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Software PragTic

Started as a support tool for preparation of my PhD thesis

Present focus: research tool usable for fatigue computation

Freeware (www.pragtic.com)

MS Windows based = Gl

English interface only
v.0.2beta - v.0.2betaD
development sponsored
by Evektor

Previous versions
sponsored by CTU in
Prague




PragTic Features

Works on data
m of FE-model

= at isolated points with no relation to any FE-model (strain gauges)
Own database of all data processed
Preparation and analysis of loading by more load channels
Hasy to use graphical interface
Complex setup of calculation methods
Unique coverage of multiaxial methods

Approx. 20 high-cycle and 10 low-cycle fatigue computation

methods




Fatigue Calculation on FE-Model

Essentials

m FE-model
m Topology

E m Results

m Material data
. W Knowledge about load history
B Availability of suitable calculation method

Output Set: 4500 M Pocetni
Cottour: Solid Won Mizes Stress




FEM-Model Requirements

Woehlerovy kfivky

m Adequately detailed mesh

around the critical localities

m Use the submodel of the

critical place if available

® Some rough rules:

= A quarter of circle ~ 5

elements
m Avoid linear tetrahedrons

m At least three elements
over the thickness,

otherwise shells

Amplituda napéti ¢a [MPa]
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Use of Result Data — Part I

m Results can be printout at

B nodes of elements

m can be significantly discontinuous (coarse meshes) ® more points to

m the measure of conservativeness can be doubtful be analyzed

B integration points e much slower

» ., calculation
m the only “exact” values

B nodes as averaged value
m smooth in comparison to nodes of elements
m the same results on edges

m clement centroids

m used e.g. in FemFat on shell elements and welds (the load values on

edges are not decisive — structural stresses)




Use of Result Data — Part 11

m Shell elements

® obvious demand by the most of industrial partners
(automotive, airplane, transport, etc. industry)

m further complication as regards listing — results on top and
bottom sides

B questionable results at typical crack initiation areas —
junctions, toes, etc.
m these localities are moreover often affected by welds

m use of results at element centroids should be preferred

m Bar elements?

® does the computation make senser

m description of potential notches on elements close to zero (if
not nput e.g. in the fatigue post-processor)

= notches at junctions are not described in acceptable detail




Data Import to PragTic

m [FE-data
= commonly formatted (rows & columns) ASCII file (solid elements only)
m MSC.Nastran (*.nas/*.dat files - topology, *.pch — FE-results)
= ABAQUS (ASCII file *.fil) — suspended at present (is there anybody to
sponsor itr)
m [solated points
= direct input through the PragTic’s interface expected

= possibility to import as a commonly formatted ASCII file

m Other entities

= load regimes, calculation methods — possibility to read data from other

PragTic’s tasks




Example of ANSYS Input

Operations done in points 1-6 can be saved

and read during any future import on a

[Separators: . i
| LIST ALL SELECTELD 5 —0.z= 1
" automated & hard S0RT TAELE OH HODJ :’ & -0_% Place separator l:
| ¥ <space: I 7 0.7 2]
HODE A = 1 & -p.£ Morerows... z 1
[T o<taby [ <3 = i de : ;
| 1 0.2)482E-0Z 0.1 : C - B B8 -1-5:11 o e parators i X|
| [ .;.ther;i z  0.#1382E-02-0.1 -ader 2 0. 0o o.o0
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: _ = I 2 : 00E-01-0.70000E-02 |
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Help : s HE 2 3 Node Coordinates Y
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FE-Model Description

m Topology data
® Node description (ID, coordinates)

® Flement description
m D
m Related material
m Related element group
m Related real constants
m Related coordinate systems (definition, output)

m Related nodes (element table of incidencies)

B Result data




Data Structure of Tasks in PragTic

B hard-disc representation
= *.fdb file with description of the task (data_base)

m directory * (the same name as the task) full with binary files
of individual items in the data_base (data_vectors)

m cach file consists of data of uniform type and length

B memory representation

m data_base — specialized data_vector describing complete
content of the task

m data_vector

m class build around the data read from files

m data are cached, read only their part, not the whole file

B Praolic interface representation
g 2




Interface

EPragTic - pakadby E

File  Material Run Tnols  Help

= | IaowrTre-

£ Goamety mo removal - some @ (ata_base tree

& Modes Inwvalid arguments

#- Elements

| : Node 2744 position (
[+ FE Froperties

s16_x: 151,606 v data_vectors are represented
(- FEA Sets SIG_Y: 759,2522 TAU

| [+ FE& Fle;ults 3I6_2: 188,8208 TAU as items Wlth unique ID_
"T} Is:nlated Faints lzt principal stras:
names (big letters)

