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FEM Solid



About this course Objectives of the course Upon completion of this course you will be able to: - Use different solid meshers such as Tetrahedron Filler, OCTREE Tetrahedron Mesher, Sweep3D Mesher - Create a solid mesh using mesh part transformations like Translation, Rotation, and Symmetry on 3D mesh parts - Analyze the solid meshes using the available mesh quality criteria - Import/Export the meshes into/from CATIA



-Targeted audience Mechanical Designers
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Prerequisites Generative Part Structural Analysis Fundamentals, Generative Part Structural Analysis Expert, Generative Assembly Structural Analysis, FEM Surface Meshing



4 Hours
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FEM Solid



Table of Contents (3/3) Import/Export Meshes To Sum Up …
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FEM Solid



Introduction to FEM Solid
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In this lesson you will get overview of FEM solid workbench.
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FEM Solid



What Is FEM Solid FEM Solid or FMD provides you the tools to create solid meshing of component required for analysis. You can directly create solid mesh from the component. Using FMD, you can reuse existing meshed surfaces of the component to create solid mesh.



Geometry: CATIA V4 model (*model)



Geometry : CATIA V5 (Part Design)



Meshing specification associative with design changes



Import V4 model
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Solid Meshing CATIA FMD



Component Structural Linear Analysis



Assembly Structural Analysis (Linear) CATIA FEM/ELFINI Solver V4 Other FEA software (Durability, Crash, NVH,…)
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FEM Solid



User Interface - Toolbars



Solid Meshing Methods toolbar
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Mesh transformations toolbar
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FEM Solid



User Interface - Icons FEM solid (FMD) provides following functionalities. Solid Meshing Methods Tools



Mesh Transformations



OCTREE Tetrahedron Mesher



Transformation Tools



Tetrahedron filler



Translation Mesher



Sweep 3D



Rotation Mesher Symmetry Mesher



Extrude Transformations
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Extrude Mesher with Translation Extrude Mesher with Rotation Extrude Mesher with Symmetry Extrude Mesher along a Spine
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FEM Solid



General Process for Solid Mesh Generation FMD provides you two approaches to create solid mesh. 1. 2.



Directly create solid mesh using existing part as support. Reuse the surface or solid mesh to create solid mesh for that part.



You need to study the geometry of the part and decide which will be the best approach to create solid mesh. Then you will select the proper tool to generate the mesh. Following list shows various tools provided in FMD. Reusing surface/solid mesh



OCTREE Tetrahedron Mesher



Mesh Part Extrusion



Sweep 3D



Tetrahedron Filler



Mesh Part Transformations
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Direct solid mesh creation



Instructor Notes:



Copyright DASSAULT SYSTEMES



10



FEM Solid



Accessing the Workbench You can access FEM solid or FMD functionalities through Advanced Meshing Tools workbench 1



Start



2



Analysis & Simulation



3



Select an analyse type.
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Advanced Meshing Tools. A new CATAnalysis document is created.
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Solid Meshing Using Tetrahedron Filler
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You will learn how to use 2D surface mesh to create 3D solid mesh with tetrahedron elements.



Instructor Notes:



Copyright DASSAULT SYSTEMES



12



FEM Solid



What is Tetrahedron Filler Solid mesh can be generated using Tetrahedron Filler. The Tetrahedron Filler provides volume mesh (Linear Tetrahedron or Parabolic Tetrahedron ) from surface mesh (Linear/Parabolic Triangle Shell or Quadrangle). A surface mesh must exist and can be associated or not to a geometry. If the surface mesh is associated to a geometry, this geometry can be either a solid or a set of connected faces. There are two necessary conditions to generate a solid mesh:
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Make sure that the mesh surface is closed in terms of connectivity (elements are having proper connectivity). Make sure that the surface mesh has no intersection.
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FEM Solid



