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.."]Irfu Outline

* Introduction to the European XFEL
* Industrialization challenge
» Assembly Infrastructure
» Assembly Procedures
* Integration Operators and Tools
» Quality Control
» Conclusions
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Elrfu E-XFEL Accelerator 17.5 GeV 4 XFEL

101 accelerator modules

80 accelerating cavities
1.3 GHz / 23.6 MV/m

25 RF stations
5.2 MW each

24 March 2015 FCC Week @ Washington 3




ool Irfu CEA In-Kind Contribution

CEA contributes to the
XFEL Cold Linac construction
through
String Assembly in Clean Room (WP9)
and Module Assembly (WP3)

J

Accelerator Modu
assembly of 103 acce
with 1 per week t

e Assembly
erator modules

nroughput !

operated by an industrial contractor
on the Saclay site.
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.."]Irfu Institutes Contributing to the Accelerator XFEL
Complex
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http://www.mi.infn.it/indexIT.shtml
http://www.su.se/english/
http://www.uu.se/
http://www.portal.pwr.wroc.pl/index,242.dhtml

.."]Irfu Assembly Challenges

1.

Industrialization: no company was qualified for module
Integration, unlike for cavities manufacturing

Schedule : throughput of 1 CM per week, or better for a steady
production over 2 years

Quality : avoid gradient degradation, cryogenic losses, coupler
mis-assembly, etc...

Complexity : many handover interfaces with several groups at
DESY and in European labs. Many procedures and many risks
during integration.

24 March 2015 FCC Week @ Washington
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70 Irfu Overview of the Assembly Buildings
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Assembly Hall : Workstations

X-Ray Free-Electron Laser
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X-Ray Free-Electron Laser

Elrfu Organisation of Work Stations XFEL

The breakdown of the assembly work of 7 Work Stations aims at:
 balancing almost equally the occupancy of each WS,
bringing the largest occupancy below 5 days

1. Clean Room Cold Coupler Area (1S04-CC-WS1)
Cold coupler assembly (x8)
Leak check of caity-coupler connection (+RGA)
2. Clean Room String Assembly Area (ISO4-SA-WS1, ISO4-SA-WS2)
String connections (1 gate valve + 8 cavities + 1 Qpole unit)
. Leak check of string and N, venting (+RGA)
3. Roll-out Area (RO-WS1, RO-WS2)

. HOM adjustment, magnetic shielding, T-sensors (x6)
. Tuner assembly (x8), coupler 4K and 80 K shields

2 Ph-tube welding, NCT (LT, PT, RT)
. Cold-mass/string connection

4. Alignment Area (AL-WS1, AL-WS2)
. Cavity and quadrupole fine alignment (~100 um)
. Welding of 8 mm LHe filling line (x9)
Tuner and piezo electric tests
5. Cantilever Area (CA-WS1)
Welding of 4K and 70 K shields, 4K and 79 K super insulation

. Cable routing and insulation, Quad current lead
. Insertion into vacuum vessel and cold mass alignment
6. Coupler Area (CO-WS1, CO-WS2)
. Warm couplers + coupler pumping line + leak checks (8 connections + coupler vacuum)
Cabling of flanges A (x8) and flange D
. Quadrupole current lead connections and welding
. Final leak check of cavity vacuum + final pumping

7. Shlpment Area (SH-WS1, SH-WS2)
Control operations (RF frequency)
End-caps closing, N2-insulation
CEA-Alsyom “acceptance test”
Loading

24 March 2015 FCC Week @ Washington 11




1ISO4 Clean Room Worksations

*

XM4 (String assembly) on 14/02/2014
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Transfer of cryomodule in clean room Roll-out Area
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.."]Irfu Roll-out and Alignement Workstations
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XM2 (Alignment) and XM3 (Roll-out) on 14/02/2014
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70 Irfu Cantilever Workstation

=L£M|¢g

XM1 (Cantilever) on 14/02/2014
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S

XM-1 (Warm couplers) on 14/02/2014
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XM1 (Cantilever) and XM-1 (Warm couplers n 14/02/2014
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E Irfu Assembly Procedures

FI_ASS_AH_149 | vs FI_ASS_AH_149 | vs
a 2 i
nlrfu de la boks de tanslion pour les ALeYo nlrfu Montage de la boite de transition pour les il kit

éléments d'origine THALES (THRI) éléments d'origine THALES (THRI)

MONTAGE DE LA BOITE DE TRANSITION
POUR LES ELEMENTS D'ORIGINE THALES (THRI) 2. MOYENS

21. MATIERES CONSOMMABLES NECESSAIRES

2.2. MOYENS DE CONTROLE

- @%

Pied & coulisse Niveau & bulle

Cette Fiche d’Instructions (FI) définit les opérations de montage de la boite de transition sur un
Cry dule XFEL et les moy ies.