- Description Znd principal stres:
Jrd principal stres:

i Results

3 Propertes function of each data_vector

LoceRop identified by its header and

~ MATERIAL categotized to appropriate

[=]- Fatigue &nalysiz
E—j Loading
-~ Time Scales
- Load Sequencies

Fik Lot St data_vectors opened for

sections

- Load Reqgimes

L+J Calculation Mathos VlCWlﬂg by flght hand click
- :FaliqusD :
= on their ID-names




Interface 11 — Popup Menu

When
complete:

Import
Remove

Delete

85CTT Export
Meutral File Expork
Average To Modes
Scale By

Ansys Export

Opened by a click on the right mouse
button

Differs for various selected items

Remove command

m removes the data_vector from the task, but
leaves the file representation on the hard-
disc

Delete command

B removes also the file

Note: Some data_vector serve as a
synergic part of another data_vector —
you will be warned that the

delete /remowval is forbidden




Interface 111
Main menu X

Eile MMaterial Bun Tools Help

S FE Model WARNING:
i iE"GEDmEHP No remowal - some ancother entity is dependant -

ELNDdES Inwvalid arguments
: ’ﬂ'ElemEﬁtS Node 2744 position CHNTER:
- FE Properties 8T ¥: 1151,606 TAU YE: 37,56647
[+ FEA Sets SIG Y: 759,2522 TAU M2Z: -19,23E2
[+ FEA Results SIG _Z: 1858,5209 TAU XY¥: -379,9677
= lzolated Points l=t principal stress: 1384,13742080184
P Drescription Znd principal stress: BES _Z43201551838
Jrd principal stress: 186, 29841764632

Report window
— errors, warnings,

output of some
commands

[+ Load apecira
. [ Load Reqgimesz
¢l Calculation Methods
Fatigue Dlamage

Status bar - repotrts on

Il_ current calculation results




Data Items Differentiation

m Fach data_vector has a header at its beginning, where
are among others data on:

m [ts meaning (e.g. Stress, Strain, Nodes, etc.)

m Related location (e.g. variable described at element
centroids)

® Number of items, dimension of one item

m Related sets (e.g. nodal)

S_CRC180: RES: Transient 5-E Tensor Pair
[Averaged)

Quick view: Select the data_vector and then
click on the right button of the mouse




View / Edit Window — Type I

Description of elements, nodes, isolated points, sets, results, loads

Use of clipboard enabled

m Ctr]l+C (or the command from the right-hand click menu) for View mode

m Ctrl+V (or the command from the right-hand click menu) for Edit mode

Fast ASCII Copy — copies whole content of the table to a file,
using the tabulators and enters as separators

Filter — see its strength on the next slide

& view RES_CRC180 Item

1.30547
-1.27011 3 .
G7.0 Show in another C5 0. a54. -?_.E|:|E|:|EiE-EJi :

|

Cloze HE'IIZI | !

Al
e
1




m Hiltering can be used 1n a consecutive series

m [eaves only data

[berm:

= belonging to specified set

= with specific values in the

View / Edit Window — Type I

chosen column

|!--‘-E 5_CRC180

Filter

EJFilter on RES_CRC180

~Method—
{7 se sets

1 Selection kype—
{ Individual items

% Ak columnn: !SK

Ti | % Mazimurn - minirmunn

Maximunm: i!}.DC-f*'-'.'-.-?:;"’-‘-‘i

Minirnum: !-53_.‘.','-'55'.:.-'.'-!3’1'}’

Zounk; if.i"s

0,00=2725876
0,0051565

&) view RES_CRC180 Item E

Masimurn; ||:|J|:n:|1|

Minimun: |-|:|J|:u:|1

Courk: ].’:!

| =101 x|

Location: Iat nodes |

Drac: I- S: Tranzient 5-E Tenzar Pair

2|  [EENGEED

Time scale: |TRES_CRC180 |

Lire

Lingdbz |Mode Position

12

5 B |5z |57z

|5z e e |

CMTR

16

166 CHTR

26

CMTR

1 SaveSet |

0000226209 0402603 145,063 -103,806

0000245426 D56 i
0000337895 0,08 Resultmg set

can be saved

-0.218977 00234826 -0}
-1.01535 -0.0106972 -EI,EI[i

-0.0231032 0.01313E 0.00|
|

..:J!

