DGR
MeshWorks

@ @ @ @ POWER TO ACCELERATE PRODUCT DEVELOPMENT

PRE/ POST PROCESSING

CAE/ CAD MORPHING

PROCESS AUTOMATION

MULTI- DISCIPLINARY OPTIMIZATION
CAE PARAMETRIZATION




PARAMETERIC
MODELER

A baseline CAE model created in MeshWorks is
automatically a parametric model, saving the time
and effort of parameterization typically done
separately. Auto parameterization is driven by feature
recognition and a set of templatized user defined
rules. This is a patented technology from DEP.
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Meshing

MeshWorks has a powerful CAE meshing engine that allows users to create 2D and 3D
meshes rapidly from complex CAD data.

Highly automated meshing functions available allow users to create exceptional quality
meshes with minimal user intervention in the shortest time possible, with minimal to
virtually no CAD clean-up.

Template based meshing allows users to set-up templates for feature recognition, mesh
size requirements and quality criteria.

Highly automated mesh quality improvement functions robotically correct meshes to
meet user specified quality templates and constraint criteria. LN

Tetra Mesh
Wide variety of CAD interfaces are supported to import geometries from all well known
CAD packages and generic formats such as STEP & Parasolid.

Even though CAD clean-up requirement is minimal to nil, MeshWorks offers a CAD
engine with an extensive set of CAD functions for curve, surface and solid editing and
manipulation.

Batch meshing capability allows users to assign meshing templates to entire model
assemblies and mesh them in a batch mode across multiple processors — either on
workstations orin the HPC environment.

TRIAMESHING:

Quad dominant Mesh

The automated tria mesher generates meshes that meet element quality requirements
and mesh flow conditions in regular regions and special regions such as fillets, holes etc.
Structural & CFD meshes are generated efficiently with flexibility of using several control
parameters to generate meshes to suit the CAE engineers’ specialized requirements.

QUAD DOMINANT MESHING:

The automated quad dominant mesher generates quad dominant meshes with minimal
triangles meeting element quality requirements, providing good mesh flow, meeting
specialized meshing requirements around holes, fillets, flanges, beads etc. and
excellent control over element size requirements.

MID-PLANE MESHING:

Aset of automated and powerful interactive meshing functions allow users to create mid-
plane meshes of complex plastic and casting parts with ribs and other intersecting
features. Variable thicknesses as driven by the CAD geometry are automatically

assigned to the mesh. Extruded Hex Mesh + Auto-hex Auto-hex mesh - Cartesian




TETRAMESHING: ~
CAD Digital Mock-up | Existing
MeshWorks provides several methods for getting tetrahedral mesh. Tetra mesh can be | Deta data (STL) | Mesh data
controlled by a variety of factors such as gradation factor, layered tetra mesh, growth rate l
etc.
HEXAMESHING: AUTOMATIC MESHING ENGINE
The automated cartesian hexa mesher allows users to create 100% hexa meshes of }
complex parts that have a high volume to surface ratio (‘chunky’ parts). The extruded hex e ey
mesher can rapidly generate hex dominant meshes for parts whose features are aligned | Quad mesh | | Tria mesh | | Auto-hex-Mesh | Auto-tet-Mesh |
in a specific direction. The ‘thin-wall-hex-mesher’ can rapidly convert a mid-plane quad : :
dominant mesh to a hex-dominant mesh. Users can combine all of the hex mesher [ Hybric-shell-soid- | ek | autg. || Spedalized meshing
functions to generate a geometry hugging hex dominant mesh with minimal number of || Mech H ganeration Assembly . """.;'ffi,..,,“':.;";:*:.“"“

penta elements.
ASSOCIATIVITY:

The mesh generated is highly associative to the CAD geometry. This allows for highly
automated update of the mesh as and when the CAD geometry changes and vice versa.

INTEGRATED MESHING:

Meshing templates corresponding to different attributes such as stress/durability,
stiffness/NVH etc. can be assigned to the CAD data. As a result meshes corresponding
to all the different attributes can be generated from one single model eliminating the need
for duplicated effort.

