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Upgrade of the cryogenic infrastructure of SM18, CERN main
test facility for superconducting magnets and RF cavities
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Abstract. SM18 is CERN main facility for testing superconducting accelerator magnets and
superconducting RF cavities. Its cryogenic infrastructure will have to be significantly upgraded
in the coming years, starting in 2019, to meet the testing requirements for the LHC High
Luminosity project and for the R&D program for superconducting magnets and RF equipment
until 2023 and beyond. This article presents the assessment of the cryogenic needs based on the
foreseen test program and on past testing experience. The current configuration of the cryogenic
infrastructure is presented and several possible upgrade scenarios are discussed. The chosen
upgrade configuration is then described and the characteristics of the main newly required
cryogenic equipment, in particular a new 35 g/s helium liquefier, are presented. The upgrade
implementation strategy and plan to meet the required schedule are then described.

1. Introduction
Superconducting magnets and superconducting Radio-Frequency cavities are essential components of
CERN current and future particle accelerators. For the development of the required technologies and for
testing the operational devices at cryogenic temperatures, CERN operates a number of facilities, ranging
from individual component tests to the final validation of the full scale magnets and cavities before
installation. SM18 is the largest of these facilities, dedicated mainly to testing large magnets and
superconducting RF cavities as well as other specific devices [1]; this is for example where the dipole
and quadrupole cryo-magnets of the LHC were tested in 2002-2007 [2-5]. In addition to cryogenic
testing SM18 is also a major area for conditioning and integrating the RF cavities before installation in
the accelerator facilities

The High Luminosity LHC (HL-LHC) project [6], will use new superconducting magnets and
superconducting “crab” RF cavities. The development of these new devices requires first an extensive
R&D program and then full tests of the series produced items before installation into the LHC. In
addition, it is planned to perform a type test of a full scale string of the final focusing triplet of magnets
for the HL-LHC (HL-LHC string). All these tests are planned to be performed in SM18; the ramping up
of the testing requirements has already started and will accelerate from 2019 with the planned test and
installation of new 11 T dipole magnets in 2020 [7]. In parallel, SM 18 also provides the cryogenics for
testing various devices and components like superconducting links, current leads, superconducting
cables and diodes as well as other specific experiments for cryogenics research or physics.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

CEC 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 278 (2017) 012112 doi:10.1088/1757-899X/278/1/012112

2. SM18 layout and test systems

The SM18 complex is located on the French territory part of CERN, next to the Meyrin site of CERN.
In addition to the main test hall (SM18) it includes also several buildings for cryogenic equipment,
electrical infrastructure and cooling water. Figure 1 shows an overview of the SM18 complex. The main
SM18 building, with dimensions of 120 m x 60 m is where the test systems and most of the low
temperature part of the cryogenic infrastructure and the purification system are located. Building SH18
houses parts of the room temperature cryogenics infrastructure (compressors, warm pumping units) and
building SW18 contains electrical equipment (transformer, power converters), the pre-cooling/warmup
helium compressors and the demineralized water cooling stations.

2.1. The existing cryogenic infrastructure of SM18

The cryogenic infrastructure supplies liquid helium at 4.5 K and provides a low pressure helium
pumping capacity for systems operating in superfluid helium at 1.8 K — 2 K Table 1 lists the main
components of the cryogenic infrastructure and Figure 2 shows a schematic view of its main elements
and of the main test systems installed in SM18.

Liquid helium is produced by a Sulzer/Linde cold box with a capacity of up to 25 g/s of liquid helium
in liquefaction mode. The liquid helium is supplied to a 25 m?® dewar operating at 1.6 bar and is then
distributed to the test benches through several valve boxes and cryogenic lines.

Several test systems need to operate in superfluid helium at temperatures below 2 K: this is achieved
by lowering the pressure on a saturated helium bath (directly in contact with the tested device or through
a heat exchanger). The low pressure warm pumping system includes three low pressure pumps (WPU)
with a combined flow of up to 12 g/s with corresponding heaters to warm the cold helium flow.

For faster cooling and warming of heavy devices, like superconducting magnets weighing up to 30
tons, SM 18 is equipped with two helium Cooldown-Warmup Units (CWU). These units are cooled by
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Figure 1. Layout of the SM18 complex, showing the main test and support areas.
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Table 1. List of the main components of the existing cryogenic system of SM18.