Cloze | Help i

4




View / Edit Window — Type II

B no command Back or Undo, every Save 1s final

B not Saved changes can be returned back by the £z

® Changing the ID-name to a new one and save is not

equal to rename but to a copy to a new item

individual items

edition of each
item 1n the
data_vector (load
regimes here) has
to be finished by
Save 1f you want to
continue to
another one

(=) IIIi- II'II'=
LR_REC170
LR_REC150
LR_REC130
LR_REC1Z0
LR_CR5170
LR_EP5130
LR_EP5150
LR_EP5140
LR_EP5130
LR_=CR170
LR_5GL1S0
LR_3GL1S0
LR_SaGLi40
LR_5GL1E0
LR._REL1S0
iy

Rename
Reorder

LR_REL140
LR_REBL130

LR_PRCILE0
LR_PRO160
LR_PRO1S0

Remove

LR_PRO140 j

[ Tl o Pt W T

iLR_RBLlEEI

ID-narme:

Descripkion: I

" Load Spectrum

{ Stress-Strain Histary Resulk File

nad Regime Type
 Load by Math Forrnula
+ Load From File

" Loads Set Inkeractively

" Sequence of Result Files
Load History

Load Ratio lﬂ
LS _REL1S0S 1

L5_REL1SOT 1

Help | Save ]

Remove

Skip

Close




View / Edit Window — Type II

= Popup-menu enabled only for Edit mode

B Some items in the Command menu enabled also 1n View mode

m Reorder: Currently enabled only for Load Regimes and Setups

of Analyses
EEETE -inix

Data_vector LOAD_REG

E. .
LR_RECT7D j

LR_REC150 LR_REC170 ]
LF_REC130 LR,_REC150 S w
LR_REC120 LR_REC130 rnames:  [fho
LR_CRS170 LR_REC120 —

LH:EF'S'IEEI LR_CRS170 Descripkion: I
LR =CR170 ::E_EEEES nad Regime Type
tE_EE?I ig LR EPS140  Load by Math Forrnula " Load Spectrum
LR_EP5130 % Load from File { Stress-Strain Histary Resulk File
LR_SGL180 LR_®ZR170
LR SGEL150 LR_SGEL1ED " Loads Set Inkeractively " Sequence of Result Files
LR_SGL140 LR_SGL150 -

LR:ABL1A . LR SGLian i Load Hiskory iLu:uau:I Fakio I:i

LR_5GL1E0
LR REL1ZD

Jem
LF_REL1<0  Rename Command menu

LR_RBELIZ0  Reorder
LR_L150

_L].ELI Mew

Sawve |

150

T Copy " :

Popup-menu  Foe 5= s || sovs [ tow Jecnove
e — . = | |

ILR_F‘ROHEI #i skip | Close

[l Pk W T a




View / Edit Window — Type II

m Apply to set button

= Fnables correction of FE-model properties, if they were
inadequaely imported to PragTic

Element Groups - Edit

ID-number: l Element bype: [MASTRAN [ CHERA
Descripkion: I

Option descripkion
tegration scheme

Structural element {SMECH; default)

Assignment of a chosen property J =
to specified set of e.g. nodes ﬂ—




Loads Description

s Load Regime (LOAD_REG)

® 2 combination of all entities necessary for creation of local load histories

m extern load history + FE-results file + knowledge of load applied to the FE-model

m local load history in hte FE-result file = transient analysis

r

extern loads (Hooke) ’? Load Regimes
® math formula

= Joad by data sequence

‘pe

Aath Formula

® load spectrum / rain-flow

matrix

transient analysis (no Hooke)
LHAMP
® Jocal load history read from

FE-solver (ABAQUYS)

