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Avdelningen for
Material- och Strukturmekanik

« Sammanslagning av Lattviktskonstruktioner
och Hallfasthetslara (2024).

itive Electrode Representative Volume Element

Discrete element method

Dislocation
(DEM) density field *
Fracture
simulation

Fracture of
2025-10-20 porcine aorta
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) Utmattning, ett lokalt problem

%"’%xé? &

« Utmattning ar den gradvisa forsvagningen av material vid cyklisk belastning, ofta initierad vid
spanningskoncentrationer och resulterande i brott under strackgransen.

 Tillforlitlighet avser sannolikheten att en komponent fungerar utan fel over tid, med hansyn
till osakerheter | material, belastning och miljo.

Complete assemblies _ Component details
Slze scale ————

p— ———

Loading Manufacturing quality

e

Fatigue failure

Welded joint with fatigue cracks

Svetskommissionens forskningsseminarium 2025
202571020 Forskning pa KTH - Gustav Hultgren



22} Uppdateringar av rekommendationer och standarder

1IW Collection

A. F. Hobbacher
J. Baumgartner

Recommendations
for Fatigue Design

of Welded Joints
and Components

Third Edition

NTEATERAL BT oR WS @ Springer

Aol st by asarhess

1IW Collection

Gary B. Marquis
Zuheir Barsoum

[IW Recommendations
for the HFMI

Treatment

For Improving the Fatigue Strength of
Welded Joints

et @ Springer

prEN 1993-1-12:202x (E)

5.9 Additional rules to EN 1993-1-9

(1) EN1993+1-9 may be applied esin than §700 up toand including
5960 if the following additional rule is applied to the following clause in EN 1993-1-9.

Additional rube to F4.2,1(1) in EN 1993-1-9:
The detail category of HFMI treated details Aow in Tables 5.6, 5.7 and 5.9 thatare dependent on
steel grade f, and stress ratio R may be wsed,

Table 5.6: Reference value of detail citegory of HFMI treated details dnsw: of transverse stiffeners
due to qualified HFMI for

@’ - 4
0, 5% "
L Stress ratio & [

#s welded detall cabegory A, « 50 [N/mm®]
5700 <55 5960 180 180

0 Tabsle applies bor 5 S0mm; 750 £ < B0mm, ocsrashoud be redurnd by ase utigue detud estagory.
i For other stress ratlo R, Beear bstarpelazion b slowed
ealeulatd g 1318, F31: T feosh

2025-10-20

Svetskommissionens forskningsseminarium 2025
Forskning pa KTH - Gustav Hultgren

Table 5.7 value of detail  of | details b
ified HFMI il
P 2 Detall categorysit
¢ 3
S, ST
P
t
steel grade according to EN 100256 —
and jor EN 101492
#s welded detall category A = 50 [N/mm] 10
700 <5 5 5960 180 a0 a0
Fer
For Gy, 25, 8 jong shold Be raslucesd )
ealeulatsd #31.9,F31: 47 fea s
17
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(&2} Forbattring genom hog forlast

» Forlast som enkel metod for att oka utmattningslivslangden.

 Omfordelar restspanningar vid spanningskoncentrationer.

 Signifikant livslangdsforbattring.

Preload 2
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2 "Tunnhetseffekten” vid svetsutmattning

e Tunnare svetsfogar kan ge hogre utmattningshallfasthet.

Thickness 8 mm Thickness 2 mm

Beror pa brantare spanningsgradienter och mindre
belastad volym.

e Traditionella standarder bortser ofta fran denna fordel.

1.5 = '
]_ 4 = __Thinnes effect | Thickness effect
e = < | -
wn = =
R E ] | “.a“‘“ <
7 lg)} E S -
w 1.1F o4 o0
o c|\|l = “¢¢§“ O=J . thickness
o — 1 Beeaiaseaieareaieaiasens M T o = Decreasing ©
N b (09F 3
g ﬂ 0.8 E_ g : gn As welded joint
@) E_ Z || —A—Aryy, - 5= 12 =
’6 4 0.7 o £ | —e—Ac w
0 6 =5 £ I ENS N
Z * = ITe) =] AU’nom : :
0.5 & Ul o Ao, (IWE] Eq3.6t,=T) Decreasing thickness
S - <=
0.4 ]

o

O PPPP O PRPS

Plate thickness [mm]
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Pagaende arbete inom
livslangdsforlangning
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= Efterbehandlingsmetoder

I

 Viarbetar med att forsta:
» Hur stor livslangdsforbattring vi kan na.
* Hur vi kan kvalitetssakra behandlingen.
* Nar efterbehandlingsmetoder ar applicerbara.
* De olika metodernas begransningar.

TIG dressing HFMI treatment

after HFMI

Svetskommissionens forskningsseminarium 2025

2025-10-20 Forskning pad KTH - Gustav Hultgren
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%) Provning pa forutmattade svetsar

e Forutmattade svetsar »> Utmattningssprickor.

» Forsta nar efterbehandlingsmetoder ar applicerbara.
* Hur stora defekter vi kan missa.

e Hur stora defekter vi kan mata. : pes
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) Hur stora defekter (sprickor) kan vi tillata?

I

» For att svara pa detta maste vi kunna skapa sprickor med valdigt kontrollerad geometri.
* Ny provstavstyp och provningsforfarande.
« Efterliknar fattningskanten geometriskt utan att vara svetsad.

