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Summary

» Electrical Power Converters Group at CERN
= Mandate — Mission — Challenges
= Purchasing Strategy of the Group

» Forthcoming Tendering opportunities for Supply Contracts (=—>2028)
= North Area Consolidation Project
= High Luminosity LHC Project




Electrical Power Converter Group Structure




Electrical Power Converters

The EPC Group is in charge of
the electrical power converters
for all accelerators, transfer
lines, experimental areas and
tests facilities at CERN:

» Solid-state modulators for
RF klystrons;

» High-voltage power
converters for RF amplifiers
and particle sources;

» Power converters from 100W
to 100MW for DC, cycling or
pulsed magnets;

» Static VAR compensators
and harmonic filters.
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Electrical Power Converters

Design and Prototype converters for
CERN specific accelerator needs
iIncluding consolidation projects

Procure power converters based on
functional specification or build-to-
print files through CERN member
states companies

Test, install, operate and maintain
CERN power converters with the
highest availability

Study new technologies and
topologies for CERN future
machines
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Electrical Power Converters Challenges

 Energy management &
efficiency including magnet
energy recovery

« High-precision and fast-pulsed
power converters (ms range)

« Advanced regulation & real
time control

« Avallability

* lonizing radiation environment

» Capital and operational cost
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Electrical Power Converters Industry opportunities

consolidation and
v’mr \ | A‘ .. A

upgrade projects

Design, manufacture and tests
of build-to-specification
equipment

Energy storage modules
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Electrical Power Converters Industry opportunities

Integration / Cabling
\': i 1 ' ] ;ﬂr ‘ :

Be part of CERN
consolidation and upgrade
projects

1 = b

Manufacture, test build-to-print
equipment’s
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Useful links for Procurements

Doing business with CERN

Procurement and Industrial Services Group

lerator Systems

Doing business with GERN

Cost
Publication Type of L
P Reference Description Range Status Next step
date contract
(CHF)
MS-4810/SY/HL- Market Si
01/09/2022 Supply 5 Supply of 36 collimators as part of the HL-LHC project. 750k~ 5M Announcement arketsurvey
LHC 10/2022
Supply of 600 SiO2 coaxial RF cables required for the
MS- Beam Instrumentation and Collimation activities Market Survey
01/0%/2022 Suppl e . L . 200k - 750k Al t ) :
PPl 4813/SY/HL/LHC within the High Luminosity Large Hadron Collider nnouncemen 11/2022
project HL-LHC.
Supply of the design, manufacture, and testing of
Energy Banks for the projects NA_CONS phase 1 and Market Survey
20/07/2022 Suppl MS-4759/SY 5M-10M Al it
ez LAY 4 phase 2 and SPS_CONS phase 1 (LS3:480 Energy fnouncemer 09/2022
Banks)
Supply of design, manufacture, and testing of POLARIS
P ) power stacks for the projects NA_CONS phase 1(LS3: _ Invitation to
20/07/2022 Supply MS-4754/5Y 490 power stacks) and phase 2 (LS4L: 540 power M -10M Market Survey Tender 10/2022
stacks), and SPS_CONS phase 1 (LS3: 130 power s
Supply of NEPTUNE sets of low voltage reactors and Market Survey
19/07/2022 Suppl MS-4758/SY 750k-5M Al it
oz e % LV transformers. nnouncemen 08/2022
. Supply of power cabinets manufacturing, assembly Market Survey
19/07/2022 Suppl MS-4753/SY 10M Al t
R PPl & and cabling [built-to-print). i nnouncemen 09/2022
28/06/2022 Suppl MS-4756/SY  Supply of POLARIS sets of low voltage reactors 750k - 5M Market Surve Imvitation to
a2y a2y E : Y Tender10/2022
Supply of design, manufacture, and testing of BOREAL Market Survey
20/06/2022 Supply MS-4755/SY power stacks for the projects NA_CONS phase 1 (LS3: 200k - 750k Announcement 074_2022' )
19 power stacks) and phase 2 (LS4L: 26 power stacks). :
Supply of design, manufacture and conformity tests of Market Survey
TN A Supply MY Power Resistor Sets for the POLARIS project L frrmezIa 08/2022
Design, fact d testi f POLARIS Invitation t
300052022 supmly MSATSIISY i o ot 2008 Sttt TSOK-SM_ MarketSurvey o T
Supply of six HV generators, with voltage multiplier Invitation to
29/06/2021 Suppl MS-4708/SY 200k - 750k Market S
G ALy i stack AELSNEY  ender 12/2021