® In preparation: buildup of
transient analysis from a

sequence of FE-results




Loading

m [inear FEA

® The individual load channels can be combined by
simple superposition
m [f the resulting loads pass over the yield limit, some

kind of reduction to elastic-plastic value can be
necessary

® Non-linear FEA

= No superposition allowed

® More challenging way due to necessity to include all
the interacting channels and contacts into one model




Load History Definition

m Transient analysis — local loads over the
structure

m History of the acting load — must be 1n a known
relation to the load acting on the FE-model
m real record (time — force)
® mathematical formulation

® Joad spectrum (upper force — lower force —
occurence)

®m Joad spectra as e.g. required by standards

B rain-flow matrices




Load Input to PragTic

m Use of the Import function from the main menu

m Creation in PragTic (New command at the right-hand click menu
opened on Time Scales, Load Sequencies and Load Spectra)

EPragTic - pakadb6y
B direct edltlng File Material Run Tools Help
L_};iaamgg TTAPNING:

{ [=]- Feornetr Ho removal - some another entity is dependant -
= use of Copy and ; y

; G:E-NDdES Inwvalid arguments

. [ Elements
i = { Node Z744 position CHNTE:
[+ FE Properties

Paste function
: BIG X: 1151,605 TAU Ya: 37,66647
[+- FEA Sets - »

C 1+ h -d 7 BIG ¥: VER, 2522 TAU KE: -13 2352
( trl+V) at the voi [+ FEA Results 8IC_Z: 188,8209 TAU XY: -379,9877
[=- lsalated Paints l=zt principal stress: 1384,13742020124

cells of Edit window L Deacintan znd principal stress: 529,243201551838

Zrd principal stress: 186, 23841764632
— be sure that the - Resuls

- Froperties .
size of the clipboard Pl Various
and the edit window || ;;;};f'fff_.'.:i data_vectors used

- g E—j Loading
COlﬂClde - Time Scales for load

¢ i Load Sequencies
[ Load Spectra . .
. [ Load Regimes dC ﬁﬂlthI’lS
[+]- Lalculation Methods
. Fatigue Damage




Load Scaling

® Optimum setup:

= FEA solution for unit load (e.g. 1 N, 1 kN, etc. — something with

what can be easily worked further)

u FEA result - Loads, Results and Node
input for a T descriptions can be scaled as

desired load whole data_vectors by the use
m c.g. the load of Scale By command
equal to the available from the database tree
load popup-up menu
amplitude I IS L
Attention: Do not scale results

from elastic-plastic FEA!
—]

Samples per the least period:

m not so handy
for further

modifications

Tire increment:

Help | Save |

Samples per complete cycle; |41 Skip |




Setup Of Cal e Check before any calculation that the

M.Ps. are defined for all materials included
B into the selected calculation scope

2CIE

1. Selection of the
method affects the
content of combo

wcommended values of coeffs - C_SOCCT 3.2 & C_S0CC5 0,7

IS::u:ie "] Material: |0
boxes below as well [Combined Saties’s mode

as of all the tables - I

PCE W
WESSMSKPL
W B SKPL Influence of technology: IN-::

“aketial parameters

[uence: I.ﬁ.s in ariginal Formula U

3IG_YLD
3IG_F
Tal_F
PS_F
SAMMA_F
5P _F
P _C
T_SOCET
SO0

=

a

Influence of skress gradient; IN-::

F lik
ehoco sl II"-J-:l

2. Selection of this B =

partial prOCCdures Tiperature: IN-:.
~ive probability IN.;.

affects the content of
the tables

‘ Searched planes <0~B35, 1~qglobe, 2~randam, 30 only =

IPaImgren-Miner

Parameter =

Zl
hdlE
i
=
=
&
i
E
A
&

Mumber of scanned planes IIHI'I

Shear component description =0~MCCM, 1~LCM, 2rbv mohal ling, SQE
l1

&

Yalue -

Only the material

parameters necessary for
selected setup of the 2
method are shown i )| s || tew feeroee]

I Skip Close
I A




Transient Analysis

m [.ocal load history built for cases, where the

linear Hooke’s law 1s not valid

m T'wo ways of creation

m local load history recorded for each node/element

(FE-postprocessor builds the transient analysis)

m set of results at different times chained together

(fatigue solver builds the transient analysis)

