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EvektorEvektor, spol. s r.o., spol. s r.o.

Founded in 1991Founded in 1991

Design activities from 1992Design activities from 1992

Fully private owned Fully private owned 

companycompany



Scope of ProjectsScope of Projects

Design studio Design of components Design of jigs, fixtures Stress analysis

Interiors designFE-analysis including crashes Stamping tools

Plastic parts

Preliminary design

of mechanisms

Complete development

Prototype

tooling



AircraftAircraft structuresstructures
VUT 100 EV-55



IMPERJA IMPERJA ProjectProject

•• ImpImprovingroving thethe FatigueFatigue Performance Performance ofof RRivetediveted JJointsoints in in AAirframesirframes

•• EUREKA EUREKA programmeprogramme ofof EUEU

•• InternationalInternational projectproject withwith partnerspartners mainlymainly fromfrom PolandPoland

�� Institute Institute ofof AviationAviation, , WarszawaWarszawa, , PolandPoland -- coordinatorcoordinator

�� AGH University AGH University ofof Science Science andand Technology, Technology, KrakowKrakow, , PolandPoland

�� ATR University of Technology and Agriculture in ATR University of Technology and Agriculture in BydgoszczBydgoszcz, , PolandPoland

�� WAT Military University of TechnologyWAT Military University of Technology, , WarszawaWarszawa, , PolandPoland

�� PZL PZL MielecMielec, , MielecMielec, , PolandPoland

�� StresstechStresstech OyOy, , VaajakoskiVaajakoski, , FinlandFinland



Evektor ParticipationEvektor Participation

•• WP12: WP12: ExperimentalExperimental analysisanalysis ofof rivetedriveted

specimensspecimens

•• WP13: FEMWP13: FEM--basedbased analysisanalysis ofof rivetedriveted specimensspecimens

•• WP14: WP14: FatigueFatigue analysisanalysis ofof rivetedriveted specimensspecimens

basedbased on WP13 on WP13 resultsresults



ExperimentsExperiments
� EVE1

� R=0.1

� 4 results at four load levels

� EVE2
� R=0

� 4 results at four load levels

EVE1 σ u  [MPa] N  [-]
LR1 160.7 3 631
LR2 108.475 16 093
LR3 64.675 134 453
LR4 37.575 733 014

EVE2 σ u  [MPa] N  [-]
LR1 190 11 808
LR2 140 57 003
LR3 100 573 116
LR4 80 1 857 551



FEA AnalysesFEA Analyses
� Problems above all with EVE1

� very thin cylindrical part below the countersunk head

� pronounced changes of elements shape at this region

� remeshing would be suitable



FEA Analyses IIFEA Analyses II

� Shear tests:

EVE1

EVE2

EVE1



Inputs for Fatigue Inputs for Fatigue 

AnalysisAnalysis
•• FEA ModelFEA Model

–– built in MSC.built in MSC.PatranPatran => *.=> *.nasnas file existsfile exists

–– outputs from MSC.Marcoutputs from MSC.Marc

•• can be read back to can be read back to PatranPatran

•• local stress and strain tensors at various load incrementslocal stress and strain tensors at various load increments

•• Experimental dataExperimental data

–– final lifetimes (just for comparison with fatigue prediction)final lifetimes (just for comparison with fatigue prediction)

–– material properties material properties –– derived from available referenced dataderived from available referenced data

–– load dataload data



PragTicPragTic in Application Iin Application I
FirstFirst RunRun

•• Registration to http://www.Registration to http://www.pragticpragtic.com.com

•• DownloadDownload

•• Unzip to desired location Unzip to desired location –– example C:example C:\\TestTest\\PragTicPragTic\\

•• Edit of Edit of WinPragTicWinPragTic..iniini file file –– renaming the paths:renaming the paths:

DIR C:\Test\PragTic\
HOME C:\Test\PragTic\
IMAGES C:\Test\PragTic\
MPORT C:\Test\PragTic\
XPORT C:\Test\PragTic\
MDB C:\Test\PragTic\PragTic_MDb.mat
ERROR 1e-10
EM_BUFF 100000

•• Run of the executableRun of the executable



PragTicPragTic in Application II in Application II 
Import Import ofof FEFE--Model Model TopologyTopology

•• Import of *.Import of *.nasnas filefile

•• Let Let thethe normalsnormals to to bebe calculatedcalculated

–– ItIt doesdoes not not taketake soso longlong

–– ItIt isis usefuluseful for for detectiondetection ofof surfacessurfaces ofof indivindualindivindual partsparts



PragTicPragTic in Application Iin Application IIII I 
Import Import ofof ResultResult FilesFiles –– MakeMake MapMap

•• PreparationPreparation ofof map map filefile for FEA for FEA resultsresults importimport

HereHere



PragTicPragTic in Application in Application 

IIIIIIbisbis
•• GeneralGeneral inputinput ofof FEFE--data data in formattedin formatted recordsrecords

SeeSee Help Help 
for for 
PragTicPragTic



PragTicPragTic in Application in Application IV IV 
Import Import ofof ResultResult FilesFiles –– CommandCommand LineLine

•• InputInput ofof furtherfurther resultresult

filesfiles fromfrom thethe

commandcommand lineline



PragTicPragTic in Application in Application V V 
DecreaseDecrease ofof thethe TaskTask SizeSize

•• OnlyOnly criticalcritical localitieslocalities shouldshould bebe evaluatedevaluated

