Lancaster EE= -
University © -

égC.

HC

Industrial experience with cryomodule
components

11%" HL-LHC collaboration meeting
Joel Sauza Bedolla

Lancaster University — UK Collaboration

21/10/2021 HL-LHC collaboration meeting, Joel Sauza, j.sauzabedolla@lancaster.ac.uk



CERN

\
NS

Technical specifications

21/10/2021

Summary

Engineering | Lancaster E=3
University ©-©

Procurement
Quality

MTF-Travellers
i i

Welcante to the MTF Application Homepage

HCACFVT004-UK000001

Science and
ﬁ Technology
Facilities Council

Assembly
Coordination

HL-LHC collaboration meeting, Joel Sauza, j.sauzabedolla@lancaster.ac.uk

LancasterE >
University £-*

A

N O L O G Y

Fabrication



https://edms.cern.ch/ui/#!master/navigator/external?P:1010123152:A:HCACFVT004-UK000001

. j . Lancaster E=3
HL-|LHC PROJ_ECTl- The SUppller UnlverSIty

* ALCA Technology is located in Schio,
north of Vicenza (ltaly).

* HV and UHV components
* Specialized in welding and assembly
* Machining subcontracted
* Many suppliers in the range of 10 km
* Steel procurement included in the order

* Same supplier of DQW vessel

* The design of the RFD is significantly
different
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* Finishing of the single part

CE?W * Metrology
\

7 _~ *  Weld

*  Metrology

Flexibility for the supplier

* Pre-shape of the parts
* Weld

} ALCA * Finishing of the parts

* Metrology (See slide 9)
* Part references datums hidden

* Measurement of both single part drawings and
assembly drawing
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* Due to the pandemic almost all communication was done trough mails and calls.

* | asked several times for a thorough kick-off meeting but:
* Drawings were not officially released when the contract was signed.
* The company refused to hold the meeting.
* When the drawings were released they started immediately to work.

* This is key for some of the NC that arose later:
* Flanges’ Material (Slide 11).
* Screws’ material (Slide 13).
* They had a previous experience working with CERN (and other labs) but in this case it was a
different situation.
* They required QA/QC for this vessel was increased with respect to the DQW. The company
failed to realise the difference.
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* The material was found through the supplier network
The steel 1.4435 with low Co content (<0,3%)* was “easily” found in Germany.

* Roughing was performed by the same steel supplier (taking some risks)

—
Kemi&na Analiza | Chemical Composition / Chemische Zusammensetzung O et
St Sarzef Heat No./ Schmelzen Nr. 311266
%C I %Si | %Mn ] W | %S | %Cr | %N | %Cu | %Mo | %Ti [ %hb %N
0,026 0,487 1,986 | 0033 | 00004 | 1777 | 128 | 0,229 | 2576 | 0003 | 0006 | 00705
%B B  %Co |
0,0001 Nl 0133 |
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Kemi¢na Analiza / Chemical Composition / Chemische Zusammensetzung
St. Sare/ Heat No./ Schmelzen Nr. [314587
%C | %S| [ %Mn { %P ; %S i %Cr i %Ni f %Cu f %Mo | %Ti [ %Nb [ %N
0,029 0,4 1,574 0,034 0,0004 17,66 12,62 0,261 2502 | 0003 | 0008 | 00744 = —
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The production started with the certificates of the main components. Material certificates of tubes and flanges to
be provided afterwards. The supply is normally done in a different period. See slide 11

* Derogation 2322525
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Certificato 2.2 TRADARC S.r.l. UNIPERSONALE
Test Report 2.

secondo/ as per : EN 10204 Via Vegri 11
No.:  No.: 2020-2014551904-90-105233-003 36010 ZANE'
Rev. 0 Page. Page:1/1 ltalia
OrgineN®  POno. 99535

Ordine N Orderno. 1014231637

* The specification EDMS 2101924 allowed a certain flexibility e e
1-0 Choose 1-he filler mqteriQI. AWS AS.9: ER316LSI i

* Suggested ER317L. If different the filler, it shall be austenitic and FN T S
<10. Material certificate according to EN 10204 test report 2,2. ST anar

* Supplier initially chose ER316LSi (austenitic with part ferrite) il - e BF -

> 380 =420 2560 [ 235 |

e ER317L too austenitic oW SO Sl 1O

Medio Average | |

N
Kvid KV/J mm % PWHT Remarks

* Different methods to calculate the FN. For the same filler: FN 14 (Delong) o | |
or a FN 8 (Schaeffler)

* Test report EN10204 type 3,1 is also acceptable a— CERTIFICATO DI COLLAUDO/

SA
=== INSPECTION CERTIFICATE

* WQTC not fully conform for ER316LSi e

* Finally, agreed by all partners to use mainly ER316L (ER316LSi just for
external welds as per WPQR).

* Only one WQTC needed requalification.

