour helium LI
7 QCRTU-U021  Turbine cryogenique pour hellum U
QSRE-8-T7 QCRTU-UI031  Turbine cryogenique pour hellum L

TGL32-28V/AS6

gﬁ

9811

qarru-cm Turbine cryogenique pour hesium U
T6 QCRTU-U00S  Turbine cryogenique pour heflum L

‘%3

QURCA<-T7  QURTU-LIG36  Tirbine cryogenique pour helium LI
QURCA-ST?  QURTU-LIGH0  Turbine cryogenique pour helium LI
QURCE-4+T7  QCRTU-LI0IS  Turbine cryogenique pour hellum LI
QURCB-ST7  QURTU-LIOR2  Tusbine cryogenique pour hellum LI

915 QCRTU-UI104  Turbine cryogenique pour helium LI (LB )
s QCRTU-U106  Turbine cryogenique pour heflum U ( LEP )
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o115
9110

9118

@ CMMS Service - BusinessObjects interface
) Dept-Class-Cateqgory-Asset-Position
pencrated on : lundi, 05 scptembre 2011
Rapport TURBINES LINDE par Dept, par Model

Class : Q4Q - Cryogénie
Category : qegm TURBINES

545-45W A80

qm-n-m QCRTU-UOM  Turbine cryogenique pour hellum L
QRTU-U076  Turbine cryogenique pour heflum U

TGL16-09N/B28

915 QRTU-L1103 mmwmu | ™7
QRIH-OT1I  QIRTU-UO0S  Turbine cryogenique pour hellum L 8302

TGL16-16T1/A28

915 QERTU-UO07S  Turbine cryogenique pour hellum L |
91s QURTU-LI08S  Turbine cryogenique pour hellum LI | 2017
QSUIHM-TUL QURTU-LI066  Turbine cryogenique pour hellum LI 019

QLRIK-S-TU6  QCRTU-LIOSO Turbine cryogenique pour heflum LI

QLRIH-S-TUS QCRTU-UIOHS  Turbine oryogenique pour helfum U

E

Page 5 of 8
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Different ways to reach the technical
documentation

E A P ]

EDMS Portal Search News | Caddie

Hide Navigator Help

I User: SIGRID

= EDMS
= ProjectPage

Logout

Reset Set as Top Search Re-login 120K, GARDNER P18
B c] SIGRID Proj. Id: CERN-0000075784 v.0 -
Home | Help | EDMSPortal | News | Login
TE Department
* A e i { $ Folder User: SIGRID
; Search: E t | Locat Slot | Syst
Reset Set as Top Search Re-login < — SR L
A
&« SIGRID SSlot Folder: Documents
E-_ 1 Documentation " A
8 Plante Clat TAam#ifiae NCNRLU1_10
GTEmD EAM evess T A P G
PRODUCTION - SIGRD ORK JATERIALS EQUIPMENT PURCHASING s ADMINISTRATIO
L9
— Department: QOA
Position: @SDH1-18 oew Status: installe et Waintenu
ListView RecordView Comments Events Costs PM Schedules Structure | EDMS Documents 3
Sort by: Position v Ascending ~  pisplay: Default ~  Obsolete: Hide - User: SIGRID  Logout
@ Position QSDH1-18 : Dewar Helium Gardner
- [ AnachDoc. |[ CreateDoc. |
951235 v.1 Section 1- Equipment Data In Wark I
Doc. page Equipment_Data pdf (92 kb) =
951245 v.1 Section 2- Description In Wark I
Doc. page Description pdf (112 kb)
951246 v.1 Section 3- Inspection and Installation In Wark I
Doc. page Inspection_and_Installation pdf (51 kb)
= 2 N : I k
- L H 951248 v.1 Section 4- Operation n Worl I
B= LHC & Doc. page Operation pdf (87 kb)
—1 AC 951249 v.1 Section 5- Maintenance In Wark I
= DF 5
Doc. page Maintenance pdf (27 kb) =
< S—§
951250 v.1 Section 6- Vendor Literature In Work I
Doc. page
951252 v.1 Gardner 120kl Appendix In Work |
Doc. page A_1_Dimensional_Outline pdf (so kb)
A_2_cCalibration_Chart pdf (60 kb) =
« = == — § m »




Documents attached to work orders
St

Work order 17695941

% Infor EAM - Windows Internet Explorer
GnTTE EAM enterprIsE EDITION

PRODUCTION - OPIROTTE

Comments  Activities  Book Labor

Sort by: Position + Ascending ~ Disf

/= Infor EAM - Windows Internet Explorer

& https cern.ch
GTEE) EAM enterprisE s N ‘

PRODUCTION - OPIROTTE

« ® L@

[0
E

[ Position: QIHEC.ASR5.EH847 ]ur

NIC-HEATERS
ListView RecordView Comments Evenis Costs PH Schedules
Sort by:  Position ¥ | Ascending ¥ Display: |

