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Overview

Concise overview of powering tests during HWC Dec 2018
Powering tests: Did we become more efficient?

How to requalify circuits after interventions?

Magnet training

. Why training?

. How to train efficiently?

. How to train safely?

. Training results during HWC Dec 2018

Will we be able to run at 7 TeV?

Will running at energies beyond 6.5 TeV be as reliable or less reliable?
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Concise overview of power tests during HWC
December 2018 (1/2)

Type of test

Purpose

Outcome

Training of RB.A12 (7 TeV + margin =
12 kA), RQ (7 TeV + margin = 11.75
kA), IPQ/IPDs,

To investigate the amount of training
steps required to reach 7 TeV + margin
throughout LHC

7 TeV + margin was reached on
some circuits, but not all of them
(see slides 11-13)

Provoked fast power aborts of RB and
RQ circuits at various current levels
with comprehensive data-logging

To gather comprehensive data-set of
circuit discharge behavior, also
considering installation of 11 T magnets
during_j LS2

Partially completed

Ramping of Inner Triplets (IP1 and
IP2) to 7 TeV + margin and maintain
for 30 minutes

To validate whether current IT
performance is sufficient for 7 TeV
operation

Target reached without quenches
(slide 13)

Ramping of selected 600 A circuits to
nominal current

To validate whether any circuit
degradation is taking place

No apparent degradation observed

Powering tests during HWC Dec 2018 (see [1] for more comprehensive overview):

30/01/2019

Very dense program, unexpected three day delay due to power cut
Training of various circuits + special tests
High-lighted powering tests discussed in more detail in this presentation

[1]. M. Pojer, M. Solfaroli, “Powering tests before LS2 — Results”, presented at LMC #372, (2018)
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Concise overview of power tests during HWC
December 2018 (2/2)

Type of test Purpose Outcome
Heater-induced quenches on main To see whether spurious quenches due to Successful suppression of
dipole magnets with modified EM coupling can be suppressed with spurious triggering due to
detection parameters modified detection settings modified nQPS settings and EE
timing (slide 8)
Current cycle up to 10 kA of RB.A23 Test of Projoint system for on-line Completed, albeit without 2 kA
and RQD/F.A23 up to 10 kA with 2 monitoring of warm busbar conical intermittent steps

hour flattop

New dl/dt sensor test on RQ5.R2 in
the shadow of regular powering

FPAs on RSS.A12B1 and
RSS.A12B2, powered to 200 A with
disabled energy extraction

Fast ramp rate tests on RSD/F and
ROD/F

connection resistance

To see whether this new device (very Successful test [2]
useful for detecting symmetric quenches)
works correctly

Demonstrate safe discharge for circuits Successful tests
powered below 200 A for all realistic optics
conditions, in absence of energy
extraction (= reduced maintenance,
improved reliability, reduced fatigue

problems)
To see whether circuits can handle Successfully commissioned with
adjusted optics needs, with faster increased ramp rate (but 5
acceleration and faster ramping ROD/F and 5 RSD/RSF circuits
could not be tested)
[2]. E. De Matteis et al, ‘Current derivative sensor’, presented at TE-MPE-TM#125
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Powering tests: Did we become more efficient?

2014/2015 2015/2016 2016/2017 2017/2018
(post LS1)
TOTAL Execution 24726 9863 13010 10552
Success 20631 83.4% 9099 92% 11949 91% 9790 93%
Failure 3645 14.7% 759 7.7% 1015 8% 682 6%
Signed 14130 57.1% 3722 37.7% 6415 49.3% 4607 43.7%
Only
False 108 1.02% 317 5.2% 79 1.2% 111 1.8%
Positive
Automatic PMEA 3040 29% 868 14% 1020 15% 1027 17%
(Excluding SO)
Automatic eDSL 740 7% 3176 51.7% 3529 53% 3609 60%
(Excluding SO)

Powering test statistics during period 2014-2018 [3]

Continuous effort towards:
« Enhanced automatic analysis (PMEA / eDSL) - Reduced manual analysis work-load and

faster turn-around -> Faster decision whether tests is successfully completed (pass), a
repeat is necessary (fail), or an intervention is necessary (flag)

» AccTesting: Circuit powering constraints to avoid spurious triggering due to circuit coupling

« Hardware commissioning = Involved CERN personnel members gain experience

- Yes, steady progress towards more efficient powering tests

[3]. T. Buffet, “Hardware Commissioning Campaign”, TE-MPE TM, 26/4/18
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How to requalify circuits after interventions?

Intervention type Procedure
Replacement of switch -  Cycle the system three
in 600 A circuit energy times

extraction system - Conduct a PLI3.b1 test

- Field team locally
measures the voltage
drop over the new
breaker

Example of procedure described
in the MP3 Intervention Matrix [4]

ta

o o B

PLI3.b1 powering test, with manually
triggered energy-extraction

30/01/2019

The requalification procedure after
intervention is described in the MP3
intervention matrix [4].

