European XFEL. Building a Mega-Project made easy.

Re-inventing Cabling, Rack management and cable trays
planning & implementation
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magnet cold mass into the tunnel.
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The lesson from CERN: Why
scientists should celebrate getting it wrong




What went wrong then?

No Unified Documentation!
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on the design and the documentation. And we are hard el components:
Most components are being developed especially for Eu g do use
standard components, we often end up using them for p gir original.”

Lalechos is also creating the electrical documentation. “The documentation is of central
importance because the entire plant is being constantly further developed and medified during
operation. For this reason, the engineers always need the latest documentation.”
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View into the 2.1-kilometre long accelerator tunnel of European XFEL with the yellow superconducting accelerator modules
hanging from the ceiling.
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To LOXUPOTEPO OTOV KOO0 AéLep aKTiVwy-X, To eupwaikd XFEL (European X-ray Free
Electron Laser), dpyLoe emionua tn Aettoupyia tou oto ApBoUpyo tng MFeppaviag tnv
Mapaokeur).

Mg KOOTOG KUTAOKEUNG OXESOV EVAULOL
SLOEKATOUPUPLO EUPW), 1N VEA ETTLOTNHOVLKN
uttodour) 8a xpnotuotonBel yLa tn HEAETN TNG
atoptkng Soung TG éupLag kat apag UANG
(KUTTApWVY, LWV, HETAANWVY K.a.). Xapn oto Véo AéLep,
TIOU amoTeAEL Tautoxpova Kapepa uhnAng taxvtnTac
Kal JLKPOOKOTILO, Ba KataoTel e@iktr n Snuloupyia
ELKOVWV Kal ©W\U TOU VavOKooUOoU. METa&l GAAWV.

Awapdote eniong

European XFEL/Heiner Miller-Elsner

“To European XFEL Sa pa¢ Tapdoxsl TIC MO ASTITOPEREIC EIKOVEC TNC HOPIAKAC SOUNAE VEWY UNKWY KOl QapUaKwy,
OTTWC ETTIONC KO TIPWTOYVWPES KATaypa@ic TNC £EEMENC Broxnuikwy avridpdoswy”, diAwas o XEApout NToC,
AisuBuvTric Tou DESY.




Information transparency

Interoperability =  INdustrg.0 emsx |ntegrated

Technical assistance



What we need to build a Mega Project

 Brilliant Idea

e (Cash

* Accurate Status Update
* Milestones
* Performance
* Interfaces

e Deliverables

How, , who, when Wwhy
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“Networks”

Infrastructure
DAQ
Control
Console
Timing
Triggering
Safety
Storage
Processing

Other...









Installation instructions for:

e Cables
* Fixed installation _
* Patch cables

e Cable trays
* Content management
* Cable routing

* Rack Content
* Lists racks’ content
 Components allocation inside racks
* Space reservation / free space calculation



