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stress evaluation
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LIMIT"

stress evaluation

Overview

Overview
+ Motivation

+ Part I: Strength assessment of non-welded structures
= Static strength & Workshop 1
= Fatigue strength & Workshop 2
= Special topic: Analyzing different loading types in LIMIT & Workshop 3
= Workshop 4: Assessment of customers structures.....

4+ Part Il: Strength assessment of welded structures
= Stress concepts for welded structures
= Static strength & Workshop 5
= Fatigue strength & Workshop 6
= Weld assessment using effective notch stresses & Workshop 7
= LIMIT Sensor technology & Workshop 8
= Workshop 9: Assessment of customers structures.....
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LIMIT*

stress evaluation

Motivation for LIMIT

Motivation for LIMIT

4+ Already in the first years of CAE Simulation & Solutions GmbH a large percentage of
projects were dealing with the fatigue of welded structures

+ We were faced with the following challenges
® Finding critical loads and load cycle numbers
= Checking all critical positions
= Applying different design codes
® For large problems manual assessment not possible!
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LIMIT"

| Development
stress evaluation

Development of LIMIT

+ 2004: start of development: no commercial software was available at that time,
covering our needs (DIN15018, DVS-codes)

+ 2009: development of a GUI for LIMIT
= Easier to use, reduced training period
= Widespread usage enabled

+ 2010: first commercial installation at Ludwig Engel KG, Austria

+ Current status:
= Release 2020
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LIMIT"

. Assessment
stress 8V8|U8t|0n

+ Effects taken into account |
= stress gradients normal to surface .

= surface factors
= temperature

Fée Setn Usbe Resl Opoens Hep

Crank shaft

Centre pin

umIT*

Www.cae-sim-sol.com LIMIT 2020 — FKM Course

page 5



LIMIT" Assessment

stress evaluation

+ Assessment of welds with nominal or structural hot spot stresses

a.) complex structures b.) simple definition of welds c.) visual check of weld geometry

File Sets Sensors Loads Setups Jobs UserCodes Geometries Plugins Options Help

Dea= DeennoE:zEssnRDs g8z

Model Data Viewport
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LIMIT"

stress evaluation

Assessment

+ Assessment of welds with nominal or structural hot spot stresses

» static and fatigue assessment

* numerous codes available

S-N-curve (Wo6hler diagram)

ultimate strength

Low cycle
fatigue

static strength

yield strength — @
finite life f
fatigue 3

=

§
infinite life E
fatigue ’

D=X ni/Ni

104
loadcycles N (log)

Woéhler line.
fatigue strength
S
N; N, |
NFS NCutoﬂ

Cutoff
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P2_WELD/ROOT/BOT|
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* simple post processing
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>
L’M’T LIMIT Within the Simulation Process

stress evaluation

Global iteration

loop, changing
geometry 3D-CAD

Design: 3D-CAD

v

FE model
Patran, Hypermesh,
Abaqus/CAE, ANSYS, NX

v
Finite Element Input LIMIT-CAE
.bdf, .out, .dat, .inp Definition of assessments Midsurfaces and shell
v in the GUI elements
FE Solver
Nastran, Abaqus, ANSYS
T Local loop, e.g.
changing weld
FE Results LIMIT-SOLVER quality
fil, .odb, .op2, .rst Analysis

LIMIT-VIEWER

Post processing

Degree of
utilization in welds
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>
L’M’T Advantages using LIMIT

stress evaluation

Advantages using LIMIT
4+ Better products
4+ Reduction of time-to-market

+ Reduction of risk of failure
= Comprehensive and accurate assessment

= Assessment quality is improved, especially
compared to point-wise assessment

= Saves money due to less cases of warranty
= Beneficial for company reputation

+ Stand alone application, no blocking of other licenses
(Ansys, Nastran, Abaqus,..)

+ Improved assessment documentation

fatigue crack at end of rib
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>
L’MIT Advantages using LIMIT

stress evaluation

Advantages using LIMIT

>
+
>

Simple to use for engineers => low costs for training
Support is provided by experienced engineers of CAE Simulation & Solutions

Support engineers use LIMIT in everyday customer projects, are thus experts in
= usage of LIMIT

= the application of codes and all practical aspects

= software updates

LIMIT usage and LIMIT development are closely connected in a small team
= Features for efficient practical use are constantly added

Very versatile
= Numerous design codes
= Different stress concepts
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LIMIT* Motivation

stress evaluation

Strength assessment:

+ Investigation wether a structure is fit for design loads.

Why?

+ Tech. approval necessary
(TUEV, ministery,..)

+ Prevention of customer
complaints

+ Reduction of costs
= Weight reduction
= Cheaper manufacturing
= Material selection,...
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L’M’T* FKM Introduction

stress evaluation

Regulated / non regulated fields of mechanical engineering

+ In regulated fields usually special design codes must be met
= Railway vehicles: in Germany or Austria mainly: DVS1612 /DVS1608
= Windpower: approval by German Loyd (GL), on basis of Eurocodes for welded structures, ...
= Pressure vessels: EN13445, Germany and Austria AD-Guideline, ....

4+ Non regulated fields / general mechanical engineering
= FKM guideline very popular in Germany, Austria and Switzerland
= Acceptance in regulated field is rising
= Detailed explanations of assessment procedures for
— Non welded and welded components
— Static assessment, fatigue assessment

— Static and fatigue strength data for many materials
— Comprehensive
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L’M’T* FKM Introduction

stress evaluation

FKM Guideline:

Analytical Strength assessment of components ® F_KM .
+ Available since 1994

+ Based on
= former TGL standards from Eastern Germany,
=VDI2226 and
= other sources

4+ Further developed to meet current state of knowledge
Currently in the 6™ edition, 2012
+ Accepted by TUEV

*

VOMA Veriag
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L’M’T* FKM Introduction

stress evaluation

FKM Guideline:

Analytical strength assessment of components ® F_[<M .

+ Static strength assessment

+ Fatigue strength assessment
= Constant amplitude
= ariable stress amplitude

+ Valid for:
= Steel and stainless steel from -40°C to 500°C
= Cast iron materials from -25°C to 500°C
= Aluminum materials from -25°C to 200°C
= Welded steel and welded aluminum
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L’M’T* FKM Introduction

stress evaluation

FKM Guideline:

Organized in Chapters:

0 General survey

1 Assessment of static strength using nominal stresses

2 Assessment of fatigue strength using nominal stresses

3 Assessment of static strength using local stresses L ’M'T*
4 Assessment of fatigue strength using local stresses stress evaluation

5 Annexes

6 Examples

7 Symbols

8

Modifications
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>
L’MIT FKM, Fatigue/Static Strength

stress evaluation

Strength Assessment of Non-Welded Structures
Part |
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LIMIT"

stress evaluation

FKM Introduction, Static

Assessment of static strength
using local stresses
Basic procedure

+ Non-welded
+ FKM, Chapter 3

___________________________________

4

3.2 Material properties: R, R,

3.3 Design parameters: n,

3.4 Component strength: oy

3.5 Safety factors: j,,

3.6 Assessment: ag,

WWW.cae-sim-sol.com
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LIMIT* Static Strength

stress evaluation

Service stress, non-welded

FKMI Chapter 3'1 E 3.1 Characteristic service stresses: 6, E
4+ Topic: Characteristic service stress
"G, ..equivalent static stress 3-2 Material properties: Ry, R,

3.3 Design parameters: n

+ Static

= Each relevant static load case gives one
dataset of characteristic stresses

= Each stress state is assessed individually

3.4 Component strength: o

3.5 Safety factors: j,q

3.6 Assessment: ag
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s
L’MIT Stresses and Component Types

stress evaluation

Local stresses:

Typical elements used for Finite Element simulation

+ Solid elements (often 10 node tetrahedrons)
= Machined parts
= Casted parts
= Non ductile materials

+ Shell elements
= Thin walled structures
= Often for welded structures

+ Always linear elastic stresses used in FKM-Guideline!!
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LIMIT" stresses

stress evaluation

Stresses

+ Nominal stresses
= Torsion: t,,,,, = Mx/W,
* Bending: ¢,,,, = Mz/W,
= With FE analysis svee .. | Bending

+2.066e+02
+1.87%e+02

— Constant cross section

+1.127e+02
+92.393e+01

— At sufficient distance from
boundary conditions or
geometric discontinuities

Torsion

¥+ Local stresses
= Fine meshes, all notches resolved!
" No sharp notches, model radii > 0!
= Stresses directly used in LIMIT ., Twn=150MPa

www.cae-sim-sol.com LIMIT 2020 — FKM Course page 20



LIMIT*

stress evaluation

Stresses

Assessment with local stresses
+ Example, 2D-analysis, :

RO,5 \ -

N cyK,max

By
»
”

Tension/Compression

ﬁ
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LIMIT" stresses

stress evaluation

Stresses components used in LIMIT for FKM assessments

Volume elements: FE analysis gives 3D local stress tensors
+ 1.) FKM: 2D local stresses at surface

. GX, GY/T
= Critical plane procedure on surface (default)
= Stress gradient resolved normal to surface

4+ 2.) FKM: Principal stresses
" 0},0,0;
= 5, direction of largest absolute principal stress, found
over all load cases

= Stress gradients only at surface

WWWw.cae-sim-sol.com LIMIT 2020 — FKM Course page 22




LIMIT*

_ Stresses
stress evaluation

Stresses components used in LIMIT for
FKM assessments

Shell elements: FE analysis gives 2D local stress tensors
+ 3.) FKM: 2D local stresses

"G, 0,1
= Critical plane procedure (default)
= No stress gradient resolved

4+ 4.) FKM: 2D local stresses in welds

" 5, ... direct stress parallel to weld
" 5, ... direct stress transverse to weld
= 1, ... shear stress parallel to weld

® Transformation is performed automatically in
weld assessment mode

WWWw.cae-sim-sol.com LIMIT 2020 — FKM Course page 23




LIMIT" Static Stresses

stress evaluation

Stress for assessment, static loading
Assessment is performed using equivalent stresses
+ Non-welded components, Chapter 3.1.1

= Ductile materials => von Mises theory: Oy = \/(of -0,0,+0, +3r,,)
= Brittle materials => normal stress hypothesis: oy = MAX ﬂal il ;0'3‘}
= Semiductile materials => superposition: o, =0 -0y +(1-q) o,
g according to FKM (3.1.6) -
— Steel: q = 0; GJS: q = 0,264; GIM: q = 0,544; GJL: g =1 1
e - ~(o,+0,+0)
= Multiaxiality: H _ 3

Oywm Oywm
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LIMIT*

stress evaluation

Static Strength

Material properties, non-welded

FKM, Chapter 3.2,3.2.1

+ Topic: size dependent material strength

" R = Kgm * Ko Ry - tensile strength
"R, =Ky, Ko Ryn - yield strength

+ Data and factors
= Depends on material group
= Standard material values
- Rm,N, Rp,N
= Technological size factor
— Kam Kd,p
= Anisotropy factor: K,
= Compression strength factor
= Temperature factor

— Based on material, temperature T and duration t

- K'I',m = Rm,T/ Rm

3.2 Material properties: R, R,

WWW.cae-sim-sol.com
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LIMIT* Static Strength

stress evaluation

Material properties, non-welded

FKM, Chapter 3.2,3.2.1 + Case 1:

= Steel: forging, heat treatable, case

+ Topic: size dependent material strength _
hardening, GJS, GJM,GJL

"R, =Ky m - Ka* Ry - tensile strength
"R, =Ky, Ky Ry - yield strength + Case2:

= Steel: Non alloyed structural, Fine grain
structural, normalized heat treatable, general

4
R do cast steel ‘
o q " do Nr.| Querschnittsform degr defr2
P 0 (@E I eff,N eff = Aluminum s R
m,N % S d d
"1 Q¢
R D, N 2 @* 2s s

3 ‘:\\\Ql 2s s

Normwerte
Bauteil-

Normwerte pro—— 4 ~ b~ 2b-s s
- - Bauteilwerte N ﬂ b+s
dO deff.N (lg) deff deff.max 5 e B b
Source: FKM Guideline, 2003 Source: FKM Guideline, 2003 “
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LIMIT*

stress evaluation

Design parameter, non-welded

Static Strength

FKM, Chapter 3.3,3.3.1

+ Topic: influence of design characteristics
= n, = MIN(V(E-g../R, ); K,) ... section factor

= Double criteria:
local material limit + plastic limit load

+ Data and factors

" & - Critical value of total strain
— Depends on material group
— Elongation at break: A
— Hydrostatic stress state: h

= E ... Young’s modulus
— Depends on material group

" R, ... yield strength

" K, ... plastic notch factor
-K, = plastic limit load / elastic limit load

3.3 Design parameters: n,

WWW.cae-sim-sol.com
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LIMIT* Static Strength

stress evaluation
Design parameter, non-welded

FKM, Chapter 3.3, 3.3.1 By T Bem

+ Topic: influence of design characteristics

Fy
" n, = MIN(V(E-g.../R, ); K;) ... section factor R, -] I
+ Data and factors

" o - Critical value of total strain
— Depends on material group Kp -F4
— Elongation at break: A
— Hydrostatic stress state: h

= E ... Young’s modulus
— Depends on material group

" R, ... yield strength Werkstoff

" K, ... plastic notch factor
— K, = plastic limit load / elastic limit load

Q

&

— In case of local stress peaks, e.g. holes, only 0 ertr &
critical strain is relevant. Set K,toa large value Source: BauteilflieBkurve, Dr.-Ing.Hanel, Seminarunterlagen
LIMIT 2020 — FKM Course page 28
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LIMIT*

stress evaluation

Static Strength

Design parameter, non-welded

FKM, Chapter 3.3,3.3.1

+ TOpiC' influence of design characteristics

>

n, = MIN(V(E-g./R; ); K)) ... section factor

Data and factors
® ¢ .0 =constant

" &, and R are corresponding stress/strain
values and mark one critical point on the
Neuber-hyperbola (red dot).