@ MTF Application. Slot Main Page (QIHEC.ASRS.EH847) - Windows Internet Explorer

MTF

Equipment Management Folder

%5 Arc BPM Cryogenic Cables HCBPM_F026

8 Arc BPM Cryogenic Cables HCBPM_F027

g Arc BPM Cryogenic Cables HCBPM_F028

& Arc BPM Cryogenic Cables HCBPM_F029

g Arc BPM Cryogenic Cables HCBPM_F031

& Arc BPM Cryogenic Cables HCBPM_F032

%g» Feedthrough Assembly Type 148

%% End Caps Stand-Alone

& Downstream End-Cap

% Upstream End-Cap

g Cool Line C-BPMY with sensor SSS MS Q4.Q5,Q6
—&» Connect. Line - BPM-BPMR/kd - SSS MS Q5, Q6
E-®) BLMQI B5RS - Beam Loss Monitor Type BLMQI

C-@® QIHEC.A5R5.EH847 - CRYOGENIC-HEATERS

L@ Cryo Heater (EH847)

<@ QIHEW.ASRS.EH821 - CRYOGENIC-HEATERS
@ QILEQ.ASRS5.LT821 - CRYOGENIC-LEVELMETER
I~ QITEH A5R5.TT848 - CRYOGENIC-THERMOMETER
5@ QITEL ASR5.TTB47A - CRYOGENIC-THERMOMETER
#-(@®) QITEL. ASR5.TT8478 - CRYOGENIC-THERMOMETER
5-@® QITES A5R5.TT830A - CRYOGENIC-THERMOMETER
5@ QITES.A5R5.TT630B - CRYOGENIC-THERMOMETER
@) BPM.5R5.61 - Bl Beam Position Monitor

I—© BPMR 5R5.B2 - BI Beam Position Monitor

[® QQSJ 5R5 - Jumper Interconnection Type 09

T

N LSS

51n projects
T1ntems (as designed)

B Equipment

Structure]

Default  ¥| oObsolete: Hide ¥ @ 1n slots

QIHEC.ASR5.EH847

- Slot Folder: Job Details

Slot Identifier: QIHEC.ASR5.EH847
Other Identifier: LQNDA_OSR5_EH847
Description: CRYOGENIC-HEATERS

Job Data

Job 1d 17695941 Type
Description Check chauffage
RT2 - Termine, deuxieme

Status validation Result
Responsible Executed by
MRC QCSM: SERV. MECANIQUE CERN

Location
Location

Location Details

Scheduling
Reported Date 2011-10-03
Est. Start Date 2011-10-03 Est. End Date

Actual Start Date Actual End Date

[Comments

[Documents
MTF Additional Document %) 1163769 (ver.1l) Controle radics du chauffage QSRS

lAudit
Created on 2011-10-03 by OPIROTTE
Last modified on 2011-10-04 by OPIROTTE

@ Position QIHEC.A5R5.EH847 : CRYOGENIC-HEATERS
- [ AttachDoc. ][ Create Doc. |

1163769 v.1 Controle radios du chauffage Q5RS
Doc. page Q5A1 jpg (45 Kb)

Q5SA2 jpg (48 Kb)

MTE

d-.-m Locations
ZIn Systems

3 In Documents

CRYOGENIC-HEATERS

INSP - Inspection
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RESOURCE Planning of shutdown | |
MANAGEMENT Workpackages Preventive Maintenance

(5] | TTask Name Duration | Start Finish 3
| [Sat14_ TSun 1S Tug 17 _Iwed 18 IThu19 [Fn20  |sat21 Jsun22 Imnn:) [Tue 24 [Wed25 |Thu26 |Fn2i _Is
o | O 0 5 mm o8t o | 37|
L . | B8 L1 R
[] E Vibrations - P4 - LHCCA 10h 08111 0811/11 i i

Spécialité Type de
travaux

0A P4 MKFA QSCCA4-C12  Compresseur Avis Contrdle Alignement Mycom 25/11/2008 5557 12/08/2010 12470

OA Pa MKFA QSCCB-4-C1-2 Compresseur & vis Contrble Alignement Mycom 13/11/2008 5655 13/08/2010 14360

serco 0A P6 MKFA QsCB-6-C01 Compresseur & vis BP Contrdle Alignement Aerzen 26/03/2009 12081 29/07/2010 21435

- 0A P6 MKFA QsCB-6-c02 Compresseur & vis BP Controle Alignement Aerzen 26/03/2009 1352 29/07/2010 20602

0A P6 MKFA QsCB-6-C03 Compresseur & vis BP Contrdle Alignement Aerzen 26/03/2009 10031 29/07/2010 18557

