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1.0 Introduction

This tutorialintroduces the fracture simulation capabilitied FRANC3D Version8.0and
NASTRAN; we useSiemens Simcenter Nastran 2080t MSCversions oNASTRAN should
work also FRANCS3D is introduced by analyzing a single surface crack in a NASTRAN finite
element (FE) model of a cube

Subsequent tutorials (see the FRANC3D Tutoriald2@ocument) build on this first example
and describe additional capabilities and features of the software. It is intended that the user
perform operations as they are ggpted, but you are free to experiment and consult the other

reference documentation whenever necessary.

FRANC3D rrenu and dialogputton selectionare indicated by bold text, suchkige menu
Window regions along with dialog options, fields and lalaeézinderlined Model names and
file namesareindicated byitalic text

The FRANC3D main window is shown in Fig 1.1. When you start the tutorial, the first thing to

do is set the working directory using thike andWork Directory menu option, Fig 1.1.

Before or #ier a model is imported, you can set the FE model units, Fig 1.2. The selected units
are applied to plots and figures that FRANC3D might display and are used during crack growth

in combination with fatigue crack growth rate data, which also has units.

You can also set your preferences; it is helpful to set the path to the NASTRAN executable. You
can view the preferences using tdit andPreferencesmenu option. The Preferences dialog is
described in Section 5.4 of the FRANC3D Reference document.
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2.0 Tutorial 1: Crack Insertion and Growth in a Cube

In this tutorial, a single surface crack in a cube ufaefield tension is modeled. It is assumed
that the user is familiar with a pprocessofor NASTRAN. Once the FE model is created, the
FRANC3D steps necessary to: 1) read the model, 2) insert a crack, 3) perfdASTRAN

analysis, and 4) compustress intensity factors, are all described.

2.1 Stepl: Create the NASTRAN FE Model

First, you must create a cube model using anyppoeessor foNASTRAN. We outline the
steps to create the FE model with boundary conditions to ensure thaw®a model that can
be used with FRANC3D.

1. Create a 10x10x10 cube geometry; units of length are mm.

2. Subdivide the edges for meshing, using 10 to 20 subdivisions.

3. Define the element type as quadratic; use brick or tetrahedral elememtsh the
volume.

4. Define the material properties; elastic modylesi s 10000 and Poi ssonos
units for E are MPa.

5. Boundary conditions consist of displacement constraints on the bottom surface and
uniform traction (a negative pressure) on the top serfabe bottom surface is
constrained in the-direction, the bottom left edge is also constrained in tgection,
and the point at the origin is also constrained in td&exction. The top surface traction
is 10 MPa.

6. Write the.bdfor nasfile (Nastan_Cubenas).

Note that the SUBCASE information in thelffile should include the PUNCH option

for the displacement:

SUBCASE 1
TITLE = NX Nastran Static Analysis Set
DISPLACEMENT(PLOT,PUNCH) = ALL



The resulting model should appearma$ig 2.1. The symbols for the boundary conditions are

displayed attached to the mesbdel.

iz

Figure 2.1 NASTRAN cube withrick element mesh and boundary conditions.

2.2 Step2: ReadingNASTRAN FE Model into FRANC3D

Once the NASTRAN FE model geated and theas(bdf) file is saved, we can proceed with
importing the FE model into FRANC3D. We use Mestran_Cubeasfile thatwas created in
the previous step

You can choose to do eithibiis Step 2 or Step FéeSection 23).

Step2.1: Importing CompleteNASTRANFE Model

Start with theFRANC3D graphical user interfadé&ig 1.1) and selecFile andimport , Fig 2.2
In thedialogshown in Fig 2.3, chooggeomplete Modehnd selecNext.
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Figure 23 Model Import Type dialog

Switchthe Mesh File Typeadio buttonn theSelect Import Mesh Filerindow, Fig 2.4, to

NASTRAN and select the file name for theodel,Nastran_Cubaas and then selediext.

Note that the mesh file type can be set in the Preferences so that you do not have to change the
mesh file type radio button if you always U$&STRAN.
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Step2.2: Select the Retained Items in the Local R#&odel

using theEdit menu, just seledtinish.

The nextpane] Fig 2.5,allows you to choose thraesh surface facetisatareretained from the
NASTRAN .nasfile. Surfacewith boundary conditions appear in blue as shown in Fgahd
turn red when selected, Figr2.You can rotate the model to view all of the surfadé& retain
the surfaces withoundary conditionfop and bottom of the cubby choosingSelect All. The

boundary conditionaretransferrecautomaticallyto the new mesh once the crack is inserted.

SelectFinish to proceedTheUnits dialog will be displayed; if you have already set the units
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Surface Mesh NOT Retained

The surface mesh facets do not have to be retained, and if a crack will be inserted faimea sur
that has boundary conditions, then the surface mesh must not be retained. In such a case, the
boundary condition data is mapped to the remeshed surface. In practice, transfer of boundary
condition data is simpler and more precise if the surface meastained, but sometimes this is

not possible. FRANC3D will automatically transfer the boundary condition data to the new mesh

in either case.