= Using neubers theory the permissible elastic
stress can be calculated:

cSertr = npI ’ Rp
€ =Ny R,/E
np| : Rp' np| : Rp/ E = Rp : Sertr

=> N, = V(E-& /R,)

'€= 1 /
K, € = konst

;s A\ o
/ MQ
l'lpl,u /
Gertr { (o]
/ P
d
R, ] / Werkstoff

VY
J

G

vpl

€ €l Certr Eypl

Source: Neuber-Hyperbel, Dr.-Ing.Hanel, Seminarunterlagen
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LIMIT*

stress evaluation

Static Strength

Design parameter, non-welded

FKM, Chapter 3.3,3.3.1

+ Topic: influence of design characteristics
" n, = MIN(V(E-g.../R, ); K;) ... section factor

+ Examples for K,
" K, ... plastic notch factor

— K, = plastic limit load / elastic limit load

— In case of local stress peaks, e.g. holes, only
critical strain is relevant. Set K, to a large value

Tension bar with
notches:

K, -.. plastic notch factor:
Kppase = 1,0 ... area without notch
Kpnoten = 3,0 ... at notch K, sec. 5.2

Ky = 1,0 ... brittle material

WWW.cae-sim-sol.com
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LIMIT*

stress evaluation

Static Strength

Design parameter, non-welded

Bending:

orect = 1,5 ... rectangular section
= 1,7 ... circular section
=1,0 ... thin walled section
o= 1,0 ... brittle material

Bending: plate with notch

Kpp = 1,5

Kip = 3,0 (FKM, sec. 5.2)
Kpnoteh = 1,5 x 3,0 =4,5
Ko plate = 1,9

Ky = 1,0 ... brittle material

WWW.cae-sim-sol.com
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LIMIT* Static Strength

stress evaluation

Component strength, non-welded

FKM’ Chapter 3.4 i 3.1 Characteristic service stresses: oy i
+ Topic: final strength of the component = |
" Double criteria included in n;: 3.2 Material properties: Ry, R,

— Plastic notch factor (plastic limit load)

— Critical plastic strain (local material limit)
... component strength

3.3 Design parameters: n

= GSK= Rp : npl

3.4 Component strength: o,

3.5 Safety factors: j,q

3.6 Assessment: ag
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LIMIT*

stress evaluation

Safety factors, non-welded

Static Strength

FKM, Chapter 3.5, 3.5.1, 3.5.2

+ Topic: definition of safety factors
= Probability of survival PU = 97.5%

" jges - total safety factor (equ. 3.5.5):
— Basic safety factor plus temperature factors
— additional partial safety factors

= Basic safety factors
- jml jpl jmtl jpt
— Can be chosen under consideration of
consequences of failure and probability of the
occurance of high loads
= Partial safety factors:
—jg .- cast components: 1.4 or 1.25 for tested

— Aj ... non ductile cast components, depends on
elongation at break A

3.5 Safety factors: j,,

WWW.cae-sim-sol.com
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LIMIT"

stress evaluation

Static Strength

Assessment, non-welded

FKM, Chapter 3.6, 3.5.1, 3.5.2

+ Topic: degree of utilization

4+ Control of multiaxiality:
"h>h_, =1333 .. tension

—a = CYH— < 1
SH,Zug ~— o I =
SH,Zug Jges

" h<h.,,=-1.333 .. compression

On
_aSH,Druck - /i <1
GSH,Druck Jges

w
'_\
(@)
>
Q
-
Q
(@]
~
)
.
wn
o
(@]
wn
)
-
<.
(@]
)
%)
-
o
)
wn
7
)
B
Q
<

3.2 Material properties: R, R,

3.3 Design parameters: n

3.4 Component strength: o

3.5 Safety factors: j,q

3.6 Assessment: ag,

WWW.cae-sim-sol.com

LIMIT 2020 — FKM Course page 34



LIMIT*

stress evaluation

Workshop 1: Shaft with shoulder

+ LIMIT GUI
= GUI/Menus/Help
= Importing a model
= \View manipulations
= Sets and assessment zones

¥+ Assessment of static strength

= Assigning setups
—Assignment: Base Material
—FKM 6t edition

= Defining Jobs
—Selecting result files
—Selecting setups
—Selecting loads

WwWw.cae-sim-sol.com

, Mises
+2.254e+02
+2.0668+02
+1.87%+02
+1.691e+02
+1.503e+02
+1.3158+02
+1.1278+02

h
Step: Biegung_Z
Increment 1. Step Time = 1.000
2 x Primar War: 5, Mises
B ar: rma

LIMIT 2020 — FKM Course
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L’M’T* LIMIT Workshop

stress evaluation

Workshop 1: Shaft with shoulder

¥ Postprocessing with LIMIT Viewer
= Basic features
= VViews, coupling views
= Results
— Changing legend/show max

— Searching hot spots
— Element sets by results

= Query function
= Annotation
= Pictures

+ Checking results via text-files
= Jobname.txt

WWw.cae-sim-sol.com LIMIT 2020 — FKM Course page 36



>
L’M’T FKM Introduction,Fatigue

stress evaluation

Assessment Of fatigue stre ngth E 4.1 Characteristic service stresses: 6, o, E
using local stresses 4.2 Material properties: Gy,
BaSiC prOCEdure 4.3 Design parameters: K,

4.4.1 Comp.fatigue limit for zero mean stress: o,

+ Non-welded |

- FKM’ Cha pter 4 4.4.2 Comp.fatigue limit for actual mean stress: 6,y
[

4.4.3 Comp.variable amplitude fatigue strength: o,

4.5 Safety factors: j,

4.6 Assessment: ag J

Www.cae-sim-sol.com LIMIT 2020 — FKM Course page 37




LIMIT* Fatigue Strength

stress evaluation

Service stress, non-welded

F KM, Cha pte r4.1 i 4.1 Characteristic service stresses: G,, G,,, !

+ Topic: Characteristic service stress 4.2 Material properties: Gy,
"G, G, ..amplitude and mean stress

4.3 Design parameters: K«

* Fatlgue 4.4.1 Comp.fatigue limit for zero mean stress: G,
= Stress amplitude and mean stresses are |
relevant 4.4.2 Comp.fatigue limit for actual mean stress: G,
I
]
At least two load cases are needed 4.4.3 Comp.variable amplitude fatigue strength: oy

» Each load case must be a relevant
service stress state 4.5 Safety factors: j,

}

4.6 Assessment: ag
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>
L’M’T Fatigue Stresses

stress evaluation

Stress for assessment, fatigue

Assessment is performed using stress components
Interaction of components is calculated at the end

+ Non-welded components, Chapter 4.1.1
= Surface stresses: 6, o, T
" Principal stresses: 6, ¢, G;

WWWw.cae-sim-sol.com LIMIT 2020 — FKM Course page 39




E
L’M’T Fatigue Stresses

stress evaluation

Characteristic service stress, fatigue

+ Classification of stresses depending on loading condition
= Proportional stresses
= Synchronous stresses
= Non-proportional stresses
—Simultaneously
—Time-delayed
—Uncorrelated in terms of time

+ Has impact on
= Calculation of degrees of utilization

WwWw.cae-sim-sol.com LIMIT 2020 — FKM Course page 40




O
L’M’T Fatigue Stresses

stress evaluation

4+ Proportional stresses

= Always when single oscillating load acting
on structure

= Directions of principal stresses
remain constant in time

A

Point of interest
Stress: 2D surface tensor

F(t) ! N\ R
TN T hime F(t) = Fruae * sin(ot)
Oy i : Oax Signs of stress amplitudes can
_%%.. o, be taken from FE analysis!
o i i R=(c,—0,/(cy,+0,) =-1.. stress ratio

y 1
: i, LIMIT:
! I LC1 F
T | 1 /\ sor Tmax
Y= : > LC2 ..
1
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LIMIT"

, Fatigue Stresses
stress evaluation

4+ Synchronous stresses Point of interest
- Amplitudes proportional Stress: 2D surface tensor
= Mean values non proportional

= Directions of principal stresses strictly
spoken not constant

Fi(t) = Fa ™ sin(ot)

A
F(t)
- Signs of stress amplitudes can F, ... constant
X be taken from FE analysis!

S, R=(c,—0,)/(c,+0,) .. stressratio
LIMIT:

T, LC1... F +F,
LC2 ....-F_ +F,

WwWw.cae-sim-sol.com LIMIT 2020 — FKM Course page 42



O
L’M’T Fatigue Stresses

stress evaluation

4+ Non proportional Point of interest
= Two or more loads varying in time Stress: 2D surface tensor
= Amplitudes non proportional
= Mean values non proportional
= Directions of principal stresses varying

Mg(t)

M (1)

y No clear interaction of stress components!

Principle stress axes change in time!

ERA'AVAVAYACZA W
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O
L’M’T Fatigue Stresses

stress evaluation

4+ Non proportional Point of interest
Stress: 2D surface tensor

= Two or more loads varying in time
= Amplitudes non proportional
= Mean values non proportional
L o . Mg(t)
= Directions of principal stresses varying

Conservative aproach:

A
M, maximum amplitudes M(t)
,max .
Mg ) simultaneous!
time
I:Ebending
LIMIT:
MT MT I\/IB,min
max LCL .. Mg max + My ma
A\ /\/\’\ ‘ LC2 ... Mg max - M1
i~ i -t w LC3 MB,min + MT,min torsion
MT’min LC4 cees MB,min - MT,min
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LIMIT"

stress evaluation

Fatigue Strength

Material properties, non-welded

FKM, Chapter4.2,4.2.1

+ Topic: strength dependent fatigue limit

" Oy = fwo - Rm - fat. limits rev. stress

" Tys = fwe * Owg - fat. limits rev. shear

+ Data and factors
" R, ... taken from static part, Chapter 3.2
" f o ---Fatigue strength factor for
completely reversed stress
— 0.45 for steel, 0.30 for aluminum
" f,. ---Fatigue strength factor for
completely reversed shear stress
—0.577 ductile, 1.0 Brittle
= Temperature factor
— Based on material group and temperature T

— Kip = Owat / Ow,d

_______________________________

__________________________________

4.2 Material properties: 6,4

4.3 Design parameters: Ky«

4.4.1 Comp.fatigue limit for zero mean stress: G,y

4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy,

4.5 Safety factors: j,

}

4.6 Assessment: ag

WWW.cae-sim-sol.com
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LIMIT* Fatigue Strength

stress evaluation

Design parameter, non-welded

__________________________________

FKM, Chapter 4.3, 4.3.1 i 4.1 Characteristic service stresses: 6, G, i
¥+ Topic: influence of design characteristics _ .
1 1 1 1 4.2 Material properties: o 4
" Kwio= [ 1 e 1)] - KK
Ns ¢ RR v 'Ks K e )
4.3 Design parameters: Ky,
1 1 /1 1 [
" Ko = —L 1+5—(-1)]-
e, K Kg Ky Ks

4.4.1 Comp.fatigue limit for zero mean stress: G

I
+ Data and factors o
4.4.2 Comp.fatigue limit for actual mean stress: G,

" N, ... Kt-Kf-ratio, Chapter 4.3.1.3 |

= K; ... estimate of fatigue notch factor 4.4.3 Comp.variable amplitude fatigue strength: o
BK
" Kg ... roughness factor
= K, ... surface treatment factor 4.5 Safety factors: jp
= K, ... coating factor J
= Ky - factor for GIL 4.6 Assessment: ag,
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LIMIT*

stress evaluation

Fatigue Strength

Design parameter, non-welded

FKM, Chapter4.3,4.3.1

+ Topic: influence of design characteristics

1 1,1 1
% ==[1+z27(=-1)] ———
e, . Ky Ky -Ks "Kye
= K 1+— —-1

f

+ Data and factors
N, ... Kt-Kf-ratio, Chapter 4.3.1.3
. Rf ... estimate of fatigue notch factor
" Kg ... roughness factor
= Ky ... surface treatment factor
= K, ... coating factor
" Ky - factor for GJL

$ I

g
2 I ! 5 B

NS

SN
N

G

2

S

NN

\\\\
N

~~
N

~
N
\\
.
|
|

=

l//fiRaRs
/ / 20{2‘2]; | J
1 | I

1,0
0,01 0,02 0,05 0,102 05 1 2 5 10

|
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i

Ggin mm !

FKM Guideline 2012, Fig. 4.3-2: Kt-Kf-ratio as function of the related
stress gradient G
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Fatigue Strength
stress evaluation
Component fatigue limit, zero mean stress, non-welded

FKM, Chapter 4.4.1,4.4.1.1

+ Topic: component fatigue limit for
4.2 Material properties: 6y ,4

= completely reversed stress :
= (zero mean stress)

4.3 Design parameters: K«

" Gwk = Owzd * Kwi o - fat. limits rev. stress I

" Tk = Tws * Kwi ¢ -~ fat. limits rev. stress
WK W WK 4.4.1 Comp.fatigue limit for zero mean stress: o,

I
4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

4.6 Assessment: ag J
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LIMIT* Fatigue Strength

stress evaluation

Component fatigue limit, zero mean stress, non-welded

FKM, Chapter 4.4.2,4.4.2.1 Fommsssremmssseeoococeeoooooeooy

+ Topic: component fatigue limit as

. 4.2 Material properties: o 4
= a function of mean stress 6,,and t,,

" Gax = Owg * Kak o - fat. limits stress 4.3 Design parameters: Ky,
" Tox = Twi * Kag ¢ - fat. limits stress |

4.4.1 Comp.fatigue limit for zero mean stress: o,

+ Data and factors [

m KAK .. mean stress factor 4.4.2 Comp.fatigue limit for actual mean stress: G,
I

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

4.6 Assessment: ag J
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stress evaluation

Fatigue Strength

Component fatigue limit, non-welded

FKM, Chapter4.4.2,4.4.2.1

+ Topic: component fatigue limit as
= 3 function of mean stress 6,,and t,,
" Gaq = Owk * Kag g - fat. limits stress
" Tak = Tk - Kag o - fat. limits stress

+ Data and factors
= K, --- mean stress factor
» R=(c,— 0, /(0,+0,) .. stressratio
= Fields | to IV depend on R-value
= Mean stress sensitivity material group dependent
= Typ of overloading
— F1: the mean stress remains constant
— F2: the stress ratio remains constant (default)

— F3: the minimum stress remains constant
— F4: the maximum stress remains constant

Ok

Swk

M=M./3 M.=0
@® ®@

FKM Guideline 2012: Fatigue limit diagrams (Haigh diagram)

o, (D

a,x T o - Al

=] fifte AT
I vV V >
Gm
B VIRY R=0
l i
Ga,x
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LIMIT*

stress evaluation

Fatigue Strength

Component fatigue limit, non-welded

FKM, Chapter4.4.2,4.4.2.1

+ Topic: component fatigue limit as
= 3 function of mean stress 6,,and t,,
" Gaq = Owk * Kag g - fat. limits stress
" Tak = Tk - Kag o - fat. limits stress