•• PragTicPragTic isis not a not a commercialcommercial SWSW

•• YouYou are are thethe oneone whowho has to has to optimizeoptimize thethe

computationcomputation timetime

–– FocusFocus on on surfacesurface nodesnodes (N_NRM (N_NRM nodenode set)set)

–– CheckCheck thethe nodesnodes withwith highesthighest loadingloading ((ToolsTools-->Results>Results--

>Tensors >Tensors –– you can get you can get MisesMises stress, principal stressesstress, principal stresses……))

–– Select nodes around expected notches (Filter tool)Select nodes around expected notches (Filter tool)



PragTicPragTic in Application in Application VVII
Coordinate SystemsCoordinate Systems

•• Use of other coordinate systems can be handyUse of other coordinate systems can be handy

•• Nodes, result files can be viewed in various c.s.Nodes, result files can be viewed in various c.s.

•• C.S. can be defined within C.S. can be defined within PragTicPragTic

–– cartesiancartesian, , cylindricalcylindrical, , sphericalspherical

–– C.S. C.S. can be defined in othercan be defined in other C.S. C.S. than the global onethan the global one

•• Definition ofDefinition of coordinatecoordinate systems of holessystems of holes

–– twotwo vectorsvectors andand thethe originorigin havehave to to bebe inputinput

–– leading axisleading axis

•• the only vector, which represents the real axis of the new coordthe only vector, which represents the real axis of the new coordinate inate 
systemsystem

•• the other vector serves just for a definition of the plane to whthe other vector serves just for a definition of the plane to which ich 
the third axis is found as perpendicularthe third axis is found as perpendicular



PragTicPragTic in Application in Application VVIIII
Filter ToolFilter Tool –– Selection Selection by by PropertyProperty

•• The nodes with The nodes with 
maximum distance 3 mm maximum distance 3 mm 
from the hole No.1 from the hole No.1 
center will be selectedcenter will be selected



PragTicPragTic in Application in Application VVIIIII I 
Filter ToolFilter Tool –– Selection Selection by Setby Set

•• Nodes from the Nodes from the 
area area of interestof interest
(N_HOLE), (N_HOLE), but but 
lying lying on on the the 
surface of surface of 
components onlycomponents only
(N_NRM set), (N_NRM set), will will 
be selectedbe selected



PragTicPragTic in Application in Application IX IX 
Results Results –– Averaging Averaging to to Nodes Nodes (ERATON)(ERATON)

•• Results read into PragTic Results read into PragTic as as printed out at nodes of elementsprinted out at nodes of elements, , have have to to be be 

averaged averaged to to nodesnodes

•• Decrease of the task sizeDecrease of the task size



PragTicPragTic in Application in Application X X 
Results Results –– SuperpositionSuperposition

•• ToolsTools-->Arrays>Arrays-->Superpose>Superpose

–– two data_vectors of similar length but two data_vectors of similar length but 
different weight coefficient, can be different weight coefficient, can be 
superposedsuperposed

•• Another adept for command lineAnother adept for command line



PragTicPragTic in Application in Application XXII
Load Regime DefinitionLoad Regime Definition

•• The local load history can be defined on basis ofThe local load history can be defined on basis of

–– FEA result files at FEA result files at 
different load leveldifferent load level

Elastic solution Elastic-plastic solution

•• FEA result filesFEA result files

•• coefficients to get them to coefficients to get them to 
adequate load leveladequate load level

•• load historiesload histories

•• Load Regime is a compound ofLoad Regime is a compound of

Elastic solution

•• mathematical formulamathematical formula

•• load sequenceload sequence

Elastic-plastic solution

•• result file sequenceresult file sequence

•• transient local load historytransient local load history



PragTicPragTic in Application in Application XXIbisIbis
Load Regime Definition Load Regime Definition –– Transient Load HistoryTransient Load History

•• Its preparation is a necessary condition to run the analysisIts preparation is a necessary condition to run the analysis

•• LR definition as a result file sequence cannot be used in fatiguLR definition as a result file sequence cannot be used in fatigue e 
analysis yetanalysis yet



PragTicPragTic in Application in Application 

XXIIII
Material DefinitionMaterial Definition

1.1. Import from an older Import from an older 

analysisanalysis

2.2. Direct creationDirect creation

3.3. Using data from the Using data from the 

material databasematerial database



PragTicPragTic in Application in Application XXIIIIII
Calculation Methods Selection and SetupCalculation Methods Selection and Setup

•• Default Default 

values values 

proposedproposed

•• Check Check 

existence of existence of 

all necessary all necessary 

material datamaterial data



PragTicPragTic in Application in Application XXIVIV
Calculation Run (Analysis Setup)Calculation Run (Analysis Setup)

•• The The 

Analysis Analysis 

Setup can Setup can 

be savedbe saved



PragTicPragTic in Application in Application 

XXVV
Fatigue Results ViewingFatigue Results Viewing

•• AllAll fatigue results can be viewed or exportedfatigue results can be viewed or exported



PragTicPragTic in Application in Application 

XXVIVI
Fatigue Results ExportFatigue Results Export•• Two options currentlyTwo options currently

•• FEMAP (*.FEMAP (*.neu neu file)file)

•• Ansys Ansys (input file)(input file)

LandgrafEVE1
LR1
(maximum 
load)

SWT

SocieLESA



PragTicPragTic in Application in Application 

XXVIbisVIbis
Fatigue Results Fatigue Results 

EVE1, SWT

LR1 (max) LR2

LR4LR3