PARAMETRIC MESHING:
A patented parametrization methodology generates parametric meshes during the

meshing process itself. The parametrization is driven by CAD features and user provided i Midplane Mesh
rules & templates.

Modeling

The Modeling module within MeshWorks comprises of a set of interactive and highly
automated model assembly, model connection, materials, loads and boundary condition
assignment functions that will allow users to create complex full system level models such
as that of automotive vehicles, IC engines, airplanes, ships etc. in a highly condensed
time frame.

SPOT WELDING:

For spot-welded structures (such as automotive bodies) the weld elements can be
generated automatically for various types of attributes such as crash, NVH, durability etc.
Specialized features such as weld force failure, heat affected zone modeling around the
spot welds etc. are available for more in-depth modeling of the welds.

Weld element realization & auto weld-line creation

During early stages of the product development spot weld lines and spot weld points can
be automatically generated using the part meshes. SPOT WELDING



SEAM WELDING:

For fabricated structures involving seam welds the weld elements can be generated
using a wide variety of configurations such as quad, beam, solid, rigid elements etc. For
detailed modeling of the weldments using solid elements, options are available to
automatically create the weldments and have node-to-node matching connection to the
surrounding parts.

ADHESIVE BONDING:

In locations where adhesive bonds are required solid bond elements will be generated
automatically and connected to the surrounding part meshes through connection
equations, contacts etc.

BOLTED CONNECTIONS:

A wide variety of bolted assembly connection elements can be automatically created.
These involve a) through bolts, b) screws, c) detailed metric bolt modeling, d) bolt
connections with beams/rigids etc.

CONTACT MODELING:

Extensive contact modeling is available with automatic contact surface creation between
all components of an assembly. The contact pairs can also be generated between the
contact surfaces with appropriate interface conditions such as friction, thermal
properties etc.

LOADS &BOUNDARY CONDITIONS:

A wide variety of loads and boundary conditions for various types of problems can be
applied in a quick and efficient manner.

INCLUDE FILE MANAGEMENT:
For very large scale system models an include file management system has been

provided. Users can organize sub-assembly data into include files and perform data
manipulation operations across different include files.

AUTOMATIC CONTACT CREATION

Seam Welding
with quad elements

Adhesive bonding

Heat affected zone
(HAZ)

Input 4 £

AUTO BOLT CREATION

Seam Welding
with solid elements

AUTOMATIC WELDMENT CREATION




Post- processing

MeshWorks is a multi-disciplinary post-processor for viewing and publishing the results of
analysis. It allows for loading and viewing the result files obtained from various solvers.

Arich set of post processing features such as animations, contouring, cut section results,
iso plotting of results, querying of results values node-by-node or element-by-element
etc. are all supported.

Interactive post-processing features in MW8 allow users to have rich insight into the
results and hence the behavior of mechanical systems under operational loads.

Several automated post-processing utilities are available for robotic extraction of ‘hot-
spot’results such as peak stress values, max vibration amplitudes etc.

Multi-window post processing of results allows users to easily compare the results of
several load cases or several design iterations side by side.

Multi-page post processing of results allows users to organize different types of output
responses into different pages for easy viewing and navigation.

FUNCTIONS

Contour: Allows to create contour plots of a model and visualize the analysis results.
ISO: Allows to display iso(or same value) results of the model.

Animation: Transient, Linear and Modal animation options are supported.

Model Info : Annotations display the model details and users can include notes for
additional information as and when needed.

Query: Allows users to view and export results of queried nodes, elements &
components.

Cut Section: Allows user to cut planar sections through a model to view results on
internal details of the model.

Utilities: Several utilities are used for highly automated post processing of results for
Design of Experiments (DOE) and optimization studies.

BENEFITS

Integrated post-processing user interface within MeshWorks environment.

Inclusive of Post Processing results from Abaqus & Nastran solver outputs.

Large scale models are handled with ease.

Multi- page and multi- window post processing of results with easy ‘cut, copy, paste,
apply’ from one window/page to another.

Automated ‘Score Card’ module helps in extracting various key results and provides in
auser friendly tabular format.