+ Data and factors
= K, --- mean stress factor
» R=(c,— 0, /(0,+0,) .. stressratio
= Fields | to IV depend on R-value
= Mean stress sensitivity material group dependent
= Typ of overloading
— F1: the mean stress remains constant
— F2: the stress ratio remains constant (default)

— F3: the minimum stress remains constant
— F4: the maximum stress remains constant

ax R=1 R=0
®  af
Twg M=M, @
M=M/3 M=0
R=0.5

FKM Guideline 2012: Fatigue limit diagrams (Haigh diagram)

R .
ain - A W

v

) 5
vV R=0 @O
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LIMIT* Fatigue Strength

stress evaluation

Component fatigue limit, non-welded

FKM, Chapter4.4.2,4.4.2.4

+ K, ... mean stress factor
"R=(0,,—0,)/ (0, +0G,) .. stressratio Oak
= Fields | to IV depend on R-value
= Mean stress sensitivity material group dependent
= Typ of overloading

— F1: the mean stress remains constant 0-WI\'

— F2: the stress ratio remains constant (default) 4 ° F1 F2 R =105
— F3: the minimum stress remains constant :

— F4: the maximum stress remains constant @ @ :M;,f M M

P d o
) wp X
actual stress state

’/
_ /- iV

reo )
@ o Oax G
o 2% T o I . oo N
G a,X T o LA f A M FKM Guideline 2012: Fatigue limit diagrams (Haigh diagrams)
X T G £- A m Overloading cases F1 and F2
1\J/\7
| V. V
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LIMIT*

stress evaluation

Fatigue Strength

Component variable amplitude fatigue strength, non-welded

FKM, Chapter 4.4.3,4.4.3.1

+ Topic: influence of variable amplitude
= variable amplitude fatigue strength factor
" Opk = Oak " Kpko

" To = Tak " Kpi

4+ Variable amplitude

A cYa,l

Ca | e e

106 Number of cycles

4.4.3 Comp.variable amplitude fatigue strength: o,
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LIMIT"

stress evaluation

Fatigue Strength

Component variable amplitude fatigue strength, non-welded

FKM, Chapter 4.4.3,4.4.3.1

+ Topic: influence of variable amplitude

= variable amplitude fatigue strength factor

" Op = Oax * Kok o

" To = Tak " Kpi

4+ Variable amplitude

A cYa,l

Ca | e e

106 Number of cycles

WwWw.cae-sim-sol.com

4+ S-N-curves (Wohlerlinien), non-welded

S
a.zd 1 | ... steel, cast iron
(lg) ko=5 3 I ... alu, austenitic steel
direct stress I
SAK,Zd
SAK,zd,Il kp =15
— 6 =108
Np,o=10 Np, o, =10
Source: FKM Guideline 2012 N (lg)
Tﬂ,S 1 R
(1g) S Sk
k,=8 2s¢.  shear
TAK.S
T 1 11
AK,s, 11 k, =25
D,
N, =108 N =108
D, D, Il
Source: FKM Guideline 2012 N (lg)
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L’M’T* S-N-Curve

stress evaluation

+ Damage calculation

ultimate strength
Low cycle
fatigue static strength
yield strength — E & &
finite life gm Ca1 Wohler line
fatigue E o, ,
% fatigue strength
n Soo T -
. pe e . $ n1 nz N — e
:cnftllmte life £ o R “\._ Cutoff
atigue \\\
o n

load cycles N (log)
Miner elementary
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LIMIT*

stress evaluation

Fatigue Strength

Component variable amplitude fatigue strength, non-welded

FKM, Chapter 4.4.3,4.4.3.1

+ Topic: influence of variable amplitude
" Opk = Oak " Kpk o

" To = Tak " Kpi

+ Fatigue life curve, non-welded

G:I Gﬂ.l \ \ GBK
(Ig) % T
¢ | \& l
kNZ,! \%Z v
. & <,
¥ G . 4 v
%, NG — K
% % A BK
% Z !
. < Np |
7 (S —_
2 % LN ]
o 2.
G
Spannungskollektiv . A A
—_— v“‘ o G>\K
N NS ,
Source: FKM Guideline 2012 N (Ig)

4+ Variable amplitude fatigue
[Aele *Np - Dy, ]l/k

N

" Kgg =

+ Data
=N ...required cycle number: Zn
"N, ... cycle knee point

" A, - dist. Fatigue life curve and const.
ampl. S-N curve (Miner elem.)

=D, ... effective damage sum (4.4.51)
=k ... slope exponent

WWW.cae-sim-sol.com
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stress evaluation

Fatigue Strength

Component variable amplitude fatigue strength, non-welded

FKM, Chapter 4.4.3,4.4.3.1

+ Topic: influence of variable amplitude
= variable amplitude fatigue strength factor
" Ogx = Oak " Keko
" Tox = Tak " Kako

+ Maximum values
" OBk max = 0,75 - Rp "Ny
" ok max = 0,75 - fT . Rp Ny

" R, ... yield strength
" n, ... section factor
= f_... shear strength factor, tab. 3.2.5

__________________________________

4.2 Material properties: Gy,

4.3 Design parameters: K«

4.4.1 Comp.fatigue limit for zero mean stress: o,
I

4.4.2 Comp.fatigue limit for actual mean stress: G,
I

4.4.3 Comp.variable amplitude fatigue strength: o,

4.5 Safety factors: j,

}

4.6 Assessment: ag

WWW.cae-sim-sol.com
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LIMIT*

stress evaluation

Fatigue Strength

Component variable amplitude fatigue strength, non-welded

FKM, Chapter 4.4.3,4.4.3.1

+ LIMIT settings for ASSESSMENT in Job
= Set Assessment to FATIGUE

+ Choose Fatigue Type FKM6:

= FATIGUE_AGAINST _ENDURANCE_LIMIT
—=>Kg =1
—German: Dauerfestigkeit
—Number of cycles in spectra is irrelevant!

= VARIABLE_ AMPLITUDE_FATIGUE_STRENC
—=>Kg 21
—Using Miner elementary damage acc.
—German: Betriebsfestigkeit
—Number of cycles taken from spectra

as:

[ FKM6_FAT_STEEL ]

eeeee

Preference ‘ limit_nastran_v2006_x64_eng.bat

Write HDF5 Results File (.h5): ‘YES
Write GEO Results File (.geo): [NO

Keywords: ‘ Edit ‘
Transfer ElSets: ‘ Add ‘
Report Groups: ‘ Add ‘
Transfer NSets: ‘ Add ‘ v

Setups

Existing: Selected:
Basemaf terial_Shaft (FKM6) Basema terial_Shaft (FKM6)
‘ Move to Selected --> |
Assessment Options
Assessment: FATIGUE v
~ T H Fatigue Tg FKM6: \VARIABLE_AMPLITUDE_FATIGUE_STRENGTH v
J Loads
O use Spectra Use Loads
Existing: Selected:

Default (GROUP)
LOAD_Bending_neg (LOAD)

LOAD_Bending_neg
LOAD_Bending_pos

LOAD_Bending_pos (LOAD) LOAD _Torsion_neg
LOAD_Torsion_neg (LOAD) LOAD_Torsion_pos
LOAD_Torsion_pos (LOAD)

Move to Selected -->
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LIMIT* Fatigue Strength

stress evaluation

Safety factors, non-welded

__________________________________

FKM, Chapter 4.5, 4.5.1 i 4.1 Characteristic service stresses: 6, G, i

+ Topic: definition of safety factors

4.2 Material properties: o 4

-jDsz' JFJG

KT,D 4.3 Design parameters: Ky«
|

+ Data and factors

4.4.1 Comp.fatigue limit for zero mean stress: o,

" j; ... load safety factor, default 1.0 |

" jF .. material Safety factor, tab. 4.5.1 4.4.2 Comp.fatigue limit for actual mean stress: G,
" j; ... cast iron factor, tab. 4.5.2 [

L] KT,D ... temperature factor, chapter 4.2.3 4.4.3 Comp.variable amplitude fatigue strength: o,
(depends on material group and temperature)
= In LIMIT safety factors are selected on: 4.5 Safety factors: jj
— Consequence of failure: severe/mean/moderate J
— Regular inspections: yes/no 4.6 Assessment: ag,
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Fatigue Strength
stress evaluation
Assessment, non-welded

FKM, Chapter 4.6, 4.6.1
+ Topic: Calc. of degree of utilization

4+ Individual stress types e.g.: 2D-tensor

o)

a,x,1
"3 = —= <1
BK,c P
§ GBK,X/JD
mg = eyl o4
BK,Gy o /J -
BK,x/ JD
T
a,l
LI = . < 1
BK, . —_
‘ Ta/ Jp

+ Individual
stress types

4.6 Assessment: ag
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stress evaluation

Assessment, non-welded

FKM, Chapter 4.6, 4.6.2
+ Topic: Calc. of degree of utilization

+ Combined types of stress

", =0 Ayt (l-9) agysl

+ Data and factors

" ayy=0.5-{] ag, + K,y |+ V(agy s, - aBK,O'y) +4 - ag .1}

_ 2 2 _ . 2
" agy = V(agy 2+ Ko, " AsK,ox ABK,0, t ABK,T )

" ... depends on ductility of material:
— Steel, wrought aluminum: g =0
— GJS: q=0,264
— GJM: q=0,544
~Gll:q=1

WwWw.cae-sim-sol.com
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stress evaluation

Fatigue Strength

Assessment, non-welded

FKM, Chapter 4.6, 4.6.2
+ Topic: Calc. of degree of utilization

+ Combined types of stress

" Ao, =d Ay t(1-9)-agy<sl

4+ Data and factors
" ayy=0.5-{] aBK,o@aBK,Gy |+ V[(aBK,O'QaBK,O'y) +4 - ag .1}

_ 2 2 . 2
" agy = V(agy 2+ K,y &BK,GX ApK,o, + ApK,r )

" g ... depends on ductility of material:
— Steel, wrought aluminum: g =0
— GJS: q=0,264
— GJM: q=0,544
~Gll:ig=1

Signs for combined stresses
4+ Procedure within LIMIT

= Check if same load pair responsible for agy ;. , agy s,

= |f different load pairs are involved, the signs are
set for maximum value of ag

+ Proportional/synchronous stresses
= Signs taken directly from FEA
= Combined D.o.U.: AUTO

+ Non-proportional loads, see later
chapter

WWW.cae-sim-sol.com
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stress evaluation

Combined degree of utilization
+ GUI: Edit: Setup

4+ Combined D.o.U

= AUTO (default): In this case LIMIT
checks, whether the signs of individual
stress amplitudes can be used or not.
This is done on the basis of the load cases
responsible for each amplitude. If normal stresses
origin from the same load cases, signs are taken
as calculated by FEA.

* FKM_MAX_ALG: will give highest possible
degree of utilization after altering signs. i.e.
worst case with respect to signs.

= OFF: deactivates combined criteria

= LIN: linear summation of all DoU (CAE add-on,
not part of FKM)

¥ Only used for fatigue assessment

WwWw.cae-sim-sol.com

® tdit :Basematerial Shaft

Rename as:

‘ Hide General H Help Weld ‘

General
Use Sensor:
Assignment:
Code:
Status:
Sets:

FKM6
e [
imt [-1:
jpt [-1:
s [-]:
jg [-1:
if [-]:
Elongation at break [%]:
Kt-Kf-ratio:
Kt-Kf-method:
Roughness [- or mue]:
Surf. Treat. Factor [-]:
Coating Factor [-]:
Type Of Overloading:

Combined Degree of Utilization

| Basematerial_Shaft

m]

‘Base Material h ‘
[Fkm6 v]
[Edited v]

Available (Weld) Sets:
SOLSRF

MEMSRF
Shaft_notch_01

Active ElSets in this Setup:
Shaft_notch_01

‘ Use Selected Set for this Setup --> ‘ | Refresh Window (after Editing above) |

[1.4 A
[1.4

1.0

[1.0

[1.0

[1.25

[11.0

[ves v]
[KT-KF-RATIO_STIELER v
[10.0

[1.0

1.0

AUTO

MS-Correction: EFI‘:’LMAX?ALG
Requ. Num. Of Cycles [-]: OFF
—> Combined D.o.U.: AUTO [v v
‘ Apply ‘ | Import ‘ ‘ Export Cancel

LIMIT 2020 — FKM Course
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stress evaluation

Fatigue Strength

Assessment, non-welded

FKM, Chapter 4.6, 4.6.2
4+ Topic: Calc. of degree of utilization
4+ Check results in Job.txt-file!

e Ser UNbkes Ress Opoems Hep

T odeepRRIrrrseRlRle 2 eE2sxX

UMIT*

4.2 Material properties: o 4

4.3 Design parameters: K«

4.4.1 Comp.fatigue limit for zero mean stress: o,
I
4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy,

4.5 Safety factors: j,

!

4.6 Assessment: ag
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L’MIT FKM, Fatigue/Static Strength

stress evaluation

Strength Assessment of Non-Welded Structures

4+ Overview of Assessments
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LIMIT"

stress evaluation

Assessment Types

Base material assessment using local stresses

+ GUI: Edit: Setup
+ Assignment: Base Material

+ Material group:
= CASE_ HARDENING_STEEL
= STAINLESS STEEL
» FORGING_STEEL
= STEEL
= GS, GJS, GIM, GIL
= WROUGHT_ALUMINIUM
= CAST_ALUMINIUM

Rename as: |

lShc-w Generall l Help

weld |

FKMé&

Detailed output: |

Material group:

FORGING_STEEL

d <1|K1

Temperature:
Temp. constant for:
Plas.notch factor:
Elongation at break:

Type Of Overloading:

CASE_HARDENIMG_STEEL
STAINLESS_STEEL

FORGING_STEEL
STEEL
WELDED_STEEL
GS

GIS

GIM

GIL

111

4+ All assessment types supported: MS-Correction: |\ ouGHT_ALUMINIUM -
= Static strength ¥ —
. Combined D.o.U.: | FKM_SYNC_PROP I~
= Fatigue strength RpN: 9000 | -
= And mixed types appiy [ oad. ] [ save
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L’M’T* LIMIT Workshop

stress evaluation

Workshop 2: Shaft with shoulder

+ Assessment of fatigue strength
= Defining Loads

+2.254e+02

+2.0666+02

—Proportional /synchronous

+1.127e+02

—Defining spectra e
= Assigning setups e
—Assignment: Base Material
—FKM 6t edition
= Defining Jobs

¥
Step: Bisgung_Z
Incremen it 1: Step Time = 1.000
z x Primary Var: S, M

1 5, Mises
Defarmed Yar: U Defarmation Scale Factor: +1.000e+02
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L’M’T* LIMIT Workshop

stress evaluation

Workshop 2: Shaft with shoulder

4+ Postprocessing with LIMIT Viewer
= Basic features
= VViews, coupling views
= Results
— Changing legend/show max

— Searching hot spots
— Element sets by results

= Query function
= Annotation
= Pictures

4+ Checking results via text-files
= Jobname.txt
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O
L’M’T Fatigue Stresses

stress evaluation

Special topic: Analyzing different loading types in LIMIT

+ Proportional stresses
4+ Synchronous stresses
+ Non-proportional stresses
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O
L’M’T Fatigue Stresses

stress evaluation

4+ Proportional stresses

= Always when single oscillating load acting
on structure

= Directions of principal stresses
remain constant in time

A

Point of interest
Stress: 2D surface tensor

F(t) ! N\ R
TN T hime F(t) = Fruae * sin(ot)
Oy i : Oax Signs of stress amplitudes can
_%%.. o, be taken from FE analysis!
o i i R=(c,—0,/(cy,+0,) =-1.. stress ratio

y 1
: i. LIMIT:
' ' lC1= F
, : > LC2 =-F,,,
1
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LIMIT"

, Fatigue Stresses
stress evaluation

4+ Synchronous stresses Point of interest
- Amplitudes proportional Stress: 2D surface tensor
= Mean values non proportional

= Directions of principal stresses strictly
spoken not constant

Fi(t) = Fa ™ sin(ot)

A
F(t)
- Signs of stress amplitudes can F, ... constant
X be taken from FE analysis!