Fixed Installation & Patch Cables

a 1 | z | 3 | 4 ] L3 T L] L]
Cable overview XFEL_F10_001_Special
Cable name Source (from) Target (to) Cable type Cenductors Ccnf;l:dtors Crcs[sn;;e]:ﬁen Le[:ng]th Function text § g;::li:;i;
TCGGET-WI =DTC GIGE1+XHEXP1.8ASE1 D05 GigE 1+EX1-EBOX_BX1-KF1-X1 ==infra FXE=GigE1 Infrz ETAHXHEXP1 8 ASE1 D05 fekHPPE1-X1F ETHERLINE® CatBa + Cat7 B 1 03z ==FXEEEME1
=DTC.GIGET-W2 ==infa FXE=GigE1 Infra ETA+XHEXP1 .SASE1 D05 field +PP51-X1B ==infra FXE=GigE 1 Infla ETAHXHEXP1 SASE1.D21. RCKEHPPE2-X2B ETHERLINE® Cstéa + Cat? B 1 032 2182 ==FXESEMB2
TC.GIGET-W3 ==infra FXE=GigE 1 Infra ETA+XH EXP1.3ASE1.021. RCKSHPPE2-X2F ==infra FXE=GigE1 Inf=.T! CAHXHEXFP1.3ASE1 D21 RCKSS+mTCL34 SiofETHERLINES Catba + Cat? B 1 03z 2172 =FXEEEMB2
=DTCGIGET-W4 =DTC GIGET+XHEXP1.5ASE1.D05 GigE 1+BX1-BX1 =DTC GIGE1+XHEXF1.3ASE1 D05 GigE 1+BX1-EBOX_BX1-KF1 ETHERLINE® Catéa + Cat7 B 1 03z ==FXEEEMEX4
=DTC GIGE1-W5 =DTC GIGET+XHEXP1.SASE 1.005 GigE 1+BX1-BX1-X2 =GigE 1 Infa CN+ XHEXP1 SASE1.D05 Wall BL+SP20-X4F ETHERLINE® Czt6a + Cat7 ] 1 032| 2131 =FXEBEMBS
=DTC GIGE1-WE =GigE1 Infa. CN-+XHEXP1 SASE1 D05 Wal BL+SP20-X48 ==infra FXE=GigE1 Infra CN-+XHEXP1 SASE1 D21 RCKSS+PP2E-XE8 ETHERLINE® Cata + Cat7 ] 1 032 077 ==FXEEEMBE
=DTC.GIGET-WT ==infra FXE=GigE1 Infra CN++XHEXP1 SASE 1 D21 RCKSS+PP2E-X5F ==infra FXE=GigE1 Infra CN++XHEXP1 SASE1.D21 RCKSS+MAS15-XEF ETHERLINE® CatBa + Cat7 3 1 03z ==FXEEEME/7
TC.GIGET-WS =DTC.GISE1-+XHEXP1 SASE1 DOSHmCamRelay-U1 =DTC GIGET+HXHEXF1.3ASE1 DOS+Walk-XD1 OLFLEX® CLASSIC 110H k3 3 15 =FXEEEMBS
=DTC.GIGET-WS =DTC.GIGE1-+HXHEXP1 SASE1 DOSHmCamRelzy-U1 =DTC GIGE1++XHEXP1 SASE1 D05Hnv_Bedhef_Craie-DO1 System{able 10 2 15 =FXEEEMBS
=DTC CAMIHXHEXP1 SASE1 DO5+BX1-D01
=DTCGIGET-WID =DTC GIGE1+HXHEXP1 SASE1 D05 GigE1+BX(1-BX1 SystemCable 10 2 15 ==FXEEEMEND
=DTC.GIGE2-W1 =DTC GIGE2+XHEXP1.5ASE1 D05 GigE2+BX2-EBOX_BX2-KF1-X1 ==infa FXE=GigE2 Infia ETAHXHEXP1 S ASE1 D05 SekHPPS1-X1F ETHERLINE® CatBa + Cat7? B 1 032 1147 ==FXESEMB/1 1
=DTC.GIGE2-W2Z ==infra FXE=GigE2 Infra ETA+XHEXP1 SASE1 D05 field +PP51-X1B ==infra FXE=GigE 2 Infla ETAHXHEXP1 SASE1.D21. RCKEHPPE2-X2B ETHERLINE® Catfa + Cat? B 1 03z 21582 ==FXESEMB/12