2.3. OUTILLAGE STANDARD DE MONTAGE

FICHE D'INSTRUCTIONS OPERATIONNELLES

ALSYOM CEA
Rédigé par Vérifié par Autorisé par Vérifié par Approuvé par
. : . Responsable XFEL
Fonction Rédacteur | Chargé d'Affaire | o e projet | Responsable Fabrication - e — -
Technique Projet XFEL XFEL Technique Manager |__Clés plates de 7-8-13-17 Clé & cliquet Cle BTR de 3

Nom A. CLIPPET P. PLUVY C. ABDI S. BERRY T. TRUBLET ﬁ

Date
Clé dynamométrique

Signature

Ce document, &tabli par ALSYOM dans le cadre du Marché CEA n® 4000520715 du 26/07/2012. estla
propriété du CEA.

Ce document, &tabli par ALSYOM dans b cadre du Marché CEA n® 4000526715 du 26/07/2012, estla
proprieté du CEA. Page:1/13 Page:5/13
Aucune utfisation ou communication ne peut étre faite sans l'autorisation écrite et préalable du CEA Aucune utiisation ou communication ne étre faite sans l'autorisation écrite et pré du CEA
Imprimé IM-SAQ 078 C

Imprimé IM-SAQ 078 C
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.."]Irfu

Assembly Procedures

FI_ASS_AH_149 | vs
Elrfu de la boite de ition pour les

ALSYOM

FI_ASS_AH_149 V5
R cea ALSYOM
n Irfu Montage de la boite de transition pour les LLen

éléments d'origine THALES (THRI)

éléments d'origine THALES (THRI)

2.4. PIECES ET ELEMENTS D’ASSEMBLAGE

Boite de transition

Joint cuivre RFC1 Joint en cuivre RFC3 Condensateur assembié

16 x Vis CHC M3 x 8 16 x Rondelles Z3 4 Vis HM10 x 20
argentées

2.5. EQUIPEMENTS DE PROTECTION ET DE SECURITE

Chaussures de sécurité Gants

2.6. INVENTAIRE DES PIECES A RETOURNER

. =
Fourreau de protection
couronne céramique

3. MONTAGE DE LA BOITE DE TRANSITION

3.1. PREPARATION DU POSTE ET DU MATERIEL

1. Préparer la F.. référente au poste et la
configuration du montage (Fig. 1)

2. S'assurer d'avoir au poste l'ensemble de
Foutillage nécessaire au montage (Fig. 1)

3. Suivant le bord de guration prép
les piéces d’assemblage (Fig. 1)

12 x Ecrou cuivre H M4 4 X Rondelle D8
8 x Vis H M10 x 25 2xVisHM8 x25 14 X Rondelle large M10
Ce document, &tabli par ALSYOM dans be cadre du Marché CEA n® 4000526715 du 26/07/2012. estla
propriété du CEA. Page:6/13
Aucune utiisation ou communication ne étre faite sans l'autorisation écrite et pré du CEA

Imprimé IM-SAQ 078 C

Ce document, &tabli par ALSYOM dans le cadre du Marché CEA n°® 4000520715 du 26/07/2012. estla
proprieté du CEA.

Aucune utiisation ou communication ne étre faite sans lautorisation écrite et pré du CEA
Imprimé IM-SAQ 078 C
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E Irfu Assembly Procedures

FI_ASS_AH_149 | V5 FI_ASS_AH_149 V5
& cea ALSYOM a cea ALSYOM
n I rfu Mor)tgge dela b(?it_e de transition pour les LLEn / I rfu Montage de la boite de transition pour les wLen

éléments d'origine THALES (THRI) éléments d'origine THALES (THRI)

3.2. MONTAGE DE LA BOITE DE TRANSITION

6. Monter & Iamere de la bOI‘e de transition, 5es deux % A l'a:de d'un niveau a bulle posé sur la boite de
demi-brides i etles a ftr g'assurer de I'horizontalité de la boite de

l'aide des écrous cuivre prévus a cet effet (le serrage transition, puis serrer a la main les écrous des demi-
doit étre fait a la main sans outils) (Fig. 6) brides de serrage de la boite (Fig. 7)