Click to view all forthcoming Opportunities



https://procurement.web.cern.ch/
https://procurement.web.cern.ch/

Case 1 North Area Consolidation

Project leader: Ivan Josifovic
Tender Technical Officer: Konstantinos Papastergiou — K.Papastergiou@cern.ch
Tender Procurement Officer: Daniel Schoerling
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Project Scope

Beam from ..oy

SPS [ Primary beam ]

Primary
targets

ase,[ Secondary beams ]

Experimental zones ]

sssss

| 420 Power Converters from 1975! J

| 25 converter types in 4 buildings! J

Courtesy of Ivan Josifovic
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Consolidation Strategy: Phase | and Phase Il

Beam from ...y

SPS [ Primary beam ]

- 4+

0%

Primary
targets

v \ : : Be,[ Secondary beams ]

Experimental zones ]

A
"——33?‘%,?.

ppppp

Phase I: LS3 (2025-27) Phase II: LS54 (2031-32)

~200 power converters ~200 power converters

Courtesy of Ivan Josifovic COMPASS :
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What and how

Typical requirements

Power converters cabinets manufacturing (built-to-print)

Typical contract duration is 5 years (+2 option)

Approximate quantities are 200 to 500 systems/7years

The cabinet voltage level is 1000Vdc and supply voltage is 400Vac
Typically integrated in 19inch racks (<5 racks per system)

The scope of the supply includes:

. Procurement of off-the-shelf parts and raw material (copper, aluminium...)
. Manufacturing or purchasing of enclosures (cabinets)

. Sheet metal works (cutting, drilling, bending, welding, surface treatment) for aluminium, steel.
. Manufacturing of copper busbar (cutting, drilling, bending, surface treatment/insulation)

. Assembly of cooling water distribution circuit (<1linch pipework, inox + flexible hoses)

. Assembly and cabling of subassemblies and cabinets

. Quiality control and tests of subassemblies and complete cabinets

. Storage and delivery

»  Outsourcing shall be permitted for some of the activities

$¥ & 3 3 3 3
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Typical converter size

e Model 4P ————————————————————~
| - Model 2P -—————————————- , !
! P Model § -— ————————— | ! ! POLARIS Ug i A Approximate
i i i Exa mple Input: AC 400V i i i ty;)e (output voltage) (outpcrem)
! Il 32/63/125A | ! ! ! P
2P 400 V 1000 Apk 170
4P 400 V 2000 Apk 150
IN

ouT

Example Output:

W DC 450V/450/900/1800Apk
> ; b D D D

| ail Kl
b1 > P , D
. D 1] |
D . - P - . N
b | :
b
#’ﬁ % D §FE pIEEE
R e ————p
Model S Model 2P Model 4P
800 1300 ) 2200
W1800mm x D900mm x H2200mm W3000mm x D900mm x H2200mm
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Typical order roll-out

CONTRACT DURATION: 5 YEARS

Notification of Notification of Notification to
a batch order acceptance deliver

A SINGLE BATCH ORDER —e.g. 30 Units

SPARE PARTS

DOOO :
OFF-THE-SHELF PARTS INTEGRATION FACTORY STORAGE
Procured by contractor &CABLING TESTING SERVICE PACKING&
mininin # * é/@g DELIVERY
ST — bk ol
PARTS TO MANUFACTURE

SPECIAL PARTS Manufactured by contractor

Ry STORAGE SERVICE —

Provided by CERN Supply included in shaded area

(not part of the supply)
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Built-to-print

CERN manufacturing folder includes:

= Electrical diagrams

~10 A3 pages organised per sub-assembly

Bill of materials

~ 300 part numbers per model

Drawings of parts & assemblies

~ 120 2d and assembly drawings/converter model

3d step files

Cabling lists

~ 160 cables per converter model

Auxiliaries (stickers, labels)

CERN SY
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Electrical drawings

SY

Accelerator Systems
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Mechanical drawings
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Bill of material