S, R=(c,—0,)/(c,+0,) .. stressratio
LIMIT:

Ty lICl= F__+F,
LC2=-F, +F,
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>
L’MIT Synchronous/Proportional Loads

stress evaluation

Forcing synchronous or proportional loading

+ Two ways of always forcing synchronous or
proportional scenarious:
= Only two load cases used
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LIMIT"

, Synchronous Torsion and Bending on Shaft
stress evaluation

Forcing synchronous or proportional loading )
G

+ E.g. synchronous torsion and bending e et
Of a Shaft |Name ||Step ”Incr. ||F\Ie |
Torsion 1 -
. . . Biegung 2
¥ Following steps in the LoadManager are possible:
= Create FE Results i
— Two individual FE load cases e Loads
— Torsion and Biegung bending |Name |Load Group |FE Result | Factor/chann|
TB1 Default Torsion -0.3
= Create Loads Biegung e
TB2 Default Torsion 1.3
— Linear combination of two FE Results iy Biegung 10
— TB1 and TB2 FErorsion
— This way limit will always assume S
synchronous loads [name |Lozds/Load Groups [cydes  [mode |
BLTB TB1 5000000 DIRECT
TB2
Point of interest
Stress: 2D surface tensor
Create ] l Edit ] l Copy ] | Delete

F(t) = Fpax ¥ sin(mt)
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LIMIT"

. Synchronous/Proportional Loads
stress evaluation

Forcing synchronous or proportional loading e o e

+ Two ways of always forcing synchronous or ot 2
. . Report stress extraction:  |NO v
proportional scenarious: Eirers (O :

[<]

Criteria: ‘CR[T_LC_PAIR
= Only two load cases used or T ———————————
= Activating option Criteria = CRIT_LC_PAIR in JobManager preme———" S

— In this case all loads are assessed pair wise

— Will take longer, but all stress components will result from
same two loads!

— Not as conservative as default setting (Criteria = SPECTRUM). | ™" aeeren

Assessment: FATIGUE

Move to Selected -->

Fatigue Type FKM6: VARIABLE_AMPLITUDE_FATIGUE_STRENGTH ~]
Loads

CUse Spectra @ Use Loads

Existing: Selected

Default (GROUP) LOAD_Bending_neg
LOAD_Bending_neg (LOAD) LOAD_Bending_pos
LOAD_Bending_pos (LOAD) LOAD_Torsion_neg

LOAD_Torsion_neg (LOAD) LOAD_Torsion_pos

LOAD_Torsion_pos (LOAD)

Move to Selected -->

Ok Cancel
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O
L’M’T Fatigue Stresses

stress evaluation

4+ Non proportional Point of interest
Stress: 2D surface tensor

= Two or more loads varying in time
= Amplitudes non proportional
= Mean values non proportional
L o . Mg(t)
= Directions of principal stresses varying

Conservative aproach:

A
M, maximum amplitudes M(t)
,max .
Mg ) simultaneous!
time
I:Ebending
LIMIT:
MT MT I\/IB,min
max LCL .. Mg max + My ma
A\ /\/\’\ ‘ LC2 ... Mg max - M1
i~ i -t w LC3 MB,min + MT,min torsion
MT’min LC4 cees MB,min - MT,min
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>
L’M’T Non Proportional Loads

stress evaluation

Non proportional loads

Further types of non-proportional loading, FKM Chapter 4.6.2.2

4+ Simultaneous occurrence of maximum amplitudes

+ Time-delayed occurrence of maximum amplitudes

4+ Occurrence of maximum amplitudes uncorrelated in terms of time
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LIMIT"

stress evaluation

Non Proportional Loads

Non proportional loads

Simultaneous occurrence of maximum amplitudes

+
+
+
+

+

FKM Chapter 4.6.2.2
Define a spectrum for each non proportional load group
Select the spectra in the JobManager and introduce the flag *\NON_PROPORTIONAL_X=1.0

LIMIT will perform separate fatigue assessments for all spectra and
will add the combined degrees of utilization over all spectra (see next page).

E.g. text output for the critical element (last lines):

FKM-GUIDELINE:
LIST OF COMBINED DEGREES OF UTILIZATION OF NON-PROP. LOADS
ASSESSMENT POSITION: 1

(SPECTRUM_#, DoU):
1, 0.71511
2, 0.61119
3, 0.98258

TOTAL DoU: 2.3089

Www.cae-sim-sol.com LIMIT 2020 — FKM Course
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>
L’MIT Non Proportional Loads

stress evaluation

Non proportional loads

Rename as: [ FKMG_FAT_STEEL
Simultaneous occurrence of maximum i R ——— i
- Write GEO Results File (.geo): |N0 v ‘
amplitudes = e
* J o b M an age r Transfer NSets: Add &

Existing: Selected:

* Lo a d s> U se S p e ctra Basematerial_Shaft (FKM6) Basematerial_Shaft (FKM6)

+ Place *NON_PROPORTIONAL_X=1.0
after each spectrum

Move to Selected -->

+ Run the analysis

Assessment: FATIGUE w |
Fatigue Type FKMG: VARIABLE_AMPLITUDE_FATIGUE_STRENGTH ~|

4+ See LIMIT Reference Guide for more info. toacs

[ Use Spectra [ Use Loads
Existing: Selected:

*NON_PROPORTIONAL _X=1.0 Specl
*NON_PROPORTIONAL_X=q+1.5 *NON_PROPORTIONAL_X=1.0
Spect (SPECTRUM) Spec2
Spec2 (SPECTRUM) I* NON_PROPORTIONAL_X=1.0

Move to Selected —>

0ok Cancel
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L’M’T Non Proportional Loads

stress evaluation

Non proportional loads
Time delayed occurrence of maximum amplitudes
+ FKM Chapter 4.6.2.2

+ Define a spectrum for each non proportional load group
= Constant amplitude spectrum
= Variable amplitude spectrum

+ Select all spectra in the JobManager (see next slide)

*

Load spectra are added with respect to load cycles

4+ Run the analysis
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stress evaluation

Non Proportional Loads

Non proportional loads

Time delayed occurrence of maximum
amplitudes

+ JobManager
4+ Loads > Use Spectra
4+ Run the analysis

Rename as: FKM6_FAT_STEEL
General
Preference: |I\'mit_nastran_vZDDﬁ_de_eng.bat \
Write HDFS Results File (.h5): [YES |
Write GEO Results File (.ge0): [NO |
Keywords: Edit
Transfer ElSets: Add
Report Groups: Add
Transfer NSets: Add
Setups
Existing: Selected:

Assessment Options
Assessmen t:

Loads

0Ok

Basematerial_Shaft (FKM6) Basematerial_Shaft (FKM6)

Move to Selected -->

FATIGUE ~]

Fatigue Type FKM6:

VARIABLE_AMPLITUDE_FATIGUE_STRENGTH ~|

[ Use Spectra [ Use Loads

Existing: Selected:
*NON_PROPORTIONAL_X=1.0 Specl
*NON_PROPORTIONAL_X=g+1.5 Spec2

Spect (SPECTRUM)
Spec2 (SPECTRUM)

Move to Selected —>

WwWw.cae-sim-sol.com
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LIMIT"

stress evaluation

Non Proportional Loads

Non proportional loads

Occurrence of maximum amplitudes uncorrelated in terms of time

4+ Conservative approach: sum of combined degrees of utilization over all spectra

4+ Since LIMIT2015: rain flow counting, critical section plane and scaled normal stress

G”I'\/\/\/\/\’\ time
— v

/

y —
_chv&quz_. s 1 stress spectrum after
EW .
rainflow count => Kgy
Ga
Txy /\/\ /\ /\ /\/\ .
vV V¥V \— - load cycles
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L’MIT* LIMIT Workshop

stress evaluation

Workshop 3
Special topic: Analyzing different loading types in LIMIT

+ Proportional stresses
+ Synchronous stresses
+ Non-proportional stresses
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stress evaluation

Further Chapters

Further important chapters in FKM guideline

+ FKM Chapter 5
= 5.1 Material tables
= 5.2 Stress concentration factors
= 5.3 Fatigue notch factors
= 5.4 Fatigue classes for welded components

+ FKM Chapter 6

= Various examples
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L’M’T* LIMIT Workshop

stress evaluation

Workshop Part 4:

+ Assessment of customers structures......
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L’MIT FKM, Fatigue/Static Strength

stress evaluation

Strength Assessment of Welded Structures
Part Il
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L’MIT FKM, Fatigue/Static Strength

stress evaluation

Stress Concepts for Welded Structures
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>
L’M’T Stresses in Welded Structures

stress evaluation

Characteristic stress in welded structures

+ Crack initiation
= Stress amplitude and number of cycles relevant
= Cracks start at local stress peaks (holes, notches....)
= Local stress peaks must be taken into account!

Bild 10
(RiBausgangsbereich)
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stress evaluation

Modelling Techniques in LIMIT

ith LIMIT
illet weld

IS W

Weld Analys
+ Doubles

ided f

> simpler approach

A.) Shell stresses can be used

= \Weld toes critical

]

N
4&74
=
Vi
AN

i
o

N

VN

,_.wﬁ

ﬁ

B.) Solid model & LIMIT sensors

r= \/(2 X a),
avoids singularities

at transition lines)

1 Cracks l

page 89
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LIMIT*

Weld Analysis with LIMIT

+ Example: SOIid mOd.eIing & A+ AUSLASTUNGSGRAD_CEL )
weld assessment with sensors t

Modeling Techniques in LIMIT

Model File: Job 1 VW4 _Sensoren.ldbd

CODES: EC3

9.33=-01

&.672-01

Model File: Job_1 W4 FAT100.ldb I &.00e-01

iewoort Manipulation Avtive! (Press M To Exit) L | 7.33e-01

CODES: EC3 6.67e-01

SOLID_STR_POS: N 6.00e-01

5.33=-01

MAX . AUSLASTUNGSGRAD (EL) L | 4.f7e-01

1.00e+00 4., 00e-01

9.33e-01 3.33=-01
8.672-01

8.000-01 Z.67e-01

7.33e-01 2.00e-01
6.672-01
6.00e-01
5.33e-01

4 67e0L l:l Mo Walue
4.00e-01
3.33e-01
2.67e-01
2.00e-01
D No Value

z

z X)‘
=
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L’M’T Stresses in Welded Structures

stress evaluation

4+ Strongly mesh dependent results:

s, S11 h si s, 511 ;
+1.381e+02 mesn size ] +1.608e+02 mesh size
+1.380e+02 +1.380e+02
+1.265e+02 +1.265e+02
+1.150e+02 +1.150e+02
+1.035e+02 +1.035e+02
+9.200e+01 +9.200e+01
+8.050e+01 +8.050e+01
+6.900e+01 +6.900e+01

3 +
+4.600e+01 P
+3.450e+01 3
+2.300e+01 +
+1.150e+01 +
+0,000e+00 +
-3.861e+01 -4,

"o g

s, s11 s, s11 ,
+2.018e+02 . +2.337e+02 .
+1.380e+02 mesh size L +1.380e+02 mesh size
+1.265e+02 +1.265e+02 5
+1.150e+02 +1.150e+02 mm
+1.035e+02 +1.035e+02
+9.200e+01 +9.200e+01
+8.050e+01 +8.050e+01
+6.900e+01 +6.900e+01
+5.750e+01 z +5.750e+01
s SSEEEoE T
+2.300e+01 S SR 13 3000r01
+1.150e+01 S <2 11 1s0es01
+0.000e+00 SR +0.000e+00
-5.360e+01 o -5.849e+01

'\ztz" o7 "ftz"
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L’M’T Stresses in Welded Structures

stress evaluation

Stress concepts for welded structures

¥+ Nominal stress

= classic concept

Singularity !
X

4+ Notch stress il |

( pea k St ress) stress (peak)

structural stress by
linear extrapolation

4 Structural hot spot ™~
stress (1IW) |

reference points

=
STS
/ / stress on surface \F

F ; :
- <
e ? \ hot spot 2—.

(nominal stress)

_— NS/
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L’M’T Stress Concepts

stress evaluation

Nominal stresses S Oxkamax
1 o Tl 2
¥+ Stresses relating to nominal section El)) T -
!:1'“}‘\‘
T ‘ S

+ Permissible stresses include: : -
= Stress increase due to change in i
stiffness (I)
= Local notch effect through
weld root or weld toe (ll)

Kerbfall | Konstruktionsdetail

80 L =50mm
71 50 <L £80 mm
63 80<L<100 mm

L>100 mm

WwWw.cae-sim-sol.com

Source: EC3
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>
L’M’T Stress Concepts

stress evaluation

Nominal stress concept in LIMIT

¥ FEA mesh size

" Fine mesh

= Element size near thickness
or even finer

= Higher order elements:
8-node quadrilaterals

= Stress extraction to avoid singularities
—D ... at ends of welds (e.g. 2.0 x t)
—d ... transverse to weld (e.g. 1.5 x t, see DVS1612)
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LIMIT*

| Stress Concepts
stress evaluation

Structural Hot Spot Stress

Structural hot spot stress —A

+ According to IIW -
(International Institute of Welding) (1 | it merT{

' -
4+ Stresses include structural effect (1) Langsstfe

+ Permissible values include notch of weld (ll)

Grundplatte Sy

0
SN
—_—
< g

B 4) Unbelastete Kehinahte.
100 | / L |
@ \q-@ i
|

9) Enden von

>
h Anschlussblechen und
@ Langssteifen.
—>)

§) Enden von Gurtlamellen
und ahnliche Anschiilsse.

