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CONTINUOUS EB-WELDING
OF THE REINFORCEMENTS

OF THE CMS SUPER CONDUCTOR

Dr. Peter OVING
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COMPANY INFORMATION
CMS SUPERCONDUCTING SOLENOID COIL

EB-WELDING PRODUCTION LINE SET-UP
1. Component handling

2. Electron beam welding

3. High speed machining

4. Final spooling

PROCESS CONTROL
1. Quality control

2. Ultra-Sonic control
3. Dimension check

EXPERIENCE

CONCLUSION
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TECHMETA
INTERNATIONAL PROJECT EXPERIENCE FECTRON BEAV DXPERT
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AEROSPACE
Rocket Reservoirs

AEROSPACE - ARIANE V CERN - CMS
Booster Welding Superconductor Welding Submarine Parts
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TECHMETA
2021 - DEVELOPMENT = INSIDE CAVITY WELDING  “emonesn
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 Equator & Iris Electron Beam welds from the inside

« EB inside welded 1.3GHz Single Cell Tesla
Type Cavity
Cryo temperature tested

Quality factor 1.7x10%° at 35.0MV/M

Maximal Field Gradient 37.3 MV/m at 1.57x10%°
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2022 - 2023 — CONTINUOUS STRIP WELDING

« TECHMETA Strips

« New jobshop entity on separate production site
« Dedicated to continous strip welding > 2 Production Units
* Operational > Begin 2023

« Market > Automobile industry / Electrical cars

AVA

7 SINCE 1964
The Copper Strip

Production Machine

TEGHMETA

amade 4

Continuous Welding

TECHMETA

ELECTRON BEAM EXPERT
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https://techmeta-engineering.com/
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TECHMETA
| CMS SUPERCONDUCTING SOLENOID COIL Y bpicersy

Total weight 12500 t, Overall diameter 15 m, Overall length 21.6 m, Magnetic field 4 Tesla
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TECHMETA
| SUPERCONDUCTOR INSERT & REINFORCEMENT “ o e 2o
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CEA - Saclay 12/98
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TECHMETA
| PURE AL INSERT & AL ALLOY REINFORCEMENT “ 0 200
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« Simultaneous double Electron Beam weld of 2.55km length > OK
« Soft soldering back-up solution

« Alloy co-extrusion > Temperature Critical for Superconductor > NOK

« Simultaneous machining > +/- 50um thickness tolerance

-~
6082 Al Alloy Reinforcement 32 strands 91.28 +0.005
Electron Beam A i f
Welding Connection * Z
/ P 7.8 190 2.34 +0.05
) -V.
2 <
)< ©
Y
AA 6082
99.999% Pure Al Stabilizer El 640 *09
Al 99.998

32 strands Rutherford Type Cable
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TECHMETA
I EB-WELDING PRODUCTION LINE SET-UP ey
Driving Machining EB-Welding Initial 3 coils
E.Utt'lng ?aw Cleaning ~ Cooling Straighteners
Inal col Dimension Checking US Checking Cleaners
= _— 5 pa g1 — [ 1] lgl — [ o5 ol o — INSERT
| | F— R . e |  E— g L | —] ‘ BEnE
Total length: 70 m 4 T ¢ |:] <‘ 4= 0 Q EN AW 6082
2

v

ETHZ

¥

ETHZ

Overall control system
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TECHMETA
-1 COMPONENT HANDLING & PREPARATION FLECTRONBEAY IR EE
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TECHMETA
-1 COMPONENT HANDLING & PREPARATION R i
Pre-straightening

Straightening Cleaning Joining one batch to the other
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TECHMETA
-2 ELECTRON BEAM WELDING SLECTRON BEAM EXGET
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Double gun > Different parameter set
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TECHMETA
-2 ELECTRON BEAM WELDING LECRON Ay Do
Entrance Air-Vacuum lock Exit Air-Vacuum lock
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Metal projection management