0A P65 MKFA QSCB-6-C06 Compresseur & vis HP Controle Alignement Aerzen 26/03/2009 12124 29/07/2010 21581

0A P6 MKFA QSCB-6-C07 Compresseur & vis HP Contrdle Alignement Aerzen 26/03/2009 11176 29/07/2010 20100

0A P6 MKFA QSCCB-6-C01 Compresseur 3 vis Contrble Alignement Kaeser 25/03/2009 8468 29/07/2010 16695

- - e - < - : - e 8462 29/07/2010 16963

Codes MTL / Quantité

Spécialité Type de

travaux [T Equipement  Sous installation IDSI EHEI ESLT MVAI
P1 ANRS PT1 5 3 2 12
P1 MR PT1 5 8 5 34
se I’CQ P1 PCS PT1 7 1 35
P1 QSC1H-A ystéme de compression MR 5 66 1 5
P1 QSC2H-A Systéme de compression SR 2 21 2 2
P1 QSCBN-A Systéme de compression 1 11 1 5
P1 QUI2H-A Boite a vanne DVB 1 11
P1 SR PT1 6 5 24
P18 LHCB-18 12 13 65
P18 4
P18
= SPEcialité Type de -
72%- travaux Colonnel

= OA P2 IPHI 15 Pe i Nett rempl m

Fiil nning oyage; placeme de
e se I’CQ 0A P4 IPHI 10 Penning Nettoyage; mmacemm uﬂlodelamde
L 0A P6 IPHI 9 Penning Nettoyage; rempl.

360 0A P8 IPHI 11 Penning Hetmyage rauﬂacemem admdelanode
ELR oD P1 IPHI 5 Penning ettoyage; thode/anode
] oD PS5 IPHI 2 Penning Nemviu: l t cathode/anodi

e Total IPHI 52
L 0A P18 1PV 5 Pirani Nettoyage; réglage coffret

Ei] 0A P2 1PVI 11 Pirani Nettoyage; réglage coffret
iR 0A P4 1PVI 14 Pirani Nettoyage; réglage coffret
EN P o P6 iPvI 16 Pirani Nettoyage; réglage coffret
== R 0A P8 1PVI 19 Pirani Nettoyage; réglage coffret

oD P1 1PVI 8 Pirani Nettoyage; réglage coffret
F nn nc mmn 1 Dicani Mattavanna: rhalana caffeat
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WORK ORDER

7_/ MANAGEMENT

All maintenance tasks are
listed in a kind of menu:
« the maintenance task
list ».

Each task is identified by a
4 or 5 letter code.

In the ideal case you indicate
this code when requesting a
maintenance intervention.

Maintenance « Menu »

=" D E F |l G
L MAINTENANCE TASK LIST
preventive
task maintenance
y
3
| &
2| 3
Each task prises all operations that are y to the 2 E
component and to transfer it to the workshop as well as all operations of re- 3 -:
sub-type installation or re-adjustment of the concerned component as well as of all the 51 %
or compo- components that may have been removed for the access except if explicitly % 2
nent task-package defined differently in the description. o @
replacement
replacement of element
calibration
calibration; concerns only non-cryogenic temperature sensors 2-yr
replacement
replacement of probe; the price of spare parts shall be excluded in the case of
|cryogenic temperature sensors
calibration/programming
programming of a signal convertor 2-yr
replacement
i Ui replacement of a signal convertor or transmitter
[cV (control valves)
positiot
inspection/adjustment
cleaning of instrument air fiters, adjustment of zero and range according to
il 1. _|manual 1yr
[iaital inputs (FS, GH, GL, LS, PS, TS, etc.)
switches
inspection and adjustment
verification and adjustment as required (this includes programming of electronic
switches) 1-yr
replacement
replacement of switch (including adjustment, programming, etc.)
safety chains
verification of the safety chain by simulation of each input property
(temperature, pressure, level, etc., the price is per safety chain); this task shall




St

Corrective

maintenance work

orders

Work order flow

Arrét installation — intervention urgent: appel
piquet maintenance contractant.
La création du WO se fera plus tard.

Passage de la

!

