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CERN and its accelerator complex

20 member states

2378 employees

9923

574

users from

institutes and 

universities

5 Accelerators

83 experiments

1026 
MCHF

budget

Map not to scale



The Large Hadron Collider

27 km of highly complex installations and components

p-p collision 1034 cm-2.s-1, 14 TeV, 0.5 GJ stored energy





ATLAS

dimensions, mass 46 m x 25 m x 25 m

7’000 t

lieu, place Meyrin, CH

aimants, magnets 1 solenoid L=7m d=3m 

8 toroids     25 m x 5 m 

16 toroids 5 m x 5 m

CMS

dimensions, mass 25 m x 15 m x 15 m

12’500 t

lieu, place Cessy, F

aimant, magnets 1 solenoid  L=12.5m

d=6.5m

aimants supraconducteurs

supraconductiong magnet 

coils

taille d’une personne

size of a human

Les détecteurs ATLAS et CMS

The detectors ATLAS und CMS



ATLAS and CMS

↓ pictures from he construction phase ↓

← images of particle collisions →
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Example warm magnets (TE-MSC)

• 5000 installed + 1000 stored magnets, 

45 000 tons

• In 2010 18 h machine down-time due to 

magnet failures

• 24h / 7d piquet service

• 4 workshops: 2 radioactive + 2 non 

radioactive

• 44 staff (including contractors)



Example power convertors (TE-EPC)
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Christophe Mugnier – TE/EPC – CMMWG le 16 Septembre 2010

The TE-EPC group is responsible for about 4500 power

convertors installed on all the different accelerators of

CERN.

TE-EPC is in charge of the development, the maintenance as well

as the operation round the clock.



Example cooling and ventilation systems 

(EN-CV)

– EN-CV ensures the 

maintenance of the cooling 

systems, the ventilation, the 

compressed air systems, the 

sumps, the  fire fighting circuits, 

the fresh water circuits through 

two contracts

– Each contractor provides about 

23 workers managed by  2 team 

leaders, 2 planning assistants 

and 1 contract manager

– The contractor ensures an on-

call service



Example industrial controls (EN-ICE) 

• Centralised, CERN-wide, 
critical.

• A central critical store at CERN, 
for all PLC users accessible 24/7 
with a complete but reduced 
Siemens and Schneider PLC 
stock. 

• A store at each supplier 
premises with a delivery delay 
of 24 hours maximum. Service 
contract 10127148 (Siemens) 
and B1129 (Schneider).

• Only PLC related equipment 
(no instrumentation)



Example access systems (GS-ASE)

ZORA - Zones de RAdiation

SUSI – Surveillance deSIte

30/09/2010 CMMWG presentation Access Control

MRC Equipment Approx #
of objects

Approx
replacem
ent value

Age

YLAC LHC ZORA 1900 20 MCHF < 5 y
YGAC SPS ZORA n/a 15 MCHF < 20 y
YBAC PS ZORA n/a 10 MCHF < 30 y
YSAC SUSI 1500 5 MCHF 0 < 5y

Equipment is mainly composed of 
• Access points and doors, gates & barriers 

• Cables and switches

• Controls equipment (card readers, biometric readers, 

PLCs, PCs, etc..)

• Video cameras & intercoms

• Servers & databases

• Client computers

• Power supplies



Example cryogenics (TE-CRG)

compressor

stations

cold boxes

helium storage

liquid nitrogen storage
helium 

transfer line

liquid helium storage



Example radiation monitoring equipment 

(DGS-RP)

363 Monitors

– Radiation protection

– Stray radiation

– Ventilation

– Water

– Weather

– Control

11 November 2010 DGS Maintenance Management - Presentation to CMMWG

ARC

AGM AMF TGM TMF

XRM  IAM

RWM - RWS

Water Monitoring station

VGM - VAS

Ventilation
Monitoring

Weather
Monitoring

USA

EPIC ERC

Stray radiation
Monitoring

HFM

PCM



Contents

• Introduction

• Maintenance at CERN

• Where are we today?

CMMWG, CMMSB, maintenance review, CAMMS usage audit

• The new maintenance project



Physics results demonstrate  → equipment/facilities are well maintained,

however, CERN management wishes to go even further 

→ e.g. to reduce the number of technical stops from 1 in 6 weeks to 1 in 12 weeks

therefore, several actions have been launched: 

CMMWG, CMMSB, maintenance review, CAMMS usage audit

Where are we today? - Problem statement



Maintenance at CERN

Examples of systems number of 

maintained 

assemblies (a), 

items (i) or 

references (r)

Warm magnets (TE-MSC) 5’000 a

Power converters (TE-EPC) 4’500 a

Cooling and ventilation components (EN-CV) 56’000  i

Industrial controls (EN-ICE) 215 r

Access control systems (GS-ASE) 3400 a

Process plants (cryogenics) (TE-CRG) 35’000 i

Radiation monitoring equipment (DGS-RP) 1’700 a

Power supplies, power distribution (EN-EL) 46’000 i

...

There are many different types of 

equipments and systems to be maintained

Diversity of conditions

from very old (1950s) to brand new components

from prototype devices to catalogue components

from laboratory type installations to industrial plants

from undocumented items to fully traced components

Insourcing outsourcing strategies

maintenance by CERN equipment owners

maintenance by CERN maintenance teams and/or on-call teams

maintenance by external contractors and their on-call teams

combinations of the above

Maintenance constraints

limited or conditional access (tunnel, radiation 

controlled zones, installation or environment condition)

high level of safety qualification requirements

failures can have high impact on availability

little MTBF data 

few or no redundancies

for which the boundary conditions can 

be quite different;

for which different strategies are applied

and maintenance can be conditioned by 

quite different constraints



Topic Best Practice

CM-01 Asset Bill of 

Materials 

Accurate Bill of Materials exists in the CMMS for all critical 

assets, including the number of used quantities and spare 

part naming. 