Strip lamination for exit lock

12



CMS project - SDM Workshop - CERN — 12th-14th Sept 2022 ©

TECHMETA
-3 DIAMOND TOOL HIGH SPEED MACHINING 0 e
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4 side + 4 corner continious maching
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TECHMETA
-3 DIAMOND TOOL HIGH SPEED MACHINING =7 i
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Machining temperature control Machining dimensional control
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TECHMETA
-4  SPOOLING FINAL REINFORCED STRIP FLECTRON SEAM BrrénT
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2.55km uninterrupted superconductor reinforced strip
15
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TECHMETA
-4 SPOOLING FINAL REINFORCED STRIP O e

Caterpillar traction Coiling control
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TECHMETA
[l PROCESS CONTROL & MANAGEMENT ey
« Control system integrates all synchronised consoles:
- Commands
- Signals
- Alarms

* Man interventions:
- level 1 Operator attention & Operator OK
- level 2 Line stop without operator intervention or judgement
« Automatic parameter recording every 500ms
« Samples Begin/End of batch
* Provided by ETH Zurich:

- EBweld bonding control by US
- Final dimensional control by laser scanning

17
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l1I-1 QUALITY CONTROL

« Stepwise process validation
200m

1km

Full length

Provisionnal
Final

TECHMETA

CMS SC FS5 0001 : Reinforcement by continuous
Electron Beam Welding of the conductor
of the CMS MAGNET

TECHMETA

CMS SC F5 0001 : Reinforcement by continuous
Electron Beam Welding of the conductor
of the CMS MAGNET

TESEY Order N° B 3137 1239920 May 3™ 1999 TEsEY Order N° B 3137 1238920 May 3™ 1209
74370 PRINGY ’ = T4370 PRINGY r i
PROVISIONAL ACCEPTANCE CERTIFICATE Distance Evénamant EEW02 CMS 01
EWOE CAIS D
Data record for conductor N° 0 Dae 121201
: - - Remise i zéro du compteur (lonzueur de rezl inser d8ja utilisée & cet instant = 16,7 m
E roducts - ? >
Basic pioducl _ ' eat-2-dire pazzage du raboutaze au dala da 1z Faizenze.
N spool oumber Expected length Real length - Début de soudsgs pour prise d'achantillon de dbut de production (108 117 047).
A A Feinforcement right Rk 2600 m
A A Peinforcsment left NE 10 2 600 m 381 - Stop pour accrochazs i 1a bobine aprds pralevemant des échantillons de débus da
Feal Inzart CME D1 2393 m production.
Conductar =2 360m - (ho & vitesse &tablie sur le stop pracéden: (14h 007 3077
0 Welding specification Laft weld : DMOS M= 1573 350 - Mesure de la températra (3 égzale distance des 2 soudures, sur I"insert) en sartie du
- =&z et aprés le dispositif de refroidissement (méthode de mesure reproduite lors de
Fight wald - DMOE N 1574 toutes las mesnrag affectnées au cours da 1z production)
235 :205° C
PRODUCTION PARAMETERS MOMITORING - refroidi - 305 C
0 Welding parametars : Copy of CDW® ) N
3308 - Repére longueur soudés {16k 327 3077,
0 Dimenzional - Report ETH CDN® Himenssonal
. - . > = 356,1 - Délnrt d'una zone de 1,2 m de longuenr avec imégularité en surface du cardon de
0.3, : report EMPA | EBWOZCMS 01 LS soudnre Tous les paramétres restent constants durant la duree de I'incident, seules les
0 Drestructive testing - Feport « Laba = Ref. °| APAVE report I prassions résiduslles enceinte et cznon remontent [azdremant.
4056 - Repére longuenr soudée (17h 06" 00°).
T | Mechavical testins : ) i
- — — 3147 - Reepere longueur soudes (18R 017 0077,
Shearing test Minimum required 30MPA
Ses APAVE report 02.0054 Start of spocl (Fef:1d le, 1f | Conforme " 560 - Mesure de |z températars ©  sas 2087 C
Sea ADAVE repart 02,0054 End of spool - Ref : 44, 4a, 41 | Conforme Tefroidi; 367 C
=711 - Stop opérateny fin de jouméa.
- Mettovage sommaire de 1'outillage de soudzge.
Tensile test Breaking in pure Al zone
Sea APAVE report 02.0054 Start of spool - Ref - 1a, 1h, 1c | Conforme - Diate : 131201
Ses APAVE report 020054 End of spool Bef: 42, 4b, 4c | Conforme - (b0 & vitesse &tablie sur le stop précédent (Th $4° 1577}
Comments - Scrathes and surface imreagnlarities have besn eliminated by mamal interventions.
7573 - Stop opérateur suite 3 apparition de rayures post usinage (3h 177 30°7)
- Entration du systéme da guidage de 1a fraisenza.
Conclusion : - Go & vitesse stablie sur le stop précéden: (3h 587 00°).
La bobine du conducteur M° .. EEW02 CHIS01 —12.12.01 est acceptée w705 - Mesure de la tempétatara © sas 211°C
refroidi: 34°C
TECHMETA ETHZ CERN
E_ CERISTIN
------------------ P.L.RIEONI F_FOLCH
WL VITTET
1 8 Memo Reference Mumber : BY I9° BF 436 du 150102 14 150102 214