Intervention de I'équipe de
maintenance

-«

Passage du WO
(ODM) aRA
avec des
commentaires

Une demande de travail (RDT) est fait par un demande de
. . [ travaux en RA
opérateur, un technicien ou un ingénieur CERN | A
ou cette tache est délégué aun FSU de > parle
( I'équipe d’opération) CRITIEEENT [Pl
quip P acceptation
RDT: Demande de Travaux lancée
RA: Accepté
Non Résolution
e compléte?
Oui
Non Non
Si manque de ' .
- RADP: Accepté et
B ! Différé pour attente
renseignement pidces
——» WO (ODM) et \
Passage a Résolution 4
RADP technique Passage du WO
Renseignement WO ; (ODM) a RTF
A
Oui (ODM), indication du OUi— 1our facturation
code de facturation
(MTL) et codes pieces
Si équipement  RADA: Accepté et Pia (par les magasiniers) *
non disponible, Différé pour attente rleces et passage a RT R RTF: Terminé
renseignement acces d55p°n'bl‘il (actions par le Verlglcatlor! ;iar et facturable
acces possible, Contractant responsable maintenance
W'%égi’:)éd et pas de ) CERN (Contrat et GMAO)
RADA roblémes de .
sécurité? T Elaboration
RT: Terminé, en d’'une f_acture
attente validation o une fois par
CERN Validation par mois — Passage
opération CERN du WO (ODM)
. . et passage du en TP
Si probléme de
! psécurité RADS: Accepté et WO (ODM) en
r\j\;‘cs)e(ig%e'\%en t Différé pour sécurité RTP 15 Terminé et
> et Facturé
Passage a PP - ’ .
RADS Vérification par I'opération Correct? Oui—f RTP: Terminé, état

Non

(technique)

transitoire de paiement



The warehouse managed by the

cryogenics group

a~TEm) EAM enterpaise comon TART i T HELP ABOUT -
PRODUCTION - SIGRID WORK MATERIALS EQUIPMENT PURCHASING OPERATIONS ADMINISTRATION
« DO g Q!
Part: @00001 FLEMENT BF POSIVA (COTE MOTEURICOMP VMY 538 Cast: OCONP
UOM: pe
ListView | Record View Comments Stores Stock Supplers WhereUsed Parts Associated &
Dataspy: Records: o Quick Filter:
CRYQ_PARTS_All with extra info - |2 30 of 100+ Part +|  Begins with o Q X
Part Description Class Preferred Supplier Model vom Tracking Method Out of Service | Ancien Code CQuantite contractuelle | Dimensions Ref fournisseur E
Q00001 BRIDE D'ACCOUPLEMENT EP POSIVA (COTE acoueP POSIO2 pc Stocke, gte suivie o 2 080801 =
MOTEUR)COMP:VIAY 536
Web Inteligence - Parts
! Document - View - | [ &5 | 28 | @ ([1__Jnerm Edt | 2 Refresh Al - X - | [ip Track
S| Y e - - - S =
User Promt Input l Cf STK - STO (Al values) v STK - PART Object Category (All values) v STK-SUPP (Allvalues) w STK- PART Class (All values) ~ STK - PART Ref Fournisseur (All values) w STK - STK Store Bin (Al values) +
(3] Advanced | & Run T
Pt CMMS Ser
g | Parts
Supplier Description [pattern, **" for any]: o 42
Part De: t ttern, ™" for any]: i
‘ : scription [pattern. or any]. ' part ription Store Catepory Sapplier :Ita'l;ufacturer Bin Qty, Contractual,unit
Qoooot BRIDE D'ACCOUPLEMENT BP POSIVA (COTE MOTEUR) AUTRE MATERIEL DE pc
COMBMY 536 QMCA-2  COMPRESSELR POSIVA OY 080801 c2-02 1 2
Q00002 BRIDE D'ACCOUPLEMENT BP POSIVA (COTE COMP:VMY 536) ACCOUPLEMENT & pc
QMCA-2  ELEMENT ASSOCIE POSIVA OY 280801 C2-02 2 2
DE COMPRESSEUR
Q00003 PIECE CENTRALE D'ACCOUPLEMENT BP POSIVA COMPRESSEUR ACCOUPLEMENT & pc
q AERZEN VMY 536 BP NZV168 QMCA-2  ELEMENT ASSOCIE POSIVA OY 240801 C2-02 2 2 |
DE COMPRESSEUR
A Q00004 BRIDE D'ACCOUPLEMENT HP POSIVA (COTE COMP:VMY 536) ACCOUPLEMENT & pc
QMCA-2  ELEMENT ASSOCIE POSIVA OY 210801 C2-02 2 2
DE COMPRESSEUR
Q00005 BRIDE D'ACCOUPLEMENT HP POSIVA (COTE MOTEUR) ACCOUPLEMENT & pc
COMP:VMY 536 QMCA-2  ELEMENT ASSOCIE POSIVA OY 020801 c2-02 2 2
DE COMPRESSEUR
Q00006 PIECE CENTRALE D'ACCOUPLEMENT HP POSIVA COMPRESSEUR ACCOUPLEMENT & JOHNSON pc
AERZEN VMY 536 HP NZN660 QMCA-2  ELEMENT ASSOCIE CONTROLS 120801 €2-02 2 2
DE COMPRESSEUR LD
Q00007 ETOILE D'ACCOUPLEMENT POUR POMPE E2M40/E2M80 ACCOUPLEMENT & R TECH pc
EDWARDS QMCA-1  COURROIE DE POMPE A210-71-033  F5-02 5 5
SARL
A VIDE
Q00008 ACCOUPLEMENT ROTEX COMPLET POUR POMPE A HUILE KRAL QucA-1  (ACCOUPLEMENT STEIBLE HEN117/242  NS-02 2 2
POMPE A HUILE
' " ACCOUPLEMENT
aoones T A P e T (ROTEY) POLR POMPE A HUELE QMCA-L  pOMPE AHLILE BARET SA ACPDOS000812 N5-02 s 5
‘ [£) Parts List I B 0 ]

