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Motivations to go to high density energy beam

‘ History of Electron Beam Welding and Laser Beam Welding
\

‘ Main principle on beam-matter interaction
i

‘ Technologies

]
‘ Welded Joint design
/]

‘ Weldability of materials and illustrations with HEP examples
//

‘ Normative and safety hot topics
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Electron and laser beams

Electrons e™
Rest mass: 9.1 - 1073 kg
Speed: at 10kV =>30% c
at 270kV =>70% c

Their kinetic energy is used for welding
Wavelength (de Broglie) 4 0.01 nm down to 0.002nm

Photons
Transparent through air and inert gases
Specific wavelength:
CO2 laser : =10 000 nm
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Peak power

.

Time

Different wavelengths

Different particle energies:

Very different material
interaction mechanisms
EBW is more efficient.

IR laser: A= 1070nm => energies of 1.16 eV
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Electron Beam
Welding (EBW)

Welding with high energy density

Laser Beam
Welding (LBW)

[
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Power density (W/cm?)

P

Electron beam Laser Plasma ArC Spatial distribution (mm)
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Benefits of Increased energy density
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Benefits of Increased energy density
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Benefits of Increased energy density
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Courtesy of ASM Handbook vol 6A

lTime required for melting T Welding speed
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History

How and when was it invented ?
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History of electron beam welding

Early 1950s: Dr Steigerwald obtained the first welds when
manipulating electron microscopes.

At the same time, Dr Jacques-Andre Stohr, looking to weld
reactive materials with X-ray tubes began to develop EBW at
CEA.

T
L

" Dr Stéigerwald

. . . First EBW hine (G - 1952
1950s: First EBW machines thanks to well understood science ¥ B e (S TR

behind production, acceleration and focusing of EB.

1960s: High voltage (125 — 150 kV) EBW systems sold by

Carl Zeiss. ot

1970s: EB welding became the technology of choice for high \x q;\

precision weld (driven by the nuclear and aerospace industries). .K,’»
1A

The largest and more powerful EB welder to date (from Japan) Dr J. A Stohr
300kW at 600KV, it was able to penetrate 305 mm of steel.

First EBW machine in France (1956)

Source: An international history of electron beam welding — Dietrich v. Dobeneck
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History of electron beams at CERN

Long tradition driven by the need to weld reactive materials
(niobium, titanium, tantalum and many others)

EB Welding machine 1965

EL

lt___t,:, ' p j,‘ ' : ,5.',;-;

New large vacuum tank for CERN’s
main-workshop’s EBW machine
CERN Annual report 1975

Electron'beam welding machine for the
superfonducting cavity LEP
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History of Laser welding =

Light
Amplification by
Stimulated
Emission of 3
f At 4 IRV A
Radlatlon ' First 2 axis laser cutting machine (1975,
Laser - Work AG, Switzerland)
The History of laser cutting — P. A. Hilton, TWI. ‘
First development from Pioneering work by Schawlow and Townes at Bell Labs First CO2 laser machine at CERN
(Infrared MASERS) (1980s)
1000000
1960: The first working laser, the Ruby laser, was developed by Theodore
M al m an o +Single-mode . . |
1960s: Gas laser (He/Ne, then CO2): Power scaling thanks to heat 5 - e
management. e . :.’
g <
2000s: Boom of fibre laser sources, providing high efficiency. Widespread 5 0
adoption of fiber-delivered laser systems in industrial applications. e 2
'. courtesy IPG Photonics |

1 *

1993 1995 1998 2001 2004 2006 2009 2012 2014 2017
Growth in power of IPG fiber-laser in the past 25 years
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Main principle

Of the beam — material interaction

2024-06-10
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Welding with a powerful beam

Heat conduction welding
Solidified  Melt pool Laser beam 10°
melt pol Cutting and drilling
104 -
Aspect ratio: B
[:z/elgf’f:<1 <103 - Keyhole-mode
Typ. 1/2 g welding
o
o 102 -
ks
Deep penetration welding -E Conduction-mode
Metal vapor 8 10 - WEIdIng
e
Plasma <E
1 _
No melting
Aspect ratio: 107 ' ' ' ' ' ' ' ' '
> 1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ep

Beam diameter, mm

Keyhole

Courtesy of J. Helm et al. & Elmer et al.
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The Keyhole welding regime with EBW

Electron beam

Beam scan direction

Beam hole -

)

Molten
metal

-
(
a
200 mm
foimnt

.
-
-
o =

a
High vapour pressure. W \
d —

Cross section
of weld

Courtesy Laserline
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Keyhole welding