1. Démonter de la boite de transition les demi-brides 2. A laide d'un chiffon propre imbibé d'alcool,
de serrage montées sur sa bride arriére et vérifier les nemoyer la boite de transition en insistant plus
goujons sont bien fixés sur la boite de ition (Fig. par ie sur la portée de joint de la bride (Fig.
2) 3)

3. A raide d'un chiffon propre imbibé d'alcool,
nettoyer la portée de joint (bague épaulée) du
coupleur chaud

4. Mettre délicatement en position sur la bague
épaulée du coupleur chaud, le joint en cuivre

RFC3 (joint moyen des 3 @ monter (dia ext 80.2 plan
172-CA-007)) préalablement nettoyé a l'aide dun
chiffon propre imbibé a I'alcool (Fig. 4)

8. Retirer déli it le (film de p i 9. A raide d'un chiffon imbibé d‘alcoof nettoyer
de la bague céramique du coupleur) (Fig. 8) l'intérieur de la boite de transition et précisément les
portées de joint (Fig. 9)

10. Mettre délicatement en position sur la couronne
5. Monter délicatement la boite de transition et la intérieure de la boite de transition le joint en cuivre
mettre en appui contre le joint RFC3 (Fig. 5) s 4 1
RFC1 (le plus grand des 3 joints @ monter (dia ext
90.5 plan 172-CA-006))

RFC2 (le plus petit des 3 joints a monter (dia int 69.6
plan 172-CA-005)) prealablement nettoyés a l'aide
d'un chiffon propre imbibé a I'alcool (Fig. 10)

Ce document, &tabli par ALSYOM dans le cadre du Marché CEA n® 4000520715 du 26/07/2012, estla Ce document, &tabli par ALSYOM dans le cadre du Marché CEA n® 4000520715 du 26/07/2012. estla
propriété du CEA. Page:8/13 propriété du CEA. Page:9/13
Aucune utiisation ou communication ne étre faite sans lautorisation écrite et pré du CEA Aucune utlisation ou communication ne étre faite sans l'autorisation écrite et pré du CEA
Imprimé IM-SAQ 078 C Imprimé IM-SAQ 078 C
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E Irfu Assembly Procedures

* The preparation, assembly and control work are described
In 145 procedures, ‘Fiches d’Instruction’, ‘used’ by the
operators.

* The first set of draft procedures was written by CEA, during
the Prototyping phase at DESY and Saclay, in English and
appended to the Call for Tender Specifications for Industrial
Operator selection

« Alsyom, the selected Industrial Operator, was in charge of
updating these procedures during the Pre-Series phase (3
modules) and to translate them in French for their usage
during the Series production phase.

e This took much (much) longer than expected !

24 March 2015 FCC Week @ Washington 21




E Irfu Integration Operators

« A good operator is worth ~100 QC tests !
* Invest in the selection of competent (or even qualified),
rigorous and motivated, in one word reliable technicians.
« The Call for Tender for the selection of the Industrial
Operator could be organized around its ability to write
procedures and to bring qualified personnel.
The rest will come.

‘\ i . | ]
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ﬂlrfu Integration Tools

Productivity may still gain from improvement of small tools

Socks used to transfer cavity string frgm Clean Ropm to Roll-

out Area, suppress time-consuming c¢leaning of caviyspi
* "y p
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£y .
n Irfu Integration Tools

Two more examples, in use:
1) Pre-fabricated et reusable devices for the leak-check of

the cavity string connections — 3 units fabricated and in use.
2) Realization of gate valve support
for its assembly on Cold-Coupler WS:
Design and fabrication taken over
by Alsyom, used for XM22.

Inter-cavity connection leak-check box, including
cold coupler connection, and pre-existing HOM
flanges

24 March 2015 FCC Week @ Washington 24




Laser

.."]Irfu Throughput at Cold Coupler WS ifatsl=s

25

——CC === Prévision

20

A

10

Nombre de jours

A ﬁ XM 41

"’ VY AL LWAVA

O T T T T T T T T T 1
22-nov. 11-janv. 02-mars 21-avr. 10-juin 30-juil. 18-sept. 07-nov. 27-déc. 15-féwr. 06-avr.
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Elrfu Throughput at String Assembly WS ijSg=

X-Ray Free-Electron

Laser

25

—l—5A ——Prévision

20

L

10

Nombre de jours

XM 40

O T T T T T T T T 1
11-janv. 02-mars 21-avr. 10-juin 30-juil. 18-sept. 07-nov. 27-déc. 15-févr. 06-avr.
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X-Ray Free-Electron Laser