ANALISI CHIMICA/
CHEMICAL ANALYSIS

z 3

na: lra/Auxiliary
. ofe . . Quanticd & c 0.02%
* Technical specification corrected for the series. o o i
ENISO 14343-A- W13 123L Si S 0.01%
SFA/AWS AS.9: ER316LSI Cr 183%
rkstoffr T1.4430 Ni 113:.
Mo

Cu 016 -
N EH]?E“,-.
Co T

Ferrite FN E
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3 welding books
21 Manufacturer’s Welding Procedure Specification (WPS)

5 Welding Procedure Qualification Record (WPQR)
4 Welder’s Qualification Test Certificate (WQTC)
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WELDING  BOOK
LHCACFVTODES

RON-DESTRUCTIVE EXAMS
Wigudl ihspectioh:

100%
Leak test: 100%
Radiegraphic exarmination:,’

NON-DESTRUCTIVE EXaME
Wigual inspection: 100%
Ledk test: 100%
Radiographic exdmindtion: )

W.E.21576-1

Rev 0D | Pag di 2

WPOR: we—-21
WEs: E15/6—Wh0
WATC: Wa—034

WRPOR: wWF-21
WPS: 21376—W20
WATC: Wa—03a

WOI0—WC4D

28

ROKN-DESTRUCTVE Exams
Visual inspection: 1008
Leak test: /

Radiographic examindtion:/

WPOR: WP—013
WES 21276—W40
WATC: Wa—028

ROM-DESTRUCTIVE EXaM:
Wisdal inspection: 1008
Ledk test:

Radiogrdphic exdmindtion:

WFQR: WP-013
WFS: 21576-W30
WATC: Wa—02E8
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* Top plate was measured first

* First reports lacked of tolerance identification.

-

* Measured dimensions were not in the drawing.
* Different Datum reference system.

CERCHIO19

e Several iterations of corrections.

* Bottom welded assembly

* Measurements of single parts/assembly drawings

. . IEP I MM I POS1Y - CERCHIOLD
e L f all th |
ong revision or d the tolerances as NOMINALE  MIS +T0L ToL DEV FUORITOL
o] 127.000 127,194 0,300 0.000 0.134 0.000 .
i | MM | POS20 - CERCHIORD
AS NOMINALE ~ MIS +T0L -ToL DEV FUCRITOL
o 127.000 127.190 0.300 0.000 0.190 0.000 |, —
IEP I MM I POs21 - CERCHIOZ1
AS NOMINALE ~ MIS +T0L -ToL DEV FUCRITOL
X -289.750 -289.841 0.500 0.500 -0.091 0.000 [ —
¥ 1110.750 1110.667 0.500 0,500 -0.083 0.000 LW
R 122.500 122,424 0,200 -0.300 0076 0.000 | .
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M
(2751.5) o
a5 — | MM | DIST3 - PIANG6 SU PIANG7 (ASSEY)
D19 psas /;__ A AS NOMINALE ~ MIS +TOL ToL DEV FUORITOL
. e
DIE | A/ = b7 & M Qf 250.000 249.792 0.500 -0.500 -0.208 0.000 1
+ ‘ o w LAl ‘ L) LEJ ‘, LE] LAl
| bl P -,“—J , | _I'—:JI_'4"" el — | | DIST4 - PIANO? SU PIANOS (ASSEY)
AS NOMINALE  MIS +TOL ToL DEV FUORITOL
M Qﬁ §70.000 869.956 0.500 -0.500 -0.044 0.000 [ E—
g — | MM | DISTS - PIANG1 SU PIANGS (ASSEZ)
L~
" AS NOMINALE ~ MIS +TOL oL DEV FUORITOL
M 179.000 179.278 0.500 -0.500 0.278 0.000 —
— | MM | DISTG - PIANGS SU PIAND10 (ASSEZ)
AS NOMINALE  MIS +TOL ToL DEV FUORITOL
M Qf 570.000 569.992 0.500 -0.500 -0.008 0.000 I —
g Q077 wlkig
—o

* NC: Welding lip reduction of the Top plate (1 mm) and bottom welded assembly (2 mm overall).
* NC: holes at the bottom/side for the transport
« Metrology still to be improved for the series
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CERN always supplies the material for their orders. All quality checks (chemical composition,
certificates, UT) are done at CERN.

The supplier did not have experience on supplying material certificates to CERN.

ALCA welded the top plate flanges before sending the material reports.

* They have used the same flanges for other research institutes.

The flanges material were not conform to CERN specifications.

EDMS 790775 (CERN spec 1001) Forged blanks for UHV: The process shall include a mandatory
Electro Slag Remelting (ESR) step. Multi-directional forged.

* The report does not include UT inspection (i.e. 100% volumetric inspection) using bars without UT
control can entail risks if imperfections are present.

* The chemical analysis is for the heat only and not to the final product.
* Inclusion content reported is method A instead of method D.