Laser beam

Metal vapor/ plasma

Keyhole

Melt pool

Weld seam

Work piece

0 | Welding Il: Beam welding | CAS - Mechanical & Materials Engineering
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Examples of Keyhole and condution welds

Conduction Keyhole

WW9TSs 9T

16
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Technologies

To generate electron and laser beams

2024-06-10 R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering
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The Electron Beam Welding Machine

D GUN
CHAMBER

Filament
Cathode
e -
Anode
[
CHAMBER
VACUUM
Focus Colls

Defection Colls

Courtesy of Steigerwald Strahltechnik GmbH
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A low vacuum induced a large dispersion of the electron beam

V9 |0A YoogpueH ASY Jo Asalno)

Importance of the vacuum for EBW

760 torr

500 torr

250 torr

50 torr 5 torr

Pressure, torr
0001 002 02 50 760
T T
80
*
S 60
E
2
% 40
ES
20

0.13 2.

27 6.7 x108 1 x10%

Partial- vac Quik-vac

High vacuum

@

ENGINEERING
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Medium vacuum
Pressure. Pa

Nonvacuum

2024-06-10

A Non-Vacuum EBW machine

R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering

Courtesy PTR EB
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Cathode

Cathode Bias cup
Bias Cup ) \ Anode
Anode Vacuum

I.F ;¥ throttle

Restrictor

Column Valve @ C°|umn

valve

-
-
< ! = :
ﬂ \ ’ Stigmator
Stigmator Coll 5 .
o . ! ,Vl_agnettc
|E Electro- b e > i ]
magnetic | it 4 . i Deflection
- system
Focus Coil !
!
—— Workpiece
Deflection Coil .
C‘E/RW ﬁ) E::Lﬁ::;i R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering 20



: Simultane@gsii 5
Deflecting system Clectron e
J Prehea_tfngé'_m-;;
2. Welding 222 -
3. Cosmetic Passs

Static deflection

= Simple translation of the beam

= Alignment with optical reference

= Manual alignment from the operator during welding

Dynamic deflection

= Fast movement of the beam
= Allows to sustain several meltpools at the same time Funktion 01: [ ] Funktion0g: > |
= Allows rapid beam deflection

Funktion 03 : Funktion 11:
Funktion 04 : Funktion 12: [ <]
Funktion 05: [ ) | Funktion 13: [ > |
Funktion 06 : @l Funktion 14 :
Tk Funktion 07 : @I Funktion 15:
- Funktion 08 : El Funktion 16 : El

current |,

Courtesy PTR EB
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Internal welding with additional beam deflector

CERN EB deflector

Electromagnetic Deflection of the EB

(@)
c

: two passes welding
¥ sl i
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Keyhole 1st pass Conduction pass
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The LASER light

The laser radiation is:

» Monochromatic
» Unidirectionnal (Low divergence)

» Coherentin time and space

Laser pumping energy fw-»—hv J— "“‘3 ——
ofoctive M F rtiv
retlective Mirror Partly Reflective Mirror "

Gain medium

Resonating Medium Credit: Kimbar adapted from Masur [CC BY-SA 3.0]
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Principle of laser beam weldinag

Process Fibre"

Laserhead " g 3 |

Welding shielding
gas pipe

Protective gas (Ar / He / N2)
Work bench

gas pipe
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| aser sources for material
CO2 SLAB Laser (gas)

Cooling Water (in)
RF-Excitation

Cooling Water (out)

Output Mirror

Beam forming Gas Discharge

RF-Electrodes
(dielectric coating)

Laser Beam

PREMIX laser gas

processing

YAG and Disk laser (solid)

Solid state Pump Light
Gain Medium e.g. Nd:YAG
\ Photon
o <Q pump ' prisms  mirror output
beam
0 o Laser I coupler
Output
laser
Total reflector /g /g ? Partial reflector beam
Pump Light

Direct Diode laser (electronic)

DC Power Supply Mirror

Gain Medium
(Semiconductor)

Mirror

2024-06-10
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Fibre laser (Solid)

Gain Medium
Rare earth - doped Fiber

Diode
Pumps Diode / Fiber
Signal Combiner
/ I I I I I Output Fiber
|

Semi-refective
Bragg Grating

Refective
Bragg Grating

Mirror
(Fiber Bragg grating)

Partial mirror

High brightness
Low brightness High power signal
High power pump

(Small diffraction)

(Large diffraction)

I

Cladding
(Pump waveguide)

Doped core
(Signal waveguide)

Courtesy of rpmclasers
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Comparison of the laser sources (and EB)