Memo Refarence Mumber : PV MF EF 436

HMETA

BEAM EXPERT
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Acceptance certificate:
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TECHMETA

[lI-2 ULTRA SONIC CONTROL FECTRONBEAY Er e
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Equipment and operator by ETH Zurich
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[lI-2 ULTRA SONIC CONTROL

Phased array Ultra Sonic system

Same control set-up as Co-extrusion control

Polished

Test-weld Ccross section

<‘ >
E
E ) | ! i i
o~N

f o

Unit length G0 ponding
-«

24 mm

Echo amplitude color code
0% = == 100 %
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TECHMETA

ELECTRON BEAM EXPERT
5{//5(&@/‘/)94/

T T T T T
Phased-array probe

Disbonding

M

Echo amplitude [96]

J \ﬂ,‘ ﬁ
] | Wi, Ji |l

Deapth [mm] Depth [mm]

- s Flectrical discharge in i
- . EB gun (fiash): interrupt of EB of !
s order 0.1 s (fiaw length 1-5 mm)
Overload of electric 1 5
power system: interrupt of EB of ol
order 1 s (flaw length up to 4 cm)
e Wl

In prototype unit:

«bath explosion» due to
superficial pollution
(flaw length 12 cm)

=
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TECHMETA
11I-3 DIMENSION CHECK ELECTRON BEAM EXPERT
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Equipment and operator by ETH Zurich
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11I-3 DIMENSION CHECK

4 inclined laser scanners

* Thickness tolerance 100um

32 strands ©1.28 £0.005 21.70

TECHMETA

ELECTRON BEAM EXPERT
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Max./Min. Thickness of EBW-11/CMS-12

4 Maximum Thickness.
* Minimum Thickness

—

21.6 +8‘1) Seassssssiiiis: 2.34 +0.05

Thickness [mm)]
= w
= k .
-— .
° »
'«

AA 6082 1.45
+0.0
= o3
1.40
Al 99.998 0 200

[Average Thickness: 21.545 £ 0.028 mm |

22

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Length [m]
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TECHMETA

IV EXPERIENCE Epieeriy
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Processing of stiff bars before and after welding
Micrometer machining of profile in movement
Managing the risk of overheating of Rutherford cable

High quality electron beam welding within specifications
Managing of large number of operations at synchronised work stations

Production process management & guality assessment

Greatest challenge === Simultaneous control of work stations
Electronbeam welding === No special issues

Specification adjustement: === 30mm non bonded allowed
stop & restart after 12h welding
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TIME LINE
1999

1999-2000

2001-03

2003..

2003.. 2022

TECHMETA
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> Order May 3th
> Realisation of equipment

> Production period — Succesful cooperation with ETHZ
20 coils of 2.55km + 1 test coill
No retreatment of complete coil
No major incident

> TECHMETA: Cristal Globe Award 2003 from CERN/CM
> CMS - Succesfull assembly of High field coill

> TECHMETA's developments and skills:
Improved Flash management
Improved Beam generation & guidance
High speed seam tracking
Ultra sonic testing

> CMS - Succesfull use of high field coill
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Reinforcement EB-welding

Proven process
\";

2023 and further on...

TE > Ready for new challenges

OUR EB SOLUTIONS MEET ALL YOUR CHALLENGES

TECHMETA

ff-raa/ireeﬁ/}g}

‘Simplicity is complexity resolved’— C. Brancusi 141 route desMachurettes
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