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Abstract

Relevant local characteristics of fatigue loading
are the largest stress amplitudes in the related
mean stress values. They should be determined for
the whole components. The relevant material
properties are then compared with the stresses to
assess integrity and life of a panel, made of Al
allow, with welded stringers. To determine the
maximum stresses the Finite Element Method was
used.

1. Introduction

Panels with stiffeners represent a typical load
carrying component in aeronautical structures, both
under static and fatigue loading, [1-2]. It is a critical
component, made of Al alloy, with no option in
respect to failure, it simple has to sustain the load.
Therefore, its integrity and life has to be carefully
and precisely determined. There are two basic
types of panels, so-called differential, with stiffeners
attached to panel by screws, and the other, so-
called integral, with stiffeners welded to panel, [1].
Two welding processes have been used recently
for this purpose, Friction Stir Welding (FSW) and
Laser Beam Welding (LBW), [3]. It has been show
that the integral panel can have significantly longer
life and sustain better the loading, even in presence
of cracks [1].

In this paper, AA6156T6 panel with laser welded
stiffeners is analysed numerically by the Finite
Element Method (FEM) to obtain the largest
stresses in static loading and the largest stress
amplitudes in the case of fatigue loading. They are
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Rezime

Relevantne Iokalne karakteristike zamornog
opterecenja su najvec¢i amplitudni napon i
odgovrajauca srednja vrednost napona, koje treba
odrediti za celu komponentu. Relevantna svojtva
materijala se onda uporeduju sa dobijenim
naponima, na osnovu €ega je procenjen integritet i
vek panela od Al legure sa zavarenim ukrucenjem.
Za odredivanje najvecih napona koris¢ena je
metoda konacnih elemenata.

then compared with corresponding material
properties to assess its integrity and life.

2. Numerical simulation

The software WB/FKM-Weld (FKM inside
ANSYS) allows strength assessments based on the
FKM Guideline “Analytical Strength Assessment of
Components in Mechanical Engineering”. As
mentioned above, the guideline covers
assessments of static strength and fatigue strength
for components under mechanical loading. Results
of CAE simulations are commonly used to
determine the local stresses for the assessment.
WB/FKM-Weld performs assessments based on
the FKM Guideline for all selected welds of a
component. In a graphical user interface, user
defines additional settings required for the weld
assessments. The necessary model information is
used from ANSYS Workbench [4, 5]. Load
combinations are automatically defined based on
the load steps and loading types defined in ANSYS
Workbench. The software analyzes the worst load
combination for every node of the finite element
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mesh. The result of the assessment, the degree of
utilization, is visually shown on the finite element
mesh in ANSYS Workbench, but obtained values
are result of analytical procedure. WB/FKM-Weld
eliminates the need to preselect critical hot-spots in
an assessment and most of the manual data
entries required with other software tools. Result
interpretation is simplified by visualizing the degree
of utilization together with the relevant load
combination and other data in one plot. This allows
users to identify critical hotspots as well as areas
allowing material savings.

WB/FKM-Weld is capable to work with different
representations of weld lines within the model.
Depending on the representation, the definition of
the weld line is based on various kinds of
selections:

4
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o Welded parts are within one body, and no
weld line is defined,

e Welded parts are separate
connected with contacts, and no weld
defined,

o Welded parts are within one body, weld
line is modelled,

e Welded parts are separate bodies
connected with contacts, weld line is modelled.

A weld line is defined by one or more weld toes
which represent the border between weld line and
part. A weld toe may consist of one or more
geometrical edges. Some assessment parameter
can be associated separately to each edge, others
to the complete weld line. Figure 1 shows weld toes
and geometrical edges, for two options, modelled
and not modelled weld line.

bodies
line is

Weld toe 1
_ 7| Geometrical | Weld toe
Weld line | P |edges
' Geometrical | | Geometrical
 edges  edges

Figure 1. Weld toes and geometrical edges

Slika 1. Metal Sava i njegove geometrijske granice

In addition, the extrapolation surfaces attached
to the weld toes have to be defined (Figure 2). An

| Extrapolation surfaces

weidine | I8

extrapolation surface might be associated to more
than one geometrical edge of the weld toe.

-~ Weld toe 1

/

| Extra polatio“r; surfaces

Figure 2. Weld toes and extrapolation surfaces

Slika 2. Metal Sava i ekstrapolacione povrsine
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Geometry of the panel that was analyzed using  experimental analysis [6]. Stringers are connected
WB/FKM-Weld is shown in Figure 3. Loads and with the base plate using laser beam welding.
boundary conditions applied matched those used in

18

2.6

Figure 3. Dimensions of the 4-stringer panel made of AA6156-T6 aluminum
Slika 3. Dimenzije ploCe sa Cetiri ukrucenja izradene od aluminijumske legure AA6156-T6

Model of panel with 4 stringers, welded to a  mesh is shown in Figure 4.
base metal made of AA6156 T6, with details of FE

Figure 4. Details of mesh of 4-stringer model with the weld line.

Slika 4. Detalji mreze modela sa Cetiri ukrucenja sa linijom zavarivanja

and properties of S-N curve of material used for
welding. In fatigue assessment of weld joint number
of cycles used was 5-10°. Figure 8 shows additional
fatigue properties.

