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IMPERJA Project

> Improving the Fatigue Performance of Riveted Joints in Airframes
> EUREKA programme of EU

> International project with partners mainly from Poland
Institute of Aviation, Warszawa, Poland - coordinator
AGH University of Science and Technology, Krakow, Poland
ATR University of Technology and Agriculture in Bydgoszcz, Poland
WAT Military University of Technology, Warszawa, Poland
PZ1. Mielec, Mielec, Poland

Stresstech Oy, Vaajakoski, Finland




Evektor Participation

> WP12: Experimental analysis of riveted

specimens
> WP13: FEM-based analysis of riveted specimens

> WP14: Fatigue analysis of riveted specimens

based on WP13 results




Experiments
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FEA Analyses

o Problems above all with EVE1
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o pronounced changes of elements shape at this region
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o remeshing would be suitable

0 0.5

o
o
(=]
©

12000
10000
6000
4000
2000

3. shear strength test

/Iower plate BC
1. riveting process

2. relaxation

[N] @2.10) Bujzasnbsg




FEA Analyses 11

MSC AFEA 2008r1 03-Aug-09 15:54:33
%—__ } 6.40+002

5.94+002
5.48+002
5.03+002
A
| (‘ 4 57+002
n o

o Shear tests

L} =
d 3.66+002
3.20+002)
2.75+00
2.29+002
1.83+007]

1.38+002

9.19+001

4.63+001
6.50-001
default_Fringe :
Max 6.85+002 @Nd 1691606
Min 6.50-001 @Nd 1604308
default_Deformation :
Max 3.13+000 @Nd 1615635

MSCAFEA 20071 11-Dec-08 13:0250
Fringe: Defauit Static Step. Al:Incr=142.Time=0.71000, Stres;
Deform: Default Static Step. Al Incr=142.Time=0.71000, ER 5.70+002f

6.11+002

5.29+002)

4.88+002)

4.47+002}
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-+ NAS friction ' v S b
X NAS_hig " ' i

T T : Poa+001

1 1
-1.36+000)
1 1.2 14 S
P6.11+002 @Nd 178721
in-1.36+000 @Nd 181227
default_Deformation
Max 5 714000 @Nd 246798




Inputs for Fatigue
Analysis

> FEA Model

— built in MSC.Patran => *.nas file exists

— outputs from MSC.Marc

o can be read back to Patran

o local stress and strain tensors at various load increments

> Experimental data
— final lifetimes (just for comparison with fatigue prediction)
— material properties — derived from available referenced data

— load data




PragTic in Application I
First Run
Registration to http://www.pragtic.com

Download

Unzip to desired location — example C:\ Test\ PragTic\

Edit of WinPragTic.ini file — renaming the paths:

DI R C.\Test\ PragTi c\

HOVE C.\ Test\ PragTi c\

| MAGES C. \ Test\ PragTi c\

MPORT C:.\ Test\ PragTi c\

XPORT C.\ Test\ PragTi c\

VDB C.\ Test\ PragTi c\ PragTi c_NMDb. nat
ERROR le- 10

EM BUFF 100000

> Run of the executable




PragTic in Application II

Import of FE-Model Topology

> Import of *.nas file

> Jet the normals to be calculated
— It does not take so long

— It 1s useful for detection of surfaces of indivindual parts




PragTic in Application III

Import of Result Files — Make Map

> Preparation of map file for FEA results import

Here

-
E File recognition

B

.Separators:
o automated  hard

[ <space:
[ <tab> [~ <

[~ other: ’7
| T fed widte|

Content

™ nodes

" elements

™ isolated points

(* results

(™ load history

. Fead Map

Beset

Run Scan
Upload [

B

M3C_AFEAR 15.0.038 Tue Aug Z1 13:05:45 PDT 2007 - Analysis Code:

Load Case:

Be=ult Stress,

MaC
Default Static Step, Al:Incr=8Z, Time=0_41000
Global System — Layer At Layer 1

Entity: Element Tensor

-Marc

—Entity ID--X¥ Component—--Y Component—---2 Component---X¥Y Component--YZ Component--2¥ Component-