® I . +} Source:

— FKM Guideline 2012

100

WWwWw.cae-sim-sol.com LIMIT 2020 — FKM Course
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LIMIT"

stress evaluation

Effective notch stress according to Radaj
4+ Toes and roots modeled with radius 1mm

4+ Linear elastic FE analysis

+ Stresses include all effects

4+ Structural steel: FAT 225 (2 Mio)

4+ Only efficient for details

Radmsr—lmm
= h
F
<[ jI E’ 1>

WWwWw.cae-sim-sol.com LIMIT 2020 — FKM Course

Stress Concepts

Peak stress

Welded Assembly
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LIMIT* Motivatior

stress evaluation

Weld Analysis with LIMIT

+ Basic features of LIMIT

= Automated detection of elements along welds
based on different shell properties for flange and web

= Visualization of weld details relative to local weld
direction
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LIMIT" Motivatior

stress evaluation

T'jOint: section forces and moments

Weld Analysis with LIMIT

+ Basic features of LIMIT
= Checking all critical points
(red circles) web
— Base material ’
foes root shell model

— Weld section (cross section)

~ Toes and Roots S \I)V | Section forces and moments
about junction (evaluated for

m, ¢
nl \-— = . each adjacent element)
I

\

e 3—- <£ ——
left flange side right flange side
toe root

base material

f / \ base material

WWW.cae-sim-sol.com
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LIMIT" Motivatior

stress evaluation

Local Shell Element Coordinate Systems

+ Element coordinate systems not aligned with weld direction
= Abaqus default: local 1-axis in general parallel to global x-axis

= Ansys or Nastran default: local 1-axis depends on _ e.g. Abaqus
node numbering and interpolation functions S“EG'l(_fra_Ct"’" =10
+ Transformation to local weld coordinate n e el orma
system
y P
Local weld
direction
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LIMIT"

. Stresses and Section Forces
stress evaluation

Different Ways to Use Stresses

4+ Offset by a certain distance (see i.e. DVS 1612)
= for “nominal stress concepts” _
= taken ati.e. 1,5 x thickness le.1,5xt

= green points are stress extraction
locations (can be visualized in LIMIT Viewer).

= Stress interpolation within the
target element using stresses
at corners

= directions taken from
weld orientation

= See also additional Information eld ="
in document:

LIMIT-Defining_Offset_Endings_Directions.pdf

transverse

weld orientation
longitudinal

Www.cae-sim-sol.com LIMIT 2020 — FKM Course
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stress evaluation

Stresses and Section Forces

Different Ways to Use Stresses
4+ Stress extrapolation
= for “IlW structural hot spot stress”

= |[IW reference points at distance of

— IW, IIW_A: 0,5 x thickness and 1,5 x thickness or
—IW_B: 5mm and 15mm

» | ocal stresses defined relative to
extrapolation direction

— Extrapolation direction = transverse
— Longitudinal = transverse to extrapolation dir.

structural hot
spot stress

type IIW_A A transverse
0,5xt . .
L ] o weld directions
Y longitudinal
1,5xt
WWW.cae-sim-sol.com LIMIT 2020 — FKM Course
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LIM'T Stresses and Section Forces

stress evaluation

Assessment Points and Stresses
4+ Double sided fillet weld
+ a=t/2

+ P5, P6 ... shell stresses transformed to
local directions (I, L) Top

(o o1, "u)Top,Pe

Shell normal
D m—

PS000Z01

Bottom
(GII’ 0-J.' TII)Bottom,PS

(o), 61, Tpa

AB=5.0

i _——— (o), 61, T))p1

(o), 61, Ty)p3
(o1, 61, Twp2
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L’M'T Stresses and Section Forces

stress evaluation

Assessment Points and Stresses
4+ Single sided fillet weld

+ a=0.7t

4+ Excentricity

Shell normal
S mr——

PES000Z201

Bottom

(o1, 61, T1)ps

(O, 61, Twpa

(O, 61, T1)ps
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LIMIT*

stress evaluation

Single sided fillet weld, Stresses in P3, root

Stresses and Section Forces

t/2 t/2

+ t... sheet thickness

+ continously welded Top Bottom

4+ Can be taken into account using EditSetup/Excentricity Q
= Set to ,EX_FREE“: e = t/2+A/2
= Set to ,EX_CONSTRAINED”: e = (t/2+A/2)*0.5
Stress lateral to weld direction at root
Onlyn, m, =0 A'&
G, p3=n; /A +n 6e/A’=n (1/A+6e/A? P4 PB.
G =n. /A A ... weld section

nom ~ 'L . .
< S e ... excentricit
GJ_,P3:Gnom(:|'+6e/A) N e - y
Example: A =t, e = t (full excentricity) m \l/
GJ_, P3 = Gnom (1 + 6) + nJ_
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>
L’M’T FKM Introduction, Static

stress evaluation

Assessment of static strength 3.1 Characteristic service stresses: G,
using local stresses
. 3.2 Material properties: R, R,
Basic procedure
3.3 Design parameters:
npl,aw, pwez

+ Welded
\g FKMI Chapter 3 3.4 Component strength: o,
+ Assignment: WELD
> Local stresses 3.5 Safety factors: j,,

= Local nominal stresses

= Structural hot spot stresses

3.6 Assessment: ag,

= Effective notch stresses
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LIMIT*

stress evaluation

Assessment points of welds

Static Strength

FKM, Chapter 3.0
Assessment of welded components

+ Sheet / Base material, LIMIT: P5, P6
= Stress on top and bottom of shell
= Relevant dimension: shell thickness
= Weld toes/base material
= Softening HAZ (heat affected zone)

¥+ Weld section, LIMIT: P1 to P4
= Relevant dimension: cross section of weld
= Weld toes/root
= Weld factor and softening in HAZ

Tabelle 3.0.1 Breite der Wirmeeinflusszone

Top normal Bottom
Surface | Surface
Thick t1
Weld P8 i "0 Weld
TDES 2 TDES

P4

Top Surface

Weld Toe "
P6_*

P1
- -

», Top Surface

"\ Weld Toe
\_PB

normal

I

normal
Thick 12

Y

P5, Base Material

Bottom Surface

Internal variables:

Base Material, P5

Bottom Surface

t ... local thickness, tmin ... min(t1, {2)

t [mm] b\\’lil [lnn]]
< 6 20
<12 30
<25 35 Source:
> 25 40

FKM Guideline 2012

e.g. A-Bot equals 70% of shell thickness ==1t* 0.7

WWW.cae-sim-sol.com
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LIMIT* Static Strength

stress evaluation

Service stress, welded

FKM, Chapter 3.1 3.1 Characteristc service stresses: oy |

4+ Topic: Characteristic service stress
"G,y - €quivalent static stress 3-2 Material properties: Ry, R,

3.3 Design parameters:

npl,(XW, pwez

+ Static

= Each relevant static load case gives one
dataset of characteristic stresses

= Each stress state is assessed individually
= Most unfavourable load case stored

3.4 Component strength: o

3.5 Safety factors: j,q

3.6 Assessment: agy
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LIMIT" stresses

stress evaluation

Stress for assessment, static loading
Assessment is performed using an equivalent stresses

+ Welded components, Chapter 3.1.2 N
= Base material and heat affected zone
as non-welded materials Top

= Weld section, only transverse (1> 1 Ti)rop P
and shear, according to DIN18800:

Gy =+ (07 +2'”2)

= Effective notch concepts: similar to
base material, Chapter 3.1.2.2

— Effective stress: Oumuk

(o1, 61,5 TII)Bottom,PS

(o Gy, T)1)pa
(Ous Gy TP

(O O1 Ti)ps
(S ©15 Ty)p2

— Multiaxiality: th
— wK...weld Kerb
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LIMIT* Static Strength

stress evaluation

3.2 Material properties, welded

FKM, Chapter 3.2, 3.2.2

+ Topic: Strength dataforwelds | oo
= Rp ....yield strength
= Rm .... tensile strength

w
l_\
(@)
>
Q
-
Q
(@]
~
)
.
wn
o
(@]
wn
)
-
<.
(@]
)
%)
-
o
)
wn
7
)
B
Q
<

3.2 Material properties: R, R,

+ Steel 3.3 Design parameters:
= Table 5124 npI,O(W, pwez

4+ Aluminum
= Table 5.1.25 and 5.1.26

3.4 Component strength: oy

3.5 Safety factors: j,

3.6 Assessment: agy
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LIMIT* Static Strength

stress evaluation

3.3 Design parameter, welded

FKM, Chapter3.3,3.3.2 | ;ooeeeeeeeeeeooos

+ Topic: influence of design characteristics @ | e
= Full penetration welds

o
-
(@)
>
Y]
-
Q
o
~+
D
L
w0
o
o
(%]
D
-
<.
o
(]
%]
4
o
M
(7))
wn
D
v
@]
<

. . . 3.2 Material properties: R, R
= Welded both sides, covering whole cross section o o

4+ Steel 3.3 Design parameters:
* n, = MIN(V(E-g.,/R, ); K) ... section factor Np,Ouy, Pwes

+ Aluminum
* n, = MIN(V(E-g.,/(Pwe; Rp)); Kp) ... section factor

+ Data and factors 3.4 Component strength: oy

" £ - depends on material group, tab. 3.3.3
= E ... Young’s modulus

" R, ... yield strength, tab. 5.1.24, 5.1.25

" Pyey -+ SOftening factor tab. 5.1.25

* K, ... plastic notch factor

3.5 Safety factors: j,

3.6 Assessment: ag
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LIMIT"

stress evaluation

Static Strength

3.3 Design parameter, welded

FKM, Chapter 3.3, 3.3.2

¥+ Topic: Weld factor o,

+ Depends on

= Material
— Type (Steel, Alu)
— Strength
— Filler material
— Weld type
— Weld quality

— Stress type
» Compressen, tension, shear

+ Steel

" o,y ... according to tab. 3.3.5
= Values derived by LIMIT automatically

4+ Aluminum

" o ... according to tab. 5.1.25

w
'_\
(@)
>
Q
-
Q
(@]
~
)
.
wn
o
(@]
wn
)
-
<.
(@]
)
%)
-
o
)
wn
7
)
B
Q
<

3.2 Material properties: R, R,

3.3 Design parameters:

npl,a‘w, p wez

3.4 Component strength: o

3.5 Safety factors: j,

3.6 Assessment: agy

WWW.cae-sim-sol.com
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LIMIT* Static Strength

stress evaluation

3.3 Design parameter, welded

FKM, Chapter 3.3, 3.3.2

Table 3.3.5  Weld factor ay, for steel

+ Topic: Weld factor a,, 5358 842
8235 lsp7le3ss o
+ Depends on i W,e']‘ii_ Stress (ngggg 5 |G2omns [S46 [S69
= Material e [ {Grzmnse [P27 [N 7
ty QT 5 |G20Mn3 [s46
— Type (Steel, Alu) +Q 0
— Strength com-
— Filler material - all s
pEneEas sion  [1.0 1.0 [1,0 1.0 (0.9
— Weld type t'°'l’ Lor |ver-
. we - )
~ Weld quality e |fied tension
— Stress type back  |not Z}:ear
» Compressen, tension, shear weld ot
fied
= com-
¥+ Steel partial pres-  |0.95 0.85[0,8 0,7 10,55
" qy ... according to tab. 3.3.5 P ey [
* Values derived by LIMIT automatically fillet :;"S'O“
* AI . weld i
uminum 41 The weld quality is verified if testing of 10 % of the welds by radio-
" Oy - according to tab. 5.1.25 graphic or ultrasound test does not result in any failures.

Source: FKM Guideline 2012
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LIMIT* Static Strength

stress evaluation

Component strength, welded

FKM, section3.4 | ooommemmmmmmeeemiees

+ Topic: final strength of the component

4+ Sheet: 3.2 Material properties: R, R,

= Base material or non-softening material
3.3 Design parameters:

— 0 =R_ - n, ..component strength
SK p pl Ny1, 0w, Pwez
= Heat affected zone, softening material,
(HAZ)

— Ok = R, Pyez* Nyl - COMponent strength

+ Weld section:
= Steel or non-softening materials
— Osw = Ry * Oy * Ny ... component strength
= Softening aluminium materials
— Osiw = Ry " Oy * Pyez " Ny - COMponent strength

3.4 Component strength: o

3.5 Safety factors: j,q

3.6 Assessment: ag
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LIMIT*

stress evaluation

Safety factors, welded

Static Strength

FKM, Chapter 3.5, 3.5.1, 3.5.2

¥+ Topic: define safety factors
= Probability of survival PU = 97.5%

" jges - total safety factor (equ. 3.5.5):
— Basic safety factor plus temperature factors
— additional partial safety factors

= Basic safety factors
- jml jpl jmtl jpt
— Can be chosen under consideration of
consequences of failure and probability of the
occurance of high loads
= Partial safety factors:
—jg .- cast components: 1.4 or 1.25 for tested
—J,, - partial safety factor welded, alu: 1.13

— Aj ... non ductile cast components, depends on
elongation at break A

3.5 Safety factors: j,,
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LIMIT"

stress evaluation

Static Strength

Assessment, welded

FKM, Chapter 3.6, 3.6.2

+ Topic: degree of utilization

+ Assessment for all critical points
= Sheet metal: Points P5, P6
= \Weld section : Points P1 to P4