Bill of materials

2 8ill OF Material Report [item present in various sub assemblies
3 ITEM Number S5T0797439 Rev a.00
4 Definition SIRIUS S CONVERTER
5 Nomenclature LHCRPAEJID033
5 Date 1-9-2017
= Extracted by Parrilla Leal Javier
8
9 ITEMS and documents
Document
o Type = ST number _ [Revisien Definition | momenclature | index|total ot Make or Buy - ‘ Mass | supplier | Supplier Ref e Material
+] 45 ITEM 150 4762_M4x8-8.8-A0C HEX SKT HD CAP SCREW_M4X8 20 Normalized Steel 8.8
50 | ITEM 1SO 7083_3x7-A4 NORMAL PL WASHER 3X7 4 Normalized Stainless Steel A4 Acier Inox
52 ITEM 1SO 7089_4x9-St-AQU NORMAL PL WASHER_4X9 13 Normalized Steel
54 ITEM 1SO 7089_5x10-5t NORMAL PL WASHER_5X10 20 Normalized Steel Acier
56 |ITEM ST0776131 SUPPORT CAPACITOR FILTER LHCRPAFBO00S 1 CERN Design Alu EN AW-6060 (T6)
5% ITEM ST0776144 COLLAR CAPACITOR 3 Commercial ltem LCR COMPONIEP0887-PNF3
62 | ITEM ST0776155 LHCRPAFB0003 1 CERN Design Cu ETP C11000 (HDE)
85 ITEM STO776157 LHCRPAFB0002 1 CERN Design Cu ETP C11000 (HO2)
68 |ITEM ST0776172 Cx-Dampx 2 Commercial ltem ELECTRONICO E54.M15-703NT7/9
71 ITEM ST0776192 Voltage measurement card VBUS 2 Commercial ltem CERN EDA-01065-V2-10
74 | ITEM ST0776195 TI TRANSFO 500/1A 4N53 1 Commercial ltem SIEMENS ANC5326-0CE20
77 | ITEM S$T0776197 ISOLATION LAYER FILTER LHCRPAFB0004 1 CERN Design PU'yEthylEﬂE (PE}
80 ITEM ST0776200 Hexagon stand-off M3x16 4 Commercial Item BOSSARD BN 3318-1384805
83 ITEM ST0776204 SPACER CONNECTOR FOR FILTER LHCRPAFB0008 2 CERN Design Copper
86 |ITEM ST0776237 INSULATION OFFSET SPACER LHCRPAFB0006 4 CERN Design Epoxy GF EP GC 308 (G-11)
89 ITEM ST0776239 INSULATION RING SPACER LHCRPAFB0007 2 CERN Design Epoxy GF EP GC 308 (G-11)
a7 [ITFM STNTIRAAR [ 1 Cammerrial tem FIFCTRONICO PS4 M15-472NT7/9
Cables list
5 = END 1 CABLE END 2
6 ~ [\Cabir ~ e e ination reference 1 - v Cable e ~ Cabi ~ - - lination reference 2 e [
158
159
160 | CA_+24V-50Hz Main 24VAuxPow  SK_+#24V_OUT1 PLUG-ROUND-CABLE-4C-TY-UT 2x1.5mm2-CERM 200|Main  50HzSwBrd-; SK_+24V_50Hz SOCKET-ROUND-CABLE-4C-TY-UT
161 PIN-BURNDY-| Smm2 'J PIN-BURNDY-FEM-1.5mm2 'l
162 PIN-BURNDY-MAL-1.5mm2 '5 PIN-BURNDY-FEM-1.5mm2 '3
183
164 | CA_POWER-24V Main 24VAuxPow SK_POWER-24V PLUG-ROUND-CABLE-12C-TY-UT 12x0.5mm2-SHIELI 200|Main  CtriCrate SK_POWER SOCKET-ROUND-CABLE-12C-TY-UT
iiid
178 | CA_M+24VOUT2 /[ 121-VSCOND Main 24VAuxPow  SK_+24V_OUT2 PLUG-ROUND-CABLE-4C-TY-UT 2x1.5mm2-CERN 150|Pow-A VSCond 121-VSCOND SOCKET-WEID-2ZWAY
181
182
183 |CA_M+24VOUT3 // 124V-INTF Main 24VAuxPow SK_+24V_OUT3 PLUG-ROUND-CABLE-4C-TY-UT 2x1.5mm2-CERM 150 (Pow-A PStack 124V-INTF
18
187
188 |CA_INTF // FGC3-PULSES_A Main CtriCrate SK_PULSES_A PLUG-ROUND-CABLE-19C-TY-UT |24x0.22mm2-SHIELDED-CABLE 150|Pow-A PStack SK_PULSE 'SOCKET—KOUND—CQBLE- 19C-TY-UT
[+] 202
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SIRIUS converter

