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Training the dipolesTraining the dipoles
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Training the dipolesTraining the dipoles
in sector 56in sector 56

SectorSector

Number of magnetsNumber of magnets Number of Number of quenches to 7 quenches to 7 TeVTeV

ALSALS ANSANS NOENOE
@ 6 @ 6 
TeVTeV

@ 6.5 @ 6.5 
TeVTeV Est 1Est 1 Est 2Est 2 Est 3Est 3 Est 4Est 4SectorSector ALSALS ANSANS NOENOE TeVTeV

((±±2)2)
TeVTeV

((±±30%)30%)
Est. 1Est. 1 Est. 2Est. 2 Est. 3Est. 3 Est. 4Est. 4

11--22 4949 9696 99 00 44 2222 4141 4040 4949

22 33 5656 6060 3838 11 88 2323 9797 9292 13013022--33 5656 6060 3838 11 88 2323 9797 9292 130130

33--44 5656 6565 3333 11 88 2121 8787 8383 116116

44--55 4646 4646 6262 22 1212 2222 145145 136136 198198

55--66 2828 4242 8484 11 1515 2121 190190 178178 262262

66--77 5757 3636 6161 22 1212 2020 142142 133133 194194

77--88 5454 4040 6060 22 1212 1414 140140 132132 192192

88--11 6464 2424 6666 22 1313 1919 151151 142142 208208
TotalTotal 1111 8484 162162 993993 936936 13491349

er
w

ei
j Est. 1Est. 1: Based on 115 : Based on 115 MB’sMB’s that have been submitted to a thermal cycle in SMthat have been submitted to a thermal cycle in SM--18 18 

(2008 before HWC, P. (2008 before HWC, P. XydiXydi and A. and A. SiemkoSiemko))
Est. 2Est. 2: Extrapolation from sector 5: Extrapolation from sector 5--6 data +6 data + estimateestimate 1 for ALS & ANS1 for ALS & ANS993 / 8 = 124

124 / 3 41
993 / 8 = 124
124 / 3 41
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Est. 4Est. 4: 3 quenches per NOE magnet: 3 quenches per NOE magnet + estimate 1 + estimate 1 for for ALS & ANSALS & ANS

124 / 3 = 41  124 / 3 = 41  



Superconducting electrical circuits Superconducting electrical circuits 
Surprises

Harmless
The third current lead shared by two circuits (Kirchoff’s Law)

p

The third current lead shared by two circuits (Kirchoff s Law)
Short inside the dump resistor on the QF of Sector 45
Short to ground on the dump resistor on the QD of Sector 56
Missing resistor on one of the poles of an undulator which gave a very
exotic transfer functionexotic transfer function
Leveling of the DFB to properly wet the superconducting cable

Potential inconvenience to operation
Distribution of the conductors on cables sharing the same DFB but on
different circuits symptom: apparent detrainingdifferent circuits – symptom: apparent detraining
The reference magnet puzzle – magnetization cycle

Potentially dangerous
Symmetric quenches
T i t ik h th d it h d t th diff iTransient spike when the dump switch opens due to the difference in
Eddy currents in the two apertures
Quench back in corrector circuits inducing coupling on other circuits …
up to quenching the main magnets
P di li d lt t f iti

M
eß

Pending: splice and voltage tap non-conformities
Unresolved

MCBX and MCBY mystery: unexplainable transfer functions
The hunch on the MCBYs
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The Sector 34 IncidentThe Sector 34 Incident
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No electrical contact between wedge and U-
profile with the bus on at least one side of the joint 

No bonding at joint with the 
U-profile and the wedge
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The Sector 34 IncidentThe Sector 34 Incident
The current decay from 8700 A

Energy MJ %
Stored in the magnets 595.0 100

eb
ru

n Dissipated in UJ33 71.0 12

Dissipated in UA43 104.8 18

Dissipated in cold mass 144.4 24
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Dissipated in electrical arcs 274.8 46



The Sector 34 IncidentThe Sector 34 Incident
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The Sector 34 IncidentThe Sector 34 Incident
Recommendations

• Calorimetric measurements
Prevention of initial faultPrevention of initial fault

Recommendations
Mitigation of consequencesMitigation of consequences
• Increase number/size of relief

devices on cryostat vacuum
• Electrical measurements on

«suspect» cells/subsectors powered
at limited current
During further power tests track

y
vessels

• Review number, size & position of
pressure relief devices on beam
vacuum system• During further power tests, track

temperature evolution in
normalized conditions

• Modify quench detection system

y
• Review closure logic of beam

vacuum sector valves
• Consider possibility of triggered

opening of quench relief valves• Modify quench detection system
to include interconnects and bus
bar splices

• Consider option to measure

opening of quench relief valves
below set pressure

• Consider general firing of quench
heaters
R i f t l h i tConsider option to measure

currents in 13 kA circuits at both
ends of sector and detect
differentials

• Reinforce external anchoring at
locations of vacuum barriers

• Reexamine personnel underground
access rules

eb
ru

n

• Review possible improvement of
mechanical clamping of
interconnects and gradually
implement whenever possible

• Review location of AUG in tunnel
and protection from blast

• Review recorded signals, recording
frequency and time stamping
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Calorimetric and electrical measurementsCalorimetric and electrical measurements
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• All the current plateaux were scrutinized for suspect 
temperature increase
U t bl diti d d i t t t l

• All the current plateaux were scrutinized for suspect 
temperature increase
U t bl diti d d i t t t l
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1 or 2 hour flat tops
• Unstable conditions and dynamic temperature control 

prevent accurate calculations.
• Unstable conditions and dynamic temperature control 

prevent accurate calculations.