Top Bottom
Surface Surface
Weld P86 PS5 weld
Toes Toes
Top Surface +, Top Surface
Weld Toe " ., Weld Toe
P . P6
A normal A normal
I I Thick t2
P5, Base Material|  Base Material, P5
Bottom Surface Bottom Surface

o
-
(@)
>
Y]
-
Q
o
~+
D
L
w0
o
o
(%]
D
-
<.
o
(]
%]
4
o
M
(%]
wn
D
b
Q
<

3.2 Material properties: R, R,

3.3 Design parameters:

npl,aW, pwez

3.4 Component strength: o

3.5 Safety factors: j,q

3.6 Assessment: ag,
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L’M'T* LIMIT Workshop

stress evaluation

Workshop 5: Beam with box section

+ Assessment of static strength

lWeId sets R
=
DEd—
v
-

EEEEL SRR GO P L

Vicmpor

—By property
—By part
—By feature
—By hand
= Assignments: WELD
= Defining Jobs
—Selecting result files
—Selecting setups
—Selecting loads
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L’M’T* LIMIT Workshop

stress evaluation

Workshop 5: Beam with box section

¥+ Postprocessing with LIMIT Viewer
= Basic features
= VViews, coupling views
= Results
— Changing legend/show max

— Searching hot spots
— Element sets by results

= Query function
= Annotation
= Pictures

4+ Checking results via text-files
= Jobname.txt
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LIMIT" Overview

stress evaluation

Report Generator

4+ Automated Documentation of every individual weld
= |oad cases or load spectra
= weld geometry
= notch cases / FAT classes
= used stress concept or extrapolation
= required safety factors
® individual assessment results

+ Report as well structured HTML-File
= open file format
= importable in many other documentation software
= easy operability of every report picture
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LIMIT"

stress evaluation

FKM Introduction, Fatigue

Assessment of fatigue strength
using local stresses
Basic procedure

+ Welded
+ FKM, Chapter 4

+ Assignment: WELD/WELD_GLOBAL

¥+ Local stresses
= Local nominal stresses
= Structural hot spot stresses
= Effective notch stresses

__________________________________

4.2 Material properties: 6,4

4.3 Design parameters: FAT,

fFAT' ft' KV, KNL,E

4.4.1 Comp.fatigue limit for zero mean stress: o,
[

4.4.2 Comp.fatigue limit for actual mean stress: G,
[

4.4.3 Comp.variable amplitude fatigue strength: o,

4.5 Safety factors:
ip

4.6 Assessment: ag J
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LIMIT"

stress evaluation

Fatigue Strength

Service stress, welded

FKM, Chapter 4.1

4+ Topic: Characteristic service stress
"G, G, ..amplitude and mean stress

+ Fatigue
= Stress amplitude and mean stresses are
relevant
= At least two load cases are needed

» Each load case must be a relevant
service stress state

i 4.1 Characteristic service stresses: 6, o, !

4.2 Material properties: o 4

4.3 Design parameters: FAT,

fFATI ftl KV, I<NL,E

4.4.1 Comp.fatigue limit for zero mean stress: G

4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

4.6 Assessment: ag

}
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P
L'M’T Fatigue Stresses

stress evaluation

Stress for assessment, fatigue
Assessment is performed using stress components
Interaction of components is calculated at the end

+ Welded components, Chapter 4.1.2
"G, .. direct stress parallel to weld
"G, ...direct stress transverse to weld
"1, ...shear stress parallel to weld

Shell normal

(o), ©15 Tu)Top,Pe
(O ©1 T1)pa

(Sus S5 Tw)ps
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UMIT* Fatigue Strength

stress evaluation

Material properties, welded

FKM, Chapter 4.2, 4.2.3 i 4.1 Characteristic service stresses: ,, 6, i

+ Topic: Temperature Factor

= Temperature factor

— Based on material group and temperature T 4.3 Design parameters: FAT,
feap o I<v, KNL,E

4.2 Material properties: o,

—Kip =Owaar / Ow,d

4.4.1 Comp.fatigue limit for zero mean stress: G
I
4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

}

4.6 Assessment: ag,
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LIMIT"

stress evaluation

Fatigue Strength

Design parameter, welded

FKM, Chapter 4.3,4.3.2

+ Topic: characteristic permissible stress
= FAT-class ... fatigue strength at 2 mio. cycles
= f ... cOnversion factor, S-N-curve
= f, ... thickness factor
= K, ... Surface treatment factor, tab.4.3.7
— LIMIT: Input currently over increased FAT class
" Ky --- hon-linear elastic stress GJL, tab.4.3.5

__________________________________

4.2 Material properties: —

4.3 Design parameters:
FAT, fFAT' ft' Kv, KNL,E

4.4.1 Comp.fatigue limit for zero mean stress: G

4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

4.6 Assessment: ag

}
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LIMIT*

stress evaluation

Design parameter, welded

Fatigue Strength

FKM, Chapter 4.3,4.3.2

+ Topic: characteristic permissible stress

= FAT-class ... fatigue strength at 2 mio. cycles

— Notch type
— Stress type (normal, shear)
— Stress concept: nominal, structural, notch
= Example for longitudinally loaded welds

— Nominal stress
— Double sided fillet weld: FAT 100

Table 5.4.1  Fatigue classes for nominal stress (normal stress), continued page 3 of 10
. o FAT |FAT
No. | Structural detail Description ‘ Steel I Al
300 | Longitudinally loaded welds
311 Automatic longitudinal weld in hollow sections,
without stop/start positions 125 |50
with stop/start positions, 90 36
312 Longitudinally loaded butt weld, both sides ground | 125 |50
flush parallel to load direction, 100 % NDT,
313 Longitudinally loaded butt weld,
without stop/start positions, NDT, 100 |40
with stop/start positions. 90 36
321 — Conti ic longitudinal fully p 125 |50
[S K-butt weld without stop/start positions (based on
stress range in flange), 100 % NDT.
322 Continuous automatic longitudinal double sided 100 |40
fillet weld without stop/start positions (based on
stress range in flange).
323 Continuous manual longitudinal fillet or butt weld | 90 36
[S (based on stress range in flange).
324 ) Intermittent longitudinal fillet t/c.
i doo2 /o =|80 |32
Q‘L}:"‘? : 0 7|28
normal stress in flange o and 0~g - 02]63 25
shear stress in web t at weld ends. 02 - 03|56 22
03 - 04|50 20
04 — 05|45 |18
05 - 06|40 |16
06 = 0736 |14
>0.7
325 . Longitudinal butt weld, fillet weld or - =
7 intermittent weld with cope holes, 0 7 28
- { cope holes not higher than 40 % of 00 02|63 25
== b, .0 - 02
= e 02 - 93/% |2
Sou rce: normal stress in flange o and shear gi : g: 45 18
F K M 20 1 2 stress in web t at weld ends. O:S B 0:6 40 16
506 36 |14
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LIMIT* Fatigue Strength

stress evaluation

Design parameter, welded

Table 5.4.1 Fatigue classes for nominal stress (normal stress), continued page 40f10

FKM, Chapter 4.3, 4.3.2

300 | Longitudinally loaded welds
331 I Joint at stiffened knuckle of a flange to be assessed |-
according to Nos. 411 — 414, depending on type of
Jjoint.

Stress in stiffener plate:

6=2-sina-op- AfZAg

Description

FAT | FAT
Steel | Al

Stress in weld:

+ Topic: characteristic permissible stress
oy =2-sina-op- AfZAy

= Example for welds loaded in transverse
. . . SOUrce: A= area of flange
direction, nominal stress KM 2012 Ag = arc ofsifener

A,, = area of weld throat.

— Double sided fillet weld, toe: FAT 63 = 7 e |
P - type of joint.

. . ¥ "y : 4
— Double sided fillet weld, root: FAT 36 o s
® ' { Stress in weld:
o =Fy(r-Xa)
F= axial force in flange
t = thickness of web plate
a=weld.

-3

400 | Cruciform joints and/or T-joints

411 [ Cruciform joint or T-joint, K-butt welds, full pene-
l tration, weld toes ground, no lamellar tearing, misa-

N I777Y \ A7 o lignment e < 0.15 - t, toe crack.

Misalignment ¢ < 0.15 - t 80 28

L) No misli 90 |32

412 Cruciform joint or T-joint, K-butt welds, full pene-

' e tration, no lamellar tearing, misalignment

l 1 e <0.15 - t. toe crack.

SIIT7 \"f’_{____.— Misalignment e < 0.15 - t

ﬁ No misalignment. 71 25

80 28

413 t, g Cruciform joint or T-joint, fillet welds or partial
l penetration K-butt welds, no lamellar tearing, toe

~TZZZZ NPT crack.
[\ ¢ Misalignment e < 0.15 - t, 63 22
e No misalignment. 71 25

414 Cruciform joint or T-joint, fillet welds or partial
penetration K-butt welds including toe ground joints,
root crack.

Analysis based on stress in weld

c=F/Z(a-1) 1 length of the weld joint 36 12

fora/t<1/3 t  sheet metal thickness 40
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LIMIT* Fatigue Strength

stress evaluation

Design parameter, welded

FKM, Chapter 4.3,4.3.2 o, |

+ Topic: characteristic permissible stress
= FAT-class ... permissible stress range
at 2 mio. cycles )
— FAT classes compatible to IIW, EC3! |
— G, =FAT /2
= Fatigue strength

— At 5 mio. cycles!
— LIMIT will calculate factor for transition
from 2 mio. to 5 mio. (100 mio) cycles.

= G = FAT, /2 (No/Np o) = FAT - fopro
= Ta = FAT./ 2 (No/Np )5 = FAT - four.

Source: FKM Guideline 2012
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L’MIT* LIMIT Workshop

stress evaluation

FAT classes, but weld:
+ Typical FAT values, both shell sides o

Nominal stress, toe:

Nominal stress, root: “| FAT, = 100
FAT, = 100 FAT = 80
FAT ;= 36 ... w/o backing FAT. =80

FAT =71 ... w. backing, NDT

FAT. =80 Structural stress,

Structural stress, toe toe (1IW):
(Iw): FAT, = 100
FAT, = 100 FAT =100

FAT = 100 FAT. =80

FAT, = 80
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L’M’T* LIMIT Workshop

stress evaluation

FAT classes, one sided fillet weld:

Only nominal

+ Typical values: stress, toe:
FAT, = 100
Nominal stress, ¢ | FAT =71
toe: 1| FAT. =80
FAT, = 100
FAT. =80 |
t, j )/
a
Structural stress,
toe (IIW) Only nominal stress, root:
FAT, = 100 FAT, = 100
FAT ;=100 FAT ;= 36 + Excentricity!
FAT, = 80 FAT, = 80

WWWw.cae-sim-sol.com LIMIT 2020 — FKM Course page 128




LIMIT*

stress evaluation

FAT classes, double sided fillet weld:

¥+ Typical values:

O

Nominal stress,

toe:

FAT, = 100
FAT =71+ 80
FAT_ =80

Structural stress,

toe (1IW)
FAT, = 100
FAT = 100
FAT, = 80

WwWw.cae-sim-sol.com

LIMIT Workshop

Only nominal

stress, toe:
FAT, = 100
FAT, =71
FAT, = 80

i

SO

5}

Only nominal stress,
root:

FAT, = 100

FAT =36

FAT. = 80
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LIMIT*

FAT classes, strong discontinuity:

LIMIT Workshop

¥+ Typical values: S
Kerbfall | Konstruktionsdetail
80 L <£50mm
71 50< L <£80mm
L
63 80<1<100 mm =
“"‘h p
56 L>100 mm % '(D e
Nominal stress, toe: Structural stress, toe:
FAT, = 100 => 56 FAT, = 100
FAT,= 71 + 80 FAT ;=100
oy FAT. = 80 FAT. =80
t LIMIT: 100(56),71,80
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L’M’T* LIMIT Workshop

stress evaluation

FAT classes, overlap weld:

+ Typical values: Only nominal stress, toe:
FAT, = 100 Nominal stress,
FAT, =71 toe:
FAT. = 80 FAT, = 100
FAT =45 + 56
o L
O, ol
<+— A T Structural stress,
| P toe (1IW)
x N}
s : FAT, = 100
I Only nominal stress, toe: FAT,= 100
FAT, = 100 FAT. = 80
FAT = 36, deactivate excentricity in LIMIT
FAT. = 80
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L’M’T* LIMIT Workshop

stress evaluation

FAT classes, intermittent weld, if not modeled:
¥+ Typical values:

Weld seam stress:
Effective weld factor:
fo=(4xl,)/L
GL,effective = G, / fwI
Teffective =T / fwI

FAT, =36 + 80
FAT =71 ... toe
FAT =36 ... root
FAT. =80
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LIMIT"

stress evaluation

Design parameter, welded

Fatigue Strength

FKM, Chapter 4.3,4.3.2

+ Topic: characteristic permissible stress

= f, ... thickness factor
— According to lIW, Fall A:

» Correction for sheet thickness t 2 25 mm: f, = (25mm/t)"
»n ... according to tab. 4.3.6, LIMIT: selection of type of

weld joint required!