Elrfu Throughput at Roll-out WS HXFEL

== R0O == Prévisionnel

20

1T

Nombre de jours

10
A XM 39
5 pd

0 T T T T T T T 1
02-mars 21-avr. 10-juin 30-juil. 18-sept. 07-nov. 27-déc. 15-féwr. 06-avr.
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X-Ray Free-Electron Laser

Elrfu Throughput at Alignment WS 4 XFEL

25

i AL == Prévision

20

SEEAN

” V

5 M\/A&VW o

Reprise Alignement XM35 —

Nombre de jours
— Y

0 T T T T T T T 1
02-mars 21-avr. 10-juin 30-juil. 18-sept. 07-nov. 27-déc. 15-févr. 06-avr.
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Laser

X-Ray Free-Electron

Elrfu Throughput at Cantilever WS HXFE

25

=—fe=CA == Prévision

20

15

m A/

Nombre de jours

XM 37
5 N AT /
\—x/\ene&e/w L@Mﬂ@ﬁ@\/@_ﬂ
0 T T T T T T T 1
02-mars 21-avr. 10-juin 30-juil. 18-sept. 07-nov. 27-déc. 15-févr. 06-avr.
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Laser

X-Ray Free-Electron

Elrfu Throughput at Warm Coupler WS ip4g=

=—8—CO == Prévision

20

15

Nombre de jours

10

XM 36

0 T T T T T T 1
21-avr. 10-juin 30-juil. 18-sept. 07-nov. 27-déc. 15-féwr. 06-avr.
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.."]Irfu Cryomodule Asssembly Time dXFEL

14,0 +

Assembly Time

| AN
8.0 //\\ A

4,0

12,0 |

10,0

2,0 £

0,0 +

T T T T T T T T T T T T T T T T
XM15 XM16 XM17 XM18 XM19 XM20 XM22 XM23 XM24 XM21 XM25 XM27 XM29 XM28 XM30 XM31 XM32

7 x 5 working days = 7 weeks was reached mid-October 2014 with XM15
= the design of the Assembly Infrastructure was sound

-~calendar week -+working week

—~— é - -
0 = —t
__>‘__—\/ \ \;ﬂ___—.—iﬁf—lﬁ;__\_’ﬂ : l e & i_"_'*'_'_‘—A
XM33 XM34 XM26 XM35 XM36 XM37 XM38 XM39 XM40 XM41 XM42 XM43 XM44 XM45 XM46 XM47 XM48 XM49 XMS0 XM51

7 x 4 working days was reached on 5 January 2015 with XM25
= since Jan 2015, one cryomodule built and delivered every 4 days !

This accelerated rate is needed to close the XFEL tunnel mid-2016
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.."]Irfu Cryomodules Deliveries dXFEL

Etat des mises a disposition

B prévisionnel

M réalisé

I

21222324252627282930313233343536373839404142434445464748495051522 3 4 5 6 7 8 91011121314151617

Semain es 2014 Semain es 2015 ——>
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.."]Irfu Quality Control

Quality Control consists in:

1. Inspecting the incoming components

2. Controling the assembly work in person

3. Documenting the controls and non-conformities

Until end of 2014, the quality control group of Alsyom was too small (3
people) in such a way that Documenting and Incoming Inspection was
performed in priority. CEA took the major part of the Assembly Work
Controling, essentially during pre-defined ‘Hold Points’.

The ‘every day’ or ‘random’ controls were too few and this led to many
mal-fabrication, most of them recorded at DESY before or during
cryomodule cold test !

In November 2014, the quality control group of Alsyom was increased
to 5 people which, together with the better organisation, covers the
need of QC.
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.."]Irfu

Non Conformities recorded by Alsyom fall into 3 categories:

1)

2)
3)

Quality Control: Non Conformities

(

Tooling and assembly equipment, from CEA and DESY (pump

stations) (TOOLING)
Accelerator components (PRODUCT)
Assembly operation (PROCESS)

XFEL

X-Ray Free-Electron Laser

MAJ /min <Y
REPARTITION DES NON CONFORMITES

Nombre de Origine PAR CRYOMODULE LIVRES

70

60

50 -

40 -

ggggggggga:ﬁﬂﬂﬂﬂL‘Eﬂﬁﬂﬂﬁﬁﬂ’&‘ﬁ%ﬂ
AR KRERRKRZEIZZZZZZZZZZzzz2z222z2
XXXXXXXXXXXXXXXXXXXX

Ref cryomodule <

XM31

XM32

XM33

XM34

XM35

XM26

Origine g

H TOOLING
PRODUCT

B PROCESS
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.."]Irfu Quality Control: Non Conformities dRFEL

The number of Non Conformities is NOT going down.

