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Components of 

a cryogenic installation

compressor

stations

cold boxes

helium storage

liquid nitrogen storage
helium 

transfer line

liquid helium storage



Specifics concerning maintenance: 

challenges

Number of components (example) no./Anz.

(approx.)

Mechanical components

Filters ~850

Compressors 104

Oil pumps, vacuum pumps ~350

Safety valves ~2’000

Valves (manual, automatic) ~15’000

Instrumentation

Analysers ~100

Pressure measurement ~2’500

Temperature measurement ~2’700

Total (maintained components not including 

tunnel)

Replacement value maintained components

Replacement value installed components

Maintenance budget 

~35’000

~~100MCHF

300-400MCHF

~~3MCHF

Possible consequences for operation

Stop of a cryogenic installation of the accelerator

→ No LHC beams

� i.e. very high availability requirements

Extended stop of a cryogenic installation

→ delay of several days to r operation conditions

� short MTTRs

Annually there are only two weeks for the preventive maintenance and only 

a few days of technical stop corrective maintenance

Special conditions, e.g.

• Low temperature conditions

• High purity requirements

•High leak tightness requirements

Reliability constraints

• 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 

the process

• Many components are prototypes

• The access to underground installations is bound to spoecific

conditions

• Little reliability information exists



Specifics concerning maintenance:

example of the shut-down planning for one refrigerator

emptying of 15 t of liquid helium

maintenance slot

cool-down and  keeping between 10 and 30 K

installation conditioning after maintenance

cryogenic tests

installation fully operational

installation in transient operation mode

warm-up of the refrigerator

fill-up with 15 t liquid helium

installation fully operational

installation in transient operation mode

cool-down to 4K
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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 

opening of the component. and/or 

The replacement of consumables that can be accessed 

safely as bulbs, filters, oils, etc.
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The repair or maintenance by standard exchange of 

elements foreseen for this type of repair 

and/or 

Minor operations of preventive maintenance. 
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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. C
o
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D
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.
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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). 
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Contract 

C199

Basic elements of the maintenance process

MAINTENANCE

(PM AND CM)

5 

WAREHOUSE 

MANAGEMENT

4

WORK ORDER 

MANAGEMENT

3

RESOURCE 

MANAGEMENT

1 ASSET 

MANAGEMENT

2

DOCUMENTATION 

MANAGEMENT

CERN

What is required to provide a merely unnoticed service?



Equipment structure in CAMMS

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

1 ASSET 

MANAGEMENT



Different ways to reach the technical

documentation

2

DOCUMENTATION 

MANAGEMENT



Documents attached to work orders

2

DOCUMENTATION 

MANAGEMENT

Work order 17695941



Planning of shutdown

Workpackages Preventive Maintenance

3

RESOURCE 

MANAGEMENT



Maintenance « Menu »

• 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.
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WORK ORDER 

MANAGEMENT



Work order flow

4

WORK ORDER 

MANAGEMENT



5 

WAREHOUSE 

MANAGEMENT

The warehouse managed by the 

cryogenics group



• The cryogenic installations and their specifics concerning maintenance

• Maintenance principles and elements of the maintenance process

• Maintenance organization (contract)

• Some statistics

• Some case-studies



Maintenance organisation



• The cryogenic installations and their specifics concerning maintenance

• Maintenance principles and elements of the maintenance process

• Maintenance organization (contract)

• Some statistics

• Some case-studies



Maintenance statistics

PM, PDM and CM (1 yr period)

Trade

Preventive 

maintenance 

(during yearly shut-

down)

Predictive and 

corrective 

maintenance

Total number of work orders 1102 768

Break down of work order 

numbers by trade

Mechanics 380 325

Instrumentation 487 354

Vacuum 235 89

Total number of hours 2303 4564

Break down of intervention 

hours by trade

Mechanics 1001 2567

Instrumentation 714 1243

Vacuum 588 754

• 1870 interventions with a mean 

intervention time of 3.7 hours 

• An important part of the predictive 

and corrective maintenance is done 

during the technical stops



Maintenance statistics

most frequent tasks (PM + PDM + CR; 1 yr period)