=DTCGIGEZ- W3 ==infa FXE=GigE 2 Infra ET A+XH EXP1.5A5E1.021. RCKIHPPIZ-XEF ==infra FXE=GigE2 Infa TN mTCAHXHEXF1.3A5E1.021 RCKSS+MTCL34 SiofEXHERLINES Catéa + Cat7 B 1 03z 2172 =FXEEEMB13
TCGIGEZ-WS =DTC GIGE2+XHEXP1.SASE1 D05 GigE2+EX2-BX2 =DTC GIGE2+HXHEXF1 SASE1 D05 GigE2+BX2-EBOX_BX2-KF1 ETHERLINE® Cata + Cat7 B 1 032 ==FXEEEME/14
TCGIGE2ZWS =DTC GIGE2++XHEXP1.SASE 1.D05 GigE2+EX2 BX2-22 =GigE2 Infra CN++ XHEXP1 SASE1.D05 Wall BL+EP20-X4F ETHERLINE® CatBa + Cat7 B 1 03z 378 ==FXEEEMBEN5
TCGIGE2-We =GigE2 Infa CN-+HXHEXP1 SASE1 D05 Wal BL+SP20-X48 ==infra FXE=GigE2 Infra CN-++XHEXP1 SASE1 D21 RCKS5+PP26-X5B ETHERLINE® CatBa + Cat7? B 1 032 W07 ==FXESEMBNE
=DTC.GIGEZ-WT ==infra FXE=GigE2 Infra CN+XHEXP1.SASE 1 D21 RCKSS+PP2E-X5F ==infra FXE=GigE2 Infra CN-+XHEXP1 SASE1.D21 RCKSG+MAS15-X6F ETHERLINE® Catfa + Cat? B 1 03z =FXEEEMBN7
=DTC GIGEZ-WE =DTC.GIGE2+XHEXP1 SASE1 DOSHmCamRelzy-U1 =DTC GIGE2+XHEXF1.3ASE1 DOS+WalkXD1 OLFLEX® CLASSIC 110H E 3 15 ==FXEEEMENE
=DTC GIGEZ-WS =DTCGIGEPHXHEXP1 SASE1 DOSHMCamRatay-U =DTC GIGE2++XHEXP1 SASE1 DOSHNy Bedkhof Crate-DO1 Sy=EmCable 10 2 15 =FXEBEMB/1S
=DTC.CAMIHXHEXP1 SASE1 DOS+EX2-DO1
=DTCGIGE2-W1D =DTC GIGE2+HXHEXP1 SASE1 D05 GigE2+BX2-BX2 SysemCable 10 2 15 ==FXESEMB20
=DTC.GIGEZ-W1 =DTC GIGE3+XHEXP1.3ASE1.D05 GigE3+BX3-EBOX_BX3-KF1-X1 ==infra FXE=GigE3 Infla ETAHXHEXP1 .3 ASE1.D05 fiekHPPS1-X1F ETHERLUINE® CatBa + Cat7? B 1 03z 348 =FXEEEMBZ1
=DTCGIGE3-W2Z ==infa FXE=GigE3 Infra ETA+XHEXP1.5ASE1 D05 fiekd +PP51-X1B ==infra FXE=GigE 3 Infla ETAHXHEXP1.SASE1.D21. RCKEHPPIZ-X2B ETHERLINE® Catéa + Cat? B 1 03z 2182 =FXEEEMBZ2
=DTC GIGE3-W3 ==infra FXE=GigE 3 Infra ET A+XH EXP1.5ASE 1 021 RCKSHPPE2IZF ==infra FXE=GigE3 Infra TN mTCAHXHEXP1 5ASE1 D21 RCKSS+mTCL34 SiofETHERLINE® Catéa + CatT B 1 032 2173 ==FXEEEMBZ3
=DTC.GGET- WS =DTC GIGEI+HXHEXP1.SASE1 D05 GigE3+EX3-BX3 =DTC GIGEIHXHEXP1 SASE1 D05 GigE3+BX3-EBOX_BXI-KF1 ETHERLINE® Cata + Cat7 B 1 032 ==FXEEEMEZ4
TCGIGEZ-WS =DTC GIGEI+XHEXP1.SASE 1.D05 GigE3+EX3-BX3-22 =GigE3 Infra CN++ XHEXP1 SASE1.D05 Wall BL+EP20-X4F ETHERLINE® CatBa + Cat7 B 1 03z W2z ==FXEEEMB25
=DTC.GIGEZ-WE =GigE2 Infra. CH+XHEXP1 SASE1 D05 Wal BL+SP20-X48 ==infra FXE=GigE3 Infla CN-++XHEXP1 SASE1 D2 1 RCKS$+PP26-X5B ETHERLUINE® CatBa + Cat7? B 1 03z 077 =FXEEEMB26