Source Power Efficiency
CO2 45 kW 20%
Nd:YAG 4 KW 6-10% 100
Fibre 50 kW Up to 40% :
Disk 16 kW 15%
g 104
g :
= |
=== E E |
& 1 1 |
o ] . i
‘ ; +
| |
I I
10 100 1000 10000 100000

Beam Power (W)

C\ER/—NW' ﬁ; EE:L’LETE;'E'L‘i 2024-06-10 R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering 27



Laser beam delivery and processing head

Laser Welding Head

Laser light
7 :I Central core
i >O<: diameter 100-1000 mi
Camera
aser rod Laser coupling unit Fiber cable Collimator
Connector lens ] ]
L Dichroic
. ,»/ mirror
Fiber
7
/ | Laser Focus lens
/1 X Cover slide
’(/,
PROCESSING FIBERS | \js . FEEDING FIBER |
— Courtesy IPG Photonics and fabricatingandmetalworking

28

DEPARTMENT

@ ﬁ) ENGINEERING 2024-06-10 R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering



CE/RW
\

N

&

ENGINEERING
DEPARTMENT

Joint design

Important considerations for Beam Welding

2024-06-10 R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering
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Partial penetration welds

* Frequently used since the weld bead tends to have good geometries.
* Root defects called «spikes» are intrinsic to this type of welds when using sharp focus.
« Degassing of weld pool occurs only from one side, which can lead to a greater porosity rate.

* For thick plates (limit approximately around 60 mm) the horizontal position is recommended.

Good practice for circular welds (reduces stresses)

Cw ENGINEERING 30
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Full penetration welds

« Degassing from both sides which limits porosity
* No spikes

* Weld positions

— Vertical position (PA), Penetrations >30mm become difficult.— Geometrical imperfections: undercuts and shrinkage
grooves

— Horizontal position (PC) is recommended for thick plates

- Beam stopper: in keyhole mode spattering is unavoidable in the root side. Severity of this phenomena increases
with the thickness of the material. Beam stoppers are used to minimise this issue and protect the inner side of
the piece from the beam.l Y

L g
NN

| AN
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Beam welded assemblies — |
joint design and preparation U\

(a) Melt-through weld (b) Square-groove weld (c) Square-groove weld; (d) Square-groove weld;
Weld ELECTRON BEAM
metal

e i s

[~Weld metal

rabbeted, self-aligning joint rabbeted, self-backing joint

UNEQuAL t

Corner joints

n UNEQUAL ¢ R UNEQuUAL ¢
E (a) Square-groove weld (b) Square-groove weld; (¢) Square-groove weld; (d) Square-groove weld;
- — flush jOim stepped iOim robbeted, self—uhgnmg ]OIN (e) Square-groove weld; (f) Melt-through weld; (g) Square-groove weld; (h) Corner-flange weld
O double-rabbeted, double-rabbeted, double-rabbeted,
u — self-backing joint self-aligning joint self-backing joint
-
-]
m
UNEQuAL ¢ n
(e) Square-groove (f) Square-groove (g) Square-groove (h) Square-groove (j) Sluni-grooe weld; "q_)' l
weld; rabbeted, weld; double-rabbeted,  weld; integral-filler- weld; integral-filler- slant-butt joint //////////// Y Y
self-backing joint self-backing joint metal lip joint metal shoulder joint g AN W
U) bt Spotweid (d) Spike weld or spot weld
G | |
2
ELS:ZTAON! Weld metal g % E \?/
, -\
ELeEECYRW Wi \\\\\\\\ ////
am eld metal m %@ E
.|(L) e (e) Flange joint i) Edge joint
c = =
(@) 9
= <D & = WY
2 c . E (@ T-joint (h) Plug joint
= o o
LL (a) Melt-through weld (b) Single square-groove weld (c) Double square-groove weld LIJ (a) Thick (b) Thin (¢) Thin )
section to section to section to
thick section thin section thick section T %
(i) Corner weld Kissing weld
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Preparation for High energy beam weld

Geometrical considerations

Gaps

| b
| [ VY]
_)||<_ ——!

Minimal
gap

» <5% of the
material
thickness

 Strategies for
bridging larger
gaps exists

 Leads to concave
welds!

CE{W ENGINEERING
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Misalignment

<0.1le

e

]
v Y v
]
I

<10% of sheet
thickness

(depending on
guality level

Chamfers
_> l <_' .S l Lo
) f
RN

locate the
joint.

« Sharp angles
pref.

