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Clustered Pareto - Root Cause Duration 2016 & 2017 vs System

2016 Root Cause Duration

2017 Root Cause Duration

Circuits availability – 2017 vs 2016

2017 

Frequency

2017 

Duration [h]

2016 

Frequency

2016 

Duration (h)

Magnet Circuits 17 1.1 27 68.75

Machine Interlocks 4 5.7 8 4.39

Quench Protection + EE 55 63.8 45 25.93

Power converters 84 98.9 66 75.05
Σ 160 169.5 146 174.12

2016: Investigations to localise inter-turn short in RB.A12

2017: Spurious trips on RQ10.L8 interface between PC-PIC

2017:3 interventions having a big impact on fault duration

2017: Increased R2E-related failures in RRs and big impact 

intervention on RB.A12 PC (20h)



Power Converters

 Faults on 600A,120A and Main Dipole PCs represent 75 % of PC fault time

 Increased R2E-induced failures on 120A and 600A converters in RRs
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Classification Number of faults R2E Fault duration (h) Quantity

RPMBA/B - LHC600A-10V 44 5 42.1 394

RPTE - Main Dipole 7 0 26 8

RPLB - LHC120A 8 5 15.7 291

RPHF/G/H - IPD, IPQ, IT 6 0 12 188

SATURN_2s 3 0 8.9 4

RPLA - LHC60A 10 0 5.3 750

RPMC - LHC600A-40V 3 0 0.3 38

RPTF - Warm Quadrupole 2 0 2.7 4

Σ 84 10 113.7 1677



Power Converters – 600A

 Worst PC-type in terms of reliability 

 10% of the power modules replaced during 2017

 Significant number of R2E failures on 600A converters in the RRs

 LS2: Plan to deploy R2E-600A converters + FGClite in RRs 

 LS3: Consolidation plan envisaged to replace converters in UAs
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Classification Number of faults R2E Fault duration (h) Quantity

RPMBA/B - LHC600A-10V 44 5 42.1 394

2016 radiation levels in RR53 2017 radiation levels in RR53 (TCL6 closed)

Radiation levels in RR tunnel side

Courtesy R. García Alía

LMC 331st

https://indico.cern.ch/event/686456/contributions/2816010/attachments/1571093/2478507/2017-12_radiation_level_overview_LMC_v2.pptx


Power Converters – Main Dipole

 Big impact fault (20 h) from 3 interventions to fix water leaks on water-cooled 

busbars on RB.A12 (see LMC 308th)

 Poor quality of weldings on cooling plates

 Water-cooled busbars for RB.A12 will be changed during the YETS 2017-18

 LS2: Consolidation of all busbars required, otherwise increased probability of 

significant failure
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Classification Number of faults R2E Fault duration (h) Quantity

RPTE - Main Dipole 7 0 26 8

Main dipole water-cooled busbars

Courtesy V. Montabonnet

https://espace.cern.ch/lhc-machine-committee/Minutes/1/lmc_308.pdf


Power Converters – 120A

 Faults dominated by R2E failures in the RRs

 4 faults on the FGC2 and 1 on the Power Source (UJ23)

 LS2: Plan to deploy FGClite on 120A PCs in RRs

 Few issues with DCCTs
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Classification Number of faults R2E Fault duration (h) Quantity

RPLB - LHC120A 8 5 15.7 291

RR alcove located between half cells 6 and 7 



Power Converters - SATURN

 4 SATURN PCs installed during YETS 2016-17 (RD1 & RD34)

 Consolidation of RD1 and RD34 has eliminated FMCM triggers for these circuits

 Early life failure on RD34.LR3 (x3) – Soldering issue with relay which required the 

replacement of the control chassis

 LS3: RD1 will be replaced by SC circuit and consolidation is requested for other FMCM 

circuits (6 more)
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Classification Number of faults R2E Fault duration (h) Quantity