Step 2.3 Displaying the FE Model

The models displayed in th&RANC3Dmodeling window Fig 2.8 Youcan turn on the
surface meshor manipulate thenodelview by rotating, etc Fig 2.8 showghe retained mesh on
the top surface (retained bottom surface not visible) where the boundary conditions are applied

See Section 2 of the Reference document fiesgription of the view manipulation
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Figure2.8 NASTRAN modelimported ino FRANC3Dwith retained facets on top of the cube

If you have not set a working directory (using File Y Set Work Directory menu option),
FRANC3D might present the dialog shown in Fig 2.9 prior to displaying the model. %etect
to set the directory to be the folder where &S TRAN .nasfile resides.Many files can be
created during a crack growth simulation, and litest to keep them together in one folder

Working Directory

The current working directory is:
:.:) CAbruce\ansys
Would you like to change it to:

CAbrucel\ansys\F3D_v7_models\Tutorials\Cube Tutorial 1\Nastran

No |
Figure 29 Set Working Directory dialog.

12



2.3 Step 3:Importing and Subdividing the Model

If you chose to do Step 2 above, eithkip this step, or close tmeodel using thé&ile Y Close

menuoption before &rting this step

The NASTRAN model can be split into smaller parts before inserting the crack.Fde to

Y Import and choose thienport and divide into global and local modedslio buttonFig 210,

and choose thHastran_Cube.nasode| Fig 2.11. Remember to set tidesh File Typeaadio
buttonto NASTRAN.

Select Type of Import

Model Import Type
¢ Import a complete model.

: Import and divide into global and local models.
(highly recommended for large andfor complex models)

¢ Import an already divided model.

Cancel | Bac | Mext

Figure2.10 Model Import Type dialog withmport and divideselected

Instead of theetain BC surfacegialog ceeFig 2.5), theDefine a Local Submod&indow, Hg

2.12, appears.Figs 213 and 2.14 show two of the submodel selection tools. Using the options
on the left, a submodel is selected; elements to be retained in the submodel appear red, and the
selection is confirmed using ti@&op button. See Section 4.5 of the Reference doctifoer

more complete description of the submodeling tools.

For this tutorial, the rectangulRubberband Bois used to create a smaller portion of the cube,

Fig 2.15, which has an exposed face for crack insertion.
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Figure 2.1 Elementby-Elementcropping by selecting elements to remove

We are inserting a surface craotrmal to the yaxis (loading direction) and located on the +z
surface, and the selection in Fig 2.15 is designed for this. Ugsetitangulaoption of the
Rubberband Bojo select andCrop a small portion of the model.
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Figure 2.5 Rubberbandox tool used to select a submodel

Once the elements have been selected and cropped NteciTheSave Fileslialogappears,
Fig 2.16. Choose the names of the local and global models and their location; we use the default

file namesand theworking directory set earlieGelectNext.

-
Sawve the Files

Save the Global and Submodels

Directory: Set Directoryl

Ejcurrent sims\zane\Nastran\CubelF3D Subdivide

Global File: INastran_Cube_GLDEH\L.nas

Local File: INastran_Cube_LDCAL.nas

Retained File: INastran_Cu be_RETAINED_ELEMS.ht

Cancel | Back | Mext

Figure 2.5 Local/Global model save window
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If the local cropped model has a surface with boundary conditions, th8eldw Retained BC
Surfacesvindow (seeFig 2.5 appears. Otherwise, the local model appears in the FRANC3D
main window, with retained surfaces wherever the local and global models connect (the cut

surfaces).

In this case, the cropped selection in Figoatoids all surfaces with boundary conditions
However, if there are NASTRAN node sets in the local model, theBdleetRetairedBC

Surfaceswindow will be displayedjust seleciNextto proceed

The model units, Fig 2.17, must be set. As defined in Step 1, the units for length are mm and the

units for stress are MPa. The temperature and time units are not needed for this tutorial.

Specify the units used in FEM model

FEM model units

& Slunits
Length: & mm C m ¢ other
Stress: * MPa " Pa ( other

Temperature: & ¢ K other

S customary units

() inch =
I [ (¥ othe
Temperature; € F & othe

Units of time:

@ sec " min  hour  day  year ¢ other

Cancel | Back | Finish I

Figure 2.17 FE Model units

SelectFinish and the local model is displayed in the main FRANC3D window, Fig 2.18. The
cutsurface mesh facets are retainetilevthe front surface, where the crack will be inserted,

does not have retained facets.
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Figure 2.B Local modelwith retained mesh facets on @iirface

24 Step4: Insert a Crack

We now insert a hajpenny surface crack into the model. Theal submodel from Section 2.3 is
used, as opposed to the full mofteln Section 2.2 In Step 4.1, we describe how to define a

new crack, and in Step 4.2, we describe how to insert a flaw from a file.

Note that yowcamot insert a crack into @acked model If you want to try both types of crack
insertion, you will have to ramport the uncracked model to insert a crack from a file; inserting a

crack from a file will be used in subsequent steps and other tutorials.
Step 4.1: Define a new Crkdrom FRANC3D Menu
From theFRANC3Dmenu, selecCracks Y New Flaw Wizard, Fig 2.19. The first panel of the

wizard, Fig 2.20, allows you to select the flaw type; a crack with zero volume is the defaldt
18



select thesave to file and add flavadio button to save the file for future analyses. Sélegt.

The second panel of the wizard, Fi@@.lets you choose the crack shape; the default is the

ellipse, which is what we want in this casgelectNext.

File Edit | Cracks Loads Analysis Fatigue Freting Display SingleCrystal Advanced

New Flaw Wizard...

Flaw From Files...
Multiple Flaw Insert...

Figure 2. New Flaw Wizard renu item selected.
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Flaw Insertion

Figure 220 New Flaw Wizard first panél choose Crack (zero volume flaw).

Figure 221 New Flaw Wizard second pariethoose ellipse shape.
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