340746
340747
340748

-84 142113
—94_ 5485836
=177.186981

E7_E17571
lz. 382088
=97.404243

—1&6_ 524923
—13.082451
=l&. EZz08E

-174_ 702408
—270.4568872
=437.431763

-8E2.443886
—29.132023
=8_Ezl001

-35.10E037
—3Z.0E21687
—Z6.4E3175

:Eolumn |I-;r0m 1T0

iEount

|Variable

.l:F'osition |

2 8
14 2
R
a1 8
55 66
FTR ]
TR T

Set of Modes
RES: Stress
RES: Stress
RES: Stress
RES: Stress
RES: Stress
RES: Stress

1o}
5
S




PragTic in Application
I1Ibis

> General input of FE-data in formatted records

EFiIe recognition

&aw:gj .

\[Separators;
" automated ) hard

Place separakor

W <spacer
| T~ <tab> [ <3

[~ other I

[T fived

See Help e

* nodes

HODE - ; Hore rows...
.213382E-0Z 0. I -0_gtE: .

_ = d Separators =
.21382E-02-0. Header lin 0. o0 =
. Z3658E-03 0. 3, First daka line 0.00
.Z23830E-02 .00
.42E648E-02 0.00

= Set the separators now by right-hand dick-on chosen positions
a.
.58439E-0Z 0. 000
i
i
i

Place separator

.71116E-02 Mare rows. . 0. oo

.B02EB4E-0Z 0.5E6E7E-0Z-0.70000E-02 0.00 = iLL SELECTED NODES. DSTS-

" elements - -
Or " izolated points -85847E-02 0.28536E-02-0. 70000E-02 0.00 ABLE ON NODE NODE HNODE
L87712E-02-0.14140E-14-0.70000E-0Z 0,00 N J

T results
Pra TiC ‘e load histary ‘I . BEB47E-0Z-0_Z8586E-0Z-0.70000E-0Z ) D_DD' 'I
g Coluriny | Fram |To |Eount |Variable lF'-:-sitionl
Fead Map

Save Map

Flaset | g, |From |Tc- ICc-unt !V;riable lPositic-n Ii
: { : I

Ll IR I T RO TR A

-
=]
o e T s O o S o e R o S o

=
i

%

=]

=1

Y z
*"PO0E-01=0,70000E=02

O0E-01-0. 700008-02

2. Header lines 98E-01-0. 70000E-02
3, First data ne 0LE-01-0. 70000E=-02
41E-01-0, 70000E-02
ESE-01-0.700008-02

Z8E-02-0. 70000802

27E-02-0. 70000E-02

oo d ovon s @ 0 =

B General lterr RNTRRTTH

e I e 22 General lterr X-coordinate : Fr;n-'r 'TT—O"" "'l"'E'A_J";ﬂ"""' o '; =] ""L""' ——————— F'.;sTt—io-r: i

v 34 General lterr V-coordinate 7 o~ 1
e Upload Z-coordinate B )0 & Hode Headess

L O LU General lterr » ¥

; g 22 Hode Coordinates

|

1

r 55 Genaral lterr: Definition C5 | : |
Help I Resilk C5 22 34 Node Coordinates |

2 General lterr :
|

1

e : | T o 24 48 Node Coordinates
|Row: 4, Cal: 26 G 11t arrnal in —_—
. abatt ] £ 55 iGenealltem




PragTic in Application IV

Import of Result Files — Command Line

-
PragTic - Eve1

File Material Run Tools Help

> Input of further result

files from the

command line

Command: |impol

.
PragTic - Evel

File  Material Run Tools Help

gTic. Map files can be efficiently used here.

-0 the imported file structure

111-'-_-11:- Limport

Command. |




PragTic in Application V

Decrease of the Task Size

> Only critical localities should be evaluated

> PragTic 1s not a commercial SW

> You are the one who has to optimize the
computation time
— Focus on surface nodes (N_NRM node set)
— Check the nodes with highest loading (Tools->Results-

>Tensors — you can get Mises stress, principal stresses...)

— Select nodes around expected notches (Filter tool)




PragTic in Application VI

Coordinate Systems

USC Of Other CO(rC:n;dinate Systems - Edit

Nodes, result filig | s e
C.S. can be defir

— cartesian, cylind

— C.S. can be defi
Definition of co

— two vectors and the origin have to be input

— leading axis

> the only vector, which represents the real axis of the new coordinate
system

> the other vector serves just for a definition of the plane to which
the third axis is found as perpendicular




PragTic in Application VII

Filter Tool — Selection by Property

-
E View Nodes ltem i m

Maode 1LbLJEf IESHES HACOORDINATHY-COORDIMATHS-COORDIMATE
291662 ] 1] 201826
291663 212911
291664 223936 —ethiod - Seleckion bype

291EE5 2350831 " Use sets (% Maximun - minimum

e £ 10 & it column: [4-COORDINATE ~| | ¢ Individual items
291667 2 40303 .