Tetrahedron Filler Parameters You will understand the tetrahedron filler options. All the selected surface mesh parts Remove: lets you remove a selected mesh part Remove all: lets you remove all the mesh parts Element Type: lets you choose the type of solid mesh elements. They are independent of the surface mesh elements degree : Linear / Parabolic Size progression: factor which lets you dilute the mesh elements inside the solid (if this factor is equal to one, the internal edge sizes are the sizes induced from the surface edge sizes).
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A Tetrahedron Filler Mesh Object is created in the Specification Tree
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FEM Solid



Generating Solid Mesh Using Tetrahedron Filler Ensure that the part has a material assigned. Open FEM Solid Workbench. 1 Generate one or several surface meshes skinning the part using FMS product



3



2



Tetrahedron filler global meshing specifications



Checking of the surface meshes : Intersections / Interferences, Free edges



4
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Deactivation of previous surface meshes



5 Analyze solid mesh quality
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OCTREE Tetrahedron Mesher
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You will learn to mesh a solid Part with the OCTREE algorithm.
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FEM Solid



What is OCTREE Tetrahedron Mesher When creating a new solid mesh, the first step is to set values for Global Mesh Parameters. 1- Click on the “OCTREE Tetrahedron filler Mesher” Icon in the Meshing Toolbar 2- Select the Part Body to be meshed Global Parameters panel is displayed



Size: lets you choose the size of the elements (in mm). Absolute sag: lets you control the error of approximation between the mesh and the geometry (in mm). Proportional sag: let's you control the ratio between the local absolute sag and the local mesh edge length.
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Element type: lets you choose the type of element you want (Linear or Parabolic).
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FEM Solid



OCTREE Tetrahedron Mesher - Local Parameters When creating a new solid mesh, local parameters can be specified. 1- Click on the “Local” tab 2- Select the local spec and click on “Add”
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Local Parameters panel :
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FEM Solid



OCTREE Tetrahedron Mesher - Local Parameters Local parameters specifications



Local size: you can modify the Name, Support and Value.



Local sag: you can modify the Name, Support and Value.
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Edges distribution: lets you distribute local nodes on a edge. Select the edge on which you want to assign nodes (Supports) as well as the Number of Edges to be created. The Edges Distribution.1 feature now appears in the specification tree as well as the nodes on the selected Edge.



Imposed points: lets you select the points that will be taken into account when meshing.
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OCTREE Tetrahedron Mesher - Quality Parameters When creating a new solid mesh, quality parameters can be specified . Click on the ‘quality’ tab



quality Parameters panel :



Criteria: lets you choose a criterion (Shape, Skewness or Stretch) to optimize the mesh quality.
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Intermediate nodes parameters: only available if you have chosen a Parabolic element type. This option lets you choose the position of parabolic tetrahedron intermediate nodes (Jacobian or Warp). The distance (d) between the geometry and the intermediate node is function of Jacobian and Warp values.
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FEM Solid



OCTREE Tetrahedron Mesher - Other Parameters Click on the ‘Others’ tab



In the ‘others’ tab, following parameters are available :
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Details simplification: lets you remove small mesh. Geometry size limit: lets you specify the maximum size of the elements ignored by the Mesher (before meshing). Mesh edges suppression: lets you remove small Without Mesh edge suppression: edges (after meshing). Global interior size: lets you specify the maximum interior size of the mesh. Min. size for sag specs: lets you specify the minimum size of the mesh refining due to sags specifications. Max. number of attempts: lets you impose a With Mesh edge suppression: maximum number of attempts, if several attempts are needed to succeed in meshing, in the case of a complex geometry.
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Generating Mesh Using OCTREE Tetrahedron Mesher Ensure that the part has a material assigned. Open FEM Solid Workbench.