Figures 5 and 6 show toes and surfaces for
each stringer and base metal. Figure 7 shows all
weld connections and settings of weld lines, as well
as construction properties, weld type and quality,

ZAVARIVANJE | ZAVARENE KONSTRUKCIJE, 1/2022, str. 11-19 13



NAUKA#*ISTRAZIVANJE*RAZVO)J i SCIENCE*RESEARCH*DEVELOPMENT

c Weld Definition

Delete

Assessment Visualization

Mode: Fatique
Select Selfrom selection

Extrapolation faces for weld toe

Figure 5. Weld toe and extrapolation surface defined on stringer

Slika 5. Metal Sava i ekstrapolaciona povr$ina definisani na ukruéenju ploca

C Weld Definition

Delete

Assessment Visualization Edges for weld toe

Mode: Fatigue
Select Setfrom selection

Extrapolation faces for weld toe
Figure 6. Weld toe and extrapolation surface defined on base metal
Slika 6. Metal Sava i ekstrapolaciona povrs$ina, definisani na osnovnom metalu ploce

After completely defining weld lines and external 10 and 11) are applied in accordance with the
force (115 kN, Fig. 9), boundary conditions (Figures ~ €xperiment [6].
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Figure 7. Weld definition
Slika 7. Definicija zavarenog spoja
Material group
Wrought aluminum alloy
Description

5049.H24M34 (Zusalz SG-AIMg5)

Material Properties
R  (inMPa) R , (in MPa)
& 16 &
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K D
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[} ot
= 079 o 0.57735026019 | ¢®
a a we
L2 1.0 & 1.0 P d
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0 ws O ws 3
059 &P 0.67 &

Figure 8. Fatigue properties of welding material

Slika 8. Zamorna svojstva dodatnog materijala za zavarivanje
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Figure 9. Force of magnitude 115000N applied in z direction

Slika 9. Sila veli¢ine od 115000N primenjena u z -pravcu

Figure 10. One end of the base metal and stringers is fixed

Slika 10. Jedan kraj osnovnog metala i ukrucenja je fiksiran

Displacement
Time: 1.5
8/21/2018 7:34 PM

|| Displacement

Compggents: 0.0, Free mm

Figure 11. Displacement applied on bottom surface of base metal (free motion in z direction)

Slika 11. Pomeranje primenjeno na donju povrsinu osnovnog metala (slobodno kretanje u z pravcu)
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3. Results and discission

Figure 12 shows strain distribution obtained by
numerical simulation, while Figure 13 shows
stresses, indicating uniform distribution in the
middle of the plate. Strains obtained in simulation
are verified by measured strains, as shown in [4].
Then, fatigue analysis of model was conducted in
Ansys Workbench with amplitude e loading (stress
ratio R=0.1 was taken from experiment) to simulate
crack initiation in skin-stringer plate under
presumed load. Analysis showed no evidence of
crack initiation after 10° cycles (Figure 14).
Nevertheless, in Chapters 5 and 6 skins-stringer

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

0.74101 Max

8/21/2018 7:35 PM
0.65868
057634

t 049401

y 041167

Ann
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plates with initial cracks were investigated, because
cracks might be result of extreme loads or damage
caused by unforeseen circumstances. Finally,
results of WB/FKM-Weld analysis (static and
fatigue strength assessment) are shown in Figures
15-17. Static strength of welded joints is
satisfactory because maximum obtained value is
43.74% of the YS, which is more than two times
less than limit value. On the other hand, value for
fatigue strength assessment is 92% of the limit
value, which implies that this weldment (all weld
lines) will survive 5-10° cycles of applied load.

annan AN AR fo

Figure 12. Distribution of skin-stringer plate strains

Slika 12. Raspodela povrsinskih deformacija na ukrucenjima ploce

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

8/21/20187:36 PM

65.019 Max
| 59092
53.166
47.239
41312
35.386

20000 400.00 (mm)

Figure 13. Von Mises Equivalent stresses

Slika 13. Fon Mizes ekvivalentni naponi
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Life
Type: Life
8/21/2018 8:.04 PM
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0.00 200.00 400.00 (mm)
— I
100.00 300.00

Figure 14. No evidence of crack initiation after 10° cycles of applied load (R=0.1)

Slika 14. Nema prisustva inicijacije prslina nakon 10° ciklusa sa primenjenim opterec¢enjem (R=0,1)

FEM-Weld-Assessment 2
Expression: RES24

Time: 1

Custom

Ma: 43.745

Min: -70

B/27/2018 8:25 PM

43745
l 35621
27.496

4 1937
— 1247
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-61.875
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0.000 4.500 9.000 (mm}

2250 6750
Figure 15. Static stress and strength ratio assessment of weld lines

Slika 15. Procena odnosa stati¢kog napona i ¢vrstoce na liniji zavara

FEM-Weld-Assessment
Expression: RES1

Time: 1

B/ /20189527 PM

91.562 Max
I 80022

68.482

56942
45402
331861

i 2230
10781
075905
2299 <

A X

Figure 16. Amplitude stress and fatigue strength ratio assessment of all weld lines

000 200,00 400,00 (mm)

100.00 300.00

Slika 16. Procena odnosa opsega napona i zamorne c¢vrstoce svih linjja zavara

18 ZAVARIVANJE | ZAVARENE KONSTRUKCIJE, 1/2022, str. 11-19



NAUKA#*ISTRAZIVANJE*RAZVO)J

FKM-Weld-Assessmen t
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A

10.000 (mm)

71.500

Figure 17. The most critical weld line

Slika 17. Najkriticnija linija zavarivanja

4. Conclusions

Based on the presented results one can conclude
that numerical analysis provides efficient tool to
estimate both static integrity and fatigue life of a
welded component. In the case of the welded panel
analysed here, it was shown that the static strength
is satisfactory because maximum stress value is
more than 2 times less (43.7%), as well as the
fatigue strength, since it is shown that the panel will
survive 5:10° cycles under maximum amplitude
load.
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4. Zakljuéci

Na osnovu prikazanih rezultata moze se zakljugiti
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