Datrash Nata: 28 Metahar 0
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y Maintenance organisation

v

e ™

CERN Total: 4 + 2

“ m’ - -
g 7
r .
CONTRACTOR Total: 16 + 1 + add. staff
— as required for shut-downs

1 draftsman

— =]
(= === [ ===
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Maintenance statistics
7 A\ PM, PDM and CM (1 yr period)

Preventive
maintenance
(during yearly shut-

Predictive and
corrective

maintenance
down)

Break down of work order Mechanics

numbers by trade

Instrumentation 487 354

Vacuum

Break down of intervention Mechanics 1001 2567

hours by trade Instrumentation 714 1243
Vacuum 588 754

e 1870 interventions with a mean  Animportant part of the predictive

intervention time of 3.7 hours and corrective maintenance is done

during the technical stops



Maintenance statistics
—7 _\ most frequent tasks (PM + PDM + CR; 1 yr period)

nce tasks Numbers

Heaters — heaters elements — inspection 233

Valves — inspection of functioning of automatic valves 191

Motors — inspection 161

Control cubicles — replace (without debugging) any extra low voltage component

Power supplies — lockout-tagout (includes locking and tagging and unlocking)

e Most frequent are typical PM tasks e Second rank interventions on
instrumentation



Maintenance statistics
—7 _\ equipment with most interventions (1 yr period)

Number Number
of work of work
Trade Equipment category orders Equipment category orders
Mechanics Screw compressors 101 Compressor station 110
Compressor station 97 Screw compressor 38
Recovery compressor 26 Oil pumps (screw type) 24
Instrumentation Compressor station 104 Compressor station 63
Refrigeration system 101 Control valves 34
Electrical cubicles 80 Cold box 30
Vacuum Cold box 71 Cryogenic installation 12
Rotary vane pumps 57 Diffusion pump 12
Diffusion pumps 36 Pressure transmitter 9

e Any sub-component can be concerned (valve: plug, bellow, seal, actuator,...)

* For some equipments the breakdown structure was not available for the whole period
(therefore e.g. “refrigeration system”)

e Rotary machinery ranks (obviously) high



Maintenance statistics
—7 _\  first estimation of MTBF (observation 2 % yr period)

Subject Numberof Observed system estimated
to spare parts component operation MTBF

PM used population time

Valve cone seals cryogenic valves 41 ~1'100 ~18’000h ~0.5 Mh

Safety valves and parts thereof X 95

~18’000h ~0.6 Mh

Compressor shaft seal — worst type X 8 20 ~18’000h | ~0.045Mh

Instrumentation components

End switches

~19’700h

Electro-pneumatic positioner X 12 ~1'400 ~19’700h 2.3 Mh

 Afew selected values only for large populations with significant failure rates,
i.e. components with few failures have not been considered

 Break down to individual types and manufacturers will continue



y Maintenance statistics: Christmas break

St

e Task review

967 tasks of preventive
maintenance carried out

288 tasks of corrective
maintenance carried out

hereafter only tasks with special
observations or open problems are
mentioned

* Planning review

A reliable planning is extremely
valuable!

A large majority of the tasks has
been completed according to
planning

In the future more manpower shall
be foreseen towards the end of the
shut-down to solve start-up
problems

MRC
QSSD
QSSE
QssM
QssT
QssV

MRC
QssD
QSSE
QssM
QssT
Qssv

MRC
QSSD
QSSE
QSSM
QssT
QssV

BusinessObjec

CMMS Service - ts interface
@ Preventive maintenance

Completed between 01/12/2010 and 01/02/2011

Corrective
8

134

110
3

33
Sum: 288

134
110

33
Sum: 288

Preventive

859
65

43
Sum: 967

Corrective %
2.78%
46.53%
38.19%
1.04%

11.46%
100.00%

Percentage
2.78%
46.53%
38.19%
1.04%
11.46%
100.00%

Percentage

88.83%
6.72%

4.45%
100.00%

859
65

43
967

88.83%
6.72%

4.45%
100.00%

Department
® QSSD
o QSSE
B QSSM
@ OSST
m QSSsV

Department
| QSSD
@ QSSE
B QSSM
@ QSST
B QSSsV



The cryogenic installations and their specifics concerning maintenance
Maintenance principles and elements of the maintenance process
Maintenance organization (contract)

Some statistics

Some case-studies



y Maintenance — OA installations

N/

e Xmas break - activated charcoal replacement — analysis results

- inlet values from
<1g/kgto150g/kg!