Top 10 maintenance tasks Numbers

Digital inputs – switches – inspection and adjustment 1,526

Heaters – heaters elements – inspection: 233

Safety valves – standard revision 192

Valves – inspection of functioning of automatic valves 191

Vibration measurement – motor-compressor set 190

Motors – inspection 161

Instrumentation – debugging of instrumentation 140

Control cubicles – replace (without debugging) any extra low voltage component 128

Couplings – adjustment of flexible couplings, verification, correction of alignment 91

Power supplies – lockout-tagout (includes locking and tagging and unlocking) 90

• Most frequent are typical PM tasks • Second rank interventions on 

instrumentation



Maintenance statistics

equipment with most interventions (1 yr period)

Preventive

maintenance (top 3)

Predictive and corrective

maintenance (top 3)

Trade Equipment category

Number 

of work 

orders Equipment category

Number 

of work 

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

• 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”)

• Rotary machinery ranks (obviously) high



Maintenance statistics

first estimation of MTBF (observation 2 ¼ yr period)

Description Subject

to

PM

Number of 

spare parts 

used

Observed 

component 

population

system 

operation 

time

estimated 

MTBF

Mechanical components

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

Valve sealing issue  warm valves 182 ~13’000 ~18’000h ~1.3 Mh

Safety valves and parts thereof X 95 ~3’100 ~18’000h ~0.6 Mh

Compressor shaft seal – all compressors X 11 83 <18’000h ~0.12 Mh

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

Oil pump shaft seal – worst type X 13 12 ~12’000h ~0.011Mh

Instrumentation components

Pressure transmitters – all types 30 ~3’100 ~19’700h ~2 Mh

End switches 31 ~4’000 ~19’700h ~2.5 Mh

Electro-valve 77 ~1’500 ~19’700h ~0.38 Mh

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

• A few 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



Maintenance statistics: Christmas break

• 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
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Maintenance – OA installations

• Xmas break - activated charcoal replacement – analysis results

- inlet values from

< 1 g/kg to 150 g/kg !

- all values above 50%

are OK (< 1,66 g/kg)

The installations with

values > 100 g/kg

must be followed!
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Maintenance – OA installations

• Analysis breakdown inlet QSCB-6-A170  
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OA – Installations 1

• 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 – OA installations

• 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)
The lubricating oil should be verified regarding the following aspects:
- Check the oil visually with respect to color, turbidity and deposits in a test bottle. The oil should be 
clear or negligibly turbid. The turbidity may not be caused by water
- The water content must not exceed 0.2 %
- The original viscosity must be maintained within a tolerance of ±15%
- The oil should be free from debris, and its cleanliness according to ISO 4406 class 18/15, or NAS 
1638 class 9
- The quantity of metal impurities should be less than 100 PPM. An increasing trend of the value 
means that the bearing is wearing
- The total acid number (TAN) should not exceed 1 mg KOH per gram of oil. Please note that the 
TAN value is not the same as the TBN (total base number) value
- Smell the oil. Strong acid or burnt smell is not acceptable.
An oil check should be performed a few days after the first test run of the machine, just before the 
first oil change, and subsequently as required. If the oil 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.



Review of m. on OA installations

• Point 4 – QSCB compressor Cp6

– Situation

• Sudden rapid increase of the oil filter pressure drop

• Abnormal noise and high vibration signal

– Analysis

• The main axial bearing was completely destroyed

• Compressor has suffered severe damages

• Aerzener report expected today

– Actions

• 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

• What have we learned 
from the analysis?

– For compressors ISO 10816 
gives only limited 
information as the vibrations 
are linked to

• load

• compression ratio

• oil injection

– Faults of roller bearing 
cannot be detected, only 
failures!

• What has been changed?