* The certificate seems to be for a D115mm bar instead of the final bar diameter. (If the bar has
been re-forged to a smaller diameter we would need the certificate of the final state).
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Erzpugrisfos

Pigoect
kool Su) Reinheitsgrad/mi
Astordergen Rev 2 08/18 2STM E 45, Meth. A:
Roquiroments DIN EN 10088 -3 12/14
DIN EN 10272 10/16
Sesichigung und MaBnackprilung Erschenolzung Nachbahandlung ‘~'e!'-'v'ef_h5{ul'-gs:t i#urg (spaciroanalytisch)
Inzpoction and dimansional cantrol Maltingpmcass/sscondary iwéning Identificaton tast (spectral-analysis) ) S = X A
Inspaction &t contrdle de dimansion Mode d élaborationteaitement ullénaur -'-:]!"‘“!"3" o idenuticabon(analyse spectrala) 100% Risspriifung (Wirbelstrompri na test) acc.to
ohn BE- VO / E ohne Beanstandung _ e i ) 5 2o
chne Beanstandung 3 oD / ESU " ' = DIN EN 10221 01/96, Klasse/class chne
without Obijt-u without cbhieczion
Poa. Anzahl Abmassung Genictt Schmatz-Ne Ferzlqlng nach QM-System ISO 9001: 2015/ QM system imn effect is ISC 9001: 2015
Ham Quarsy Dimansion Weignt HaarNo e
Poste Quansné Oimensions Paiis No. de coulde Zertifi ch / certificated
- i ohne liegt unter der Nachweisgrenze
1 4 1784 kg 437945 QAN d
Schmelze P S Cr Mo Ni N a thout objection, the alue is n
Hent %
437945 0,010 . 0,023 0,0003 16,72 2,58 13,69 0,1746 0,044
Wiemebeh:
Cordibon of heal trea! solution annealed
Probe-Nr. Lage Temp.|Rp0,2 Epl,0 Rm A5 A Kerbschlagarbeit Probenform Harne
E - Impact value Shape of test piece Hardness
Test-No. loe. i°C N/mm? N/mm? N/ mm? 3 5 J Charpy-V C HBW

Scll/Rag. L R

=308 peais  pee00  oudd * |t is more than chemical analysis!

L >=155
091MEL L RT 342 385 3 14 217 220 217 RT 177 L4 A NC i d
091ME2 L RT 0340 380 660 44 78 219 223 215 RT wdas rdise
091MEL L 300 1217 50

Priifort/test location: 127,5 mm i USe gI’CInTed fOI’ fhis Vessel

Korngrdfe/grain sizef] ASTM E 112: 5.5 I

* For the future

* Buy the flanges from CERN
* Buy from CERN suppliers

Magnetische Permeabilitdt/magnetic permeability
t/ ired <=1,005 pr, Istwert/actual value: 1,004 pr

Reinheitsgrad/micreo purity DIN 50602/K: Kl = !

igkeit/intercrystalline corrosion DIN EN ISO 3651-2:
tandung/without objection.

HL-LHC collabo i dolla@lancaster.a
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HiLum y Factory Acceptance Test University

* The lifting test was not completely defined in the technical specification and in the
contract.

* During the mounting of the lifting elements it was noticed that the screws were not
of the requested grade (8.8 instead of A4-100)
* Avoid putting in contact stainless steel with stainless steel

* The material is not fully specified in the drawings but it was written in the contract and technical
specification
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Actual

Traceability of Materials
Cutting and Rough machining
Vacuum Vessel Welding

Vibrating Stress Relieving

Visual check

Final Machining
Dimensional Control
Final Welding (tubes and
flanges)

Visual check

Visual check sealing surfaces
after blasting outside and
pickling inside

Final cleaning and assembly

Trial Fitting
He Leak Test
Lifting Test
FAT Test

Ready for transportation

10
15
20
25
30
35
40

45
50

55
60

65

70
75
80
85
90
95
100
105
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Request for series

Traceability of Materials (main components)
Cutting and rough machining

Vacuum Vessel Welding

Vibrating Stress Relieving

Visual check

Final Machining ~ Separate material certificates
Traceability of Materials (tubes and flanges) . Of main pal‘tS and ﬂanges

Dimensional Control of top plate

Final welding (tubes and flanges) top plate Top p|ate
Dimension control of tubes and flanges after

welding (Top plate)

Dimensional Control of bottom welded assembly
Final welding (tubes and flanges) top plate
Dimension control of tubes and flanges after BOttOm Welded assembly
welding (Bottom welded assembly)

Visual check

Local pickling

Final cleaning

Trial Fitting

He Leak Test

Lifting Test

FAT test

Ready for transportation
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The lessons learned will be formalised in EDMS 2641589

A proper kick-off meeting analysing all related document is necessary even if
(especially if) the company has experience working with CERN

Material certificates are of primarily importance and they can delay the project

|dentification of inconsistencies in the technical specifications to be corrected for
the series

NC are not to be hidden. It is better to know the issues, evaluate the impact and
correct

MTF modification proposed for series production
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Questions?

* Thanks to (but not only):
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T. Jones, C. Guerra Granjeiro, E. Jordan
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G. Burt

A. Zaltron, A. Lanaro
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