- all values above 50%
are OK (< 1,66 g/kg)

The installations with
values > 100 g/kg
must be followed!

—o— QSCB-18-A172 (22289)
—8— QSCA-2-7A170 (22398)
—#— QSCB-4-A172 (29594)
== QSCB-6-A170 (24913)
~#= QSCCB-8-A179 (23904)
—8— QSC1H-A-B0170 (30200)

160
N
\
V4 \ 140
N\ 4 \
\ p 4 \
2\, - \
N\ \ 120
\ y4 \
y4 \
N \
AN \ 100
N\
\
\
N\ \ 80
\
N \
Y \
AN \ 60
\ \
\ \
\ \
N \ \
N N\ \
N N \
e o\
S\ 20
N N\
—— N AN
=m 0

== QSC2H-A-A1170 (35000)
=== QSC1H-C-A173 (31446)
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e Analysis breakdown inlet QSCB-6-A170

Maintenance — OA installations

Probe 11-019928-16 (1:10 Verdiinnung):
Retentionszeit Verbindung CAS-Nr. Konzentration
min mg/kg
13,23 1-(2-Propenyloxy)-2-propanol 21460-36-6 9000
14,84 ~1-Butoxy-2-propanol 5131-66-8 220
15,16 - 1,2-Propandiol-2-acetat | 6214-01-3 1200 T
15,44 Dithiokohlensduredimethylester | 19708-81-7 600
19,04 Nicht identifiziert, wahrscheinlich 1200
weiterer Thiokohlensdureester —
18,6 /18,7 6 Peakgruppen mit jeweils iden-
19,7 - 19.8 (3 Peaks) |tidentischen Spektren.
22,6 — 22,9 (5 Peaks) |Eine genaue Einzelidentifizierung
23,7 — 23,8 (3 Peaks) | war nicht m&glich. Es handelt sich 140000

27,2 - 27,6 (5 Peaks)
28,8 — 29,3 (4 Peaks)

wahrscheinlich um Polyethylen-

‘bzw. Polypropylenglycolderivate

unterschiedlicher Kettenldnge.

cracking products

Breox




y OA — Installations 1

o A

e (QSCA4-CV135

The valve recuperated from P6 has
been installed.

A new cone has been ordered to
repair the removed valve and to
install it in P6.




Maintenance
~N/L 7

e Analysis of the motor bearing oil

— All 4 analysed samples are OK as far as the oil
properties are concerned, i.e. the oil is not
degraded, but the cleanliness is outside the
permissive limits!

— A campaign to change the slide bearing oil on
all installations is under way.

 Recommended control values for the
lubricating oil (ABB documentation)

Thelubricating oil should be verified regarding the following aspects:

- Check the oil visually with respect to color, turbidity and depositsin atest bottle. The oil should be
clear or negligibly turbid. The turbidity may not be caused by water

- Thewater content must not exceed 0.2 %

- Theoriginal viscosity must be maintained within atolerance of +15%

- Theoil should be free from debris, and its cleanliness according to SO 4406 class 18/15, or NAS
1638 class9

- The quantity of metal impurities should be less than 100 PPM. An increasing trend of thevalue
means that the bearing is wearing

- Thetotal acid number (TAN) should not exceed 1 mg KOH per gram of oil. Please note that the
TAN valueis not the same asthe TBN (total base number) value

- Smell the ail. Strong acid or burnt smell is not acceptable.

An oil check should be performed afew days after thefirst test run of the machine, just beforethe
first oil change, and subsequently asrequired. If the ail is changed just after the

commissioning, it can be used again after removing wear particles by filtering or centrifuging.

In doubtful cases, an oil sample may be sent to the laboratory to determine viscosity, acid number,
foaming tendency, etc.

— OA installations

Diagnose Evaluation totale

De grosses particules de contamination sont clairement visibles. Lindice PQ indique une teneur accrue en particules ferreuses
magnétiques. Augmentation sensible de la teneur en cuivre en raison de la corrosion ou de l'usure des composants contenant du
cuivre (également du bronze ou du laiton). La classe de propreté de l'huile et nsttement insuffizante par rapport aux I

des fab des . Congzeil : sivous ne l'avez pas déja fait, changez I'huile principalement en raicon
de la forte teneur en particules d'usure -
Dipl.-ing. Hendrik Karl
Action