 High stresses in the
head of the weld

 Concave weld

Roughness

b

— >

Rough Lack of thickness at
machining the weld bead

Ral.6/3.2umis
the required
quality for the joint
surface.
Consequences:

1SO13919) gior;etry - » Shrinkage
 Shadow whic . .
makes it difficult to Porc_)S'ty rate
locate the joint  Residual stresses
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Preparation for High energy beam weld
Other considerations

Edge oxidation removal

Trapped volumes Tooling outgassing

EDM / laser / water jet cutting

]
™ Zone to be removed Outgassing :|v[
Trapped volume .
before welding

>
A/ Foreign materials
T Brazing filler — to be removed by

l l_{ machining before beam welding

Minimal volume
Laser is less sensible to this problem since it L
usually works at atmospheric pressure

|
) B

(C\E/RWE\ ﬁ) ENGINEERING 2024-06-10 R. Gerard | Welding Il: Beam welding | CAS - Mechanical & Materials Engineering 34
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Beam welding defects

TOTAL S+P+B [WT %]

i ; [ 1 : [
0.11 +— -
= = SUUTALA[Arc] = PACARYILWI O TYPE a16L
i O TYPE 304L X TYPE 32Wo
0.09 + T T Y |
0.08 e ’ ,.
0.06 +—
0.04 ] s
0.03 4 ——— e 7éLo ,
0.02 +———— X j 2o rss————
0.01
0 T f
13 1.4 1.6 16 1.7 1.8 1.9
/ Cr/Ni EQUIVALENT
- Cr Eq. » Gr + 1.37Mo + 1.68} + 2Nb + 3T|
Hot Cracking NI Eq. = Nl + 0.31Mn + 22C + 14.2N ¢+ Cu

duete copper traces
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Beam welding defects

Trajectory of electron beam

Joint line

\

»

Hot cracang
duete copper traces
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Weldability of
materials

And their applications in High Energy Physics
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Steel and Nickel alloy

Stainless steel is the most common material for beam welding
In High Energy Physics

Austenitic Stainless steels have a good general weldabillity.
Care should be taken for hot cracking (due to impurities
(S,P,B)).

strong degassing of Nitrogen
in vacuum (316LN) can lead
to more eruptive process

Duplex steel (austenitic-ferritic): outgassing of N and Cr may
reduce corrosion resistance

Pur Ni, Ni-Cu and Ni-Fe alloys can be advantageously welded
by beam welding. In most cases without difficulty.

(C\EFWE\ ﬁ) ENGINEERING 2024-06-10 R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering 38
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Aluminium and its alloys

Electrons destroy the alumina layer easily (compared to arc processes). — T
Depths of penetration up to 200 mm with a good aspect ratio are (From Cross)
obtained with EBW.

Al-Si

Despite high surface reflectivity to infrared laser radiation, good results (From Singer and Jennings)
are also obtained with laser. CO, and powerful fibre laser can achieve /\
penetrations in the range of 20-30 mm.

o

Al-Cu
(From Pumphrey

Relative crack sensitivity

and Lyons)
Series 5000 (Al-Mg): good weldability (risk of porosity in EBW due to Mg
degassing under vacuum). ° .
(From Dowd)
Series 2000 (Al-Cu), Series 4000 (Al-Si) and series 6000 (Al-Mg-Si): 0 -
attention must be paid to the risk of hot cracking. /\""".‘.‘..‘5‘331:::;;‘;?"'"

0 | 1 1 1 | ] |

0 1 2 3 q 5 6 7 8
For castings, porosity rate is very high (high H, content). Welding under B rtony of A Handbock ol 6
vacuum not recommended.

(C\E\/RWE\ ﬁ) ENGINEERING 2024-06-10 R. Gerard | Welding Il: Beam welding | CAS - Mechanical & Materials Engineering 44
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Aluminium and its alloys

_—
CLIC Sub-harmonic buncher

!

Einstein Telescope
Pure Al hammer

2 I

* CMS conductor
Continuous EBW process

DEPARTMENT

C\E/RW ﬁ) ENGINEERING 2024-06-10 R. Gerard | Welding Il: Beam welding | CAS - Mechanical & Materials Engineering 45



Copper and copper alloys

Most of cooper alloys are weldable by EBW.
Except for brass, Zn boiling point 910°C

Welding by laser is very difficult due to reflection.
Bright Infrared, Green and blue lasers improve the absorption coefficient.

For OF and OFE copper (Oxygen 0.001% max) weldabillity is good. The
physical properties of cooper limit the depth of penetration.

