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Introduction

CERN's infrastructure is constantly evolving over space and time
* Maintenance, renovations, upgrades, new facilities...

* From a simple local change (e.g., moving a crate) to complex
long-term projects like HL-LHC or FCC, involving hundreds of
experts from many diverse domains at CERN and beyond

« Major activities planned during intense and challenging stop
periods (LS, EYETS) interleaved with run periods

« From design to operation phases, documenting the CERN physical

configuration is essential
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« Resulting cross-domain applications, analysis, understanding and
coordination are indispensable to the decision-making process
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What IS Layout?

A comprehensive centralised collaborative platform designed to manage the physical configuration of
CERN facilities over time

« Aims to provide the unified, coherent and controlled source for functional positions and their layouts
« Answering questions: "What is installed, Where and When and Interacting/Interfacing with..."
« Initial development started in 2003, in EST/IC group, to facilitate installation and commissioning of LHC
« 21 years later, Layout supports the physical configuration over time, of:
* Most CERN beam lines

« Potentially, any infrastructure in underground and surface buildings
* e.g. SM18 IT STRING
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What can you do with Layout ?

/ main concepts
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LHC MACHINE SECTORISATION

1. Types & Classes E w7 4
e : . | GNETS
Defining a taxonomy of functional position types { y S! E?%ﬂgs
- |dentifying the type of components CAS&EPEAR[)T%ER_,V W/ 4 S ]
« Naming, description, dimensions, responsible :J. Gl Bw = .
* Uniquely mapped to FE’;%V;(/E;%
« CERN Naming code & /r/ 4=
« EDMS item — Access to EDMS document HCRO) FTE ‘
HCMB__ (ID158735 " 4O Main Dipole Coldmass INA { L

Y Layout

Q, search

- Admin

™& Navigators

B Editors

10 v.1 ] Magnetic model of the LHC main dipoles

9, Tools >
4 4 Page[1 1k M ] ow reparts f\r <
« Categorising the types by classes B QPS H‘%g/SSB_OH -
- organised by shared attributes RACKS B\

VY & « X & B ¥ & BREA
m s 4 a

BES

« nature, function, usage BEAM SCREENS
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2. Functional positions A/
- Defining individual components as functional positions N
* Placeholder for a component (not assets) ‘

« Generally named according to its type and localisation/position

« Generated Layout names, mostly following naming
conventions defined in the QA plan of each machine

Q U A L I I | Quality Management Support ~ Home  Processes~  Roles -

for the
Accelerators & Technology Sector

</> Naming
Conventions

Global Naming Conventions

bty
CERN Equipment Identification (EDMS) < . DY P B F
— o
» P T
s POty

eneral

\age

\SBB.C14R6, R

See talk of Giulia Romagnoli, "Managing Beamline Configurations in the Experimental Areas" MB.CT4R6.B2
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R68/C-14R6

/

« Organising functional positions as physical Assembly
Breakdown Structures

— |

« Several hierarchical structures superposed (like layers)
« Machine, Civil work (CW), Vacuum, EIS chain

MACHINE hierarchy

W VCDCH.7L2.R
= i VCDCH.7L2.B
& VHLDBEB7LZ.C |
o » g VCDCH.7LZR
&) VHLDE., DYPB.

* i YVCDCH.7L2.B i EC_ATL? B —
i VHLDA7LZ.C * i VCDCH.7L2.B e
¥ VHLDBB7L2.C VS%B.C14R6.R y
i VHLDE c
¥ VHLDA

» & VCDDO.7L2.B MB.C 14R 6.B2

o
/o
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4. Positioning in machines

A functional position is placed relative to its parent
assembly using 3D transformations

Using relative positions, we compute cumulated distances
(DCUMSs) and orientations of functional positions in the
machine
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5. Connections & Circuits

_—

« Defining logical or cabled connections from source to target
functional positions

MCTSXF.3SF

RPLBB.SM18.RCTSX3.SF(RCTSX3.SF) SM18 IT STRING

- Sets of connections associated to defined circuits O RCTSX3.SF circuit
« Powering circuits connecting power converters, warm
& cold cables, current leads, magnets...