RESULTATS DE LAB Echantillon Echantillons précédents Echantillon et oburateur
NUMERO D'ECHANTILLON 1421917
EVALUATION TOTALE !
Date d'analyse 13.04.2011
Date du prélévement 29.03.2011
Date de la demniére vidange -
Litres demiére vidange
Durée de marche de Ihuile
Temps de fonctionnement
Vidange -
PARTICULES D'USURE i
Fer Fe mglkg 0
Chrome Cr mg/kg 0 =
o Sn oo P Spectre infrarouge
Aluminium Al malkg 0
Nickel Ni mgkg 0
Cuivre Cu malkg 7
Plomb Po mg'kg <
Molybdéne Mo mglkg 0
Indice PQ - 95
CONTAMINATION
Silicium Si mg/kg 0
Potassum K mg/kg 0
Sodum Na mg'kg 2
EauK F ppm 32
ETAT DE LHUILE
Viscosiné 3 40°C mm'/s 30.80
Viscosité & 100°C mm'fs 5.38
Indice de viscosité - 108
Ouxydation Alem 1
Couleur couleur ASTM 15
ADDITIFS
Caleium Ca mg'kg 14
Magnésasm Mg mg/kg 27

B mg/kg 0
Zine Zn mg/kg 292
Phosphore P mglkg 245
Banum Ba mofkg 0
Soufre S molkg 9583

RESULTATS DE LAB

Echantilion

NUMERO D'ECHANTILLON 1421917
EVALUATION TOTALE !

Date danalyse 13.04.2011
Date du prélévement 29.03.2011
Date de la demiére vidange =

Litrez demniére vidange

Durée de marche de ['huile

Temps de fonchionnement

Vidange

TESTS SUPPLEMENTAIRES

Classe de proprete 150 4406 (1999) 232217
A >4um = IS0 »4pm particules/100 ml 6895540
B: >6pm = ISO >6pm particules/100 ml 3689270
C: >14pm = SO >14pm particules/100 ml 112250
D:>21pm particules/100 ml 47510
E: >38um particules/100 mi 70
F: >70um panticules/100 mi

Classe de propreté SAE AS 4059 >12A




N/

* Point4 - QSCB compressor Cpb

— Situation
e Sudden rapid increase of the oil filter pressure drop

* Abnormal noise and high vibration signal

— Analysis
* The main axial bearing was completely destroyed
e Compressor has suffered severe damages
* Aerzener report expected today

— Actions
e Decision to be taken once we receive the
repair/replacement offer

* The vibration measurement approach is under
consideration. Visit by expert on 16.02.




Lessons Learned and Improvements
N/

e What have we learned e What has been changed?\?ﬁv}(
from the analysis?

— The data taking method

— For compressors ISO 10816 has been validated by a

gives only limited

information as the vibrations CERN expert
are linked to — The measurement
* load database has been re-
' configured for a larger

However, we had bandwidth and bearing
data has been

implemented

already a powerful tool

— Vibration data is now

regularly analyzed by a
vibration expert

Key for Equij condition normal / unproblematic «

to pay attention !

Point 1

®
2
8
&

Atlas shield refrigerator

QSC2H-A-1C  Compressor QSC2H-A-1C1120 30

QSC2H-A-2C Compressor QSC2H-A-2C1120 30 <

Atlas main refrigerator

QSC1H-A-CP1 Compressor QSC1H-A-CP1 30 ! Untypical sidebands from the female rotor Do another measurement b3
QSC1H-A-CP2 Compressor QSC1H-A-CP2 30 ®

Motor & Compressor Resonanz / internal play bearing motor Further measurements --> bump test, vibration shape mode



y Predictive maintenance — vibration

<7 measurements (1)
Measured DS left Comparing motor vibration shape
in axial direction
M1-3A for the three LHCB-6 booster compressors
= QSCB-6-MO3 .
M1-2A -DS_left
® QSCB-6-MO02 QSCB-MO03
-DS_left M=2.5t
M1-1A = Q5CB-6-MO1 P=408kW
-DS_left

00 10 20 30 40 50 6,0
RMS (0-1000Hz) in [mm/s]

QSCB-M01 & M02
M=2.5t
P=543kW




Intermediate Conclusions

St

e The visibility of the compressor and motor condition
has been considerably improved

e Aclear and simple classification from normal to
critical has been established

e A number of improvement starting points have been
identified

—  Check and consolidation of motor fixation

e comprising bolts, mounting shims and skid surface quality,
planar errors of motor feet

— Carry out additional vibration measurements
¢ bump tests and vibration shape
— Check and consolidation of foundation

e comprising anti-vibration pads, additional grouting, skid
modifications and reinforcements

e A correlation of wear and damages found during
revisions with the vibration measurements will allow
even better understanding of the criticality