High thermal conductivity and thermal expansion coefficient lead sometimes
to important welding shrinkage depending on the heat input. Fitting needs
to be tight to homogenize heat distribution.

The depth of penetration is very sensible to this heat pumping effect.

CERN ENGINEERING
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PC Crab cavity PIMS (plug In Modules)‘

M. Redondas — EN/MME/FW — May 2021



Refractory and reactive metals

Ti and its alloys have a good weldability by EB and LB.
Welding under vacuum is preferred.

Nb has a very good weldability, with special attention to the
quality of vacuum. Welded by EB (P <5 x 10~ mbar).

W, Mo and its alloys are also weldable, but with very low

ductility of the joint.

CE{W ENGINEERING
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Refractory and reactive metals

elding omputer Aldec z 0

W crab cavity

=

’u'fl*"'.\. < g i e L [ £ & et 2pN|

T R e 98 W ms
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Dissimilar joint .

m Many combinaison possible
With or without the use of filler material (often in the form of a foil at the interface) 2000

m Pro’s of beam welding: high intensity and precise position of

the beam

Stainless éelnd copper

2000 um

CE/RW ENGINEERING
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Atomic Percent Niobium

2400

Temperature °C

L1 20 30 40 50 B0 o B0 a0 Lo
i L A ' i i Loy 4 )

Copper — Niobium phase diagram
showing good solubility

Nb and Cu

Nb and Cu tensile test showing
advantageous rupture in the niobium base
material

2024-06-10 R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering 50
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Normative and
safety aspects

The specificities of High energy Beam Welding

2024-06-10 R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering



Weld qualification according to int. standards !

Definition of a Welding procedurelSO 15609-3 (EB) & -4 (Laser)

PRELINMIINARY i“'”ﬂf‘t’n =T
_ reg e oy =
it zerland WWELDIMNG PROCEDURE o Deflection AT oae ]
SPECIFICATIOCMN Anvpiitonaie v 2
Woelding SProcess. Electron oot Location - Buildirg 1O [P Fregowency (Hz)
WWeildimng (NWe SR ooc. ISO 205F) Pwise fnterns ol
Ref. stana'ora's oy MNo - IZOS532531
Project: g e TACK VWWELDING PARSAME TERS
PREFARATIOMN nAosk Higihr Voltoge (kW)
ST e Horizontal butt weld with st | Singile Do biles Simgle Yiraorking distanoe frrsar) T Prirarory Focws el | I
WAelaing oositiom . | S | Sockding [(Bass MMaetal) 1, V] = Ay (TS
JOI T SEKETCH o siope (el ET=] Tack Gistance ~ F2 (rrrrl
W LN Dowvrn siope (errereld = Beorm O (FakC
= Repartition Segrarents enoth frrererd
~ - - Faractionn Ea A
T B bl e o Fregowernoy (He) = a] AT
T - Pailsarion Fregoency (He)- Prads
P I | CATHODE
- — caa | L | Secrioning rromrmd - e e o ey
CRMHZFMNW_ 6659 CRMHZ MWW _ 6730 M Ronoe e (Tl
ECQUNIPRAENT IDEMNTIFICATIC - - T e
=
PAREMNT MEI'{Q.L[S’ I I I I l I I I ~J = TR T E
hdard | Srowe | D= linrsry o - s e o
pose s | o | S L 2o | e I N o e —
ooss—1 | =3 | Prate | I |
FILLER P ET AL The weld is Full pencetration (Frmml. Backing (2mm) oo be remowaed by
| Classification | Sroug S = 521
Test pieces for longitudinal welds CRMHZPNDW_SS4E and CRMNHZM W __ G
WUELDINNG PARAMPMETERS
First == Socomd pp—— TEaed p—— Test pieces for cormeaers: CRMHZIMNMW_S7EE —> Programs for cormners (1B
LS w i mmds F M7 XYL 100 Hz):
- program IZ0545=21_NTOF_O0R_OuUm_ 1 (test piece A) - talon a
=5SxE-5 - program 13054531 MNMTOF_COR_ Ik 2 (test piece A) - talon &
=) - program IS0SA4531_ MNTOR__COoOR I_ 1 (test piecs B - t=lom a
= Talw] - program 13054531 MNTOF_COR_OUT_2 (test piecs Bl — talom &
) T NN [ =] ] 1l
F 7
a= ADDITIOMAL IMRFO EMNCLOSED:
TES Drawing of the welding configurations for corners.
25
i5
Z5 Approwed by Date
Lirmeor dwulien DESELI O OGS 20200
LN v 2 = t
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Weld qualification according to int. standards !