IM-07 Storeroom 

Organization 

The storeroom is organized and labeled, and parts are easy to 

locate with the most frequently used parts in a strategic 

location.

MP-03 Communication 

Dashboard 

There is substantial visual communication of operational 

performance and updated communications in place. 

MS-04 Critical Spare Parts Critical spares exist for all assets, starting with the most 

critical, and a process exists for classifying a spare part as 

critical based on failure impact (safety, quality, process 

throughput, cost, etc.). 

OR-03 Asset Management 

Council 

A mature, multifunctional Maintenance Council is in place and 

performance reviews are completed on a monthly basis with 

Operations. 

Examples of audit questions 

(CAMMS usage)



CAMMS usage audit evaluation

77 audit questions in 7 areas: 

CMMS Functionalities & Utilization Organizational Readiness

Inventory Management Planning & Scheduling

Metrics & Performance Improvement Work Management

Maintenance & Reliability Strategy

Maturity level

0 10



Some results of the CAMMS usage audit 

5.1

0.8

The results help to identify the priorities for improvement. 
They exemplify also that  maturity levels can be quite different.



RESULTS OF

ASSESSMENTS

(GOOD EXAMPLES)



Example asset management (Infor)

Level 1 (P4 LHC installations)

= Installation site

Level 2 (cryogenic liquid storage)

= Installation

Level 3 (LN2 dewar)

= Process unit

Level 4 (safety valve)

= Functional position

Asset



Example documentation



Ch. Mugnier – TE/EPC – CMMWG le 16 Septembre 2010 – EDMS n 1095502
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Example work order management 

(sharepoint)

11 November 2010 DGS Maintenance Management -

Presentation to CMMWG



Example maintenance work flow

Alarme ou appel à CCC 

indiquant défaillance d’une 

installation

Notification à un operateur CV 

de la défaillance d’une 

installation
Création d’un ODM en R pour 

intervention d’un contractant 

Envoie d’un e-mail et un SMS 

aux operateurs CV et chefs 

d’équipe des contractants

Appel au téléphone d’astreint 

si en dehors des heures 

ouvrables

Intervention de l’équipe de 

corrective

Résolution 

complète?

Oui

Pièces 

disponibles et

Accès 

possible?

Panne sur 

une 

installation
Passage de 

l’ODM en RA 

par le 

contractant 

pour 

acceptation

Si manque de 

pièces, 

renseignement 

ODM et

Passage a  

RADP
Demande sur e-

log ou achat

Si attente 

d’accès, 

renseignement 

ODM et

Passage a 

RADA

Non

Non

Vérification 

technique 
Correct?

Vérification de 

l’information dans 

la GMAO 

Non

Correct?

ODM pris en 

compte par 

GESMAR pour 

la facturation

Passage De 

l’ODM en T par 

l’opérateur CV 

Oui

Oui

Résolution 

technique 

Oui

Non

Renseignement 

ODM, indication du 

code de facturation 

et codes pièces et

Passage à TT par le 

contractant

Passage de l’ODM à

RTI par CV avec des 

commentaires

Passage de 

l’ODM à RTI 

par CV avec 

des 

commentaires



Example asset organisation (Infor)

19/11/2010 31EN/EL EDMS
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Example report tool (web based)



Example report tool (Business Objects)



AUDIT …



CMMWG, CMMSB, review and audit 

conclusions

We do all apply a maintenance process based on the same basic principles.

There are already excellent best practice examples.

There are on the other hand also areas where only basic implementations exist. 

There is a high demand for improvement from all sides.

A common approach is desirable.
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• time target 2 years

Develop a modular maintenance management framework

• e.g. layout database, documentation repository (EDMS), intervention planning (IMPACT) 

• and ensure that no double data entry is required between these systems

Interface the framework with existing databases

• and  identify at least 95% of the critical assets.

Define a method for identifying critical assets

• handles 50% of the technical assets covered by the framework

• manages 50% of the spare parts in the perimeter of the framework

• makes available 50% of the documentation required for maintenance tasks

• calculates the MTBFs of all critical assets

Ensure within the time frame of the project that the framework:

Conceive, elaborate and deploy an organization that shall ensure the continuity 
of the deployed methods

Objectives of the 

maintenance management project



The path to pursue?

The maintenance management project shall ensure that each stakeholder will 
make measurable advancements in the maturity of his/her maintenance process. 



The maintenance management project

EN 

E
N



Conclusions

Physics results demonstrate  → CERN’s equipment/facilities are well maintained.

However, the target is an even higher level in the maintenance process maturity. 

A comprehensive status quo of the maintenance has been established.

A highly motivated project team is preparing the implementation of a new 
maintenance management framework.

However, this is only the start ...



IN CASE



Example databases

Nov 2010 EDMS: 1103520 43

* Agile PLM was formerly called Axalant

* Infor EAM was formally called Datastream7i 



Nos défis II

Unsere Herausforderungen II

0%

50%

100%

1990 2000 2010

Du projet à l’opération

Vom Projekt zum Betrieb

(Maintenance) Maintenance

Du laboratoire au complexe d’accélérateurs

Vom Labor zum Beschleunigerkomplex

Et dans le futur ?            Und in der Zukunft?

• Une vision et une stratégie commune 

Eine gemeinsame Vision und Strategie

• Des méthodes « meilleure pratique »

Methoden « beste Praxis »

• Une GMAO intuitive

Ein benutzerfreunliches CAMMS

Insourcing versus outsourcing

2000 – 2008 depuis / seit 2009

Projet de construction 

Bauprojekt

Opération

Betrieb




