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Boundary conditions, dose levels*

e una Thuns WL uC (400t

Duration 2015-2018, 4y 2020-2022 3y 2025-2035 10y
Dose RR/y 0.1Gy/y 0.2Gy/y 0.4..0.8Gy/y
Dose RR accumulated 0.4Gy 1Gy 4..8Gy

Dose arc MB/y 0.4Gy/y 0.8Gy/y 1.6..3.2Gy/y
Dose arc MB accumulated 1.6Gy 2.4Gy 16..32Gy

Dose arc MQ/y 1Gy/y 2Gy/y 4..8Gy/y

Dose arc MQ accumulated 4Gy 6Gy 40..80Gy

Dose DS MB/y 4Gy/y 8 Gy/y 16..32Gy/y
Dose DS MB accumulated 16 Gy 24Gy 160..320Gy

=>» Dispersion suppressors start to get problematic during run3
=» Quadrupole arc locations might get difficult in HI LUMI

% .
CE?W According to Slawosz table
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Boundary condition, equipment

* QPS equipment from TE-MPE-EP only

 Equipment of TE-MPE-EE is not treated in this
talk (although similar conclusions apply)

* Only active electronic circuit boards are
accounted for radiation issues
(passive backplanes/PCBs/Cables/connectors
excluded)
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QPS on one slide...

QPS for MB/MQ (iQPS)

QPS for MB/MQ (nQPS)

. Located below each MB/MQ in . Located below each B-MB in LHC tunnel
LHC tunnel . Digital detectors supervision of spices & Current lead protection
. Analogue bridge based detectors symmetric quench detection
. Quench heater supervision . Compares up to 4 magnets (cabling !) QPS
. Fires heaters & triggers energy . Fires heaters & triggers energy
extraction extraction *  Locatedin UA & RR areas
. Digital detectors monitor current leads
. Triggers energy extraction
QPS for IPQ/IPD/IT
QPS for 600A correctors
QPSs
QPS

. Located in UA/RR areas

. Digital bridge based detectors &

current lead detectors

. Fires heaters in case of quench

Located in UA/RR areas
Digital quench detectors &
current lead detectors
Triggers energy extraction

Quench detectors

CE?W
\ 14/10/2014
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Equipment & expected lifetime

QPS inventory history OTyinst 2009 2006 2007 2008 2009 2010 2011 2012 2013 2014) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2037 2033 2034 2035
Active circuit boards runz Run 1 L51 Run 2 L52 Run3 L53 HI LURAI
iQPs MB/MQ

DOARC Controller FIF coupler p lifetime:

DAQLPU MB  Motherboard DOLPU

DQCsy Internal contraller 1232

DaabL CQuench detector 4032 [iEEll=,

DaHEL Heater supervision 1232

nQPs MB/RQ

DOARG-5 Controller FIF coupler 436

[alele]n} Symmetric quench detection 1632

DQQBS Splice supervision board 2068

DacaBSH BS/CSCR hybrid
DOOBSHY3  BS/CSCM hybrid
[alele]n]3 % to ground meas 1308 lifetime
DOOBS_DSRT BS/CSCMW hybrid rad tolerant 7 Mew development,
iQPs IPQ + upgrades

DOAMG Contraller FIP coupler b lifetim
[alele]n]el Current lead detector Bl |ifetim
[alels]n] IPQ/IPDSIT quench detection lifetime: 1
noQapl IPCAPDAT quench detection 408
DCODI MiSn3 Innertriplet protection

decommissioned, replaced by rad tol version
dev/prod lifetime: 1

dev /prod

iQPs 600A + UPGRADES

DOAMG Crate contraller 6004 IR |ifetim
[alele]n]el Current lead detector 625 [EAIER
DOODG 6004 protection (YL |ifetime: 10ves
nbaabG 6004 protection rad tol 208 dev/prod
DCAMSEDD  Controller FIF coupler i |ifetime: 20 v
nDOAMSE00

iQP$s misc

DCAMS13ka  Controller FIF coupler ] lifetime:
DOoLC Loop contraller A lifetime:

Total 16502

Mew development
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Relocation

Dispersion suppressors will accumulate a lot of dose
>10Gy/y from Run 2 onwards, very hostile in HL LHC:

— Move nQPS crates closer towards arc (B12 or further)
(100-150m cables...)