Definition of a Welding procedure ISO 15609-3 (EB) & -4 (Laser)
Qualification (ISO 15614-11)

PRELIMINARY EBu 19961 i“'"‘ﬁ“’? e 55
_EBW_PTR_ . requency (Hz,
fzeriona | WELDING PROCEDURE | Rev.: 0 Frude X [l
SPECIFICATION L LT Ampiitude ¥ F]
Weiding Process: Electron Beam Location: Building 100 Freguency (Hz) |
Welding (Ne 511 ace. ISO 4063) Puise interval br
Ref._standard: Job No.. 13054551
Project: aTQE TACK WELDING PARAMETERS ISO 15614-11-2002(E
PREPARATION [Mask High Voltage (kV) . (E)
[oint type: Horizontal butt weld with step | Single/Double: _Single [Worwing gistance {mm) 200 Primary Focus (mA)
Welding position: Pa | ing: _(Base Metal} - el v (mms)
JOINT SKETCH Up slope {mm) 10 Tack distance 7 F2 {rmm, . ~ ~ ~
. Down slope frmm) = Beam On (%) Table 1 — Examination and tests for welds in accordance with acceptance level B
- ~
fepartition Segments iength (mm) Test piece Type of examination and test Extent of examination and test | See table
N . r By [Frunction I Ed A footnote
s | Frequency ¢Hz) | 100 -
4 oroton [ Frequency (hz)- T Butt weld - Visual examination 100 % -

Figures 1, 2 a) and 2 b) - Radiographic examination 100 % a

- Ultrasonic examination 100 % a

_(p)WPS recording important

- Surface crack detection 100 % b
— []
Sl TR - HEAT TREATMENT
hdard [ Group | Delivery cond. | Thickness (mm]} | =
o4 | &1 | Piate | 10 | LCENA | pterpgsstemp (CCINA |
pass - ADDITIONAL COMMENTS
pose4 | &1 | Piate | i0 |
FILLER METAL N | penetration (7mm). Backing (2mm) to be removed by
| Classification | Grots | Ehaiatd
Test pieces for longitudinal welds CRNHZMW _6646 and CRNHZMW_d L]
WELDING PARAMETERS
Firet 5 Tira Test pieces for corners: CRNHZMW_6738 —> Programs for comers (18] -
Irst pass Second pass ird pass mends / NP7 XYL 100 Hz): ,
- program J3054531_NTOF_COR_OUT_1 (test piece A) -talon &
<IXE-5 - program 13054531_NTOF_COR_IN_2 (test piece A) -talon 3
&0 - program J3054531_NTOF_COR_IN_1  {test piece B} -talon 3
300 - program J3054531_NTOF_COR_OUT_2  (test piece B) -talon &
7 1000|425 T T
37 ’ " En
12 ADDITIONAL INFO ENCLOSED
185 Drawing of the welding configurations for corners )
—= - Other tests if required
15 Lap weld - Visual examination 100 % -
25 Approved by Date Figure 4 - Metallographic examination 2 sections c
Linear Julien DEBEUX 08/06/2020 )
- other tests (e.g. hardness, leak test, | if required -
peel test, )
CERM 2 Radiographic and/er ultrasonic examination.
P Penetrant testing or magnetic particle examination. For non-magnetic materials, penetrant testing
€ One section required for a butt weld in plate ; three sections required for a butt weld in pipe {see Figure 6) : for each
standard welding position in accorgance with EN ISO 6947. These sections shall be subjected to macroscopic and
microscopic examinations
9 Hardness tests are required depending on base and filler material.
©  The two root and two face bend test specimens should be p Iy repl by four side bend test specimens when
CERN ENGINEERING
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Weld qualification according to int. standards !

Definition of a Welding procedure ISO 15609-3 (EB) & -4 (Laser)
Qualification (ISO 15614-11)

