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Electron Beam Welding
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INTRODUCTION ﬂ-IG-rla-!I
Electron Beam Welding

= Parameters %§

= Acceleration voltage U _
» Welding depth

= Beam current I
» Seam Shape

= Welding speed v

EB

= Focal point fp } » Facilitate process

= Beam oscillation » Freedom of defects 1"’<" 3. pool
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Blind welding study

electron beam

= Plenty of Parameters / =7 ==

= Time & Material costs

/T~ flat rods

= Design of Experiments 7 ui
= Statistical tool
= Enhance testing
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Welding defects in blind welding studies

= EXxcessive defects

» Different experiments
= Materials
=  Welding depths

= Cracks
= Similar appearance
=  Similar location
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INTRODUCTION ﬂ-IG-rla-!I

Welding defects in blind welding studies

= Welds were repeated
= Equal welding parameter

= Different testing setup
= More spacing
= Single welds

= Defects did not occur _
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METHODS Ty
Experimental setup

= Experimental-block
= 4 Welds
= Equal parameters

= 1 “reference” weld
= Parameters correct?

= 3 *“blocked” welds
= Simulate blind welding study
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METHODS

Investigation methods

= Crack opening

= cracks were cut out
= frozen in liquid nitrogen
= broken apart

= Macroscopic Investigation

= SEM investigation
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ReSULTS Ty
Macroscopic Investigation

: ' Nitrod
= All surfaces examined V%;‘Iigi‘;gzrif:;‘i’é%“'ar to Nitroggitrdgen fracture

= Crack surface and surface
of the liquid nitrogen fracture
IS distinguishable

= Annealing colours in one crack
= Crack occured
direktly after welding

= Cracks perpendicular to crack
surface
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RESULTS

SEM Investigation

= Crack surfaces were examined comprehensively

= 3 different surface structures were recorded

= Dendrites transverse to growing direction
= Dendrites longitudinal
= Residual crack surface of the liquid nitrogen fracture

= Results correspond for all examined materials and specimen
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SEM Investigation

Dendrites
longitudinal
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RESULTS Ty
SEM Investigation
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Results ﬂTGEJ.
SEM Investigation

Dendrites transverse Dendrites longitudinal
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Results ﬂTGEJ.
SEM Investigation

Liquid nitrogen fracture
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CONCLUSION ﬂTGEJ.
Cracking mechanism

= Cracks are seam cantered s

= Cracks show a dendritic surface

shrinkage

- — -

= Annealing colours

» Solidification cracks *
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CONCLUSION ﬂ-IG-rla.!I
Cracking mechanism

= Materials which are not
prone to solidification cracks

%Mi+ 30w %C + 0.5 x ZMn

= No cracks in single performed welds
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Temperature Measurement

TC measurement EBW
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Figure 24: Thermocouple measurements for a 55mm deep EB seam
(current 180mA, speed 10mm/s); seam width 3mm; TC on top surface
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Literature ﬂTGEJ.
Residual stress vs. temperature distribution @2mm weld, st)
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Literature ﬂTGEJ.
Welding residual stress measurements 9mm weld, st)
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Literature ﬂTGEJ.
Welding residual stress measurements somm weld, Ti)

(a) 800 - — -—Trans_.ver?'e {Experiment} (b) | == Longitudinal (Experiment}.
-l o~ Longitudinal (Experiment) i —~o— Transverse (Experiment)
- = Tranyerge (Simulation) i — = Transverse (Simulation)
@ 400} | — Longitudinal (Simulation) | 00 - —— Transverse (Simulation)
s S v . :
"‘Eﬁ 200 | Measuring % 200 -
0 line w0
¢ of s °r
n 0] :
-200 | P 200} N
/
-400 + -400 | Bottom surface
Top surface (32 mm removed) (32 mm removed)
-B00 1 L L L 1 1 -600 I 1 i I L 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Distance from weldline center d/mm Distance from weldline center d/mm

Institute for Materials Science and Welding @ W (
06.10.2014 = -J



Conclusion ﬂTGEJ

Recommendations to avoid misleading results in EBW
parameter studies of for a thick walled component

= Limit the number of welds in one block

= Stress distribution in EBW Is much wider
than the visible heat affected zone

= Same initial situation for all welds important
= Residual stresses

= Residual stress evaluation is recommended where stress zones of

welds interact
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SEM Investigation

Crack perpendicular to welding
direction
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