Procedure:

» Ongoing discussions between MP3 and
experts to determine appropriate
requalification procedure for interventions

* Result of these discussions are recorded in
the MP3 intervention matrix

* Then: After intervention - Consistently
applied requalification procedure following
MP3 intervention matrix

For example:

« Intervention: Replacement of energy
extraction switch on 600 A circuit

* Requalification procedure: PLI3.b1 energy-
extraction test

* Purpose: Make sure that the new switch
works properly

[4]. MP3 Intervention Matrix, maintained by Sandrine le Naour,
https://twiki.cern.ch/twiki/bin/view/MP3/InterventionMatrix
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Magnet training: Why training?
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Why is magnet training (to operational current with margin) needed?
« LHC main dipole (RB) circuits are considered the bottle neck for reaching 7 TeV and beyond
(also due to ~12 hours cryo-recovery time between training quenches per sector [7])

All main dipoles were trained to at least 12 kA (7 TeV + margin) before installation, about half to
12.85 KA [5]
But, magnet circuits have reduced quench current after thermal cycles, so-called “memory loss”
« Example: RB.A56 (only RB circuit to be trained to above 11 kA before LS1 [6])

« After LS1: 700 A reduction in quench current, about 20 training cycles needed to retrain

-> Training to operational current + margin is needed after every thermal cycle to mitigate
memory loss, thus enabling operation with minimal training quenches
[5]. M. Pojer, “Planning for Power Tests before LS2”, LHC Performance Workshop, 1/2/18
[6]. MP3 webpage: https://twiki.cern.ch/twiki/bin/viewauth/MP3/WebHome
[7]. G. Ferlin, presented at the Quench Behaviour Team meeting, 29/1/19
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How to train efficiently? (1/2)
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[8]. Z. Charifoulline, presented at MP3 panel, 21/11/2018
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Spurious secondary quenches in RB circuits -2
Increase in cryo-recovery time - Slower training

Electro-magnetic travelling wave phenomenon:
« After FPA + quench - Ringing in circuit >
Spurious quench detection (NnQPS / iQPS)
resulting in secondary quenches
* More prevalent at higher currents

During HWC Dec 2018 [8]: Adjusted nQPS
settings and modified energy-extraction timing
during training of RB.A12:

» Previously, about 65% of EM/TW spurious
guench detection were due to nQPS
triggering

* During HWC Dec 2018, about 10% of
spurious quench detection were due to
NQPS triggering (remainder: iQPS)

* IQPS detection settings to be discussed
with MP3 panel

- Less spurious secondary quenches - Faster

cryo-recovery - Faster training
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How to train efficiently? (2/2)

Standard RB training cycle Modified RB training cycle
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With standard quench protection scheme, the circuit is discharged once |, of a single
magnet is reached, even if the next | is only a few amps higher

Concept (very old idea): Continue to ramp for a few seconds after quench detection -
Multiple training quenches per training cycle = Much more efficient training

Theoretically, highly predictable amount of training cycles for all RB circuits (7 TeV + margin
after few weeks)

But, good electrical integrity required and (modest) increase in heat load on diodes and
busbars

-> Special training cycle for accelerated training, to be re-discussed within the MP3 panel

CERN
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Voltage to ground [V]
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How to train safely?

RB circuit diode status:

Metal particles in RB diode boxes [9]
RB.A34, 8/12/16

Occurrence of
short to ground

Time

CEED [\_1 F\LTEH] [‘, DFFBET]

Voltages to ground during discharge [9]

[9]. M. Bednarak, presented at Chamonix workshop, 24/1/2017
[10]. M. Prioli et al. presented at MP3 meeting, 1/1/2017
[11]. A. Verweij, presented at Diode Insulation Consolidation Review, 10/10/17
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Metal particles observed in the diode boxes [4]
During fast power abort - Diodes are raised
by hundreds of volts with respect to ground
Quench - Helium turbulence - Chance to
form a short to ground through metallic debris

Implications

Single short to ground (1% probability per
training quench) - Spurious QDS triggering
(22 main dipoles quenches on 8/12/16) +
intervention required

Double short (0.01% probability per training
guench) - Internal arcing and severe damage
[10,11]

Mitigation: DISMAC diode consolidation
campaign during LS2

Removal of metallic debris
Installation of additional electrical shielding
Consolidation of high resistance diode contacts

Furthermore, MP3 analysis to detect problems
and precursors

9th LHC Operations Evian Workshop 10



Training of RB.A12 during HWC Dec 2018
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Due to time constraints training was
stopped before training target was reached

HWC Dec 2018: 16 training quenches to
reach 11.4 kA (6.76 TeV) in RB.A12, slower
training than expected [12].