IZATION PRELIMINARY Function 7
SEARCH PWPS_EBWL_PTR_19961 o [ Freauency i) 100
oeriana | WELDING PROCEDURE Desiection |- E 2
SPECIFICATION CESC2TEEED Ampiitude Y 1
VWelding Process: Electron Geam | Location: Suiding 100 oursonon | £E4ERy (2] .
Veiding (Ve 511 Gec. 15O 2063 Pulse interval
Ref.standard. Jok No.- 13054551
Project GIQE
PREPARATION Figh Voltoge (+V) .
nt type: __Horizontal butt weld with step | Single/Double: _Single Working olstance {mm) 200 [Primary Facus (ma] | A 1SO 15614-11:2002(E)
| Welding position: PA_| Backing: _(Base Metal) mAL 3 “Ady (mmys)
LIS ETEi Up slope fmm) 10 Tack distance / F2 (mm]
- Down siope fmm] 5 Beam On (%)
c Fepartidon Segments ket o] Table 1 — Examination and tests for welds in accordance with acceptance level B
. T
' s ll Lo Defection H F:‘:qu::cy IEz] | 5} vy Test piece Type of examination and test Extent of examination and test | See table - - — - - -
! Pulsation ] Frequency (1 Fu =] 1 E |E| E S E | E 22
3 Bkt wela R p—— 0% - ) 218 & £ L] % %E
_Gimooe | Figures 1,2a)and 2b) | - Radiographic examination 100% a = 215 = S s 2 3
i g Current control = = -
CRNHZWMW_6659 - Uttrasonic examination 100% a g
Aling (mm] =
&Mﬂﬁ% Type - Surface crack detection 100% b = £ a
i — ] T |E E £ ® E £
—— - Metallographic examination 1 section m c b - £ B - ] g .
T - Hardness test if required d Slo E|E E 3 < E E S%
e T bend test it g H &E & 2 = s £ 24
- Transverse bend test required e & 5|5 5 S g g <8
= :oMMENrs e - ] 2 (2 2 “ 2 2 =
bose-¢ s 2 = =
) be removed by| =

—— e Procedure to quallfy the welds:

Test pieces for lengitudinal welds CRNHZMW_6646 and CRNHZMW,_

Quality levels for imperfections

——————— S Extend of NDT, e RarEs
15t pgss nd pass 10 pass mm/s / N°7 X¥1 100 Ha):
- program 13054531_NTOF_COR_OUT_1 {test pisce A] ~tslon 3
A e e : ree qua i eve or acceptabili
50 - program 3054531_NTOF_COR_IN_1  {test picce B} talon | B
400 - program J3054531_NTOF_COR_OUT_2  (test piece B) -1alon 3} Figure 31 - Surfi gun b B
000 ]| 425 | T g |"8 b
; ] ' |~ [*of imperfections|
1z ABDITIONAL INFO ENCLOSED - Hardness test if required - 3
= e o7 R g ST fo corners reatoraonc examinaton Bl . H
= 2
i - Other tests if required E =
£ T oo , i AR o erate
Linear Julien DEBELX 09/06/2020 Figure 4 - Metallographic examination 2 sections c o £5|512 Rttt
~ other lests (e.0. hardness, leak test, | if required - | g A E
g " i |2 i|| Iterl ne |ate C
2 Radiographic and/or ultrasonic examination. & $8|5
3|8 =t s
b Penetrant testing or magnetic particle examination. For non-magnetic materials, penefrant testing EEHEE
One section required for a butt weld n plate ; three sections required for a butt weld in pipe (see Figure 6) ; for each U i Strl n e nt 9 B
standard welding position in accordance with EN ISO 6847. These sections shall be subjected to macroscopic and = 5 3
microscopic examinations. = 2 357 L
¢ Hardness tests are required depending on base and filer material g
© The two root and two face bend test specimens should be preferably repiaced by four side bend test specimens when —
"
25 5|z & & gs 5 |z &
s %l 3 5 8 B
ig 512 |§ 2% 133 |95 &3
3| |x |Els £ ] SEE|E: |EE ES
- % |R|IE 8 - $28|88 |g2 ==
w2 |E|E 8 2 28|88 |82 2%
gls 513 2 & SE2|=3 [35 =55
—8
F
ZylE s - - » -
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Weld qualification according to int. standards !

Definition of a Welding procedure 1SO 15609-3 (EB) & -4 (Laser)

,,,,,,,,,
DTN ampituge X

- (p)WPS

Qualification (1ISO 15614-11)

||||||
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CETHODE
CENHZMW 5355
EQUIPMENTIDENTFICATION
“ADDTIONAL CONMENTS |
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Procedure to qualrfy
the welds: Extend of
ENDT tests to be

wwwwww

sssssss
microscopic examinatins

Imperfections (1ISO 13919)

2024-06-10

ijuaIity levels for
H imperfections

LI H - T S L L

Three quality IeveI for
i “acceptability of
| imperfections

s[=2 585 NI s[8s |15 K|

Moderate > D
Intermedrate 9 C
E;"ij'ﬁgﬁﬂt > B

Welding books
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Weld qualification according to int. standards !