D".'"u’AAM'IBRCTSX?:.SF DFLIS.3SFA

« Control circuits: WorldFIP, Timing, White Rabbit,
Cryogenic instrumentation...

MM AZIRISR1S
[ <]

CRYO WORLDFIP
segment IP 1 Right
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6. Domain specific data

« Defining domain specific data associated to types and
functional positions
« e.g. for Optic, Magnet, Vacuum, Aperture, Circuit, Power
converter, BLM, Cryogenic instrumentation and EIS
domains

ELEMENT
IMPORTANT
SECURITE

Safety Elements: EIS-Beam or EIS-Machine 4O EIS Type

EIS Name: L4.SOURCE Element. L4 SOURCE

Magnetic: Beam Stopper:. & Other:
Comments: EIS in PROTON MODE

EIS Responsible Edit the Cryogenics Instrument Properties

Group Owner: BE-ABP Interventions done by CERN Staff: &

Technical Contact 1: Jacques Letiry Interventions done by Contractor/FSU: ) EOUlE’PED 5_UOW "

Technical Contact 2: Michael O'Neil Tech Contact Note:

Technical Contact 3

Responsible of the Element Interlocked with EN/AA
DP Address PA Address

Type: POWER SUPPLY Type:

Code: LALNFH.011 Code: s YES
Group Owner: TE-EPC Group Owner

Technical Contact 1: Christophe Machado Technical Contact 1:

Technical Contact 2: Nicolas David Technical Contact 2:

Interventions done by CERN Staff: & Interventions done by CERN Staff: & N ¢
Commen

Interventions done by Confractor/FSU: & Interventions done by Contractor/FSU: |

NOT_FORCE NOT_FORCE

Edit the Magnet Type Properties for HCMB___ (ID 158735)

Inductance per aperture [H]

Resistance per aperture at 293K [(0]

or LHC beam 1

|:| Aperture individually powered

0.102
Resistance per magnet at 293K [Q]
|:| Polarity change if turned

Polarity for LHC beam 2

Edit the Optic Type Properties for HCMBW__ (ID 297705)

0.0675

a4

142

O Magnetic length defined with Lrad,
used for LHC MAD sequence

0.036
8

K min at 4.5K

I min at 4.5K
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/. Managing data over time 24052018 o ENDLESS

 Functional positions and their relationships all have a i —— oo -
(Iifetime) =

« physical breakdown structures, relative positions,
distances, connections, etc.
« A Layout version is a snapshot of the configuration
at a specific date
« Using end dates of shutdown periods (approx.)
(YETS, EYETS, LS) + intermediate weekly dates

« Enabling continuous and consistent change sioww [ : : [ owus
management over time e s
« Editing all versions included in the lifetime

simultaneously

Layout
timeline

15-03-2032
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7 . M a.n ag I n g d a.ta Over tl m e SPS Chronological Layout Comparison

validity: 1 ndless

From the Layout Ul, users can seamlessly | ¢
 Navigate through the past, present, and [ - - | ——

futures layouts of the facilities -
« Edit and clone certain layout data QFA.11810

over time VKNR.1183

581.0392

« Compare two versions of a
beam line configuration

QF.11810

TMASC.11802
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Layout Ecosystem
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EAM, EDMS, Panorama, GIS integrated into Layout Ul

« Publication from Layout to EAM —
« Functional positions, physical breakdown structures -
« Using EAM API (EN-IM)

X X X XXX X X X X

« Panorama (EN-ACE), EDMS (EN-IM), GIS (SCE-SAM)

