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Overview

» This example shows how to use CrossLink to create a mesh for a 3D geometry part read in from a STEP file

+ A STEP file (Standard for the Exchange of Product data) is a common file format used for 3D modelling that can be written out from a
CAD program (e.g., Creo Parametric)

* Being able to read and mesh STEP file geometries is essential for meshing parts from engineering models

» Creating the mesh typically involves:
— Importing the geometry
— Creating geometry groups
— Assigning curves and surfaces to the geometry groups
— Building a topology
— Applying geometric and mesh constraints
— Generating the final mesh

» Current issues with this process in CrossLink include:
— The GUI does not display trimmed surfaces
— The user must manually create and assign geometry groups
— The user must be aware of duplicate curves and surfaces from the CAD model
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CrossLink — Scalable 2D/3D Topology-based Meshing
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uuuuuuuuuuuuuuuu

‘‘‘‘‘‘‘‘‘

eeeeeeee

leading fhomeraynaipesktopisimpl.ocketrocketxtp

44444

a

-
Geometry
p
xGeom
- Python API
- NURBS model
- 2D/3D geometry
- Flexible 110
.
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xCAD
- Python API
- Native CAD driver
- Creo Parametric
- C++ toolkit
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xMesh — Mesh Engine
- Topology-based mesh engine
- Parallel mesh optimization
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Multi-physics Code
Mesh File
4 N
Mesh Optimizer
- Improved simulation robustness
- Improved mesh quality control
\ /
4 )
ParMesh API
- C++tlibrary
- Reconstruct mesh in memory
- Scalable mesh size
- Simplified startup and partitioning
- Supports linear and curved elements
- Allows for structured memory layout
\ //
4/4/23 | 3




What is the meshing process?
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1. Starting with geometry, geometry groups are used to define hard internal and external boundaries.

A mesh topology (nodes, edges, faces, and blocks) is created to decompose the spatial domain into
regular entities.

Geometric constraints are imposed by assigning topological entities to geometry groups.

Mesh rules (e.g., dimension, distribution, spacing, feathering) are defined to control mesh quality.
Mesh tags (e.g., boundary, volume) are defined for the desired simulation (e.g., CFD, FEA).

6. The mesh is initialized, optimized, and exported to a mesh file. )
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General Workflow
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« Initial geometry is created via a geometry script or a CAD software package.
« A mesh topology is created interactively using CrossLink’s Graphical User Interface (GUI).

«  Geometry constraints, meshing rules, and mesh tags are defined and stored in the topology file.
« The xGeom and xMesh python API libraries are used to automate the mesh generation process.
«  The workflow handles geometric parameter changes and robustly (re)meshes each design.

J

Los Alamos National Laboratory

UNCLASSIFIED

4/4/23 | 5




CAD Geometry

v 5179 (A g vome e (e CrossLink handles A
B geometry created with
CAD software.
S N
 These models are
translated as BREP
NURBS models.
_— : « Supported data exchange
— = format is STEP.
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Step 1: Import the STEP file

[ o ) X\ CrossLink 0.11.0
File View Window Help

2D View :-: b v|Curve v Surface ® Open the CrOSSLInk GUI
name a # Geometry Topology Tags Mesh
~ geom.xgm
» v/ DEFAULT [l 36 1 I
i * Import the STEP file
[ l o
o (ctrl + 1)
15—
1.25—
|
0.75—
05—
0.25—
of— &
0.5
Show Hide Toggle Opacity L | | | |
e e T \ . L = \ . . . i . \ i \ 5 . | . . : \ \ . . = \ . \ X
Successfully loaded CAD file
Completed STEP file import
(x,y) 2.782 1.671

N J
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Step 2: Save the geometry file

[ XoX )
File View Window Help

3D View :-: b @ 'A’ ‘ Curve v/ Surface

name o #

~ geom.xgm
» v/ DEFAULT [l 36

Show Hide Toggle Opacity
+File +Group -ltem XYZ
(x,y,z) 5.684 4.463 10.22

Geometry

X CrossLink 0.11.0

Topology

Tags

Successfully loaded CAD file
Completed STEP file import
Wrote geometry file:geom.xgm
Cleared all data

loading /home/1long/WORK/SimTools/xlink/pipe_tee/geom.xgm
Loaded geometry from '/home/1long/WORK/SimTools/xlink/pipe_tee/geom.xgm"'.