Calorimetric and electrical measurementsCalorimetric and electrical measurements
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The new powering procedures will
demand mandatory calorimetric and
electrical tests in ALL sectors at the
beginning of the next LHC powering
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beginning of the next LHC powering
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Calorimetric and electrical measurementsCalorimetric and electrical measurements
Calorimetric measurements spotted a suspect region in Sector 12Calorimetric measurements spotted a suspect region in Sector 12Calorimetric measurements spotted a suspect region in Sector 12Calorimetric measurements spotted a suspect region in Sector 12
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Cryogenics: from coolCryogenics: from cool--down to first beamsdown to first beams

≈15K/d x 13 d “25 days for 20K”
+ 3 days for Filling

2 d f 1 9K

“25 days for 20K”
+ 3 days for Filling

2 d f 1 9K≈8 K/d x 8 d + 2 days for 1.9K 

⇒ 30 days

(4 to 5 wks)

+ 2 days for 1.9K 

⇒ 30 days

(4 to 5 wks)
≈12 K/d x 4 d

(4 to 5 wks)(4 to 5 wks)
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Cryogenics: from coolCryogenics: from cool--down to first beamsdown to first beams
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• Running two sectors with one cryoplant was tested during 
powering

• Not valid for large transients, but an interesting alternative for low

• Running two sectors with one cryoplant was tested during 
powering

• Not valid for large transients, but an interesting alternative for low
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Cryogenics: from coolCryogenics: from cool--down to first beamsdown to first beams

Non conformities were detected, workarounds found
d ring the r n and consolidations actions ongoingduring the run and consolidations actions ongoing level
gauges on stand alone magnets, DFBLC heat load, valves on current leads, heat
loads on the triplet, etc.

Stability was achieved t bl i l b l f i ti t dStability was achieved stable services, global refrigeration mastered,
15mbar established, DFB, current lead and beam screen cooling loops stabilised

Recovery from quenches or failures a lot of experience gained
and results obtainedand results obtained

Towards more stable services electricity, cooling water controls,
insulation vacuum

Getting ready for round the clock operation

au
d

et
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What else did we learn?What else did we learn?

The ProceduresThe Procedures
The Tools which implemented the procedures and assisted the 

operators during the execution and the analysis
Sequencer
Post-Mortem browser
PIC supervision
QPS supervision

efficiency, 
automation and 
no compromise

efficiency, 
automation and 
no compromise

Powering to NominalNominal (P2N)
Databases
… others were developed during the hc

pp

Some teething problems were identified and were corrected or
are being corrected remote resets, communications problems, timing, coherence

oj
er

g p g
between time stamps, etc.
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What else did we learn?What else did we learn?

Hardware problemsHardware problemsHardware problemsHardware problems

600A600A--10V LHC type power converters 10V LHC type power converters 
QPS requires  a smooth change in current, QPS requires  a smooth change in current, 

Reduced Reduced dI/dtdI/dt
d dd d22I/dtI/dt22

Reduced Reduced dI/dtdI/dt
d dd d22I/dtI/dt22gg

otherwise it tripsotherwise it trips
LHC 600ALHC 600A--10V: 0V10V: 0V--crossing distortioncrossing distortion

The power converters generate some distortion The power converters generate some distortion 
when crossing through zero voltage with when crossing through zero voltage with 

and dand d22I/dtI/dt22

which could which could 
limit operation limit operation 
and physicsand physics

and dand d22I/dtI/dt22

which could which could 
limit operation limit operation 
and physicsand physicscurrent in the loadcurrent in the load QPS tripsQPS trips

600 A600 A--10 V Crowbar Issue 10 V Crowbar Issue 
Some PCs don’t have the crowbar and are not Some PCs don’t have the crowbar and are not 

f d t i ditif d t i diti

and physicsand physicsand physicsand physics

ECR to add crowbar ECR to add crowbar 
on those circuitson those circuits
ECR to add crowbar ECR to add crowbar 
on those circuitson those circuitssafe under certain conditionssafe under certain conditions

FrequentFrequent cloggingclogging ofof waterwater filtersfilters installedinstalled onon cablescables andand convertersconverters lineslines

flowflow reductionreduction andand stopstop ofof thethe converterconverter

on those circuitson those circuitson those circuitson those circuits

oj
er

flowflow reductionreduction andand stopstop ofof thethe converterconverter

A decision was taken to change all filters around the A decision was taken to change all filters around the 
machine from the present 50 machine from the present 50 μμ to 100 to 100 μμ meshmesh
A decision was taken to change all filters around the A decision was taken to change all filters around the 
machine from the present 50 machine from the present 50 μμ to 100 to 100 μμ meshmesh
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ConclusionsConclusions

Many surprises: training & sector 34

During the commissioning the equipment owners andDuring the commissioning the equipment owners and
the operation crews gathered the experience which
they expected to re-commission, run and debug the
equipmentequipment

The incident in sector 34 requires modifications of the
hardware upgrade of protection systems and thehardware, upgrade of protection systems and the
development of additional test procedures

While during most of the commissioning campaign theWhile during most of the commissioning campaign the
observations matched what was expected; in a few
cases however, they revealed non-conformities
some of which remain to be understood followed and
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some of which remain to be understood, followed and
corrected or coped with