— According to DVS 1612, 1608: Fall B

4.2 Material properties: —

4.3 Design parameters: FAT,

feaw for Kv, KNL,E

4.4.1 Comp.fatigue limit for zero mean stress: G

4.4.2 Comp.fatigue limit for actual mean stress: G,

i 4.4.3 Comp.variable amplitude fatigue strength: oy

1.2 |
&y |
g Fall B |
8 |
10 1 |
2 Fall A o |
c N S|
i:’ 0’9 7 \\\ \‘\\\
£ e
0.8 - - . : -
0 10 20 30 40 50

Sheet metal thickness
Source: FKM Guideline 2012

4.5 Safety factors: j,

}

4.6 Assessment: ag
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UMIT* Fatigue Strength

stress evaluation

Design parameter, welded

__________________________________

FKM, Chapter 4.3, 4.3.2 | 4.1 Characteristic service stresses: G,, G, i

+ Topic: characteristic permissible stress

= K ... Surface treatment factor, tab.4.3.7

— LIMIT: Input currently over modified FAT class 4.3 Design parameters: FAT,
feam o Ky, Knue

4.2 Material properties: —

4.4.1 Comp.fatigue limit for zero mean stress: G
I
4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

}

4.6 Assessment: ag
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LIMIT"

stress evaluation

Fatigue Strength

Component fatigue limit, zero mean stress, welded

FKM, Chapter 4.4.1,4.4.1.2

+ Topic: component fatigue limit for
= completely reversed stress
= (zero mean stress)
" Gwi i1 = FAT) - fearo - T Ky - Kie
... fat. limits rev. stress
"Owk L = FAT) = fearo - fi o Ky Kyie
... fat. limits rev. stress
" Ty = FAT, - fear - fi - Ky
... fat. limits rev. stress

4.2 Material properties: o 4

4.3 Design parameters: FAT,

Feam fo Ky, Ky
|

4.4.1 Comp.fatigue limit for zero mean stress: o,
I
4.4.2 Comp.fatigue limit for actual mean stress: G,

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

4.6 Assessment: ag J
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LIMIT"

stress evaluation

Fatigue Strength

Component fatigue limit, zero mean stress, welded

FKM, Chapter4.4.2,4.4.2.2

+ Topic: component fatigue limit as
= 3 function of mean and residual stress

" Gari = Owilt * Kagyi - Kgo - lONgitudinal

Ec*
" Gak, 1 = Owk,L KAK,L' KE,G... lateral

= TAK = TWK ° KAK,‘L’ ° KE,‘L’ [ Shear

+ Data and factors
= K, --- mean stress factor, tab. 4.4.2

= K. ... residual stress factor, tab. 4.4.2
— high/moderate/low

= Typ of overloading (see base materiall)
— F1: the mean stress remains constant
— F2: the stress ratio remains constant (default)
— F3: the minimum stress remains constant
— F4: the maximum stress remains constant

4.2 Material properties: Gy,

4.3 Design parameters: FAT,

fFAT' ft' KV, KNL,E

4.4.1 Comp.fatigue limit for zero mean stress: o,
[

4.4.2 Comp.fatigue limit for actual mean stress: G,
I

4.4.3 Comp.variable amplitude fatigue strength: oy

4.5 Safety factors: j,

}

4.6 Assessment: ag
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LIMIT*

stress evaluation

Fatigue Strength

Component variable amplitude fatigue strength, welded

FKM, Chapter 4.4.3,4.4.3.2

¥+ Topic: influence of variable amplitude
= variable amplitude fatigue strength factor
" Gyl = Okt~ Kak,i
" Ogx,1 = Oak,L " Kax, 1

" Tok = Tak " Kakc

4+ Variable amplitude

A cYa,l

Ca | e e

Kgk > 1

>

5x10% Number of cycles

WwWw.cae-sim-sol.com

4.4.3 Comp.variable amplitude fatigue strength: o,

LIMIT 2020 — FKM Course

page 137



LIMIT* Fatigue Strength

stress evaluation

Component variable amplitude fatigue strength, welded

FKM, Chapter4.4.3,4.4.3.2 i

¥+ Topic: influence of variable amplitude

= variable amplitude fatigue strength factor 4.2 Material properties: Gy,

" Oyl = Oak,ii * Keki 4.3 Design parameters: FAT,
" Opy 1=0pak,L" KBK,L feap o Ky, Kne

" Tax = Tax " Kakc

4.4.1 Comp.fatigue limit for zero mean stress: o,

4+ Maximum values '

_ 4.4.2 Comp.fatigue limit for actual mean stress: ¢
" Ok, max,Il = 0,75 - Rp * Oy " Pwez” npI P g | o
" Opi,max, L = 0,75 Ry - Oy * Puez* My 4.43C iabl litude fatigue strength
_ . . . . .4.3 Comp.variable amplitude fatigue strength: o
" TBK,max - 0'75 Rp Ow * Pwez npI P Bl

" R, ... yield strength 4.5 Safety factors: j,

" n, ... section factor
" a, ... weld factor

" Dyes - SOftening factor

4.6 Assessment: ag
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LIMIT* Fatigue Strength

stress evaluation

Safety factors, welded

__________________________________

FKM, Chapter 4.5, 4.5.2 41 Characteristic service stresses: 6, G, i

+ Topic: definition of safety factors

4.2 Material properties: o 4

-jDsz' JFJG

4.3 Design parameters: FAT,

fFAT' ft' KV, KNL,E

+ Data and factors

4.4.1 Comp.fatigue limit for zero mean stress: o,

" j; ... load safety factor, default 1.0 |

" jF .. material Safety factor, tab. 4.5.3 4.4.2 Comp.fatigue limit for actual mean stress: G,
" j; ... cast iron factor, tab. 4.5.2 [

L] KT,D ... temperature factor, chapter 4.2.3 4.4.3 Comp.variable amplitude fatigue strength: o,
(depends on material group and temperature)
= In LIMIT safety factors are selected on: 4.5 Safety factors: jj
— Consequence of failure: severe/mean/moderate J
— Regular inspections: yes/no

4.6 Assessment: ag
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LIMIT"

stress evaluation

Fatigue Strength

Assessment, welded

FKM, Chapter 4.6,4.6.1
4+ Topic: Calc. of degree of utilization

4+ Individual stress types e.g.: 2D-tensor

Shell normal

4+ Individual

(S5 O15 Ti)rop.ps

St re S S ty p e S (ous O1s Tulpa

(G O 15 Ti)Botiom.P5

(o1, O Tu)py
S\
(o1 ©15 T)es

(s O15 Tle2

4.2 Material properties: o 4

4.3 Design parameters: FAT,

fFAT' ft' KV, KNL,E

4.4.1 Comp.fatigue limit for zero mean stress: o,
I

4.4.2 Comp.fatigue limit for actual mean stress: G,
I

4.4.3 Comp.variable amplitude fatigue strength: oy,

4.5 Safety factors: j,

4.6 Assessment: ag, J
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LIMIT* Fatigue Strength

stress evaluation

Assessment, welded

FKM, Chapter 4.6, 4.6.2 Signs for combined stresses
+ Topic: Calc. of degree of utilization 4+ Procedure within LIMIT

= Check if same load pair responsible for ag , ag¢ |

= |f different load pairs are involved, the signs are
set for maximum value of ag

+ Combined types of stress
= For welds: normal stress criteria!

" agoy=0.5-{| aBK,I@aBK,L |+ "[(aBK,@BK,L )+4-ag.l}
4+ Proportional/synchronous stresses

= Signs taken directly from FEA
= Combined D.o.U.: AUTO

+ Non-proportional loads, see
base material

¥+ Recommendations IIW

WWW.cae-sim-sol.com LIMIT 2020 — FKM Course page 141




LIMIT*

stress evaluation

Assessment, welded

Fatigue Strength

Recommendations of I IW

+ Non-proportional bending and shear
4+ Criteriain lIW

" (ag |2+ agg Q) SCV
= Material dependent:
— Steel: CV=0.5
— Aluminium: CV=1.0

4+ Since LIMIT 2015
= |IW (optional)

— agium = V(g2 + Api, 1 2 - Apr” Apc, 1 + Apii2)
— aBK,vMZS CcV = Ay S vCVv

~ agem/VCV <1

— Aguw = Apkum /VCV = agy - 1.41

= For welds also normal stress criteria!

— Aoy = 0.5 { | agyy+ agy | |+ V[(agyy- gk, ) + 4 - agy.l}

—

Activation of lIW criteria
4+ JobManager / Edit /Multiaxial-Nonprop-1IW: YES

Rename as: ‘

FKM6_FAT_STEEL ]

General

Stress Type: ‘ Edit ‘ ~
Rainflow Param: ‘ Edit ‘
AutoFreesurf: ‘FREEfSURFACEfFROMfSDfELEMENTS ~ ‘
UseSymmPlanes: ‘ND ~ ‘
ReducedMesh: ‘ND ~ ‘
CenterStress: ‘NO e ‘
StressScaling: 1.0
GeometryScaling: ‘1.0
LoadCycleScaling: \1.(]
Multiaxial-Nonprop-11W: v
Max. Safety Value: ‘5.0
Stress Output: ‘NO he ‘
Damage Output: ‘NO b ‘
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LIMIT"

stress evaluation

Combined degree of utilization
+ GUI: Edit: Setup

4+ Combined D.o.U

= AUTO (default): In this case LIMIT
checks, whether the signs of individual
stress amplitudes can be used or not.
This is done on the basis of the load cases
responsible for each amplitude. If normal stresses
origin from the same load cases, signs are taken
as calculated by FEA.

* FKM_MAX_ALG: will give highest possible
degree of utilization after altering signs. i.e.
worst case with respect to signs.

= OFF: deactivates combined criteria

= LIN: linear summation of all DoU (CAE add-on,
not part of FKM)

¥ Only used for fatigue assessment

WwWw.cae-sim-sol.com

® tdit :Basematerial Shaft

Rename as:

‘ Hide General H Help Weld ‘

General
Use Sensor:
Assignment:
Code:
Status:
Sets:

FKM6
e [
imt [-1:
jpt [-1:
s [-]:
jg [-1:
if [-]:
Elongation at break [%]:
Kt-Kf-ratio:
Kt-Kf-method:
Roughness [- or mue]:
Surf. Treat. Factor [-]:
Coating Factor [-]:
Type Of Overloading:

Combined Degree of Utilization

| Basematerial_Shaft

m]

‘Base Material h ‘
[Fkm6 v]
[Edited v]

Available (Weld) Sets:
SOLSRF

MEMSRF
Shaft_notch_01

Active ElSets in this Setup:
Shaft_notch_01

‘ Use Selected Set for this Setup --> ‘ | Refresh Window (after Editing above) |

[1.4 A
[1.4

1.0

[1.0

[1.0

[1.25

[11.0

[ves v]
[KT-KF-RATIO_STIELER v
[10.0

[1.0

1.0

AUTO

MS-Correction: EFI‘:’LMAX?ALG
Requ. Num. Of Cycles [-]: OFF
—> Combined D.o.U.: AUTO [v v
‘ Apply ‘ | Import ‘ ‘ Export Cancel
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LIMIT"

stress evaluation

Fatigue Strength

Assessment, non-welded

FKM, Chapter 4.6, 4.6.2
4+ Topic: Calc. of degree of utilization
4+ Check results in Job.txt-file!

I+ Limit (VIEWER: Job_1_20170511_FKM, Version: Release, 2017R012) - o x
File Sets Setups Results Options Help

Selection

e ITARIREE TS e AR e 2 E DX CAE

Madel Data
& @Job_1_20170511_FKMIdk| ~
® sets (30)

cones: For
© PASO00T (FKME) [SHELL_STRFES: €+ N

[FAT_ 0 AUSLAGTUNG.. (EL)

MINSICHERH
@ FAT_PLASTRIT. (¢
@ FAT POSMAXAUS
@ FAT_SYN/PROP/NS
@ FAT_TENSOR_(2/3)
@ MAX FAT STA ALC
© MAX_FAT_STA AL
*STALALG P1_WELE
@ STALALG P2 WELE,
@ STAALG P2 WELL

N
 STAALG P4 WELE
© STAALG_P5_SHEE
* STA_ALG_P6_SHEE| ¥ E

UMIT: -

4.2 Material properties: o 4

4.3 Design parameters: K«

4.4.1 Comp.fatigue limit for zero mean stress: o,
I

4.4.2 Comp.fatigue limit for actual mean stress: G,
I

4.4.3 Comp.variable amplitude fatigue strength: oy,

4.5 Safety factors: j,

!

4.6 Assessment: ag,

www.cae-sim-sol.com LIMIT 2020 — FKM Course page 144




L’M’T* LIMIT Workshop

stress evaluation

Workshop 6: Beam with box section

+ Assessment of fatigue strength of welded structures
= Weld sets

= Assignments: WELD, WELD _GLOBAL
—FKM 6t edition S i

—Defining weld types e e D P .
_ DEE=— " TEINIR T s el RIe 28 E2 48X CAE
—Selecting FAT-classes e o

= B Job-2-multiedit-diffprop_linidb
& 9 sets (22)

© CQUAD (ELSET)

© CTRIA (ELSET)

—Choosing a stress concept

et-
_Part-1-1_Set-13 (ELSET)
© PROP_Part-1-1_Set-14 (ELSET)

= Defining Jobs e

© PROP_Part-1-1_Set-18 (ELSET)

. . © PROP_Part-1-1_Set-19 (ELSET)

—Selecting result files e S
@ Part-1-1_Set-11 (ELSET)
© Part-1-1_Set-12 (ELSET)
. @ Part-1-1_Set-13 (ELSET)
—Selecting setups et
© Part-1-1_Set-17 (ELSET)
. @ Part-1-1_Set-18 (ELSET)

—Selecting loads el

© Part-1-1_Set-21 (ELSET)

bAGeometries (0)
sLoads (0) X
1 otine 1M 7 z

LIMIT "
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L’M’T* LIMIT Workshop

stress evaluation

Workshop 6: Beam with box section

4+ Postprocessing with LIMIT Viewer
= Basic features
= VViews, coupling views
= Results
— Changing legend/show max

— Searching hot spots
— Element sets by results

= Query function
= Annotation
= Pictures

4+ Checking results via text-files
= Jobname.txt
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L’MIT FKM, Fatigue/Static Strength

stress evaluation

Strength Assessment of Welded Structures

+ Overview of Assessments
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LIMIT"

. Assessment Types
stress evaluation

Assessment of welded "Cesewor =

structures using local stresses = = | setup_t |
* GUI: Edit: Setup lShowGeneralH Help Weld l
+ Assignment: Base Material FKMthaned it | B n
+ Material group: Material group: WELDED_STEEL - B

= WELDED_STEEL or Temperature:  |TORGING_STEEL i

= WELDED_ALUMINIUM Temp. constant for:

Plas.notch factor: cIs =

* SmeOdUS: Elongation at break: GIM =

= EFFECTIVE_NOTCH_STRESS_R=1.0 Type OF Overloading: [ WROUGHT_ALUMINIIM

= EFFECTIVE_NOTCH_STRESS R=0.05 MS-Comrection: | (x> i i

= FICTICIOUS _NOTCH_Ktfiktiv=1.6 f: 125 |

= FICTICIOUS _NOTCH_ Ktfiktiv=4.5 Combined D'°_'“'= [ svwcprop ]

- WELDED_FAT]_OO Submodus: BASE MATERIAL b -

BASE_MATERIAL

» WELDED FAT90 l Apply ] [ [YEFFECTIVE_NOTCH_STRESS_R=1.0

EFFECTIVE_MNOTCH_STRESS5_R=0.05

FICTICIOUS_NOTCH_Ktfiktiv=1.6
" W E L D E D_ FAT4O F[CTIC]IDUS_NUTCH_KI‘F:I(I::::'I-.S
* WELDED_FAT36 e
WELDED_FAT40
" D E FAU LT WELDED_FAT36
DEFAULT
Www.cae-sim-sol.com LIMIT 2019 — FKM Course

page 148



LIMIT*

_ Weld Assessment Types, Local Stresses
stress evaluation

Submodus:
Valid selections for WELDED_STEEL:

+ EFFECTIVE_NOTCH_STRESS_R=1.0
= Effective notches modeled with radius 1mm
= Assessments: Static and Fatigue (FKM Sec.3.3.2, Sec.5.4.3)

4 EFFECTIVE_NOTCH_STRESS_R=0.05
= Effective notches modeled with radius 0.05mm for thin sheets
= Assessments: only Fatigue (Sec.5.4.3)

elor: +3.000e+02
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. Weld Assessment Types, Local Stresses
stress evaluation