1
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Mesh generation



4



Click on OCTREE Tetrahedron Mesher and Select the Part Body to be meshed



2



Enter OCTREE global and local meshing specifications



Analyze solid mesh quality
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OCTREE Tetrahedron Mesher Recap Exercise 15 min
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In this step you will : Create a solid mesh using OCTREE Tetrahedron Mesher Apply global and local specifications
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Solid Meshing Using Sweep 3D
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You will learn how to create solid pentahedron/hexahedron mesh for part using triangular/ quadrilateral surface mesh.
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FEM Solid



What is Sweep 3D You can generate mesh by extrusion of a 2D mesh through a volume. The volume must be with a top and a bottom surface. The curves joining the bottom to the top surfaces are called Guide curves. The faces between guide curves are named as Lateral guides. Top surface



Lateral guides
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Bottom surface



Mesh generated by Sweep3D Guide curves visible as yellow lines with red arrows in middle



Impose guide Exclude guide



Impose guide allows you to impose a guide with an edges selection. Exclude guide excludes selected edges while computing guide.



The element shape generated after extrusion depends on 2D mesh used. Triangular element in 2D mesh generates pentahedron elements whereas quad 2D mesh generates hexahedron elements. You can chose the element type as linear or parabolic. You can select distribution of the mesh along guide curves by a general mesh distribution.
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Generating Solid Mesh Using Sweep 3D (1/2)
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You can use Sweep3D to generate 3D mesh for a volume from existing 2D mesh. The volume should be similar to prism with top and bottom surface. 1



Select Sweeper tool from the toolbar. Click the part to be used



2



3



Specify the guide angle and click ‘Compute’ button



4



Angle should be selected in such a manner that the guide curves are connected while generating 3d sweep mesh.



Guides are highlighted with yellow color



Select Top and Bottom faces in corresponding text fields



Switch to Mesh Tab



Check whether the elements are properly captured in case of adjacent mesh is present
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Generating Solid Mesh Using Sweep 3D (2/2) 5



Specify mesh capture Tolerance and click ‘Apply’ for preview



6



8



Select mesh distribution type, number of Layers and Size ratio. Check Symmetry option id symmetric distribution required.



Click ‘OK’ to confirm
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Select Element Type and check ‘Internal and Top Mesh’ option if Mesh smoothing required.
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Solid Meshing Using Sweep 3D Recap Exercise 5 min
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In this step you will : Use the sweep 3D Mesher
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Mesh Part Transformations
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You will know how to use transformation on mesh parts to create complete solid mesh.
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FEM Solid



What is Mesh Part Transformations Ability to generate a new Mesh Part by transformation of an existing one: 1. By symmetry, translation or rotation 2. Option to condense nodes in order to generate compatible mesh 3. Ability to copy geometry associativity to allow geometric selection on transformed mesh



Generated Mesh with compatible nodes
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1-part meshed
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Solid Mesh Generation Using Translation Translation MeshPart: lets you select the parent mesh part Direction: lets you choose the direction of the translation Distance: lets you choose the value and the orientation of the translation (in millimeters) Capture: lets you capture the existing mesh No condensation: lets you decide to not condense the nodes of the symmetric and the parent mesh part Condensation With The Parent Mesh Part: lets you condense the nodes of the symmetric and the parent mesh part Condensation With All Mesh Parts: lets you condense the nodes of the symmetric mesh part and all the neighboring mesh parts
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Repeat Translation: to repeat the operation ( it will decrease number of meshparts)
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Solid Mesh Generation Using Rotation Rotation
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MeshPart: lets you select the parent mesh part Axis: lets you select the axis of rotation Angle: lets you select the angle of rotation (in degrees) Capture: lets you capture the existing mesh Repeat Rotation: to repeat the operation
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Solid Mesh Generation Using Symmetry Symmetry