Quench Behavior Team [13]:

* In spite of slower training, no apparent
show-stopper to reach 7 TeV + margin

* Further details from QBT to be
presented at the LMC in March and
decision concerning training to 7 TeV
with margin will be taken by
management

[6]. MP3 webpage: https://twiki.cern.ch/twiki/bin/viewauth/MP3/WebHome
[12] E. Todesco, presented at the Quench Behaviour Team meeting, 8/1/19
[13] Quench Behavior Team, indico.cern.ch/category/8592/
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Training of RQ circuits during HWC Dec 2018

Training of all Main Quadrupole magnets in 2018
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Quench number reaching 7 TeV + margin

Training of RQF/RQD circuits during HWC Dec 2018 [6]

[6]. MP3 webpage: https://twiki.cern.ch/twiki/bin/viewauth/ MP3/WebHome
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Training of other circuits during HWC Dec 2018

15. APPENDIX 5

| LAST I
CIRCUIT DIDT_PNO ACC_PNO

PC COMMISSIONING COMMISSIONED NOMINAL
NAME [A/s] [A/s2]
[A] CURRENT [A] [A]

RQX 7000 6900 6900 6.8 (6.2)
RQX.L1 RTQX2 4780 4000 4780 6 (4.5)
RTQX1 550 550 550 1.5 0.1
RQX 7000 6900 6900 6.8 (6.2)
RQX.R1 RTQX2 4780 4000 4780 6 (4.5)
RTQX1 550 550 550 15

RQX 7000 6900 6900
4780 T

Inner triplet circuit
commissioning currents for 7
TeV + margin [14]

[1]. M. Pojer, M. Solfaroli, “Powering tests before LS2 — Results”, presented at LMC #372, (2018)
[14]. M. Pojer, M. Solfaroli, “Parameters to be Used for the Powering Test Campaign Before LS2”,
EDMS 2051893, (2018)

30/01/2019

Individually powered dipoles (16
total): 7 TeV + margin reached with
just 2 quenches

Individually powered
guadrupoles (78 total): 53
commissioned to requested
current, for 4 circuits target current
adjusted after multiple training
guenches, 14 not trained, 7
partially trained [1].

Inner triplets (IP1/5):
Commissioned at 7 TeV + margin
without quenches, other triplets
were previously commissioned at 7
TeV + margin

9th LHC Operations Evian Workshop 13



Will we be able to run at 7 TeV?

A short recap:

* Main dipole circuits (= main bottle neck): Slower training than expected in RB.A12,
nevertheless no apparent intrinsic limitation to reach 7 TeV + margin

« Main quadrupole circuits: 7 TeV + margin not yet reached but nevertheless good
training behavior - Not expected to be a bottle neck

« Allindividually powered dipoles, most of the individually powered quadrupoles, and
all inner triplets commissioned at 7 TeV + margin

- No show-stopper found to reach 7 TeV + margin

CERN
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Will running at energies beyond 6.5 TeV be as
reliable or less reliable?

Quench type Number during run #2,
proton physics, special
physics, and heavy ion

Flat-top quenches 7

Beam-induced quenches 12

Flat-top and beam-induced quenches, all superconducting magnets, during run #2 proton
physics, special physics, and heavy ions. (Source: Accelerator Fault Tracking)

Reliability at 7 TeV + margin [15]:
« Flat-top quenches (without concurrent losses from the beam): For RB circuit,
assuming 150 A margin at 7 TeV - No major limitation for operation expected

* Increased risk of beam-induced quenches: 20-30% less energy needed to quench
the magnet and 12% increase in energy density - For given UFO rate, the amount
of UFOs which have potential to induce a quench increase by a factor 2 - 4.

- Expectation: With sufficient current margin no increase in flat-top quenches
expected, but increased sensitivity to UFOs

[15]. A. Apollonio, “Expected Impact of 7 TeV Operation on LHC Availability”, LHC Performance Workshop, 24/1/17
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Summary

Did we becomes more efficient during powering tests in run 2?
* More efficient powering tests execution + analysis through enhanced automatic analysis, circuit
powering constraints with AccTesting, experience gained for CERN personnel

How to requalify circuits after interventions?
» Requalification steps after interventions are described in the MP3 Intervention matrix, available
on the MP3 twiki webpage.

Magnet training:

* Needed to mitigate memory loss following thermal cycles

» More efficient training by limiting spuriously triggered secondary quenches

« Optional special training cycle (pros and cons to be rediscussed by MP3 panel)

» For safe training: DISMAC diode consolidation campaign + MP3 analysis to detect problems and
precursors

HWC Dec 2018 training campaign:

« RB.A12 training was slower than expected, but no show-stopper was identified
« 7 TeV + margin not reached in RQ circuits, but encouraging training results

« 7 TeV + margin reached in all IPDs, most IPQs, and all inner triplets

* No show-stopper for operation at 7 TeV + margin identified

Will running at energies beyond 6.5 TeV be as reliable or less reliable?
« With sufficient margin no increase in flat-top quenches expected, but increased sensitivity to
UFOs
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