Submodus:
Valid selections for WELDED_STEEL:

+ FICTICIOUS_NOTCH_Ktfiktiv=1.6
= Assumes mild notches in combination with FAT class 225/160
= Assessments: only Fatigue (Sec.5.4.3)
= Reduces the permissible values by the global factor of 1.6
= Can be used to assess areas where the solid element
results represent structural stresses
+ FICTICIOUS_NOTCH_Ktfiktiv=4.5
= Assumes mild notches in combination with FAT class 630/250
= Assessments: only Fatigue (Sec.5.4.3)
= Reduces the permissible values by the global factor of 4.5
= Can be used to assess areas where the solid element results

2mm
represent structural stresses
4 WELDED_FAT100 and WELDED_FAT90 X
A 4
= Can be used to assess areas where the solid element results GSlmklur“
represent structural stresses (Tab. 5.4.3) \

cyl\'crh,m;x\

\

Source:
Grundmaterial  §chweifinaht FKM Guideline 2012
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LIMIT*
Weld Assessment Types, Local Stresses

stress evaluation

Submodus:
Possibilities for WELDED_ALUMINIUM:

+ EFFECTIVE_NOTCH_STRESS_R=1.0
= Effective notches modeled with radius 1mm
= Assessments: only Fatigue (Sec.5.4.3)

4 EFFECTIVE_NOTCH_STRESS_R=0.05
= Effective notches modeled with radius 0.05mm for thin sheets
= Assessments: only Fatigue (Sec.5.4.3)

+ FICTICIOUS_NOTCH_Ktfiktiv=1.6
= Assumes mild notches in combination with FAT class 71/63
= Assessments: only Fatigue (Sec.5.4.3)
= Reduces the permissible values by the global factor of 1.6
= Can be used to assess areas where the solid element results represent structural stresses

4+ FICTICIOUS_NOTCH_Ktfiktiv=4.5
= Assumes mild notches in combination with FAT class 180/90
= Assessments: only Fatigue (Sec.5.4.3)
= Reduces the permissible values by the global factor of 4.5
= Can be used to assess areas where the solid element results represent structural stresses

+ WELDED_FAT40 and WELDED_FAT36
= Can be used to assess areas where the solid element results represent structural stresses (Tab. 5.4.3)
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stress evaluation

Assessment Types

Assessment of weld structures using nominal or structural stresses

\L“, Limit (CAE: Hubkorb_nastran-002, Version: Thu Mar 27 13:15:01 2014)

File Sets Sensors Loads Setups Jobs User Codes Geometries Plugins Options Help

+ STEEL

>
>

*

GUI: Edit: Setup

Assignment: WELD or
WELD_GLOBAL

Material group: STEEL

({4

Push bar next to ,Select

Choose a material from
table
(see FKM, Tab. 5.1.24)

WwWw.cae-sim-sol.com

File 10

Dienlaw

\iswinnrt

Rename as:

[ 1 Edit :FKM6_W_STATIC FAT

=1 ol

SleDe

FKMG_W_g====s=—==

E Hide General || Help Weld

I Select Steel Type

[E=8So8 55

[ Apply H Load H Save I

H Werkstoff || T [mm] H Re [mpa] ‘Rm [mpa]l o
- i S279_nL U i S0
!: General
r 5275_NL 40...80 255 370
d Use Sensor: d r 5275_M .40 275 370
El
Assignment: ‘Weld r S275_M 40...80 255 370
3 code: ‘FKME r S275_ML .40 275 370
N
E \ STATIC_STRENGTH+FATIGUE_STRENGTH r S5275_ML 40...80 255 370
Fl  Status: ‘ Edited r P275_NH .40 275 370 |
F =
£ Sets: Selected: r F275_NH 40...80 255 370
Fi PS002401 - r P275_NL1 .40 275 370
E Ps002402 r F275_NLL 40...80 255 370
F r P275_NL2 .40 275 370
: a r P275_NL2 40...80 255 370
° G B N N
P! l Refresh I [
. r 5355 40...80 335 470
Py FKM6 r 5355_N .40 360 470
P icity:
- R | EX_CONSTRAMED r 53551 40..80 | 355 470
P Material group: ‘ STEEL r 5355_NL .40 360 470
P
P Select: [ $355 r S355_NL 40...80 355 470
P
B Elongation at break: ‘12.0 r $355_M .40 360 470
r 5355_M 40...80 355 470
[ ‘Weld Visualization Options: - 5355_ML .40 360 470
r Show Set Name (¥ Show A Value ¥ Show P Values r 5355 ML 40...80 as5 470
~
< Position: @ @ Offset: E] E] Refresh: @ Zoom: a )
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stress evaluation

Assessment Types

Assessment of weld structures using nominal or structural stresses

L‘ Limit (CAE: Hubkorb_nastran-002, Version; Thu Mar 27 13:15:01 2014)

File Sets Sensors Loads Setups Jobs User Codes Geometries Plugins Optlons Help

>
>
>

*

>

ALUMINIUM
GUI: Edit: Setup

Assignment: WELD or
WELD_GLOBAL

Material group: ALU

Push bar next to , Select”

Choose a material from
table
(see FKM, Tab. 5.1.25)

Press OK and choose
filler material
(see FKM, Tab. 5.1.26)

WwWw.cae-sim-sol.com

FileIn

Rename as:

'::*le

General
Use Sensor:
Assignment:
Code:
Assessment:
Status:

Sets:

FKM6

Excentricity:
Material group:
Select:

Elongation at break:

[ U Edit :FKM6 W _STATIC FAT

[=a]e=]

Hide General || Help Weld

Dicnla: rt Query
- L" Select Aluminium Additive EI
| e e —
L Select Aluminiuf (53 . g
‘L = Material Filler material tension ?I;‘I“;ait(;{ :’Z:?i Jeld fact.: shez/d fact.: fillet
Select Type: ¥ Shee| en quality veri
” Werks| v
0 r 600341 6082.T6/T651;T61/T6151;T5 |AIMg5; AlMg4.
|:We\ 4 r 6060.T| :
r 6060.T1
FKM6
] 6061.76/7
STATIC_STRENGTH+FATIGUE_S 5
6063.TH - T -
Edited I I : I ﬂ
| 6063.T66 230 | 225 195 | L
Selected:
I3 310 | 290 240 | 2!
PS002401 e
PS002402 | 6082.T61/T6151 275 200 EI
r 6082.T5 270 2
| 6106.T6 250 2
] 7020.T6/T651 340 | 350 | 350 | 270 | 280 | 22 [
[ Refresh r 3103.H18 185 165 < :]
< i | »
EX_CONSTRAINED -“ -_CANCEL !
ALY =] E
[ §082.T6/T651 ]
[120 |

‘Weld Visualization Options:
Show Set Name [¥] Show A Value [¥] Show P Values

Position: E E] Offset: E @ Refresh: @ Zoom:

-
' TV DDV VIV VDDV ONANTIMADANNTMZ] n o]

[ Apply

|

Load I [ Save I

Cancel

LIMIT 2019 — FKM Course

page 153




L’M’T* LIMIT Workshop

stress evaluation

Workshop 7: effective notch stress

+ Assessment using local stresses
= Assignments: BASE

Contour Plot Mol infi: Dworkiweiseri2015-004 Lirittueberlappnaht_rl_90150213_01 op2

th ey Stress(P1 (major)) Result: D-work\weisen2018-004 Limitiueberiappnaht_rl 20160213 1 op2

—_ F K M 6 e |t | o n Global System SUBCASE 1= ZUG_1NPA : Simulation 1
sadvanced Average

2 494E+0D Frame 25

—WELDED STEEL =
~SUB MODUS: E??%EE?”
EFFECTIVE_NOTCH_STRESS o

Max = 2 434E+010

Node 214112
Min = -1 B40E-01

= Defining Jobs
—Selecting result files
—Selecting setups
—Selecting loads

WWW.cae-sim-sol.com LIMIT 2020 — FKM Course page 154




>
L’MIT FKM, Fatigue/Static Strength

stress evaluation

LIMIT Sensor Technology
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LIMIT*
Assessment Concepts, Sensors

stress evaluation

Structural Hot Spot Stresses for Solid Elements
+ Sensors embedded within the solid model
+ Extracting structural stresses for weld toes

4+ Linear extrapolation scheme
according to IIW

+ Averaged stress data Sensor
comparable to shell results

Hot Spot Stress
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LIMIT*
Assessment Concepts, Sensors

stress evaluation

Structural Hot Spot Stresses for Solid Elements

+ Generation of sensors with LIMIT SensorManager

Fle Sets Sensors Loads Setups luhs llser(nd?s Geometries mes owuns Feport Help
File 10 Selection

Dﬁﬂ@@..'ﬂﬂﬁm&?&ﬂf_ﬂﬁuv RRlm o?&f@&x
Modal Data Viempo
 Blestentraeger_tied.Jdb ~
= BSets (24)
Geometries (D)
ALoads (0)
@sotups (0) t "
T 1os (0] o
O1Show NSets O
Sots
Fitar st by: [+

[4+] Name

SW_salid_gurt_SW_solid_rippe_01
=lid_gurt_SW_salid_rippe_0101

SW_salid_ ml‘LSWJan_rIDDe o102

SW_salid_

SW_salid. o oo

SW_salid_roh_SW_solid_stog_01

SWsalia_roh_SW_solid_steg 0101

GeornElset

Craste Set | Edit Set Copy Set || Dalete Sets Copy to Solid Weld (SW) Set |_Delets Sansors

Auto-Create Sensors  Manual Creation  Transformations  Assign Setup Template
Instructians
Step 1: Creats at least two Solid Weld Sets ('SW_*'), If not slready availabs Step 4: Set parameters (Geometry, Material, ...)
+ Step 2: Select a single element on the (continuous) Master Solid Weld Se' Stap 5: Press appropriate Auto-Craation Button (Uss 'E', 'Space’ to chac.

« stan 3: Selact slemant(s) from ona or more Siave. (). v Step 0 Assign dasirac)
‘Sensor Geometry Datection Settings Assion Setup Templates (after Auto-Creation)

Relative Length: | 200 Festure Angle:| 3000 Standard: FKME ~ 5 Select Setup Library... [ Store Setup Library...

Raltve Wi | 050 wum gop 3 Shom Temgtates o Meld Ty £ L 0= %

Relative Offset: | 0.00 M::'::‘s';w, .| Assign 'FKMG_STEEL Doublefilet-T_Nominslsetu’ | Clear Skot
Soncor Matartal 1| = = | - Assian xMo STEEL OnesidaFilet-T Mominalsstuy' | Clear Skt
Young's Modulus: | 210000.00 — —
(E0l s @30 Assign "FKM6_STEEL_HV-T_Nominal,satug’ Clear Skt

Assign, 'FKMG_STEEL DHV-T_Nominalsstup’ Clear Slot
[ tmpart Sensors... | ] Export (Al) Sensars... Closa ||

2

i UMIT " ’ )\ (F\
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stress evaluation

Assessment Concepts, Sensors

Structural Hot Spot Stresses for Solid Elements

+ Sensors: definition of welds in same way as for shells

@ e

File 10

Selection

[R)=] = JerE—

Fle Sets Sensors Loads Setups lobs User Codes Geomstries Plugins Options Report Help.

ELELE bl o

B e AR e & Es 8%

51 molicLrispe 101

@ Edit SW_solid_gurt_SW_solid rippe 01
Rename as: SW_solid_gurt_SW_solid_rippe_01
Hide General  Help Weld
General
Use Sensor: =]
|weld
Code: |FkME
Status: [Edited
Sets: Avallable (Weld) Sets: Active ElSets In this Setup:
SW_solid_gurt_SW_solid_rippe_01 ~  |sW_solid_gurt_SW_solid_rippe_0101
SW_solid_rohr_SW_solid_gurt_01 SW_solid_gurt_SW_solid_rippe_0102
SW_solid_rohr_SW_solid_steg_01
Use Selected Set for this Setup --> Refresh Window (after Editing above)
FKMG
L 14
Combined D.0.U.: AUTO ~]
Detailed output: NO ~]

SW_solid_gurt_SW_salid_rippe_0101

Thick [mm]:  A-Bot [mm):  A-Top [mm]: D-Bot [mm]: D-Top [mm]: Top/Bat: Stress: Switch Data:
[ 150 | Y2 Y2 Yz Y2 Switch |nOMINAL ~ v]
PLPS [MPa]: 2,3 [MPa]: P4,P6 [MPa]:
100, 71, 80 [ 100, 36, 80 [ 100, 71, 80
WeldType: Res. Stress.: Machined Bot.: Machined Top:
|crRuctForRm-/T-101NTS ~[HIGH - ||aS_wELDED ~|lAS_WELDED ~]
SW_solid_gurt_SW_solid_rippe_0102
Thick [mm]:  A-Bot [mm):  A-Top [mm]: D-Bot [mm]: D-Top [mm]: Top/Bat: Stress: Switch Data:
[ w0 | 0.0 [ 0.0 0.0 [ 0.0 Switch |nOMINAL ~ v]
P1,P5 [MPa]: P2,P3 [MPa]: P4,P6 [MPa]:
140, 140, 100 [ 140, 140, 100 [ 100(56), 80, 80
WeldType: Res. Stress.: Machined Bot.: Machined Top:
BASE_MATERIAL ~ |[HIGH | |AS_WELDED ~|[AS_WELDED ~]
\ .=
< >
LIMIT"
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| LIMIT Workshop
stress evaluation

Workshop 8: Sensors

+ Assessment using sensors

= Preparing the model for sensor generation
= Generating sensors

= Assignments: WELD
—FKM 6t edition
—Defining weld types
—Selecting FAT-classes
—Choosing a stress concept

= Defining Jobs

—Selecting result files
—Selecting setups
—Selecting loads

WwWw.cae-sim-sol.com
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stress evaluation

LIMIT Workshop

Workshop 8: Sensors

+ Postprocessing with LIMIT Viewer
= Basic features
= VViews, coupling views
= Results
— Changing legend/show max

— Searching hot spots
— Element sets by results

= Query function
= Annotation
= Pictures

4+ Checking results via text-files
= Jobname.txt

WWW.cae-sim-sol.com
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L’M’T* LIMIT Workshop

stress evaluation

Workshop 9:

¥+ Assessment of welded customers structures......

Www.cae-sim-sol.com LIMIT 2020 — FKM Course page 161