XML based session file saving.

Multi-window Postprocessing

Cut section view Iso View

CONTOURING & RESULT QUERY

Mode 1D Contour-5 - Stress componentsiMas Principall
ETE T
HIE1334
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MULTI WINDOW PROCESSING

Graphing

DEP MeshWorks graphis a powerful plotting and data analysis tool. It has a rich set of
plotting features, a user friendly interface, easy navigation from function to function, and
is fully integrated within the MeshWorks interface.

Inbuilt math functions are available in the tool, which makes it easy to process
mathematical expressions for the plotting of CAE simulation results.

FUNCTIONS

PlotAxes: Allows the user to change linear scale to logarithmic scale.

Plot Macro: Allows the user to plot the resultant curve.

Coordinate info: Allows user to see the maximum and minimum points ofthe curves.
Legend Attributes: Displays the curve details. The user is then able to change
attributes like line style, color, weight.

Curve Scale Offset: Allows the user to perform curve scaling, offsets can be applied e |
to multiple curves. o —— e e ——
Curve Math: Allows the userto create new curves using expressions and values. e - Al | .

Header/Footers: Allows user to edit header/footers. = ol iy :
Datum Line: Allows user to create line in user defined location in both horizontal and
vertical axes.

Curve Attributes: Allows the user to define attributes like line style, color, weight,
symbol style and color.

Graph—Notes: Annotations display the curve details. The user can add notes to
provide extra information if needed.

BENEFITS

Integrated graphing user interface within MeshWorks Pre/Post.

Inclusive of Post Processing results from Nastran(*pch) solver output.

Multiple Punch files can be appended and used for plotting curves.

Multi- page and multi- window post processing of results with easy transfer of settings
from one window/page to another.

XML based session file saving. Session files can be replayed.

Fraguency [Hz]

Logarithmic scale plot

Wi O CWIAL @ LEFT_REDIRNT RO L, | - Traew
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4

Resultant curve plot



Customized Engineering Process Automation

Customer CAE processes can be rapidly automated using a fast Record > Create-GUI >
Plumb > Publish process.

Very complicated geometry and mesh creation processes can be automated with virtually
no scripting or programming expertise.

Processes that could be automated include a) CAD, b) Meshing, ¢) Model Assembly, d)
Morphing, e) Parametrization, f) Postprocessing etc.

Significant time reduction of 2Xto 10X is possible once processes are automated.

Published process could be shared with all users in the organization as a simple resource
file —no need for any new software releases.

External exes and scripts (Python, Java etc.) can be integrated into the process.
Simple ‘drag&drop’ functionality to create GUl and plumb it to the recorded process.

Automatic conversion of recorded process to a data flow chart which can be plumbed to
the GUI.

FUNCTIONS

Customizable process templates.

Process automation possible for a wide variety of models.

Recording of the entire process with ‘on/off’ recording options.

Drag & drop GUI creation options for quick/easy function interface creation.

Automatic conversion of recorded processes into data flow charts.

Directdrag & drop options to plumb GUI to process data flow.

Logical operators, conditional statements, process loops etc. can be included into the
process flow for decision making and directing processes accordingly.

Multiple process automation functions can be linked under a single GUI.

Process can be linked with external scripts and executables.

BENEFITS

Significanttime reduction in CAE processes —2Xto 10X.

All the pre-processing steps can be performed as integrated work flow as per user’s
own ideas and requirements.

Even the most complicated process can be made simple with the help of process
automation in MeshWorks.

Faster results while ensuring consistency and quality.

Processes can be standardized and institutionalized across the entire organization.

Fully meshed &
assembled model

ENGINE MESHING & ASSEMBLY AUTOMATION
(6X TIME REDUCTION)

EASY 4 STEP PROCESS:
RECORD > CREATE GUI > PLUMB > PUBLISH
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CAE Morphing

MeshWorks is a feature based morphing tool that can rapidly morph existing FE & CFD models to
match new geometry and/or to new proportions

Component and full system level FE/CFD models (such as automotive vehicle Crash, NVH & Durability
models) can be morphed to fit target design features such as styling lines, sections, proportions etc.
precisely.