N ; N'd
Ref cryomedule ¥ MAJ/min = £y6) UTION DES NON CONFORMITES PAR ORIGINE

Nombre de Origine (De Juillet 2013 a Aot 2014)

160
140
120
100

5 B TOOLING
60 = PRODUCT
40 - m PROCESS
-

U I T T T T T T T T T T T

Mar-14  Apr-14 May-14 Jun-14 Jul-14  Aug-14 Sep-14 Oct-14 Nov-14 Dec-14 Jan-15 Feb-15

Origine g

Month g

But, with better and more efficient detection at Incoming Inspection, the
impact of PRODUCT NC on the module assembly has considerably
decreased, compared to when many NC were discovered ‘on the fly’.
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HXFEL

X-Ray Free-Electron Laser

Elrfu

PROCESS Auto-quality Check Matrix:

Non-conform
product

Quality Control: Non Conformities

Origin of Non-Conform Assembly

Detection of Non-

Conformance X
LICU UT UcLCLUUI 7* _FXUR REC SuUpP SA RO AL CA co SH Total général
REC a7 3 50
CcC 15 15
SA 17 3 20
RO 23 1 17 41
AL 1 8 9
CA 6 1 2 2 11
co 47 3 50
SH 6 1 7
CEA 21 1 2 2 13 9 5 6 59
Total général 183 5 3 5 30 19 7 9 1 262
60% 0% 60% 57% 42% 29% 33% 100% 36%
TAQ

The goal is to detect all the PROCESS Non-Conformities at the Work

Station where they are generated.




.."]Irfu

» Leak test of cavities at reception, requested for
DESY-Saclay safe transport contract:
abandoned after XM4 because:

1. no cavity was found leaky
2. leak test is performed before coupler assembly
3. angle valve mis-manipulation

 RGA rejection rate: about 10 RGA tests are
performed per module:

1. not a single rejection up to XM20

2. mass spectrometers are very unreliable and
introduce delays on cold coupler assembly

3. Corrective action in case of negative RGA on
string or module ??

4. Replace mass spectrometer by leak detector ? 3
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ﬂlrfu Cryomodule Performance

« Cryomodules are tested in cold and HLRF by a large scientist group
from Krakow University in the AMTF facility at DESY.

» All tested modules are on XFEL specs (188 MV per module), on
average 16 % above specs (27.3 MV/m).

« Some very important cavity gradient degradation have been recorded:
XM-3 and XM30 are the two exceptions.

« Pairwise RF distribution was initially foreseen, but must be adapted to
iIndividual distribution in most cases.

Total RF performance (MV) for individual RF distribution

300
280 A

- A a0\ it .
VR

200 —Spec
180 _H — — —i—Proposal
13 —4—AMTF
120 Individual cavities are power limited to 31 MV/m, i.e. cryomodules to 250 MV.

100

$%+\;\W .\*s“'\’ _&\” .\Ss\"' _§’ .\9\"‘ \x(” +\s\‘° _*_\x(‘ +\s\q’ @9 é\'\’ \l\'\,'\' é\'\’ \1\'\' é\'\?‘ ®x+¢»+®x+¢»+®x+¢w @'”1@"/_&” @w:@m+¢w+@m+¢w+@m+& &'\'
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Elrfu Cryomodule Performance : XM30  ifakm=ts

X-Ray Free-Electron Laser

Quench limit
B module
[ vertical
— XFEL goal
'40 — o0 oo . - wH -
o o o = ™ =
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cavity name
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.."]Irfu Cryomodule Performance : XM30 dXFEL
Operating gradient

I module

vertical
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.."]Irfu Conclusions

1.

Cryomodule Assembly is almost inevitably on the critical path of the
acceleration contruction project, once the component production
reaches steady state.

The difficulties of coupler production and assembly have been
underestimated

1. Unlike cavities, coupler production was discontinued (in Europe)
and vendors lost their know-how

2. Coupler assembly is the most complex operation: about 8 couplers
(both cold part and warm part) have been destroyed du to bad
manipulation and/or bad assembly

The XFEL village infrastructure and people will be used for ESS
cryomodules, and are adapted for mass production of a substantial
fraction of the ILC cryomodules (~2000).

We are following closely the FCC needs
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