Mesh

Los Alamos National Laboratory
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Save the geometry file
Clear your workspace
Reload

Note that the surfaces are
now untrimmed. This is
because we do not
currently have the
triangulation rendered in
the GUI. The data is truly
trimmed, but it is not
rendered as such.
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Step 3: Assign curve and surface groups

[ JeN ) X CrossLink 0.11.0
File View Window Help

view| 5 € 1A gh ¥ curve [ surtace * Inthe geometry
wl# Geometry workbench, assign curve
Garecy WY and surface groups and
g awsere oY add entities to them. Note
that the STEP file wil
contain duplicate curves.
HGHmE R You can deal with these in
one of two ways:
1.Delete the duplicate
curves from the
DEFAULT group, or
geo;:fy group:+DGErFo:UpLT - - TR e e e - 2.Leave the dUpliCate
T curves in DEFAULT and
T . S ey SRR hide the group
e rotmteny Chacts ot
(x,y.,2) |5.634 3.424 10.42 Wrote geometry file:geom.xgm

N /
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Step 4: Build the topology

eoe
File View Window Help

30 View 5 @ 1A @b v Node v Edge v Face

Geometry | Dimension Distribution
name
SRF_TOP_CAP
SRF_TOP_PIPE
SRF_BOT CAP1
SRF_BOT PIPE
SRF_BOT_CAP2
CRV_BOT_CAP1
CRV_BOT CAP2
CRV_TOP_CAP
CRV_TOP_PIPE
CRV_INTER
CRV_BOT PIPE1
CRV_BOT PIPE2
CRV_TOP PIPE2

Show Hide Toggle
Face Coloring: ® transparent _ opaque _ clear

NODE INFO: ©x4d9d8760
Geom Group: DEFAULT

Coords: (1 ©.0000,2.0000,0.5000 )
uvals: 0.0000,0.0000
Edge Ptrs: ©

(xy.2) |-2.046 12.09

e

0.4052

X<

| CrossLink 0.11.0

Topology

OB %2 PqREANER G E

CALIUS LI CompLete

Extrusion complete
undo successful

selected topology (#node: #faces=0, #blocks=0)
selected topology (#node #faces=0, #blocks=0)
selected topology (#nodes=1, #edges=1, #faces=e, #blocks=0)
selected topology (#nodes=2, #edges=1, #faces=0, #blocks=0)
selected topology (#nodes=1, #edge #faces=0, #blocks=0)

#edges=1, #faces=0, #blocks=0)

selected topology (#nodes=1,
Extrusion complete
selected topology (#nodes=8,
Extrusion complete

#edges=11, #faces=4, #blocks=0)

eo0e
File View Window Help

30 View 5 @ 1A @ v Node v Edge v Face

Mesh Geometry | Dimension  Distribution
name
CRV_BOT_CAPL
CRV_BOT CAP2
CRV_BOT PIPE1
CRV_BOT PIPE2
CRV_INTER
CRV_TOP_CAP
CRV_TOP PIPEL
CRV_TOP PIPE2
SRF_BOT CAP1
SRF_BOT CAP2

SRF_BOT PIPE
SRF_TOP_CAP
SRF_TOP_PIPE
Show Hide Toggle
Face Coloring: ® transparent _ opaque _ clear | x 7
c (x,y.2) 7.987 4311 8.148

Bock  6) Q

Geometry

-- Dimensions
-- Topology nodes
-- Topology edges
-- Topology faces
-- Topology blocks

X CrossLink 0.11.0

OB %2pMRANER G

Topology

T —

Tags Mesh

inward.

* Move to the topology workbench and start building the topology.

« The recommended approach is to start from the end of the perpendicular pipe and work your way

Los Alamos National Laboratory
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Step 5: Set dimensions

°
File View Window Help

30view 53 @ A @ iNode v Edge viFace

Geometry | Dimension | Distribution
resolution

dim_t

dim_box1 9
dgim_Jen 31
default 11

+Group | -Group | Clear |Change Factor
Show Hide Toggle

—
Face Coloring: ® transparent ) opaque  clear | gz

(xy2) [5.703 5108 9.839

Nl Crosstink 0.11.0

sk QO DO&E% 2 GlMREANER DM

Geometry Topology. Tags Mesh

- Dimensions - 3
Topology nodes = 52
- 120

- 93

Topology blocks = 2

°
File View Window Help

3Dview 52 9 1A @b iNode vEdge vrace mock QX D% % $D EANER F

Geometry | Dimension | Distribution Geometry Topology. Tags Mesh
name resolution
dim_wrap 7

aimboxs 17
dim boxl 9 ==
Gim len 31 =
default | 11

Nl Crosstink 0.11.0

+Group | -Group | Clear |Change Factor
Show Hide Toggle
Face Coloring: ® transparent | opaque  clear | gz

- Dimensions 3
Topology nodes 52
-~ Topology edges 120
Topology faces 03

- Topology blocks 2

(xy2) [5.273 421 1051

ece
File View Window_Help

30 view| 5 @ 1A @b viNode v Edge viFace
Geometry | Dimension | Distribution

name _resolution

dim = 7

dim_box1 9
dimlen 31
default 11

+Group | -Group | Clear |Change Factor
Show Hide Toggle

—
Face Coloring: » transparent  opaque  clear |5z
(xy.2) 5241 4245 1052

Nl CrossLink 0110

ok QG DO&EE% 2 IMREANER D

Geometry. Topology Tags Mesh

- Dimensions 3
- Topology nodes 52
Topology edges 120
Topology faces 93
- Topology blocks 2