Definition of a Welding procedure ISO 15609-3 (EB) & -4 (Laser)

,,,,,,,,,
DTN ampituge X

Qualification (1ISO 15614-11)
Imperfections (ISO 13919)
Mmurecordlng: = B | il HHE

‘‘‘‘‘‘‘‘‘‘‘‘‘

Procedure to quallfy Quality levels for
the welds: Extend of - imperfections
ENDT tests to be Three quality level for
:“acceptability of

imperfections

s[=2 585 NI s[8s |15 K|

A,MQQe@tQ 2D
In’rermedia’ra > C

Table 1 — Imperfecti

nnnnnnn

sssssss
microscopic examinatins

C\E\/RW ﬁ) ENOIEEIING 2024-06-10 R. Gerard | Welding Il: Beam welding | CAS - Mechanical & Materials Engineering



Electric
Choc

lonizing
radiation
(X-Ray)

2024-06-10

Hazard inventory

Non-
lonizing

Hot
surfaces

Mechanic
al danger

R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering

Confined
space




X-ray for EBW

X-rays at EBW machines

- X-rays intensity increases with beam power (HV, Ig)
and with the atomic number of the material.

- Lead shielding for most of EBW machines, specially
HV (150 kV) and Non-Vacuum.

* Machines are tested at full power, usually with W
Not qualified for higher density than W

Tungsten blbc for X-Ray exposure test
With defocalised beam
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Laser radiation hazard

Function of the nature of the light source

Lightbulb 100W
100mm

o }b

Image size

340pum
E = 134W/m?

Spot size

20pm

Laser TmW

E=3,2MW/m?

Sm 17mm

C\E/RW @EMGINEERING 2024-06-10
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Dangerous Infra-red Laser light

uv-C_
100-280nm

IREPALASER

INSTITUT CARNOT MICA
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Laser radiation hazard: serious danger !

In the visible and near-Infrared spectrum: Accident from a technician
. . after alignment operation
A hole in the retina! J P

Variable effects

In the macula, peripheral: black spotdamage depending on the area:
* QOutside of the macula (main vision area) — No major
* Inthe center area (Fovea): Almost complete loss of vision

Retinian hole with active bleeding

Laser parameters:
Pulse energy: 500 mJ, duration 8ns, repetition 10Hz.
Visual acquity reduced to 20/200

IREPALASER

INSTITUT CARNOT MICA
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Laser classification (in the visible spectrum)

Risks Eye: Eye:
Direct Optics

Extended
aided source

Classes viewing

1 A
class 38 N

Class 3R .
2 & & Class 2M
[\

pow
& & Class 2 E

2M
Class 1M 390pW
R | AA | AAA o
ALK TAAA A A iR
1uw 1mW 1w

IREPALASER
INSTITUT CARNOT MICA
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Alternative annlicati

Hybrid Laser GMAW Welding Process
(Laser Leading Arc)

Focused Laser Beam
Gas Metal Arc

Welding Torch
Keyhole

Inert Shielding Gas

Electric Arc
Motten Pool

Direction of Travel

Laser additive manufacturing
(powder bed fusion)

CERN ENGINEERING
((W @DEMWW 2024-06-10

ons in material processing

e

Laser cutting
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Alternative applications in material processing
Electron Beam

Additive Manufactu

ring (EBAM)
==

Brazing

r’
fusion/purification ‘

1
:

oo 5,
" Y gl S g N
AR A R e T SRR

Heat treatmen ‘
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Current trends In Laser beam welding

Manual processes Laser Beam Shapping Process control

Normal Optical Coherence Tomography

Laser | — Weld depth measurement
Welding | ! B =

AMB
Laser
Welding

/ \ | f oths

J9|[anwssa Asauno)d

| Welding OCT-Scan

DEPARTMENT
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Current trends In Electron Beam Welding

Additive Manufacturing Local vacuum EBW
LOCAL VACUUM ELECTRON

BEAM WELDING

r.’?& ’
B
/ ‘\.\ /"VI*

T ")

; I ‘; Courtesy !I !
£
E

I 8
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ELECTRON BEAM WELDING

High Vacuum

Up to 200 mm in stainless steel
Down to 100 pm

Metallic materials

great for reactive materials and copper.

ENGINEERING
ﬁDEPARTMENT 2024-06-10

LASER BEAM WELDING

B

Inert gas
Atmosphere
,\,lﬁ',. Up to 50 mm in stainless steel
a Down to a few 10’s um
Penetration

@ Metallic and polymer.

Complications for reactive materials and Cu
Materials

% ~ 500 kCHF
Cost

R. Gerard | Welding II: Beam welding | CAS - Mechanical & Materials Engineering
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