A wide variety of morphing techniques such as control block (lower & higher order), direct parabolic,
spherical, polycube and field based morphing are available to address varied applications.

An extensive set of automated and interactive tools to create ‘control blocks’ for assembly level
morphing is available.

Concept Modeling

MeshWorks has advanced cutting, blending and stitching functions to create early stage concept FE
and CFD models very rapidly.

Local regions from the donor FE or CFD model can be cut, morphed and stitched to the target FE/CFD
model resulting in a new concept quickly.

Concept FE components can be created using sections and director lines. Concept FE features such
asribs, gussets, holes etc. can be created rapidly on existing models.

CAE Parameterization

MeshWorks is a comprehensive CAE model ?arameterization engine with a broad range of categories
of parameters that can be used at all stages of product development.

Categories of parameters include: gauge, shape, sections, spot weld pitch, seam-weld-spacing,
adhesive length, topology (member repositioning), features (humber of holes, ribs, bulkheads, crush-
initiators etc. in a given space) and general parameters.

Regular FE/CFD models can be converted to intelligent parametric FE/CFD models.

The parameters can be exercised as one-time execution or linked to Design of Experiments (DOE) and
Multi-Disciplinary Optimization (MDO) schemes.

Multiple runnable CAE models (literally hundreds of them) can be generated automatically by
exercising the parametric CAE models.

Auto Control Blocks

Out Sedan &
Donor SUV

Depth & Width Parameter Changed Fillet Radius Parameter Changed
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Design Enablers

MeshWorks has a powerful Design Enablers module that will allow users to
automatically create typical design solutions required to improve Structural and CFD
performance and reduce weight.

Typical Design Enablers available as automated ‘ready-to-use’ CAE solutions include:
a) Beads, b) Darts, c) Bulk-Heads, d) Reinforcements, e) Holes/Slots, f) Part
Extension/Contraction, g) Shell Rib, h) Tetra-Rib, i) Tailor Welded & Rolled Blank —
TWB/TRB etc.

All of the above can be created very easily without the user having to manually create
geometry, mesh or connections — sufficient to provide inputs at a high level as if a design
engineer would do.

The Design Enablers can be executed as an integrated solution complete with
properties, materials, connectors etc.

The Design Enablers can be executed as a single instance or as a parameter with
multiple instances.

Multi- Disciplinary Optimization

DEP MeshWorks based Parametric and Non-Parametric CAE models enable Multi-
Disciplinary Optimization to meet design targets, minimize product weight and
minimize manufacturing cost.

Meshworks parametric models can robustly generate multiple runnable analysis data
sets given a Design of Experiments (DOE) matrix. It can be executed in a batch mode
and can be integrated within automated work flows.

Ready interface is available to major optimization software such as Isight,
ModeFrontier, Heeds, Optimus, LSOPT, etc.

0

Auto Bead Creation

Auto Reinforcement Creation

—

Auto Tetra Rib Creation

Auto Part Extension

DEP MESHWORKS

(Unified Control-Blocks
to parameterize
models from
different disciplines)

NVH Solver
CFD Solver
Response
Surface
Input-

Output Matrix

A,

Crash Solver




CAD Morphing

CAD Morpher is a transformational software from DEP which allows users to morph
existing CAD data (Body structures, Powertrain and Chassis parts) directly to new
shapes rapidly.

For example, the complete BIW CAD data of an existing production vehicle can be
morphed and made to fit a new vehicle’s styling data and/or proportions. Several months
of CAD development can be reduced using DEP’s patented CAD morphing technology.

