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nCode E

* What is DesignLife?

» Fatigue analysis methods for welded structures
 “WVolvo” method

 Stress recovery methods for welds and mesh sensitivity
« Validation and application

« Concluding remarks
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nCode DesignLife summary

nCode Product Range ‘ E
Streamlining the Virtual Fatigue Web-based Processing for nCOde
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ncode GlyphWorks (& ncode DesignlLife
= Complex analysis to repart, simply done = Powerful fatigue analysis technology

« Graphical, interactive & powerful analysis | - Integrated repotting and process Ml Secure web access

» Integrated reporting and process
« World Isading fatigue analysis capabilities encapsulation

» Analyze, trend and understand using
* Fast, expandable, and scalable configurable processing

* General-purpose FE-based fatigue
analysis system

« Efficiently analyse large problems

» Wide range of fatigue analysis methods
» Highly configurable

* Integration with test

« Automate analysis and reporting

* Intuitive flow-based GUI or process in
batch

» Available through HyperWorks Partner
Alliance
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Weld fatigue calculation strategies

« LEFM (fracture nCode /n/
mechanics) |

 Local approach
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Examples using structural hot-spot stress approach

52 ¥ Butt welded joints should be made with [ |n Code E

Standards: e o
which would exist in a fillet welded joint. g
° BS7608 5.3 F2 ’Almedec‘reaseinfatiguelm‘wim -~ ‘

more load is transferred into the longer
gusset, giving an increase in stress

« Eurocode 3 e— Edge distance
0

« ASME Pressure Vessel Code |

1000

e “Volvo” method

o0

Stress Range (MPa)

S.=S,,*+S,= P/A + Mc/l

o T 5 1E8 1ET 1E8 =

Life (cycles)

r Legend
Eurocode3_100 SRI1: 12699.2 MPa b1:-0 333333 b2:-0.2 NC1: 5e+107
Eurocode3_112 SRI: 14111.1 MPa b1:-0.333333 b2:-0.2 NC1: 5e+007
Eurocode3_125 SRIT: 15749 MPa b1:-0.333333 b2:-0.2 NC1: Ge+007
Q Eurocode3_140 SRI1: 17638.9 MPa b1:-0.333333 b2:-0.2 NC1: Se+007
Eurocode3_160 SRIT: 20158.7 MPa b1:-0.333333 b2:-0.2 NC1: Se+107
Eurocode3_36 SRI1: 4636 72 MPa b1:-0.333333 b2:-0.2 NC1: GeH107
7'y Eurocode3_40 SRI: 5039.68 MPa b1:-0.333333 b2:-0.2 NC1: Se+007
M Eurocode3_45 SRI1: 666964 MPa b1:-0.333333 b2:-0.2 NC1T: 5e-+HI07
Eurocode3_50 SR 5299.61 MPa b1:-0.333333 b2:-0.2 NC1: Se+007
Eurocode3_56 SRI1: 7055.56 MPa b1:-0.333333 b2:-0.2 NC1T: 5e-+HI07
é T P Eurocode3_B3 SRI1: 7937 6 MPa bi1-0.333333 b2:-0 2 NC1: fe+107
1 * Eurocode3_71 SRI1: 8945.44 MPa b1:-0.333333 b2:-0.2 NC1: Se+007
Eurocode3_80 SRI1: 10079.4 MPa b1:-0.333333 b2:-0.2 NC1T: 5e-HI07
Eurocode3_90 SRI: 11339.3 MPa b1:-0.333333 b2-0.2 NC1: 5e+007
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Background to “Volvo” method

Nugget

* Rupp method for spot weld nCode /n”/

fatigue — calculate structural
hot-spot stress around spotweld

Radial stress

based on cross-sectional forces L]
and moments Radial stress ;Tg:;pal

Ref: SAE 950711

X-axis
iya— Slement
. g(1r') G direction’yg’ z::node
» Fermer et al: Analogous method M= o
for seam welds — simple mesh - i oL ) 9
to transfer loads and uses N 2
forces and moments to calculate { e
membrane and bending ,  memess
stresses normal to weld toe. o . 12 M3 2 N
Reasonable level of mesh S LT T,
insensitivity. Distinction between® | . . @ @
“stiff” and “flexible” behaviour. IR N P e e |
Size effect included. ; R— { b L
2 o Fillet stiff N
Ref: SAE 982311 5| e
, —— Original stiff
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Weld configurations and modelling guidelines

Fillet Overlap nCode /n/
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Calculation process in nCode DesignLife

3o nCode /n”/

_ _ Abs Max Principal 7
Linear static Critical Plane or A Bending | —————
superpositian Normal Stress "o ol ratio stats |
Time-step M T
Modal 4 A ya
superposition LTI LI
“Weld Bottom” Combined Membrane and i
S N . - r'd —
stress history —»{stress history (bot) bending stress [—|. <A Cun{e
: : interpolation
a;(t) Gey(t) + bending ratio .
FE Results |-~ 1
+ applied / l
loads \
“Weld Top” Combined -
stress history ["|stress history (top) Ralrglow Sl | DAMAGE i o i
i) Oyt (A0,0m);
N N
S =S xMax L 1 -
ref
Size effect Mean stress

effect
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Typical analysis process