=DTCGIGE-WT ==infra FXE=GigE3 Infra CN+HXHEXP1.SASE 1 D21 RCKISHPP2E-X5F ==infra FXE=GigE3 Infra CN-+HXHEXP1 SASE1 D21 RCKSSH+MAS15-X6F ETHERLINE® Catéa + Cat7 B 1 03z =FXEEEMBZ7
TCGIGEZ-WS =DTC.GIGEIHXHENP1 SASE1 DOSHMCamRelay-U1 =DTC GIGEI+HXHEXP1 SASE1 DOS+Wal-XD1 OLFLEX® CLASSIC 110H 2 3 15 ==FXEEEMBZE
=DTC.GIGEI- WS =DTC.GIGEIHXHENP1 SASE1 DOSHCamRelzy- U1 =DTC GIGEI++XHEXP1 SASET D05 Hnv Bedhof Crate-DO1 SystemCable 10 2 15 ==FXEEEMB29
=DTC.CAMIHXHEXP1 SASE1 DOS+EX3-D01
=DTCGIGEZ-WID =DTC GIGEI+XHEXF1.3ASE1 D05 GigE3+BX3-BX3 SystemCable 10 F3 15 =FXESEMBZ0
TCGIGE4WI =DTC GIGE4+XHEXP1.5ASE1.D05 GigE4+BX4-EBOX_BX4-KF1-X1 ==infra FXE=GigE4 Infla ETAHXHEXP1.5ASE1. D05 fekH+FPE1-X1F ETHERLINE® Catéa + Cat7 B 1 03z 2782 =FXEEEMB21
=DTC GIGE4-W2 ==inffa FXE =GigE4 Infra ETA+XH EXP1 SASE1 D05 fiekd +PP51-X1B ==infra FXE=GigE 4 Inffra ETAHXH EXP1 SASE1 D21 RCKSS+PP52-X28 ETHERLINE® Czt6a + Cat7 ] 1 03| 252 =FXEBEMBE2
=DTC.GIGE4 W2 ==infra FXE=GigE 4 Infra ET A~XH EXP1.5ASE1.D21. RCKEHPPEZI2F ==infa FXE=GigE4 Infra TN mTCAHXHEXP1.58ASE1 D21 RCKSSH+mMTCL34 SiofETHERLINE® Catéa + CatT ] 1 032 172 ==FXEEEMBZ2
=DTC.GIGE4-W4 =DTC GIGE4+++XHEXP1.5ASE1 D05 GigE4+BX4-BX4 =DTC GIGEH-XHEXP1 SASE1 D05 GigEd+BX4-EBOX_BX4-KF1 ETHERLINE® Cstéa + Cat? B 1 032 ==FXESEMB24
=DTC.GIGE4-WS =DTC GIGE4++XHEXP1.3ASE 1.005 GigE4+EX4-BX4-22 =GigE4 Infra CN+ XHEXF1.SASE1.D05 Wall BL+SP20-X4F ETHERLUINE® CatBa + Cat7? B 1 03z 378 =FXEEEMB25
TCGIGE4-WE =GigE4Infa CN-+XHEXP1 SASE1 D05 Wall BL+SP20-X48 ==infra FXE=GigE4 Infla CN-++XHEXP1 SASE1 D2 1 RCKS$H+PP26-X5B ETHERLINE® Catéa + Cat7 B 1 03z W07 =FXEEEMB3E
=DTC GIGES-WT ==infra FXE=GigE4 Infra CN+HXHEXP1 SASE 1.021 RCKSS+PF2E-X5F ==infra FXE=GigE4 Infra CN-+XHEXP1 SASE1 D21 RCKSS+MAS15-X6F ETHERLINE® Czt6a + Cat7 ] 1 032 =FXEBEMBST
TC GIGE4WE =DTC.GIGE4HXHEXP1 SASE1 DOSHMCamRelay-U1 =DTC GIGE4+XHEXP1 SASE1 DOS+Wal-XD1 OLFLEX® CLASSIC 110H 2 3 15 ==FXEEEMEE
TCGIGE4 WS =DTC.GIGE4HXHEXP1 SASE1 DOSHMCamRelzy- U1 =DTC GIGEH+XHEXP1 SASET D05 Hnv Bedhof Crate-DO1 SystemCable 10 2 15 ==FXEEEMB29
TC.CAMIHXHEXP1 SASE1 DOS+EX4-D01
=DTCGIGES-WID =DTC GISEH+XHEXF1 SASE1 D05 GigEd+BX4-BX4 System{able 10 2 15 ==FXEEEMEAD