Example
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Example: SIRIUS converter



https://edms.cern.ch/ui/file/2427921/1/SIRIUS_facts_hires.mp4
https://section-mpc.web.cern.ch/

Case 2 High Luminosity LHC

Work Package leader: M. Martino
Tender Technical Officers: Y. Thurel, S. Pittet, N. Kuczerowski, V. R. Herrero Gonzalez
Tender Procurement Officer: D. Schoerling
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HL-LHC Iin a nutshell

The High-Luminosity LHC (HL-LHC) is
a major upgrade of the Large Hadron
Collider (LHC).

The High-Luminosity LHC will make it
possible to observe rare processes by
Increasing the instantaneous number
of collisions by a factor of between
five and seven.

New focusing Magnets requires new
powering scheme, involving new
power converters, planned for
Installation in LS3 (2025-2027).

CERN i
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“CRAB"” CAVITIES

16 superconducting ,crab"
cavities for each of the ATLAS
and CMS experiments to tilt the
beams befare collisions

2 new 300-metre service tunnels and
2 shafts near to ATLAS and CMS,

ws
'
é }\:ﬂ
= —
FOCUSING MAGNETS \
12 more powerful quadrupole magnets
for each of the ATLAS and CMS

expeniments, designed to increase the
concentration of the beams before

collisions

SUPERCONDUCTING LINKS
Electrical transmission lines based on a
high-temperature superconductor to carry
current to the magnets from the new service
tunnels near ATLAS and CMS.

BENDING MAGNETS
COLLIMATORS 4 pairs of shorter and more
15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection, to free up space for the new

collimators

powerful dipole bending magnets o



Project Scope

« Four main types of Power Converters entirely designed by
CERN (built-to-print) for HL-LHC.

« HL-LHC18kA-10V 05 converters
« HL-LHC14kA-08V 09 converters
« HL-LHCG600A-10V ~ 20 converters

e R2E-HL-LHC120A-10V -~120 converters
e R2E-HL-LHC60A-10V  ~150 converters

* For each type, and even if level of power is largely different,
Power Converter is
« A housing rack
. Several Power Modules (quantity & types depending on
output power level)

Modules

Modules
B
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Organisation of sub-packages

« Three production types — depends on project
« Production of complete power converters (power modules + its rack)
« Production of power racks only
« Production of power modules only

* Project timeline

. Power Modules Market survey MS Q4-2022
« Power Modules Invitation to Tender will come per project IT Q2-2023..Q1-2024
. Power Racks depends on projects (MS & IT) 2023-2024
* Project Power Modules Quantity — per project
o HL-LHC18kA-10V 220 power modules (3-types)
o HL-LHC14kA-08V 250 power modules (2-types)
o HL-LHC600A-10V 70 power modules (3-types)
o R2E-HL-LHC60& 120A-10V 1 200 power modules (on 2-types)
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Power Modules

Power Modules Description / Associated work
Component &

Mechanical
part purchase

Power module
usually in range

of [20; 60] kg
PCB

Assembly
(in_house)

Mechanical
Assembly

PCB Test

(Tester provided

by CERN) = R\ B Cables
N o Assembly

(power,

control)

Module Test

CERN SY
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Examples of Power Modules

« Power Modules Examples-1




Examples of Power Modules

« Power Modules Examples-2
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Rack Integration

« Power Racks Description / Associated work

CERN

vy

SY

Accelerator Systems

Component &
Mechanical part
purchase

Cables
Assembly

(power, control)

-Power-
Mechanical
Assembly

Typical Rack Series Production



Examples of Racks

« Power Racks Examples

B High current
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