System Description
Refrigeration
Cold box 6 turbines, 25 g/s of liquid helium in liquefaction mode. 6 kW

Compression station

Low pressure Pumping
2x Warm Pumping unit
Pre-cooling to 80 K & warming up
2x LN2 CWUs
3X compressors
He purification system
5x Low pressure balloons
3x HP compressors
2x HP purifiers
Helium storage

equivalent @4.5 K with LN, boost.
3 He compressors (350 g/s @ 19 bar), 1.6 MW electrical power
+ Oil removal system

2x 6 g/s at 12 mbar, 2 x 32 KW heaters

LN2 cooled, 2x 120 kW at 80 K
3x 78 g/s at 13 bar

5x 80 m® at 1 bar
3x 130 NM?3/h at 200 bar, 40 kW
200 NM3/h at 150-180 bar

Liquid helium 1x 25 m? liquid helium storage at 1.6 bar, 1x 10 m* mobile
Room temperature 9x 80 m?® at 18 bar
LN2 supply 2x 50 m® tanks

LN, and the circulation of helium is performed by dedicated compressors with each a maximum flow
of 78 g/s at a pressure of 13 bar; each unit can extract up to 120 kW at 80 K and is also equipped with a
200 kW helium heater for the warmup phase.

Due the constant connection/disconnection of new equipment to the cryogenic system, the returning
helium frequently includes a significant amount of impurities; this impure helium is managed by a
purification system that includes five low pressure balloons, three high pressure compressors and two
purifiers that have a combined purification capacity of 200 Nm?/h.

2.2. Existing and future test systems

Table 2 lists the main test systems present in SM18: magnets can be tested on multiples test benches
down to 1.9 K either fully assembled in the form of complete cryo-magnets on horizontal test benches
or as “naked” cold masses in recently installed vertical cryostats [§]. Cavities can also be tested as
fully assembled cryo-modules or as “naked” cavities both at 4.5 K and 2 K [9]. In addition the tests
benches for complete devices, test benches for measuring superconducting cables, diodes and current
leads are also operated in SM18.

Starting in 2017, it is planned to add tests systems for superconducting links (superconducting cables
inside of a cryogenic line) for HL-LHC [10], both for prototype tests and for the validation of the series
systems. The first of these systems is being installed in 2017 and further adaptation of existing benches
for this task is planned for the period 2018-2021.

The installation of a full scale string of the final focusing inner triplet magnets of the HL-LHC project
is planned for 2021. This will require a dedicated cryogenic distribution system and specific
modifications of the operation that are not completely defined as the test program for the HL-LHC string
is currently being finalized.

3. Cryogenic requirements

A study was performed in 2015-2016 to determine the cryogenic requirements for the future test
program and to identify the possible capacity limitations, based on existing data and estimated testing
rates.
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Figure 2. Overview of the main components of the SM 18 cryogenic test facility.

The main test programs that will run in SM18 in the coming years are shown in Table 2. The baseline
requirements were defined on the basis of the foreseen test plans and on the estimated loads. After this
analysis, the retained assumptions needed for covering the requirements for the main test benches were:

e Magnet test benches: 2 vertical and 2 horizontal magnets cold tested / month with 2 magnets

powered simultaneously.

e Superconducting Cavities: 1 cavity test/2 weeks in vertical test benches and 1 cryomodule test
every 6 month in horizontal test benches.

e Parallel test of a superconducting link and/or the IT String

e Possibility of additional individual systems tests on dedicated facilities

Table 2. List of the main test systems of SM18.

Test System Description Status

Horizontal magnet test benches Tests of SC cryo-magnet @1.9 K, up to operational

(x10) 13 kA, max. 15 m long

Vertical magnet test benches (x4) Tests of magnets in vertical cryostats @1.9 operational
K, up to 20 kKA

Test station for current leads and Testing of current leads and diodes up to Operational

diodes 20 kKA

RF cavities test benches (6x) 4 vertical: 2x at 4.5 Kand 2x at 2 K Operational

Superconducting links test bench

HL-LHC string
High Reynolds test bench

2 horizontal: 1x at 4.5 K and 1x at 2 K

Tests of superconducting links, supercritical
helium supply.

Tests of a string magnets for HL-LHC

System for performing tests at high Reynolds
numbers

Construction

Construction

Planned 2021

Operational
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Figure 3. Baseline testing requirements for liquid helium supply (a) and for very low pressure
pumping (b).

The cryogenic requirements for each test were validated by benchmarking against measured values
during a one month period. Figure 3 shows the present and future requirements based on these
assumptions.The graphs show the minimum requirements (mini) while running only the low
consumption test benches (no special tests), the maximum requirements while running all the test
benches without any restriction and the average value calculated using the above assumptions averaged
on a one month period. The estimated future average requirements are 14 g/s for the low pressure
pumping and 38 g/s for the liquid helium supply. A baseline design overcapacity of 50 % (58 g/s) on
the requirement for liquid helium is considered necessary to be able to carry out the full test program
with no constraints from the LHe production (e.g. unplanned tests, repeated tests and components with
low performance), guarantee the testing of the superconducting links and operation of the HL-LHC
string while not limiting the tests of magnets and cavities testing and ensuring an acceptable flexibility
for the long term testing program. For the pumping capacity, the line shown in the graph corresponds to
the addition of one WPU unit (6 g/s). The definition of a recommended future upgrade for the low
pressure pumping is discussed later in this article (see §4.2).