B3 Filter on NODES

291668 2.221 Madmmi| -~ =551 ' Maximurn: |3

Fast ASCI Copy... ‘ Filter... Mirimun; | 05993631 E ' Mirimum: |1 .64999599360151
Caunty | | (Counki |

> The nodes with

maximum distance 3 mm =3
from the hole No.1

center will be selected




PragTic in Application VIII

Filter Tool — Selection by Set

& Filter on N HOLE

< NOd@S fI'Om th@ .. (¥ |lse zets
area of interest

(IN_HOLE), but e
lying on the k|

N .ﬂ.tcnlumn:l

I Al e
surface of BT ;o
N_HOLE1 B 001664

components Only N_HOLE2 S 291665

N_HOLE3 SRR 7 1665
. N_HOLE4 | - 1567
(N_NRM S€t>, will “IN_HOLE Bl 291668
N_H_SURF T | | PYRT
NR_665 R | 29 16570
be selected s — o
NR_705 N 25 1572
(NR_745 N 0 1577
HNR_76S N 01674
NR_785 BN 591675
NR_B05 _ 291676
NR_885 N o 1577
NR_905 - I > 1575
SARIN 41417

o - S ndsTn

Shaw | Help | Close ‘ ;3




PragTic in Application IX

Results — Averaging to Nodes (ERATON)

> Results read into PragTic as printed out at nodes of elements, have to be
averaged to nodes

o Decrease of the task size
&' Praglic - Evel =HECIEL X

File Material Run Tools Help

E- FE& Results -
""H_EES ERATON, WHAT, HNEWID
-RE8% M

B 705 Foal: Averaging results given at nodes of elements to nodes only.
H_?45 WHHAT ~ ID-name of the data-wvector with results at nodes of elements

that have to be averaged to nodes.
- R_7B3 NEWID ~ ID-name of the newly formed data vector with results at
- R_785 nodes.
- R_805

- R_90 View i

~R_11 View On Set... help, eraton 7
-~ R_1 Edi

- Fi_h I
- R_E& Femowve

Delete

~R_7G ASCI Export
= Average To Modes ]
R

B_28 Scale By Command: |

-
=




PragTic in Application X

Results — Superposition

Increment

FEA force

total force

hominal stress

Mo,

[M]

[M]

[MPa]

&0

2 B5d

-5 305

-23,1

b2

571

1942

54

b4

-2 974

5 945

259

BB

b 815

13 623

59,3

b

10113

20 227

87 9

70

-12 965

259355

128

72

-15 306

30 &1

133,1

4

-17 067

34 1355

145 4

il

-13 271

b 542

166 4

70

-1@ 957

37 973

1651

g0

-19 564

39 128

1701

g

-20 043

40 055

1743

g4

-20 405

40 310

177 4

gk

-20 519

41 037

178 .4

oo

-20 522

41 B4

181.1

40

-21 115

42 250

183k

92

-21 369

42 738

1858

94

-21 55k

43 113

187 4

L

-21 bbb

43 352

186 4

43

-21 819

43 B35

1897

100

-21 954

43 965

191 .2

o - Mominal stress in experiments

[M]

ad

g0

100

140

150

X

X

* Tools->Arrays->Superpose

— two data_vectors of similar length but
different weight coefficient, can be
superposed

* Another adept for command line




PragTic in Application XI

Load Regime Definition

> Load Regime is a compound of

FEA result files — FEA result files at

coefficients to get them to different load level

adequate load level

load histories
Elastic solution Elastic-plastic solution

> The local load history can be defined on basis of

mathematical formula > result file sequence

load sequence - transient local load history

Elastic solution Elastic-plastic solution




PragTic in Application XIbis

Load Regime Definition — Transient Load History

> Its preparation is a necessary condition to run the analysis

> LR definition as a result file sequence cannot be used in fatigue
analysis yet
& Load Regimes

LR1
LR2 . LR 1
LR 3 ID-name:

LR4

Description: |

Load Regime Type
{" Load by Math Formula

{— Load from File

{" Load Spectrum

{ Stress-Strain History Result File

" Loads Set Interactively fo' Sequence of Result Files

Stress File |51J'ain File -
R4LS RA4LE

R4S R4ALE
R4S

Select Time Scale: j Remove

Compose Local Load Histories | Close




PragTic in Application

XI11

&' Matenal Database - Edit

s

1. Import from an older

r'-'1 atel i |: | E
T3
|'rl ILIE: DE :II:I tE T lEraturE trEEltITlEn -

2. Direct creation

5. Using data from the

material database

- TEMS-1
mrum wrought alloy TORS-1
TE1 aluminum alloy (1D
_ 7BS-TE1 aluminum allay [ID
- Adurnirum ¢ alloy

4

E - Elastic modulus




PragTic in Application XIII

Calculation Methods Selection and Setup

Methods & Options & Variables of Calculation - Edit

ID-rumber:  |WE2
EICHLSEDER. P T v : " iEx f i
B ilciian Descripkion: |mu|t|ax|a| low-cyele solution with specific load history decomposition
Method: WE 1996 x ial: 11 - AISi9 F aluminum
> Default | I ad =
Decompositior: |Wang—Bru:uwn 96 LJ Material parameters  |Valus
1 Elasto-plasticity; |N0 LJ E 24000
Va ues Mean stress influence: |N0 j ML 0,3
Influgnce of stress gradient: |N0 j SIGF
prop O S ed Influence of technology: |N0 LJ EPS_F 1,2
Influence of surface quality; |ND lJ EXP_B -0,055
Influence of size: |ND ﬂ Exp C -0,5
‘ he Ck Influence of temperature: |ND j S_WE 0,613
Set another survive probability: |N0 LJ MU_EFF 0,45
J f Solution option Parameter AR Dotee
eXIStenCC O _ CP criterion <0~MD, 1~M35R = 1]
Searched planes <0~B5S algorithm, 1~qglobe analogy, 2~random:=
all nece S S ar Mumber of scanned planes 45
y ||Nurnber of scanned directions on each plane 100
. Optimize <1~ves, 0~no= 1
I l aterlal data || Mean stress effect <Donot included, Lrincluded = 1
COnly every x-th data-point taken From load history 1
. Solution variable Yalue
|| Minimum damage
Help | Save [ Mew | Remove [
Skip \ Copy I Close \
SIt_F - Fatigue sktrength coefficient




PragTic in Application XIV

Calculation Run (Analysis Setup)

& Analysis Setup

The Temporary...
ILPSA, ID-name: |5|:I|:IE

SOCIE

AﬂﬂlYSiS :;_EEE"E' Description; |
Localize calculation to Load Regimes | Methods | At Nod
Setup can | Methods | 4t Nodes
" lzolated points [IPz) In database Selected for caloulation
be saved LR i3t LR
LRZ LRZ
¢ Modes LE3 LR

(" Modes aof elerments

" Whaole elernents

: R
(" Centroids of elements S

Bem Al

(" Integration points

Cloze |




PragTic in Application

), 4%

Fatigue Results Viewing

> All fatigue results can be viewed or exported
¢ PragTic - Evel =RECIEL X

File Material Run Tools Help

- [ Load Regimes - 1
[+ Calculation Methods ERATON, WHAT, NEWID

- Setups of Analyzes
d Foal: Averaging results given at nodes of elements to nodes only.

=R F atigue ['amags - : -
FAT BES iew ~ ID-name of the data—-vector with results at nodes of elements
- that hawve to ke averaged to nodes.

- FAT_RESD View On Set... D ~ ID-name of the newly formed data wector with results at
- F&T_REST 5.

- FAT_RES2 f———

- F&T_RES3 Delete

- F&T_RES4 T
- FAT_RESD help,eraton -
- F&T_RESE
- F&T_REST
- F&T_RESE
- F&T_RESS
- F&T_REST0
- F&T_REST3
- F&T_REST4
- F&T_RES1S
- FAT_RES1E - | Command:

m




PragTic in Application
XVI

Two options currently Fatigue Results Export
- FEMAP (*.ncu file)
Ansys (mput ﬁle) -

EVEI1
LR1

(maximum

load)




rag 1'1C 1n Application
XVlibis

Dufput Set LR1.SWT 5
Contout: Eth Foot D.-D7[176]

W1
G1

Dutpud Set LAZ SWT
Cortour: Bth Foot D D7{1/8]

Dufput Set LR4, SW/T
Contout: Bth Foot D.-0°[1/8]