— Relocation of iQPS should be studied and done before HL LHC

— So far | see no major disadvantages for relocation

— If relocation not possible then enhanced rad tolerance boards
required

Remaining RRs:
RR13, RR17, RR53, RR57, RR73, RR77

— Expected doses are moderate:
0.8Gy/y worst case in HL LHC

=» no need to relocate



Remaining equipment in radiation areas (Run2)

Area_Type | Equipmentcode(s) | QTV(QrYDS)

Tunnel ARC  Crate controller/ Field bus coupler DQAMGS 436 (64)
(DS) DQAMC 1624 (64)
Symmetric quench detection DQQDS 1632 (128)
Splice supervision DQQBSH 2500 (160)
Quench detection DQQDL 4032 (256)
Heater supervision DQHSU 1232 (128)
Internal crate controller DQCSU 1232 (128)
RR P1, Crate controller/Field bus coupler DQAMGA, DQAMGB 134
RR P5, DQAMGC
RR P7 DQAMS600
DQAMS13kA
Quench detector 600A rad tol nDQQDG 208
Quench detector IPQ/IPD/IT rad tol nDQQDI 200
13230
CE/RW
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Remaining equipment > Run2

iQPS stays in arc MB/MQ

Crate controllers (uFIP or future system) have to stand dose there
(regular exchange if dose related effects)

Dispersion suppressor should be relocated after Run3...

(DS HL LHC 80Gy/year x10 - 800Gy —> 4x lifetime iQPS)

nQPS will (has to) stay in arc = up to 36Gy at end of HL LHC
accumulated

non Relocated RR should be fine
— IPQ/IPD/IT QPS (rad tol)
— QPS 600A (rad tol)

=» Number of devices in radiation increased compared to Runl
(iQPS upgrade introduced 2462 new devices in arc,
R2E relocation of UJ14, UJ16, UJ56
removed ~150 quench detector boards... )



New Inventory Run2: DQHSU/DQCSU

1232 DQHSU

e Part of the iQPS system upgrade

e DQHSU is a rad tol fast measurement board based on ProAsic3 and
MAX11049 ADC to supervise quench heater discharges

« DQCSU is an internal crate controller enabling remote power cycling (self
power cycling) and monitoring of the iQPS crate voltages

* Both cards introduced during LS1 in the iQPS upgrade program, 1232 cards
each installed in the MB iQPS crates located under every MB in LHC

E?W
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New Inventory Run2: DQQBSHv2 & v3

LRRRRRRRERRRE]
Ji 4.

1200 DQQBSH

* Hybrid CSCM measurement and splice supervision board
 Based on ADuC834 (24bit ADC), firmware with rad-tol features
* Introduced in LS1 to avoid exchange of boards after the CSCM tests

cmﬂl
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New Inventory Run2: nDQQDI

(’? CERN QPS nPQ_V3 01/2012 JSteckert / VFroidbise
N

EDA-02148-V3 ToP

e. e

408 nDQQDI

Rad tol guench detector for the individually powered quadrupoles, dipoles
and inner triplet magnets

Based on ProAsic3 and MAX1162 ADC

Replacement of the former DSP-based boards which show high sensitivity
to radiation

408 Cards are will be installed in RR & UA areas

14/10/2014 R2E/Availability Workshop 2014 12



New Inventory Run2: nDQQDG

--------

= 82921 AN 56

200 nDQQDG

Rad tol quench detector for the 600A corrector magnets of LHC
Based on ProAsic3 and ADS1281 high resolution ADC

Replacement of the DSP-based predecessor card showing high
sensitivity to radiation

200 boards going to be installed in non-relocated RR areas, old
cards will still be used for UA areas

14/10/2014 R2E/Availability Workshop 2014



New inventory for Run3

Depends on experience and needs evolving during Run2

If WorldFIP survives tunnel conditions: keep it
(use of nanoFIP requires crate controller redesign
firmware/hardware)

Start equipping UA/RR with Ethernet based controls systems

Probably last occasion to replace DSP based systems
(if not happened before)
— Tool chain support poor already now (WinXP/parallel port...)

Rad Tol. Splice protection for DS-Area
(if no relocation)

QPS for 11T magnets in DS
- try to implement outside DS



New inventory for HL LHC

* Almost ALL our equipment at the end of lifetime ~20years
(initial lifetime of LHC !)