SATURN_2s 3 0 8.9 4

SATURN power converter & command relay

Courtesy H. Thiesen



Power Converters – 60A

 FGClite controls consolidated during YETS 2016-17

 Communication issues appeared during the HWC were solved in March 2017 

 Early life trips (x2) during commissioning with beam

 Identified issue during pp run:

 I_MEAS that will be solved with the new deployment of gateway software (x3) 
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Classification Number of faults R2E Fault duration (h) Quantity

RPLA - LHC60A 10 0 5.3 750

Rad-tol FGClite controller  +  60A converter
Courtesy S. Uznanski



Quench Protection System

 Fault duration on QPSRQ and EE13kA penalized by 3 long interventions 

(~26 h)
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Classification
Number of 

faults
R2E Fault duration (h) Quantity

QPSRB 6 1 6.4
>2000

QPSRQ 5 0 17.8

QDSIPQ 8 0 4.2 76

QDS600 24 0 3.7 114

nQPS 4 0 5.5 436

EE13kA 5 0 14 32

EE600A 2 0 7.8 202

DQHDS 1 0 2.5 6084

Σ 55 1 61.8 > 8900



Quench Protection System

 QPSRB: Single SEU event to cause beam dump, non-blocking SEUs are reset in the 

shadow of operation

 QPSRQ: 2 big impact interventions - 12 h

 Full crate DQLPU was fully replaced in B20R1 (faulty capacitor) – 4 h

 Faulty DQAMC board MQ8.L7 was replaced after triggering SPA – 8 h

 QDSIPQ: Trips following electrical perturbations during thunderstorms (used to be in the 

shadow of FMCM trips in 2016)

 QDS600: 50% trips during the reset sequence with no beam and at zero current, the rest 

coming from I_DCCT instabilities which were mitigated with optimised filter settings

 nQPS: mostly issues affecting communication which did not provoke beam dumps
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Classification
Number of 

faults
R2E Fault duration (h) Quantity

QPSRB 6 1 6.4
>2000

QPSRQ 5 0 17.8

QDSIPQ 8 0 4.2 76

QDS600 24 0 3.7 114

nQPS 4 0 5.5 436



Quench Protection System

 Big impact fault -> RQD.A12 EE, 3 

dumps followed by 3 accesses (14h 

downtime + 3 precycles)

 BCM (Breaker Control Module) 

replacement temporarily solved the 

problem but issue reappeared. Finally, 

found that origin is on the UPS 

powering cable coming from the 

circuit breaker (Neutral pin burned)

 Plan to review and replace all UPS 

connectors during the YETS
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Classification
Number of 

faults
R2E Fault duration (h) Quantity

EE13kA 5 0 14 32

EE600A 2 0 7.8 202



Quench Protection System

 EE closing issue on RSD2.A78B2. 

Circuit breaker changed (4.3h)

 EE closing issue on RSD2.A23B2. 

Traco Power Supply replaced 

(3.5h)
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Classification
Number of 

faults
R2E Fault duration (h) Quantity

EE13kA 5 0 14 32

EE600A 2 0 7.8 202



Magnet circuits - Earth fault on RB.A12

 Short circuit in RB.A12 appeared after TS2 at 10.5 kA

 Initial diagnostics done using QPS earth feelers suggested earth fault in 

first part of positive busbar of circuit (excluded 16L2 and suggested 

warm part)

 Root cause identified during initial visual inspection to be a crocodile 

clamp which was used for grounding of S12 during TS#2 (not fully 

removed)

 After correction and replacement of earth fuses in PC, circuit (re-)validated 

with cycle and EE at 2kA
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DFLAS.7L2.5



Magnet circuits - Miscellaneous

 Current lead heating system

 1 beam dump provoked due to a faulty regulator (5 more replaced 

during programmed stops)

 13kA EE resistors temperature interlock

 3 occasions where EE cooldown time exceeded the recovery time 

from the parent fault by up to 2 hours (in case of quench the EE 

cooldown remains in the shadow of cryo recovery)