MACHINE hierarchy [FiveOpen noges . IRY

> >
TR o/ cat assemsiy 2 Gt points | + publsh 1o caM | B oset sament | =% New version | + Add siement
» PSP
« @ SPSPeriod 119 19 ID236151 ¢ D sps 30-06-2008 ENDLESS ~
'@

100f 4000000 R0
6000060ARRIE
1°000°0°0°0000

2 e Otsolete View mde

X Close

Linked to applications
« Controls Configuration (BE-CSS)

* Network.cern.ch (IT-PW)

* Normal Conducting Magnets (TE-MSC)
« Power converters DB (SY-EPC)

mmmmmm
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Interconnecting services, data

« Exchanging data with multiple groups, databases (40+ databases)

TE-VSC (VACUUM)BE-GM (SURVEY)

FAP-BC (LOCATIONS)

EN-ACE (PANORAMA, NAMING, DMU)
EN-IM (EAM, EDMS, SMARTEAM)

BE-CSS (AFT, CCDB

BE-OP (OPWE

L SA)
OOLS)

5
TE-MSC (NORMA)

SCE-SAM\(GIS)
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Collaborative layouts

From beam line to control electronics
(Simplified examples)



1st Accelerators Technology Sector Workshop

Pascal Le Roux

CE/RW ATS
\\ Accelerators and

= Technology Sector

Building up LHC base layouts

1. EN-ACE-CL Configuration
managers define FPs acting on the
beams,
collecting information from
ECR, specifications, drawings...
authored by equipment groups

2. TE-VSC-BVO Vacuum
managers build up the base
vacuum layouts
(chambers, modules..) to complete
the gaps using
LHC Beam Vacuum Editor

3. Add child components
Vacuum instrumentation,
supports...

6. Vacuum data delivered to
TE-VSC-ICM Vacuum DBs to
configure their controls, generate
their SCADA synoptics

P-162.0003

VAVGSA_A4.. ©
P-159.1748

VAPH__C.Ad.. ©
IP-156 5518

VMWIAAAA. & \\iaan g,
IP-158.2622

VAVGSA_854...

VAPH__C.850.

> VAVG_PHAL.. © VAVG_PH 843
P-158.0422

VAVGH_RA.. ©
P-155.2167

VMBKIAAAA.. ©
IP-154.9237

VAVGH_RBIS...

VMBKIAAA B12..

A VCBKKAAAA.. ©
1P-1547237

VCBKKAAA 803

—

o
AL1R C41 1 RBALTR

5iC4L1 B c4L1.8/B4L1 B
o Lo J —

FABE~ 31677348 O

13170.2668
131705558 0293
13170.5598
131711798 262

13171.1794
131713994 02
13171.3994

131716924 *23

131742289
131745179 °23
1317485179
131747179 02

131747179

131764183 7"

ACFGAVALS... © 131677343 5 cane S 2148070 oy
P-1617073 131702668 B LY oc o

: 24 n|3§ : u,naz ; CF100 VAVG_PHA. © VAVG_ PH.Ese.. 131702668

$ 2401320 0057V
CcF100 % posoi7as 1055 02 g oA [}

c
S 2452620 0097V 0 CF100 VAPH__B.A4.. © 13170 5598 S 2452620 -0.097 V
B oA oc @ it poisessis VAPHBBR0- 131711708 062 B oA ac

$ 2574580 0097V 0 CE100 VMWIIAAAA.. © " 131711794 $ 2574580 0097 V.
B oA oc 180 CF100 \P-158.2622 VMWIAAA.B46.. 431313904 022 B oA oc

X \VGSA_A4...
:25 4355: o. naz: o CF100 > VA © VAVGSA_ga3.. 131713994 ;...

$254388U 0097V 0
180 CFl00 P-168.0422 131716924 B 0A 0

c B0

ACFGAVALS.. © 131716924 5 cane $ 2797130 oy
B oA

0
? pasimn 131742249 oc 180

$28.2643U 0097V 0 CF100 VAVGHE_AL.. © 131742249 52
B 0A 0

VAVGHE_815...