* Radiation levels/activation will rise:
minimize physical tunnel access !
—remote fw update, power cycle, configuration etc.

* NbySn inner triplet protection system

=» Huge upgrade campaign required in LS3
iQPS, nQPS in tunnel to be replaced

Systems in UA/RR might be upgraded successively
before
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Cumulative Effects

TID is of little concern for most of the system due to modest
radiation levels < 50Gy up to end of HI LUMI

Dispersion Suppressor will show most TID related degradation
of devices

QPS (except iQPS) will generally not stand more than 50Gy

Supervision of analogue voltages mandatory to see drifts etc.
— Regular exchange of units if necessary

Spare components for WorldFIP already stocked (400uFIP...)
Need to survive up to LS3

Spares situation to be reviewed once LS1 upgrade is
completed



Maintenance: expectations

Maintenance increased after big upgrades, failure rate
expected to decrease during Hardware commissioning

With system size of QPS maintenance can get resource
heavy...

Maintenance dominated by weak spots, in the past:
— HDS switches

— Loss of communication
(bad cables, lack of remote power cycle)

— Relays, Cables connectors, Power Supplies, etc...

Depends when and how we hit the right side of the bathtub
curve > Exploit COMS statistics to detect...

NOW

| ?
N —/
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Maintenance: preventive

Preventive maintenance on electronics hardware difficult:
Mode of operation is rather binary, no repair of an irradiated
PCB possible (Technically possible but too expensive)

Monitor analogue values to see drifts due to radiation or
input stage degradation (EMI, Transients etc...)

Regular exchange of boards in areas where accumulated
dose > 50Gy

Regular interlock tests reveal weaknesses in the relays
(at least once per year)

Firmware updates !
(avoid having prehistoric firmware in machine)



cﬁﬂ/
3

NVl

Maintenance: remote

Remote access capabilities vastly improved in LS1

Thresholds & many parameters accessible via
controls system

Configuration management with LSA

Power cycle options almost everywhere except:
QPS IPQ/IPD/IT for technical reasons

Ratio access:remote intervention to be seen...

- Expect strong shift towards remote
Intervention
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Improving availability

Rad tol upgrades in RRs and relocation should reduce the rad
induced trips significantly (next slide)

Remote power cycle options will reduce the need for access
(stuck local communication etc. can be recovered from CCC)

Due to extensive upgrades in LS1 system, behaviour to be
observed next year to identify weak spots.



Expected availability improvements due to R2E
consolidation

2012: 172 R2E events in QPS Other trips

5%

DAQ not
mitigated
5%

unclear

DQQDC unclear 4%
old fw 4%
DQQBS old
fw

R2E

consolidation

2012: 27 R2E trips during stable beam with all foreseen measures in place: 1

E/RW
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Communication

WorldFIP so far everywhere: 2500 clients
Upgrade (doubling of segments) in the arc in LS1

System limits already operation: > 15min for PM sending from
iQPS, complaints because of slow logging frequency

Equipment is ageing, shortage in uFIP, lifetime of Full FIP...

Our Crate controllers will reach end of their lifetime after
Run3 (20 years...)

- do something BEFORE HL LHC at latest !
Still 400uFIP, 1500 FielDrive & 1500 FieldTR in stock

=» Big question:
Shall we replace an outdated, limiting standard by a proprietary
implementation of this standard OR

going towards a more modern, widely used system ?
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Communication Il

New system should have ~x10..100 bandwidth than existing
solution

Should support remote firmware updates
(new crates/controllers/cards required)

Topology in LHC tunnel a priori not compatible with standard
Ethernet (star) topology

Ethercat or CERN GBT versatile link would fulfil bandwidth,
timing and topology requirements of QPS tunnel equipment

CERN rad-tolerant implementation of protocol in either rad-
tol FPGA or ASIC

Should be implemented in LS3
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Conclusions

Think about DS relocation after Run2
New controls infrastructure

Design of a new QPS system for HL LHC
(Most of the systems reached their lifetime)

Start design well ahead of time to have enough time
for testing/debugging

Get the basics right !
(Cables connectors power etc.)
=» Mandatory to avoid access in HL LHC