Utan HFMI Med HFMI

12

Svetskommissionens forskningsseminarium 2025 ‘ LUT
Forskning pa KTH - Gustav Hultgren .'\ University
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Pagaende arbete inom
Digital Visuel Kontroll
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¥ Digital Visuell Kontroll (D-VT)

Mt

Throat thickness
1 Weld toe radius
2N Undercut

* Analoga matverktyg
» Fangar inte upp variationer.
* Arbetsintensivt.
» Lag precision.

\S
\ 0% *
We '

fe——

Leg length

* Laserbaserat kvalitetssakringssystem
Skannar hela svetsar » fangar variation.
Kan anvandas bade automatiskt och manuellt. ﬁ
Noggranna och precisa matningar. "
Hogupplosta data.

Svetskommissionens forskningsseminarium 2025
Forskning pa KTH - Gustav Hultgren
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Standardisering av D-VT

I

* Arbete med att standardisera D-VT.
e Pagaende arbete bade nationellt och internationellt.
* Parametrar for att definiera geometrin.

» Krav pa geometriska matt.

Bead width Minimum number of pts.

., Minimum radius , J—
-, . s v
s %, | |
ﬂ% — %kt |
L Y !
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1D-projection 2D-projection 3D-projection
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Best Practice Guideline for Digital Visual Testing
(D-VT) — Part 1: Identification of Local Geometrical
Parameters of Welded Joints

Moritz Braun'?, Jan Schubnell®*®, Gustav Hultgren®*

! German Aerospace Center DLR, Institute of Maritime Energy Systems, Geesthacht,
Germany

* Fraunhofer Institute of Mechanics of Materials IWM, Freiburg, Germany

* KTH Royal Institute of Technology, Department of Engineering Mechanics, Material
and Structural Mechanics, Stockhalm, Sweden

Definition of local geometrical parameters
« Definition in current guidelines

» Proposed definition of local parameters

= Definition in terms of fatigue-relation

Surface and measurement preparation

= Surface preparation and workpiece cleaning
« Surface reflectivity and external influences

= Measurement alignment

Measurement systems

« Digitizer

+« Measurement parameter

« In-plane weld slice resolution

Data preparation

« Characteristics and calibration of optical sensors
« Filtering techniques for data processing

= Accuracy and tolerance ranges

Evaluation algorithms
« Different algorithm for weld toe radii, weld toe angle, and
undercut depth determination

Statistical analysis
« Frequency of evaluation and slicing distance
« Statistical description of identified weld geometry parameters

=
F peozann, ZFraunhofer | 1

WM
German Aerospace Center At ety
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{2} Utveckla berakni todik
2 Utveckla berakningsmetodi
"’%%Xé?“’
Integrera D-VT med livslangdsberakningar
av flygmotorkomponenter.
Linjarelastisk brottmekanik.
\
PREDWISE
= Reducing fatigue life uncertainty by =
= s, comprehending the impact of quality. =
- P -
o y j e Develop advanced fracture mech- } = "
— Fatigue strength ~._ :\r:cal Hoget: :f e ! wel(:s — Fatigue strength
> e Adoptation and integration o e
A A\A\A digitalised quality assurance with ‘N
' | o lifing methods | | N
i||il||l|. 1 l-lllll'L 1 l> 1 llllll. 1 l-IIIIIl ~1 l>
Fatigue life - / Fatigue life
Uncertainty parameters Uncertainty parameters
Loading  Residual stresses ~ Weld Quality Material variations Loading  Residual stresses - Material variations
2025-10-20 Svetskommlslsmneons forskningsseminarium 2025 winteria « ; ”
Forskning pa KTH - Gustav Hultgren
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(2} Assisterad svetsutvardering med Al

Weld Quality Assessment Finite Element Digital Twin Extended Fatigue Assessment
(Detecting imperfections) (Resource intense simulations) (Finding weak-spots)

ot W

o IIEERT Tl v T idati ' ion i

O o s e 2 N 0% 39 Validation of failure location in weld
\ von Mises stress distribution (MPa) / Sectional stress (MPa) Experiments show good agreement
— with the critical regions of the
Physics-informed neural networks (PINNs) Extended Fatigue Assessment.

Objective of WP2: Bypass the (existing) Finite Element Digital Twin simula-
tions since they are not computationally feasible for the industry to perform.

2025-10-20 Svetskommissionens forskningsseminarium 2025 winteria 15
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Extramaterial:

Materialkarakterisering
for karnkraftsindustrin




ain [ Vatten i primarkrets

Rk o Vatten/anga i sekundarkrets
FKTHS AI d ° ff kt Anggenerator
%@\éi}fu;lﬁg: u% r I n g se e e r . ™~ OO OO RO ORI
Syt Tryckhallare ‘l = Turbin |

(

e Hur aldras materialen i karnkraftverk pa grund
av miljon och lasterna som delarna utsatts for?

Elenergi

' Kylvatten
y fran havet

* Forlangd drift » Sakerstalla mekaniska
egenskaper

! base Longitudinal
—weld
cladding

/ =TT -] Circum-

________ = ferential
weld

Svetskommissionens forskningsseminarium 2025 l
2025-10-20 . . 17
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sy Brottmekanisk provning

Hod?
Experimental testing

Vi provar hur olika zoner i svetsen har aldrats. e | { gl v
* Vianvander oss av sma provstavar.  inict specimen Knife edges ' gl!li;nr::)er |

* Provning i kall temperatur. ' V. l/ &
Test f ] Temperature

regulator o

X 44 ] B2
11044
= 0l
/|
) Servohydraulic 38
I tester s ,
* v'—
S 96 Liquid nitrogen 4

Svetskommissionens forskningsseminarium 2025
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