&F GlyphWorks nCOde E

FeEE File Edit Wiew Insert Interactive Run  orkspace  Help
HEDD>N

6 LId[»ne ) OB 20 s v »
Lllbit A@PE < « B %Lk :

Glyphiorks
A
A | 2
e o OO l_()_‘
ukomation o 38 Messages =0 -0
= = 1 15 G 7 |
" Element Life Average bending 1| SeamweldLocatior)
& @ Repeats
- 27923 9. 185e+07 09167 Toe )
Studio 4 =
1 Fileis) 2 28042 5.59e+07 0.3029 Toe:
EIE - 5 Z7ET4 5. 161e+07 0.6816 Toe b
punc A sthlame: susp_arm_cubic_disp_gpf Channel: 1 Title: Results Table: 1
ASCITranslate

| ;' TEInput X Display

wheel_force (rsp) Chi1 o X-Force

Rainflow
. =
(v
wheel_force (rsp) Ch 2 Y-Force
MaterialsManager
=
wheel_force (rsp) Ch3: Z-Force
ScheduleCreate =
wheel_force (rsp) Ch 4 : ¥-Moment
E
E
=
wheel_farce (rsp) Ch S Y-Moment
3
E
=
whegl_farce (rsp) Ch 6@ Z-moment Sub List |Hot Spot List
3
5 MW— Element  Material Group | Property ID | Material ID | Damage
30330 SHELL_22553 22553 1 0.011e6
Elerment: 30330 30354 SHELL_22553 22553 1 0.00333
Time (secs) 28076 SHELL 72553 22553 1 0.002221
1 TESt(%)_ Dis_pl.a'y__ 30378 SHELL_22553 22553 1 0.00173
; 32979 SHELL_Z2553 22553 1 7.926E-4
# Bt 30361 SHELL_#2555 22553 1 7.404E-4
30360 SHELL_22583 22553 1 6,948E-¢
30344 SHELL_22553 22553 1 6,199E-<
30332 SHELL_22553 22553 1 S.231E-
[ 30365 SHELL_22553 22553 1 2.62E-4
Tools < | < |
Help workspares >> | @ w1 ‘ e | ® w | [] Ratate model to selected feature Cle:

I
o]
<

measure and predict with confidence




nCode E

results from a coarse model...

Mesh and FE code sensitivity i
How do we get usable stress . '
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How to get useful weld toe stresses from relatively coarse models

In linear shells, stresses extrapolated
from integration points give rather
Inconsistent results:.

Sensitivity to mesh quality and mesh
refinement

Especially close to geometric features
and weld ends

Somewhat better for higher order
elements

3 other options in DesignLife

. Use CUBIC stress recovery in NASTRAN (or RADIOSS)

2. Calculate stress tensor in a similar way to the “CUBIC” method

based on nodal displacements and rotations

Use Grid Point Forces to calculate membrane and bending stress

normal to weld toe
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How does it work? Using nodal displacements and rotations.

nCode E

» Relative displacements between
node pairs used to calculate
strains

o Strains from G1-G2, G1-G3, & G1-
G4 used as strain-gauge rosette

* Bending stresses calculated from
assumed cubic displacement
function

e Structural stresses calculated from
resulting strain tensor

 Full stress tensor available

« Damage normally calculated using
abs max principal stress or critical
plane approach

* Good level of mesh insensitivity

 Rather conservative at singular
locations or where stress Is not
normal to weld toe
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How does it work? Using grid point forces and moments

nCode E

Membrane and bending stresses normal to

weld are calculated for weld toe and weld root

elements

» GPForces are collected at
weld toe nodes and
shared in proportion to
element edge length

e Line forces and moments
are averaged to mid point
of edge and translated to
local co-ordinate system

Z\I/y

X

Y

f m
— 6 'X 6
GStop,normal_ t +6 tz
Global

coordinate
system

coordinate
system
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Mesh sensitivity — typical test specimens

e Quite uniform stress field

 Very little sensitivity to mesh
density or quality

» Using CUBIC, GPF or
Displacement based stresses
gives almost identical results

lap-shear —

* Similar results from different FE
codes

<_double
lap-shear

start-stop —

“Durability of Advanced High Strength Steel Gas Metal Arc Welds”
Bonnen et al. SAE 2009-01-0257
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Mesh density sensitivity - CUBIC stresses vs GPF derived stresses

Volvo T-tube specimen

SAE 982311 — Fermer et al




Stress recovery at a singular location

* Perch mount specimen
* Highly singular stresses

» Results are sensitive to mesh
density and weld modelling
strategy

» Stresses from mid edge of
weld toe elements give
reasonable correlation

“Durability of Advanced High Strength Steel Gas Metal Arc Welds”
Bonnen et al. SAE 2009-01-0257




Correlation of test data from steel partnership project

Predicted vs Experimental life

Predicted life
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Bonnen et al. SAE 2009-01-0257

| Arc Welds”

* dubious boundary conditions




Effect of FE code and mesh quality

Original mesh
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Effect of FE code and mesh quality

Original mesh
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Significantly different performance between CQUAD4 and S4 for example!

Bad mesh
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Application to spot weld fatigue analysis

* Rupp method well-established

« ACM (HEX/MPC) spotwelds
adequate for identification of
critical areas

» ACM method too sensitive to
mesh to establish trends

» Refined approach — local remesh
of critical welds and re-
assessment using seam weld
method



Refined analysis of spotwelds using “seam weld” method

* Most damaged ACMs automatically replaced by “spider”
» Additional shell elements inserted to permit recognition as seam welds
» Stable predictions permit reliable evaluation of design alternatives

Test — 501 repeats Prediction — 600 repeats



Concluding remarks

» DesignLife is readily configurable to predict fatigue life of welds using
a variety of methods, including well-known standards

* The “Volvo” method implemented in DesignLife provides an effective,
highly configurable, cost-effective and easy to use solution for
seamweld fatigue life prediction in welded sheet structures

» All FE results are mesh sensitive, but mesh sensitivity can be
minimised by:
Sensible application of modelling guidelines
Using appropriate stress recovery methods (CUBIC, displacements, GPF)
Averaging and translating stresses to mid point of element edges

* Not all linear quad elements are the same! In what are rather non-
converged meshes, results may differ using different FE codes