Cable overview

Cable name Source (from) Target (to) Cable type Conductors CGH:;J:;OFS CFOE}E;?“'?C‘UGH Lei:‘lg]th
DTCGGEET-W1 =DTC.GIGE1+HXHEXP1 5A5E1 D05 GigE1+BX1-EBOX_BX1-KF1-X1 ==infra FXE=GigE1 Infa ETAHXHEXF1.5 ASE1 D05 field+PP51-X1F ETHERLIME® Catéa + Cat¥ ] 03z
OTC.GGET-W2 ==infra.FXE=05GigE 1 Infra ET AHXHEXP1.5A5E1 D05 feld HPPE1-X1B ==infra. FXE=GigE 1 Infra ETAHXHEXP1.5A5E1 D21. RCKEH+HPPE2-228 ETHERLINES Catéa + CatT B 032 2152
DTC.GGET-W3 ==infra.FXE=GigE 1 Infra ET AHXHEXP1.5A5E1 D21. RCKEHPPE2-22F ==infra. FXE=GigE 1 Infa. TN mTCAHNHEX P11 .SASE1 D21 RCKSHmMTCL4 S EXHERLINES Catéa + Cat7 B 032 2173

Cable overview

Cable nams

Source (from)

Target (to)

TC.HEET-W1

DTC.G

GE1-+XHEP1 SASE] DS GigE1+BX1-EROX_BX1-KF1-X1

= =infa FXE=GigE1

Infra ETAHNHENF1 .5 ASE1 DG fieldHPPE1-X1F

TC.GEGET-W2

==Infra FXE=GigE1 Infra ETAHXHEXP1.5A5E1 D05 field HPPE1-X1E

==infrz FXE=GigE 1 Infra ETA+HXH EXP1 SASE1 D21 RCKISH+PPE2X28

TC.GEGET-W2

==inf= FXE=GigE 1 Infz ETA+XHEXP1.SASE1 D21 ROKSS+PPE2X2F

==infa FXE=GigE 1 Infa TN mTCAHXHEXP1 SASE1 021 RCKSHmMTCL34. 5k

Cable type Conductors Conductors Crﬂ-s[ﬂn::rich:-n L T:E] th
ETHERLINE® Catta + Cat7 032 e
ETHERLINE® Catta + Cat7 032 -

TETHERLINER Catéa + Cat/ 032 -




Similar reports needed

(JConnector types at source/destination of cable
JPin Assignment

Labels

(JPhases of work



Installation instructions for:

e Cables
* Fixed installation
e Patch cables

e Cable trays
* Content management
* Cable routing

4

* Rack Content
* Lists racks’ content
 Components allocation inside racks
* Space reservation / free space calculation



Installation instructions for:

e Cables
* Fixed installation
e Patch cables

e Cable trays
* Content management
* Cable routing

4

* Rack Content
* Lists racks’ content
 Components allocation inside racks
* Space reservation / free space calculation
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Cable Trays Planning

Ground Floor - Zero Point Level
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Cable Trays Planning

Ground Floor - Cable Trays Level




“Rack-room” Planning

_Rackroom Floor - Double Floor Level
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Double Floor Level

Rackroom Floor -
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Cable Trays Content Management
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Source <31019>