Transient S-E Tensor Pairs (SET Pair item) are placed to
the Results / FEA Results groups and not to Loads




Material Parameters
(MATERIAL)

Even a complete import of the FE-model e.g. from *.nas file provides only

several static parameters

Material Database - ¥iew

Material definition common also with |E b —

Isolated Points — it should precede '_ Material
before their definition

|| Parameter
Material parameters definition opened

from:

1. MATERIAL ID-name of _ Material Database: !
L

data_vector ,
— Note: The meaning of the

2. Material item of the main menu .
material parameter on the

edited line 1s explained at the
bottom of the window

Some material parameters preset in
dependency on the chosen material
group
Note: Use of a decimal comma or dot ‘ il

depends on your local Windows setup | —-—

!1:1' - Cyelic hardening coefficient




Eventual Setup of Material Parameters

Use the Methods dialogue

You are not defining the setup of methods, 1.e. Methods can be opened even

in the otherwise passive View mode

You can see much more etficiently, which material parameters you really need
i]_’] Order to get to results nded values of coeffs - C_SOCCT 3.2 & C_S0CCS 0.7
Any your change of a table

cell starts a dialogue asking P SR

dient:
whether to save your input

1ality
into the Material data_vector E =
ct e 7] [eAmmal
obabilt ' %




Setup of Calculation Methods

(METHODS)

: Methods & Options & Variables of Calculation - Edit
CROSS

ST - . [EICHLSEDERE
S ID-number:

EICHLSEDER.

EICHLSEDERE Description: |
Method: (LESA) - not Finished | Material: [1 - Al5i9 F aluminum -]
Decomposition: |Rain-FIu:uw with won Mises (signed) reduction _ﬂ Material parameters  |Value
Elasto-plasticity: |N|:| j E 74000
Mean stress influence: |N|:| ﬂ L 0,3
Influence of stress gradient: |HUck(I.ﬁ.BG} ﬂ SIG_LLT
Influence of kechnology: |N|:| _ﬂ TEMS-1 A5
; - | w1 12
Properties of Structure E][E]g] <] [ncF 10000000
| v |ras 0
ID-number; Ili
v |MuscE 0,5
Descripkion: |cu:umm0n surface
Parameter
1
Roughness: &0 micrans |smu:u:utheu:| j
=
Chosen technology: IUser defined influence Factors: 0
||:ase hardened ﬂ
| j Yalue
| =
Char. dimension: |15 circle | Diameter: |15 0,5
0
" Help ‘ Save Plew |_:Rem0ve Help _ Save _ M _Reml:uve
Apply bo ek, .. - e o : _
Skip | Copy | Close Skip Copy Close




Properties of Structure
(LOCPROP)

® The dialogue covers facts on the specimens that are included

neither in the FE-model nor in material parameters description

m Surface quality

> Properties of Structure

m Up to 3 technologies

ID-number:

affecting the surface layer Description

Roughness: r microns  (smookhed
= SlZG CffCCt Chosen b ology: User defined influsnce Factars:

sl
m Values in text fields override the =
—

selected 1tems in comboboxes

m Activated for LESA method only




Coordinate Systems
(COORDSYS)

m New coordinate systems can be defined on basis of other

previously defined coordinate systems
m Used both for Isolated Points and the FE-model

m Definition of 2 new item:

Euurdinate Systems - Edit

| ID-nurmber: Il_. ype: |Cylindrical . Defined in; El I Leading axis: _::':: s

first column : . |
Descripkion: [1—

(ﬂOdCS, IPS) 5 itior Ak nodes Global 5 = Axis = Global C5: Z Axis

override the next

m the values in the

positions

apply ko set (For definition. .

m 3 rows only
Apply ko set (For aukput), ..

define the c.s.




Coordinate Systems
(COORDSYS)

® Thanks to Apply to set buttons the c.ss. can be applied to
imported data additionally

m Results, Loads, Node descriptions can be transformed in the
View mode to another c.ss.

m Unsolved yet:

m The results imported to PragTic could be printout in another
C.S.

m A further data_vector descriptor marking the related c.s.
has to be implemented 1n some next PragTic version

m The results on shell elements can be defined in their native
coordinate systems (L.e. cs intrinsic to every particular
element). Note that

m it should not affect the fatigue calculations

m but it affects transformations between individual c.ss.