Copyright DASSAULT SYSTEMES



MeshPart: lets you select the parent mesh part Plane: lets you select the plane of symmetry Capture: lets you capture the existing mesh
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Mesh Part Transformation Recap Exercise 15 min
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In this step you will : Create a solid mesh from a surface mesh using Tetrahedron Filler Apply transformation tools to created solid mesh
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Solid Meshing Using Mesh Part Extrusion
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You will learn to create solid mesh from 2D mesh using various extrude option.
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What is Mesh Part Extrusion Solid Mesh Parts can be generated by Extrusion of 2D Mesh Parts. Elements generated are hexahedron or pentahedron (linear or parabolic). The Mesh Extrusion can be done. 1. By translation 2. By rotation 3. By symmetry 4. Along a Spine
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User defines the number of layers generated, their distribution, and capture of neighborhood meshes
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Solid Mesh Generation Using Extrusion with Translation Extrusion by Translation MeshPart : lets you specify the mesh to extrude, multi selection is available.
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Transformation Axis : lets you specify the direction of the extrusion. Start : lets you specify the start of the extrusion. End : lets you specify the end of the extrusion. Distribution Type : Indicates the node distribution type: uniform,geometric or arithmetic. Layers Number : lets you specify the number of layers you want. Capture Condensation: allows to condense nodes of neighborhood meshes. Tolerance: distance to nodes to be captured You can determine the mesh size as given below. For example, Start = 10 mm, End = 40 mm and Layers number = 6, then mesh size value = [ End – Start ]/ Layers number = [40 – 10 ] / 6 = 5 mm. You can reverse the extrusion direction if you enter a negative length.
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Solid Mesh Generation Using Extrusion with Rotation Extrusion by Rotation Transformation Axis: lets you specify the axis of extrusion by rotation. Start: lets you specify the start angle of the extrusion by rotation. End: lets you specify the end angle of the extrusion by rotation. Distribution Type: Indicate the node distribution type. Layers number: lets you specify the number of layers you want. Capture Condensation: allows to condense nodes of neighborhood meshes. Tolerance: distance to nodes to be captured
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The mesh size is variable and depends on this value and the distance between the source node and the axis of extrusion by rotation. For example, if the extrusion radius value between the source node and the axis of extrusion by rotation is 40mm, the angle is 45 degree and the Layers number value is 10, the mesh size value will be : (Angle* Radius) / Layers number = [(45*PI/180) * 40mm] / 10 = 3.14 mm You can reverse the direction of the extrusion by rotation if you enter a negative Angle.
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Solid Mesh Generation Using Extrusion with Symmetry Extrusion by Symmetry MeshPart: lets you specify the mesh to extrude, multi selection is available. Transformation Plane: lets you specify the plane of symmetry of the extrusion. Distribution Type: Indicate the node distribution type. Layers number: lets you specify the number of layers you want. Capture Condensation: allows to condense nodes of neighborhood meshes. Tolerance: distance to nodes to be captured
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The extrusion length is twice the distance between the source mesh and the plane of symmetry. Note that this value determines the mesh size. For example, if the extrusion Length value is 30mm and the Layers number value is 6, the mesh size value will be : 30mm / 6 = 5mm.



Instructor Notes:



Copyright DASSAULT SYSTEMES



39



FEM Solid



Solid Mesh Generation Using Extrusion along Spine Extrusion along a spine MeshPart: lets you specify the mesh to extrude, multi-selection is available. Transformation Axis: lets you specify the spine of the extrusion Start : lets you specify the start of the extrusion. End : lets you specify the end of the extrusion. Distribution Type: Indicate the node distribution type. Layers number: lets you specify the number of layers you want.
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Capture Condensation: allows to condense nodes of neighborhood meshes. Tolerance: distance to nodes to be captured
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Mesh Part Extrusion Recap Exercise 15 min



Copyright DASSAULT SYSTEMES



In this step you will create : Solid mesh using Extrusion by Translation Analyze Element Quality Solid mesh using Extrusion by Rotation Solid mesh using Extrusion by Symmetry Solid mesh using Extrusion along a Spline
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Mesh Analysis and Mesh Data Transfer
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You will learn various analysis criteria and tools to analyze Solid Mesh
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Quality analysis 3D Elements can be analyzed with Quality Check analysis. Quality criteria allows to check tetrahedron, hexahedron and pentahedron elements. The elements are checked for following parameters. • Taper



• Gauss Jacobian



• Skewness



• Shape factor



• Distortion (deg)



• Length ratio



• Nodes Jacobian



• Min Angle Tria (deg)



• Warp Factor



• Max Angle Tria (deg)



• Warp Angle (deg)



• Min Angle Quad (deg)



• Skew Angle (deg)



• Max Angle Quad (deg)



• Max Gap (mm)



• Aspect Ratio
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• Stretch • Max Length (mm) • Min Length (mm)
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Cutting Plane Analysis Inside elements can be seen and analyzed with Cutting Plane analysis. Lets you select the direction of the With ‘exact mesh cut’ cutting plane (X, Y or Z axis). Reverse : Lets you reverse the cutting part



If this option is activated, you can cut the mesh exactly where you drag the cursor. If this option is not activated, the cutting follows the mesh elements.