CAD morphing can be carried out at all different stages of product development:

A) Early concept stage: Existing donor CAD data can be morphed to target new styling
data and vehicle proportions

B) Vehicle architecture development: Existing BIW CAD data can be automatically
updated to fit new sections as determined by architecture team

C) Vehicle optimization: Existing CAD data can be updated to match optimized results
obtained by the CAE team

Morphed CAD data thus obtained can be used for studies involving packaging,
formability, styling, human factors, ergonomics, CAE, supplier sourcing etc. very early on

inthe program.
Supporting Platforms FE Interfaces:
. Windows 64 bit (7,8,10) o STL (ASCII &Binary)
. Windows Servers g MSC Nastran
. Red Hatand SUSE Enterprise s Abaqus FEA
Linux 64 bit (Workstation & HPC) y ANSYS
. LS-DYNA
. Pam-Crash
CAD Interfaces TN YN
J uent
. SC/Tetra
. Parasolid (text & binary) . STAR-CD
° STEP . MADYMO
. IGES . OptiStruct
. CATIAV4 & V5 % GENESIS
° JT . CONVERGE CFD
. UG/ NX

Original CAD

Rear windshield

Vehicle height a8

angle reduced

reduced ===

Front windshield
angle reduced

Morphed CAD
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DEP LOCATIONS
USA INDIA CHINA JAPAN BRAZIL
(Headquarters) Detroit Engineered Products, Inc. DEP India Pvt. Ltd. CDEP DEP Japan Co., Ltd. DEP Brazil Ltda

Detroit Engineered Products, Inc. 3838 Carson St, #336
850 East Long Lake Road Torrance California 90503
Troy, Michigan 48085 Ph: +1 (248) 227 8997
Ph: +1 (248) 269 7130

PARTNER LOCATIONS

#2/86, 7th Avenue,
Ashok Nagar,
Chennai - 600 083,
India

Ph: +91 44 42141453

#1 Building, North Tower,
2966 of Jinke Road RM 408
Pudong, New District,
Shanghai - 201203, China
Ph: +86(21) 68471085

Level 7, Wakamatsu Building,

3-3-6 Nihonbashi- Honcho Chou-ku,
Tokyo 103-0023

Japan

Ph: +81 3 6202 7670

Edificio Cabo Corporate Center
Rua 163, 226 — Sala 505

CEP - 54518-430

Cabo de Santo Agostinho
PE/Brasil

Ph: +55 (11) 5565 6612

BRAZIL: Rankine Informatica Ltda., Al. Santos, 1800 — 8° Andar, Sao Paulo — Cep 01418-102, Ph: +55(11) 5565 6612 www.rankine.com.br

FRANCE: DynaS+, 5, Avenue Didier, Daurat — 31 400, Toulouse, France, Ph: +33 5 61 44 54 98 www.dynasplus.com

GERMANY: ISKO Engineers AG, Taunusstr. 42, D-80807 Miinchen, Ph: 089 / 37062-0 www.isko-engineers.de

INDIA: CAx Software Pvt. Ltd., G-1, M S Crystal, 12, Malleshpalya Rd, Bangalore — 560075, Karnataka, Ph: +9180 41151512 www.caxsoftware.com

ITALY: SmartCAE srl, Via Ottorino Respighi 4/A — 50018, Scandicci — Firenze, Ph: +39 055 975 1000 www.smartcae.com

JAPAN: IDAJ Co. Limited, 37F, Yokohama Landmark Tower, 2-2-1-1 Minato Mirai, Nishi-ku, Yokohama, Kanagawa, 220-8137, Japan, Ph: 81 45 683 1971
Advanced CAE Solutions Inc., 1-13-11 Saiwai-cho, Hitachi-shi, Ibaraki-ken, 317-0073, Japan, Ph: 81 294 22 9006 www.advancecae.com

KOREA: STC Integration Inc., 4F, Dukyun BD, 1009-3,Bangbae, Seocho, Seoul — 136090, Ph: 82 2 3446 9290

SPAIN: CAEsoft, C/Rodriguez San Pedro 13, piso 2 oficina 9 — 28015, Madrid, Spain, Ph: +34 91 447 92 04 www.caesoft.es

UK: GRM Consulting, Edmund House, Rugby Road, Royal Leamington Spa, Warwickshire CV32 6EL, UK, Ph: +44 1926 889300 www.grm-consulting.co.uk

USA: JBL Technologies, LP, 6300 West Loop South, Suite 335, Bellaire, Texas 77401, Ph: 713 667 9087 www.jbltek.com

www.idaj.co.jp
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