– The data taking method 
has been validated by a 
CERN expert

– The measurement 
database has been re-
configured for a larger 
bandwidth and bearing 
data has been 
implemented

– Vibration data is now 
regularly analyzed by a 
vibration expert

– A data taking planning s 
imposed by CERN

However, we had

already a powerful tool

Key for Equipment condition     normal / unproblematic

0 0 0 0 0 0 0 6 0 0 0 0 Number of measurement performed to pay attention

Equipment quality           ( 0.33 = very bad, 1 = very good )                                   critical / acions recommended
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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

QSC1H-A-CP2 Compressor        QSC1H-A-CP2 30 Motor & Compressor  Resonanz / internal play bearing motor Further measurements --> bump test, vibration shape mode

QSC1H-A-CP3 Compressor        QSC1H-A-CP3 30

2011

Point 1 0.00 0.00 0.55 0.00

15 15 16 14

Route Position wk36 wk37 wk38 wk39

QSC1H-C-CP1 OD 09/09/11

QSC1H-C-CP2 OD 09/09/11

QSCA-6-CP1 OA 01/01/00

QSCA-6-CP2 OA 01/01/00

QSCA-6-CP3 OA 01/01/00

QSCA-6-CP4 OA 01/01/00

QSCA-6-CP7 OA 01/01/00

QSCA-6-CP8 OA 01/01/00

QSCA-6-CP9 OA 01/01/00

QSCA-6-CA OA 01/01/00

QSCB-6-CP1 OA 07/09/11

QSCB-6-CP2 OA 07/09/11

QSCB-6-CP3 OA 07/09/11

QSCB-6-CP6 OA 07/09/11

QSCB-6-CP7 OA 07/09/11

QSCA-4-CP1 OA 01/01/00

QSCA-4-CP2 OA 01/01/00

QSCA-4-CP3 OA 01/01/00

QSCA-4-CP4 OA 01/01/00

QSCA-4-CP7 OA 01/01/00

QSCA-4-CP8 OA 01/01/00

QSCA-4-CP9 OA 01/01/00

QSCA-4-CA OA 01/01/00

P4 - LHCCA QSCCA-4-C1-2 OA 01/01/00

QSCB-4-CP1 OA 01/01/00

QSCB-4-CP2 OA 01/01/00

QSCB-4-CP3 OA 01/01/00

QSCB-4-CP6 OA 01/01/00

QSCB-4-CP7 OA 01/01/00

P4 - LHCCB QSCCB-4-C1-2 OA 01/01/00

QLC1H-S-CP1 OD 01/01/00

QLC1H-S-CP2 OD 01/01/00

QLC1H-S-CP3 OD 01/01/00

QSCB-18-CP1 OA 01/01/00

QSCB-18-CP2 OA 01/01/00

QSCB-18-CP3 OA 01/01/00

QSCB-18-CP6 OA 01/01/00

QSCB-18-CP7 OA 01/01/00

QSCA-2-CP1 OA 01/01/00

QSCA-2-CP2 OA 01/01/00

QSCA-2-CP3 OA 01/01/00

QSCA-2-CP4 OA 01/01/00

QSCA-2-CP5 OA 01/01/00

QSCA-2-CP6 OA 01/01/00

QSCA-2-CP7 OA 01/01/00

QSCA-2-CP8 OA 01/01/00

QSC2H-A-1C1120 OD 01/01/00

QSC2H-A-2C1120 OD 01/01/00

Monitored Equipment

P6- LHCB

P1.8 - LHCB

P2 - LHCA

SH18 -6kW Linde

P4 - LHCA

P4- LHCB

P5 - CMS

P6 - LHCA

P1 - Atlas shield refrigerator



Predictive maintenance – vibration 

measurements (1)

Measured DS left

0,0 1,0 2,0 3,0 4,0 5,0 6,0

M1-1A

M1-2A

M1-3A

RMS (0-1000Hz) in [mm/s]

QSCB-6-MO3

-DS_left

QSCB-6-MO2

-DS_left

QSCB-6-MO1

-DS_left

1

2

3

A

H

V

M16

M20
QSCB-M03

M=2.5t

P=408kW

QSCB-M01 & M02

M=2.5t

P=543kW

Comparing motor vibration shape 

in axial direction

for the three LHCB-6 booster compressors 



Intermediate Conclusions

• The visibility of the compressor and motor condition 

has been considerably improved

• A clear and simple classification from normal to 

critical has been established

• A number of improvement starting points have been 

identified

– Check and consolidation of motor fixation

• 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

• comprising anti-vibration pads, additional grouting, skid 

modifications and reinforcements

• A correlation of wear and damages found during 

revisions with the vibration measurements will allow 

even better understanding of the criticality
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PM work flow



CM work flow