The future requirements as a function of time, based on the test program available at the time of the
study (mid 2015) and on the estimated loads for each test system, were plotted and compared to possible
upgrades. The results of this study for the liquid helium supply is shown in Figure 4. As can be seen,
an upgrade of 35 g/s, in addition to the existing capacity, guarantees to fulfil the requirements even
during the peak load period starting in 2021.

Table 3. List of the main tests to be performed in SM18 in the period 2017-2023.

Test program Period
Validation of spare devices permanent
R&D magnets & cavities for HL-LHC present - 2023
R&D and series tests for SC links present — 2022
HL-LHC string of magnets 2021 - 2022
Other R&D and measurement permanent
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Figure 4. Estimated liquid helium requirements for the period 2017-2022. Daily values
(bars) and 30 days moving average (line). 100% is the currently installed capacity of 27 g/s.

4. Upgrade of the cryogenic infrastructure

4.1. Upgrade of the liquid helium supply

The study of requirements shows that an increase of the helium liquefaction capacity of about 35 g/s is
necessary to not impose limitations on the test program. However, as such an upgrade represents a
significant investment, an additional study was performed to evaluate the impact, in terms of cost
reduction and potential delays, of more limited upgrades of the liquefaction capacity of 25 g/s and 10 g/s.
The study is based on published cost estimators [11] and recent experience. Figure 5 shows the results
of the evaluation. The analysis shows that with a significantly smaller upgrade of 10 g/s, the cost could
be decreased by about 50%, but this would generate a yearly delay of more than a month, which is not
acceptable. With a 25 g/s upgrade, the cost would be reduced by about 10% but with a significant risk

of delay to the HL-LHC program.
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Figure 5. Evaluation of the impact on cost and maximum delay to the test program of
additional liquefaction capacity of 10g/s, 25 g/s and 35 g/s. The cost is relative to the
baseline configuration with a 35 g/s liquefier.
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Following the study it was decided in early 2016 to launch the procurement of a new 35 g/s helium
liquefier to be operational at the end of 2019. An order for the fabrication of this liquefier has been
placed with an industrial contractor in the first half of 2017.

4.1.1. Characteristics of the new 35 g/s liquefier. The new liquefier has been specified for a maximum
capacity of 35 g/s to comply the peak demand but, as can be seen in Figure 4, most of the time a lower
capacity is required. Therefore the technical specification requires the new liquefier to be designed for
an optimal efficiency at a liquefaction rate of 17.5 g/s while limiting the maximum electrical power at
peak capacity to 1.5 MW. The compressor station of the new plant will be installed in available space
in building SH18 and the cold box will be installed in the main SM18 building.

It is envisaged to use the new liquefier as the main source for liquid helium for the SM 18 test benches
and to dedicate the existing refrigerator mainly to special testing programs like the HL-LHC string. The
infrastructure will be configured to ensure a full redundancy for the liquid helium supply.

4.2. Possible upgrade of the low pressure pumping system

The identified average requirement for the very low pressure pumping capacity is 14 g/s, to be compared
with the current capacity of 12 g/s. However the value taken into account for the requirements of the
HL-LHC string were not completely finalized and new high load test benches are under commissioning;
this results in some uncertainty in the future pumping requirements. In view of this uncertainty it has
appeared premature to take a decision on a possible upgrade for the existing WPUs: the approach is to
plan all the necessary utilities and space reservation in the framework of a global upgrade of the utilities
of SM18 to have the possibility to add a WPU a later stage. A formal decision on the upgrade is expected
in 2017.

4.3. Upgrade of other cryogenic systems

The unknowns concerning the HL-LHC string test program have delayed the final decision on the
upgrade of other cryogenic systems. With the currently performed evaluation the possible envisaged
upgrades are: an additional CWU dedicated to the HL-LHC string with its associated infrastructure and
additional warm buffers. A formal decision on the upgrade is expected in 2017.

4.4. Upgrade timeline

The specification for the new 35 g/s liquefier was issued in September 2016. The delivery of the liquefier
is scheduled for April 2019, with an operational capability in the fourth quarter of 2019. The decision
concerning the complete upgrade is expected to be taken in 2017. The full upgrade is planned to be
operational by the end of 2020.