Without ‘exact mesh cut’
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Select the section and drag the cursor to the desired position.
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Import/Export Meshes You can import or export a NASTRAN Bulk Data file. Supported elements : CTRIA3, CTRIA6, CQUAD4, CQUAD8 CTETRA, CPENTA, CHEXA CBAR, CBEAM, RBE2
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Multi-selection is now available
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To Sum Up … In this course, you have seen how to :
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Generate a solid mesh using Tetrahedron Filler Generate a solid mesh using OCTREE Tetrahedron Mesher Generate a solid mesh using Mesh Transformations Generate a solid mesh using Mesh Extrusions Analyze Quality of 3D elements Perform a cutting plane analysis on a solid mesh Import / Export solid meshes
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Master Exercise
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Meshing of an Engine Cylinder Block Presentation Meshing of an Engine Cylinder Block : Step1 Meshing of an Engine Cylinder Block : Step2
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Meshing of an Engine Cylinder Block Master Exercise Presentation 60 min



In this exercise you will mesh an engine block with FEM Solid tools. To do so, you will have to :
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Create surface meshes for the surfaces of engine block Create Solid Mesh from surface meshes using Tetrahedron Filler Analyze quality of mesh
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Design Intent – Meshing of an Engine Cylinder Block You will learn how to create solid mesh for complex parts. Using surface mesh, it is possible to get required element shape and element distribution on desired areas of part. Then same surface mesh can be used to create solid mesh using tetrahedron filler. This will be carried out in following way. Creating regular triangular mesh with required distribution pattern in desired surfaces



Provide surface mesh for remaining surfaces and capture the previous mesh
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Use tetrahedron filler to create solid mesh
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Meshing of an Engine Cylinder Block - Design Process 1 Generate Surface meshes



2 Check surface mesh 3 Use Tetrahedron Filler to create solid mesh



4
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Analyze Mesh for quality
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Meshing of an Engine Cylinder Block Step 1 - Creating surface meshes 40 min
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In this step you will : Create surface mesh with quad element Split the mesh to form triangular mesh Boundary simplification Analyze the surface mesh
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Meshing of an Engine Cylinder Block Step 2 - Creating and analysing solid mesh 20 min
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In this step you will : Create solid mesh from surface meshes Analyze the mesh with cutting plane Analyze mesh using quality criteria
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SK-4000-TC - Solid Signal 

Measurement hold to temporarily store a trace. Frequency can be set using either Start/Stop or Center/Span frequencies. Measurement can be Return Loss [dB], ...
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FOURNITURES BernatÂ® Cotton Baby Solid 

BERNATÂ® COTTON BABY. COUVERTURE AU CROCHET. DIMENSIONS. Approx 40 x 46 po [101.5 x 117 cm]. FOURNITURES. BernatÂ® Cotton Baby.
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Applications in Solid Mechanics - Description 

a single coordinate axis is required to define the element reference frame, hence, the stiffness ... In the shear stress-strain relation, the shear modulus G = E/2(1 + ) has been introduced. ... potential energy in following developments. ... where [
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DUO FEM 1 2 3 

25 mars 2016 - 27. 13. 14. 15. 16. 17. 18. 19. 20. 23. 24. 25. 26. 2-. 3-. 3-. 5-. 5-. 3E. 3E. 1ER. R1. R2. R3. R4. R5. R6. R7. R8. R11. R12. R9. R10. R21. R22.
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FM Solid State Stereo Transmitter 

300 447and the relevant regulation on electrical safety E. N. 60215. The new 2.5kW FM radio transmitter is the latest news among Elettronika FM products.
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