Setups of Analyses

(ANA_SETUP)

m Specifies the focus of the calculation: ® where (localities)
® on which data (load regimes)
® by which method (methods)

m Hach setup consists of:

m at least one item from Note the

- - reselection of the
load regimes AT p

. - calculation scope b
m at least one item from R pe by

‘EAIEF, SHORT i _:""3 = its localization.
methods )

| If there are e.g. only
@ |zolated points [IPs] Ik |j,3[.-3|:|.3;5;|3 load regimes
£ Nodes defined at element
a " Modes of elements ;:i CentrOidS’ this
m (Calculations loops w:  choice is selected by

" Wwhole elements

m for each load regime n0 PragTic
" Centraids of elements automatlca]ly'

m at least one set of nodes,
elements or isolated
points

m at each point
" Inteqration poirts

m for each method v

__—I‘




Setups of Analyses

(ANA_SETUP)

m Replaces the common Run window in PragTic v.0.2betaH

-
5| Analysis Setup
LEMPP

ID-hame: |E;“-‘-.IEF|_SHEIF|

Dezcription: |

Localize calculation to Load Regimes l Methudsl T

' |solated paints (IPs) In databasze Selected for calculation

: LEROT BaAI01

Introduced in LE M2 ) A2
. {" Modes LEMOZ BAI03
order to qulcken LEMO4 BAI0M
LERMOG BAIOG

repeated starts Of " Modes of elements tgmgg Ei:gg

” ” LEMOS Ba&lOS
fatlgue analyses 1n B Ene ke

various tE m;{n g

. . , BAITT Remove
mOdlﬁcathnS " Centroids of elements BAID2 |

B 03 Rerm Al

" Integration points Ei:gé

DAlnc

Run ‘ Close I Help ‘




Results of Fatigue Calculation

m Spreadsheet summary of damage and calculation related variables

m Graphical interpretation of results:

= 1mport back to the
original FE-post-

pl’OCCSSOl’

export of fatigue
results into a
FEMAP neutral file

(*.neu)

export to a batch
file that can be
imported to Ansys




PragTic’s Help

&’ PragTic Manual

-rE 75 -@5\-
m created as a context help kit Zpd Doméi Tick

Obsah | Rejstik | Vyhledavat | 4] *

m freely downloadable

MoFnozti

m *.chm version

B common context manual
in Windows

m started from the
PragTic’s interface (Help
buttons?, Alt+H, F1 key)

m * html version

m cither for download or
accessed via Internet
(Www.pragtic.com)

B content coincident to the
* chm version

m does not have Index, thus
any search without
knowing the structure is
problematic

12] About
PragTic Description
Install
Help
+ @ Program henu
= [ﬂ Description of boxes & winc
+ @ hain wincouw:
+ @ Data_base tree structur
E Analyzis Setup
_El Ediit™fiew of general iter
2] Fiter dialogue
Eﬂ Diata Management
?| Data_hase
ﬂ Data_wector
E Rootname
_El ID-name
2] Reload DB
E Element litrary
¥ @ file types
[r_f| Interfaces
E Data import
_El Data export
@ Fatigue calculation methocds
References

FPragTic uses its own database, which consists of
- the FE-model description
- FE-analysis results

-isolated points description

- tesults at isolated points

- fatizue analysiz data,

Onee itvported, the FE-model and all relewant data are saved
to the database Any changes it the FE-model have to be
translated to the PragTic by another import. The database is
formed over a set of data_wectors, which ate binaty files with
a unifiormly stractured content. The database itself iz also
defined as a specific data wector called data_base here. Fach
data wvectot indexed it the data base is saved into a umdgue
file. Bince thiz way of data management leads to alarge bulk
of files, a ditectory of the sathe natne as the name of the task
1z formed, whenever the task iz defined. Al data wectors
except the data base file are saved into this directory.

The cuter representation of the data_base and the
data_wvector can be seenin the PragTic environument - theits
description can be found in the data base tree in the left side
of the main window. The most of the data vectors is
represented by an item there, The items are indexed in the
data base by thewr unigque [D-names.

More:
data wectors
data base