5. Conclusions

A study was performed to determine the requirements for the SM18 cryogenic infrastructure due to the
intensifying test program required by CERN new projects after 2019 and beyond. The study showed
that an increase of 35 g/s in the peak liquefaction capacity is necessary to comply with the new
requirements. The study also showed the possible necessity to upgrade the low pressure pumping
capacity, but the uncertainty on the requirements has not yet allowed to validate this upgrade. Possible
other upgrades include an additional cooldown/warm-up unit for the HL-LHC string and additional
helium warm storage buffers. Following the outcome of the study, a new optimized 35 g/s liquefier has
been ordered in 2017 and will be installed in April 2019. With the planned upgrade, fully operational in
2020, the SM18 cryogenic infrastructure will comply with the testing requirements of the HL-LHC
project and with future CERN R&D programs.



CEC 2017 IOP Publishing

IOP Conlf. Series: Materials Science and Engineering 278 (2017) 012112 doi:10.1088/1757-899X/278/1/012112

References

(1]

(2]

(3]

(4]

[3]
(6]

[8]

(9]

[10]

[11]

Barth K, Dauvergne J-P, Delikaris D, Delruelle N, Ferlin G, Passardi G, Rieubland J-M, “New
Cryogenic Facilities for Testing Superconducting Equipments for the CERN Large Hadron
Collider “, Proceeding of the ICEC 17 Conference, 14-17 July 1998, Bournemouth, UK

Calzas C, Chanat D, Knoops S, Sanmarti M, Serio L, “Large Cryogenic Infrastructure for LHC
Superconducting Magnet and Cryogenic Component Tests : Layout, Commissioning and
Operational Experience”, Porceeedings of CEC 2003 conference, AIP Conf. Proc. 710 (2004)
pp.217-224

Savary F, Bajko M, Chevret P, de Rijk G, Fessia P, Lienard P, Miles J, Modena M, Rossi L,
Tommasini D, Vlogaert J, Bresson D, Grunblatt G, Decoene J-F, Bressani F, Drago G, Gagliardi
P, Eysselein F, Gaertner W, and Lublow P, “Description of the Main Features of the Series
Production of the LHC Main Dipole Magnets”, IEEE Tans. Appl. Supercond., VOL. 18, NO. 2,
June 2008, 220

Tortschanoff T, Burgmer R, Durante M, Hagen P, Klein U, Krischel D, Payn A, Rossi L,
Schellong B, Schmidt P, Simon K, Schirm K-M, Todesco E, “The LHC Main Quadrupoles during
Series Fabrication “, Presented at the 19th International Conference on Magnet Technology
(MT19) 18-23 September 2005, Genova, Italy

Chohan V, “Operation for LHC Cryomagnet Tests: Concerns, Challenges & Succesful
Collaboration, Proceedings APAC 2007, 84

High-Luminosity Large Hadron Collider (HL-LHC) : Preliminary Design Report, ISBN Geneva,
CERN, 2015 ISBN 9789290834229, http://dx.doi.org/10.5170/CERN-2015-005

Willering G, Bajko M, Bordini B, Bottura L, Fiscarelli L, [zquierdo Bermudez S, Karppinen M,
Loffler C, Perez JC, de Rijk G, and Savary F, “Cold Powering Tests of 11-T Nb3Sn Dipole
Models for LHC Upgrades at CERN,”, IEEE Tans. Appl. Supercond., VOL. 26, NO. 4, JUNE
2016

Benda V, Pirotte O, De Rijk G, Bajko M, Vande Craen A, Perret P, Hanzelka P, “Cryogenic
design of the new high field magnet test facility at CERN”, presented at ICEC 2014 Conference,
Physics Procedia 67 (2015) 302 — 307

Pirotte O, Benda V, Brunner O, Inglese V et al. , “Upgrade of the cryogenic CERN RF test
facility”, Proceedings of CEC/ICMC 2013 Conference, Anchorage, Alaska, 2013 AIP Conference
Proceedings 1573, 187 (2014); http://doi.org/10.1063/1.4860700

Ballarino A, Burnet J-P, “Powering the High-Luminosity Triplets”, Adv. Ser. Dir. High Energy
Phys. 24 (2015) 157-164

Claudet S, Gayet P, Lebrun P, Tavian L and Wagner U, “Economics of Large Helium Cryogenic
Systems: experience from recent projects at CERN”, proceedings of CEC-ICMC'99 conference,
12-16 July 1999, Montreal, Canada in Advances in Cryogenic Engineering 45B, Plenum Publishers,
New York, 2000, p. 1301



http://dx.doi.org/10.5170/CERN-2015-005
http://doi.org/10.1063/1.4860700