°ce N Crossink 010
File View Window Help

30 view| 53 @ 1A @ v Node vEdge vrace mok DG DN SR8 % 2 PMREANERHA

Geometry | Dimension | Distribution Geometry Topology. Tags Mesh
name resolution
dim_wrap 7

default 11

+Group | -Group | Clear |Change Factor

Show Hide Toggle Lo
Face Coloring: » transparent  opaque  clear |5z
Dimensions - 3
-~ Topology nodes = 52
Topology edges - 120
Topology faces - 93
- Topology blocks = 2
(xy.2) 5.331 4071 105

Los Alamos National Laboratory
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In the topology workbench,
assign dimension groups

Right click on a curve and
select “set dimension

group”
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Step 6: Set material tags

e0ce X/ CrossLink 0.11.0
File View Window Help

e QA G OO * Move to the tags
Boundary Volume Geometry Topology Tags Mesh WO rkbenCh
name
~ Block Tags
v/ mat_1
vI mat_2 i »y -
« Select “volume” in the tree
« Set material tags
\
+Tag i -Tag o~
Show Hide Toggle X z
-- Max number of threads = 224 i
- Number of threads used = 12
- Building 3D connectivity
- Init nodes time (s) = 0.0
- Init edges time (s) = 0.8
- Init faces time (s) = 0.7
- Init blocks time (s) = 4.1
- Solver iterations = 500
- Hessian approx kmax = 10
-- Mesh points = 61565
(x,y,z) |8.373 3.598 8.153 -- Mesh faces = 176640 —
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Step 7: Generate the mesh

e0ce X/ CrossLink 0.11.0
File View Window Help

wvew (I PAG O BSCCCETH

name . Fractiol Geometry Topology Tags Mesh
v/ boundary03 1
v/ boundary02 1
v/ boundary01 0

+Sheet -Sheet
Cell coloring
e material tag background no color P
X Z
-- Max number of threads = 224
-- Number of threads used = 12
-- Building 3D connectivity
-- Init nodes time (s) = 0.0
-- Init edges time (s) = 0.8
-- Init faces time (s) = 0.7
-- Init blocks time (s) = 4.1
-- Solver iterations = 500
-- Hessian approx kmax = 10
-- Mesh points = 61565
(x,y,z) 0.4913 1.336 -0.07733 -- Mesh faces = 176640 —

Los Alamos National Laboratory
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Move to the mesh
workbench

Optionally, you can adjust
the resolution and spacing
as needed by jumping
back and forth between
the topology and mesh
workbench.

When you are satisfied
with the mesh settings, run
the optimizer to smooth
the mesh.
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Step 8: Export the mesh

e0ce X/ CrossLink 0.11.0
File View Window Help

wvew (I PAG O BSCCCETH

name = Fractiol Geometry Topology
v/ boundary03 1
v/ boundary02 1

v/ boundary01 0

+Sheet -Sheet

Cell coloring

o material tag ' background ) no color P

-- Max number of threads
-- Number of threads used
-- Building 3D connectivity
-- Init nodes time (s)

-- Init edges time (s)

-- Init faces time (s)

-- Init blocks time (s)

-- Solver iterations

-- Hessian approx kmax

-- Mesh points

-- Mesh faces

(x,y,z) |0.4913 1.336 -0.07733

Tags Mesh

27

gl
S L

ey 4 by g s

e S
L
u"l:.{'lu,’,’,l‘u,’,';,m"'
AT

AT

224

oo
e I
OO NOO

61565
176640 v
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Click the "export mesh”
button to export the mesh

Supported filetypes include
X3D and Abaqus
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Known issues with the STEP to mesh process

[ JeN ) X CrossLink 0.11.0
File View Window Help

3D View :-: O @ ]A’ ﬁ v Curve Surface 1 . The GUI doeS not d|Sp|ay
¢ tri d surf
riageeomlxgm a Geometry Topology Tags Mesh rrmme surraces
v! DEFAULT B 4
» VI SRF_TOP_CAP 1
» v/ SRF_TOP_PIPE 2
» v/ SRF_BOT_CAP1 1
U SFeorow: B 1 2. The user must manually
» [v/ CRV_BOT_CAP1 2 c
ey B create and assign
» v/ CRV_TOP_PIPE1 1
v cavor vees [l 3 geometry groups
» v/ CRV_BOT_PIPE2 2
» lv| CRV_TOP_PIPE2 1
3. The user must be aware
of duplicate curves and
surfaces from the CAD
model
Show Hide Toggle Opacity
+File +Group -ltem X z
U40 VUO LIlalgeu giuups =
geqmetry group: DEFAULT G56 G60 changed groups
item type: NURBS curve G55 G57 changed groups
name.: G72 G50 G54 changed groups
ucp: 5 G49 G51 changed groups
ukts: 8 G47 G53 changed groups
umin/umax: 0 3.14159 renamed group='CRV TOP PIPE' to 'CRV TOP PIPE1’
tess points: 65 G57 changed groups
Deleted selected geometry
Wrote geometry file:geom.xgm
All Topology Checks Passed!
(x,y,z) 5.634 3.424 10.42 Wrote geometry file:geom.xgm =
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