Faults 1_ - w

2
2

7

Classification of equipment condition

W Motor Resonnanz

1

M Bearings Motor
m Compressor Resonnanz
H Internal Play Compresssor

M Internal Play Motor

5 M critical / acions
recommended

Nl

to pay attention

W normal /
unproblematic

Atlas He - P1
LHC - P-18
LHC - P-2
LHC- P-4
CMS - P-5
LHC - P-6
LHC - P-8
SM-18
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/ Contractant: taches de \

PM work flow

| maintenance dans une base Réunion CERN - ?Nregt (I(C))nD(Ij\IIe)s ﬁeasteérr;:t::
\ de données Access / Contractant pour d la GMAO ) Passage du WO
\\ / définition des taches ans 'a | magasm(;ies Réalisation du travail (ODM) a RA
. . . ; parle piéces de éalisation du travail sur
pl'j;lsgi;;/ef:naézzre contractant et rechange et/ou l'installation co:'lvn:::t:isre 5
//" TN disponible pour Ia passage en RA commande par
4 CERN: dates des améts | n’:aintenapnce. pour acceptation le contractant.
installations /
\\ RA: Accepté
En cours de définition pour
implémentation dans la GMAO
l Non
Renseignement WO Non
(ODM), indication du
code de facturation
(MTL) et codes pieces
(par les magasiniers)
et passage a RT
(actions par le
contractant) Elaboration
Passage du WO d’'une facture
(ODM) a RTF une fois par
: . .  ~—— P mois — Passage
RT: Terminé, en pour facturation
attente validation du vgg 1(_CF)’DM)

CERN

Vérification par I'opération.

Validation par
opération CERN
et passage du

L
WO (ODM) en

RTP: Terminé, état
transitoire de paiement

TP: Terminé et

RTF: Terminé
Facturé

et facturable
Oui

Vérification par

GMAO)

responsable maintenance
CERN (technique et




CM work fl

ow

Arrét installation — intervention urgent: appel
piquet maintenance contractant.
La création du WO se fera plus tard.

Passage de la

!

Intervention de I'équipe de
maintenance

‘+—

Passage du WO
(ODM) aRA
avec des
commentaires

(technique)

transitoire de paiement

Une demande de travail (RDT) est fait par un CSEEBEE
. . [ travaux en RA
opérateur, un technicien ou un ingénieur CERN | A
tte tache est délégué aun FSU de | I par e
(ouce Péquine dopérati contractant pour
équipe d’opération) acceptation
RDT: Demande de Travaux lancée
RA: Accepté
Non Résolution
e compléte?
Oui
Non Non
Si manque de . ,
Pome RADP: Accepté et
B N ! Différé pour attente
renseignement piéces ‘
—» WO (ODM) et \
Passage a Résolution 4
RADP technique Passage du WO
Renseignement WO . (ODM) a RTF
A
Oui (ODM), indication du Oui— 1our facturation
code de facturation
(MTL) et codes pieces
Si équipement  RADA: Accepté et Pia (par les magasiniers)
non disponible, Différé pour attente rleces et passage a RT R RTF: Terminé
renseignement acces d!SPO”'bl,il (actions par le Verlglcatloq ;zar et facturable
acceés possible, Roniractant responsable maintenance
— WPOa éSaD’:)éet et pas de ) CERN (Contrat et GMAO)
RADgA problémes de .
sécurité? T Elaboration
RT: Terminé, en d'une f_acture
attente validation o une fois par
CERN Validation par mois — Passage
opération CERN du WO (ODM)
. . et passage du en TP
Si probléme de
! psécurité RADS: Accepté et WO (ODM) en
5 ! Différé pour sécurité RTP
rs\;ge('g%eﬁ;e'}‘ TP: Terminé et
—> € Facturé
Passage a PP - . o
RADS Veérification par I'opération Correct? OuiJ RTP: Terminé, état



Tout le monde a le droit de lancer une
demande de travail (RDT):
opérateurs, techniciens, ingénieurs

Passage de la
demande de travaux
en RA parle
Responsable du

[ service CERN _— >

Réalisation du travail sur

CERN ou contractant concerné (section l'installation
(mais toujours & la connaissance du MM, CE ou Cl)
CERN) pour acceptation
RDT: Demande de Travaux lancée RA: Accepté
Renseignement WO (ODM) Passage du WO
et passage a RT1 par le (ODM) a RA
technicien CERN avec des
(Eventuellement commentaires
renseignement des codes
pieces utilisées venant du
magasin CRYO (par les A
magasiniers du contractant) )
RT1: Terminé,
premiere validation
Veérification par le
responsable du service
CERN Non
Correct? Non
Validation par
responsable du
. . service CERN et e B
Oui > Lassage du WO ——p Vérification par 'opération ¢ Correct?
(ODM) en RT2
RT2: Terminé,

deuxieme validation

Ouip-

Passage du WO
(ODM)a T

T: Terminé