» 52826430 0097V 0
c 180 CF100 IP-155.2167 131745179 B oA

oc 180

CF100 4 4 VMBKIAAAA. © |\ oy 131745179 (o CEEED 0

S 2846430 0097V 0
B oA oc 180

180 CF100 ¥ ¥ Ip-1sases7 131747179

Sawiessy oogTy cFi00 VCBKKAAAA. © | o o0 13174717

0 5 = S 3003130 0097 V.
oc 180 CF100 1P-1547237 131762843 B oA

0
oc 180

VAVFEUEUAL.. © 131762846 S 308050 ov 0 CF100
> pasits VAVFEUEUTS2.- 131770886 °77% B oA oc 1m0 CF100

13177.0586

LBRDC.4LS $ 308050 ov []
% pasasss maaoe PR g

oA oc 0

VAVEAOAQA.. © 131921016 S 467870 ov [
VP37 VAVEADADS. 13193.0405 9% B LY oc 180

VCCKKAAAA... © 131921018
1P-137.3358 VCCKKARA®IT 13150 2358

S 08040U 0032V 0
o134 B 0A oe

[

B4L1.RA4L1.C

IoFaLfpEaL1bbpaLbcaLfpeaLbasty]  |asLt

A4L1 C|B1L1

B4L1.B|AdL1 ®N &
O

4. Define the apertures

/ Edit aperture profiles

- = = = m

5. Perform elementary aperture checks

VMFRREEAAALS X

with the LHC aperture graph
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Cryogenic instruments, Control electronics...

8. EN-ACE-CL Configuration managers maintain
the QRL line (TE-CRG inputs) and cryo-assembly layouts

9. TE-CRG-IC define the
cryogenic instrumentation
(Thermometers, valves...)
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Cryogenic instruments, Control electronics...

10. TE-CRG-IC, helped by BE-CEM-IN,
defined all their electronics
(racks, crates, modules, connectors, pins...

/

/

/i

/

/

.03UA83 |

LONLB_0dl

11. Define all connections
from instruments to electronics

QITES.6L8,
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Cryogenic instruments, Control electronics...

12. TE-CRG-IC electronics, connect
WorldFIP fieldbus managed by BE-CEM-IN -
and their Front-End Computer electronics v H QYMMW.07.QVIRT-576.8

in surface building I

CBWMH.SH8.QL8F(MasterFIP 1M) QYMMW.06.QVIRT-S78.B

CBWJA.SH8.QLBE(QF)

CBWJA.SDH8.QL8F
QYMMW.08 QVIRT-S78.8

CBWJA.US851.QL8F(QF)

- CAAAD.025Hg T _ QYMMW.04 QVIRT-S78 B

|
Gl

QJCFFD1=UAB3 QYMMW.03UAB3.B

QYMMW.10UA83.B QJCFF04=UA83 QJCFF03=UA83 QJCFF02=UA8B3
QYMMW.02UA83.B

QYMMW.11UA83.B QYMMW.12UA83.B QYMMW.01UA8B3.B

QYMMW.05UAB3 B
CBWDB=UAS3 QYMMW.OTUAB3 s CYMMW.04UABSE

__A__A__A__L_‘__‘__I_J

13. This Front-End Computer layout data is connected to
Control Configuration Database provided by BE-CSS-CSA
for the Logical Configuration (Software)

\

14. Layout data delivered to UNICOS database
managed by TE-CRG-IC for the
Industrial Control Configuration (SCADA, PLC)
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Summary

* Centrally documenting and maintaining the physical configuration
of CERN Infrastructures Is essential to cope with its complex
evolution over space and time

« Layout provides necessary features to model this global physical
configuration over time and interoperate with its ecosystem

« Teams can share and assemble their specific expert data In
Layout to enable various cross-domain applications across ATS
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