2 |2804m ==FXE=DTC.GIGE1-W2 ==Infra FXE=Infra ETA++ XHEXP1.SASE]1 D21 RCK99-PP52-XG52:Out ==Infra FXE=Infra ETA+ < XHEXP1 SASE]L D05 field. TL+ PP51-XG51:0Out
3 |Z7A3m ==FXE=DTC.GIGE2-W1 ==FXE=DTC. GIGE2++ XHEXP1.SASE]1 D05 .GigE2 - BX2-EBOX_BX2-KFL:ETA ==Infra. FXE=Infra ETA+< XHEXP1 SASE]1 D05 field. TL+ PP51-XG51:In
4 |2BD4m ==FXE=DTC.GIGE2-W2 ==Infra.FXE=Infra ETA++XHEXP1.SASE]1 D21 RCK93+ PP52-XG52:Out ==Infra.FXE=Infra ETA++XHEXP1 SASE] D05 field. TL+ PP51-XG51:0Out
5 |2Z704m ==FXE=DTC.GIGES-W1 ==FXE=DTC.GIGE3++ XHEXP1.SASE]1 D05 .GigE3+ BX3-EBOX_BICG-KFLETA ==Infra FXE=Infra ETA+ < XHEXP1 SASE]L D05 field. TL+ PP51-XG51:In
6 |2BMm ==FXE=DTC.GIGE3-W2 ==Infra.FXE=Infra ETA+ « XHEXP1.SASE]1 D21 RCK99+PP52-XG52:Out ==Infra.FXE=Infra ETA+ < XHEXP1 SASE]L D05 field. TL+ PP51-XG51:Out
7 |2BDm ==FXE=DTC.GIGE4-W2 ==Infra FXE=Infra ETA++ XHEXP1.SASE]1 D21 RCK99-+ PP52-XG52:Out ==Infra FXE=Infra ETA+ < XHEXP1 SASE]1 D05 field. TL+ PP51-XG51:0ut




Dynamic Data Completion — IEC Norm

Example: Power Socket

° Main Function DiStribUtion

e Sub Function 220VAC

e Location Building_X.Floor_Y.Room_Z
 |Installation Location Wall NW

==DISTR =220VAC ++BLD1.FL5.RM21 +WL_NW



Rack Content Management — Rack Views

= D 24 4 Cable Routing (DPS SPE)
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iz=! RACK_Management
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i+ D10 (SPB control room)
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Rack Content Management — Rack Views
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Rack Content (“BOMSs”/ Views
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Framework Definition

“A combination of software utilities able to “automatically”
produce BOMs, cable lists, Connection diagrams etc”

Custom Solution to overcome limitations



Complexity:

- 1000s sensors

- 1000s motors

- 1000s PLC components

- 1000s Network components
- 100s Racks

- 1 person
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Project Specs

e X amount of motors
* Y1 amount of thermal sensors of 72 type
* Y2 amount of thermal sensors of Z2 type



How the Information are used by eCAD Desigh Team
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How the Information are used
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Master Project Integration

What variables are needed?
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Custom Solution Implemented
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Custom Solution Implemented

* Master Project Integration
 Why

* Unified installation documents (cable lists, parts lists...)

* Error checking
* i.e. Avoid short-circuits during design, No duplicate cable labels, etc

* Reproducibility of existing projects without extra eCAD designer
work/involvement

 Managed by only 1 person
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DATACENTER CABLING / RACK MANAGEMENT

* Import Networks’ Infrastructure:
* Racks
* Managed Switches
 Unmanaged Switches
e Patch-panels
e Power Supply
* UPS (rack mounted components)
* Define Cooling direction of each rack

* Import

 Components (CPUs, Automation Items, Rack mounted
equipment



Switches
— Patch-Panels
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Moving from planning to building...

- Parts List
- Wiring

- Installation Instruction



Reports:

« BOMs / Part Lists

e Cable Laying Instructions

* Connection Instructions

* Connectors Pin Assignment / Confectioning Instructions
* Terminal Connections

* Rack Content Summary

* Cable Lengths



Opportunity



Conceptual Design — Fast Budget Preparation

Prerequisites
* Draft Floor Plans (top & side view)

» Desired (Scientific) EQuipment



Project phase

* Prepare quote for future project based on actual data
* +/-20% - Concept Proposal

* Based on Conceptual Floor Plan
* Based on Conceptual Equipment
e Cable Routing Paths

e Cable Lengths

* Summarised potential parts (list)

e +/-5% - Detailed Plan
* Based on Current/Actual Floor Plan
* Based on Agreed Developed Equipment
* Cable Routing Paths with Cable Run-Ways size/weight/Capacity estimate
e Cable Lengths
e Summarised actual parts (list)



Unify Everything

Concept -> Pre-Planning ->
-> Design -> Commissioning



Disclaimer:

LePlan and / or Dr. Antonios V. Lalechos is in no way affiliated any longer with
European XFEL. All material used originate from Websites and all rights remain with
their owners
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