 Zero Voltage Crossing

 10 trips during precyle or ramp-down (low impact but dominated by 

RQTL11.L5B1 – 8 occurences )
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Machine interlocks - FMCM

 Fast Magnet Current change Monitors designed to trigger on unacceptable 

current changes in normal-conducting magnets

 No self-triggers in 2017

 15 electrical perturbations this year which provoked 9 FMCM triggers 

(compared to 23 disturbances in 2016 leading to 22 FMCM dumps)

 Significant FMCM trigger reduction comes from the replacement of sensitive 

RD1/RD34 power converters (SATURN) during YETS 2016-17
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RPTG - Backup

18kV transformer + Thyristor bridges

RPADO (SATURN) – In operation

18 kV transformer + IGBT switch-mode bridges



Electrical perturbations and FMCM dumps
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Electrical perturbations and FMCM dumps

 Significant improvement on most sensitive circuits RD1 and RD34 thanks 

to deployment of SATURN PCs in 2017 (only 1 trip in the shadow of Q5)

 Beam dumps triggered by FMCM and no other equipment affected 

(electrical perturbations of <10 % of nominal voltage and <100 ms) => 

Potential availability gain if improving glitch rejection on power converters 

(especially RMSD and RQ5)
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Electrical perturbations and FMCM dumps

 Beam dumps provoked by electrical perturbations that did not cause FMCM 

triggers but affected other equipment
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17.05 No beam. Water leak in US45, water on the 18 kV transformer 

24.08 No beam. Short circuit in 18 kV electrical transformer used for water pumps for US85

5738 EDF power glitch tripped RB.A45 and RQ4.LR3 circuits

5917 Power glitch which provoked trip of PC-RB.A12

5978 Glitch provoked RQ10.R5 heater firing

6055
Lightning strike caused the QPS of the IPQs in all sectors (except S81) to trigger. Beams dumped by PIC, followed by loss of cryo conditions 

due to induced quench. 

x = FMCM trip



Machine Interlocks – PIC 

 PLC fault => PIC-PLC in UL14 suffered from a memory corruption leading 

to a loss of communication and preventive beam dump. Action: Memory 

card replaced and firmware updated in all PLCs

 RQ10.L8 spurious => Recurrent spurious interlock triggers on PC-PIC 

interface. Actions: Current source, patch panels, FGC and PC chassis 

replaced

 WinCC-SCADA => CMW communication issue with PIC production 

servers following a wrong manipulation of the CCDB with no beam
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Classification Number of faults Fault duration (h)

PLC 1 0.2

RQ10.L8 spurious Recurrent (7) 0.25

WinCC-SCADA 1 1.3



Conclusions

 Good performance of LHC circuits, magnet powering and protection systems 

in 2017 (2.5 % less overall fault time wrt. 2016)

 Successful deployment of SATURN converters and FGClite on 60A 

converters in the ARCs with few early life failures identified

 Still room for improvement:

 Optimizing interventions and placing more spares close to the 

machine could significantly reduce intervention times 

 Impact of electrical disturbances and FMCM trips could be further 

reduced

 Increased R2E-related failures in RRs -> FGClite deployment in LS2:

 in 120A converters in the RRs

 together with R2E-600A converters in the RRs

 together with R2E-4-6-8kA converters in the RRs 
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Thank you!

Questions?
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 SPARES
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GPM and impact on EE-systems

 Side effects of the Global Protection Mechanism (GPM) on the 

600A-circuits EE openings

 GPM is a 2nd level of protection to avoid quench propagation to 

neighbour magnet circuits (bus-bars, leads and magnets) due to 

heat propagation from primarily quenched magnet

 GPM activates a FPA in all concerned circuits in case of FPAs in 

any of the RB, RQD/F, IT and IPQ/D circuits
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600A-EE openings 2015-2017 

 GPM is usually deactivated or masked 

during HWC campaigns

 If GPM activated only when energy 

above 1 kA => 35 % less of EE 

switch openings

 Masking GPM below injection level 

being investigated to be put in place 

during the YETS 2017-2018


