C3D Kernel

Geometric Modeling
Toolkit For 2D & 3D
Software Developers



C3D History



1986, Kolomna Design Bureau
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1995, KOMPAS-Graphic for Windows
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2000, KOMPAS-3D

MIMAC-3D 5.11 - [C6opra C:ADADEMO-CAD\Yeprowesa_510vnerryn_234 [leurarens'161110000CE deurarens_a3d]
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Mechanical CAD
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. ) C3D Labs

2000:
2001:
2002:
2003:
2004:
2005:
2007:
2008:
2009:
2010:
2011:
2012:
2013:

Improvements

3D solid modeling algorithms

Geometric constraint manager; data converter
Associative views of 3D models

Basic surface modeling features

Sheet metal modeling algorithms

Manifold solid modeling

Wireframe modeling

Kinematic joints implemented for modeling mechanisms
Support for geometric model attributes
Full-fledged surface modeling

Expansion to cross-platform support

Direct modeling elements

English documentation; test applications
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2012

KOMPAS-3D — most popular 3D-CAD in Russia
70 000 seats

The mathematical division of ASCON became a separate

company C3D Labs to develop and promote kernel
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ASCON & C3D Labs Today



ASCON Group

Biggest Russian CAD/AEC/PDM developer with

30 offices, 6 developer's centres, 600 stuff on board

9000 enterprise customers
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Key Industries

Automotive

Heavy Machinery

Aerospace and Defense

Agriculture

Oil Production and Power Generation
Manufacturing and Construction
Electronics and Engineering Industries
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C3D Labs

Many customers worldwide

Development Partners: ProtoTech Solutions (India), Rubius

Resellers: LEDAS, Solar Tech (Korea), intrinSIM (USA)

Seminars and events are held across the world
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What is C3D?



What is C3D?

C3D Geometric Kernel
It offers functions for 3D solid
and hybrid modeling, sketching, Solver
and 2D drawing ;

Modeler

C3D Parametric Kernel
It boasts functions for creating
and solving parametric constraints
on 2D and 3D geometry

C3D Convertion Module
It reads and writes geometric models
in all primary exchange formats

C3D Visualization Module
performs detailed visualization of geometric models
and provides interaction with the interface of CAD systems

W 3D Labs 14




C3D Kernel
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Used in software products as the component responsible for
geometric model construction and constructed model control
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C3D Kernel
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Used in software products as the component responsible for
geometric model construction and constructed model control
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C3D Kernel

Originally developed by ASCON Group, now by C3D Labs,
using C++ and written in Microsoft Visual Studio
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C3D Kernel

The most known software in which C3D is typically used are
* computer aided design (CAD) systems
* computer-aided manufacturing (CAM) systems
* computer-aided engineering (CAE) systems
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C3D Modeler
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Modeling Approach

Boundary Representation (B-Rep)

l\j C3D Labs
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Visualization of Geometric Model

Polygonal Representation
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Geometric Modeling

Solid Modeling
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Geometric Modeling

Direct Modeling
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Geometric Modeling

Surface Modeling
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Geometric Modeling

Sheet Metal Modeling
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Geometric Modeling

Wire Frame Modeling
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Geometric Modeling

Hybrid Modeling
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LY 300

Geometric Calculations
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Mass-Inertia Properties

Calculation results

“1

A

Surface area = 1,5061348086e+004

Volume = 2.7979880657e+004
Mass = 6.9949701642e+004
Density = 2.5000000000e+000

Coordinates of center of mass
x= -5.4886239660e+001
y= 1.5432567473e+002
z= 1.0484141862e+002

Matrix of moments of inertia in the current coordinate system

2.4427144333e+009 -5.9253757819e+008
-4.0251462773e+008
-5.9253757819¢+008 1.1485128992e+009
1.1317669715e+009
-4.0251462773e+008 11317669715e+009
2.0525643848e+009

Matrix of central moments of inertia
7.8956397256e+006 -3.8705381130e+004
5.2386407179%+002

-3.8705381130e+004 1.6892172321e+008
1.9822545767e+002

5.2386407179e+002 1.9822545767e+002
1.7588991221e+008
The principal central moments of inertia

J1= 1.7588991221e+008 J2= 1.6892173251e+008 J3=

7.8956304204e+006

Directions of the principal axes

axis 1 0.0000000000e+000 0.0000000000e+000
1.0000000000e +000

axis 2 0.0000000000e+000 1.0000000000e+000
0.0000000000e+000

axis 3 -1.0000000000e+000 0.0000000000e +000
0.0000000000e +000

Computation ime 1123 mc
Angular tolerance 1.2566370600e-001 radians
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Planar Projections
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C3D Solver
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Modeling with Constraints

Primary features of C3D's constraint-based
modeling:

Relationships between geometric objects
not subject to a strict order

Declarative approach means there is no
need to plan model creation steps in
advance

Geometric constraints allow quick
changes to existing models

Models can be parametric, with driving
dimensions assigned in a user-friendly
manner
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Solving Constraint Satisfaction
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Constraint-Driven Parametric Drawings
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Assembly Modeling and Kinematic Simulation
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Evaluating Under-Constrained Geometry and
Degree of Freedom Analysis
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2D Solver Data Types

Points

Lines, line segments

Circles, arcs
Ellipses
Splines

Parametric curves

C3D Labs
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Coincidence
Incidence
Parallelism
Perpendicularity
Align points
Tangency

Distance

Angle

Radius

Fix, freeze geometry
Fix length or direction
Equal lengths

Equal radii




3D Solver Data Types

Points (vertices) Coincidence
Lines Coaxiality
Planes Parallelism
Cones/cylinders Perpendicularity
Tori Tangency
Spheres Distance
Markers Angle

Rigid bodies Fix geometry

Transmissions

DY c301abs 33
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Mechanical Transmissions
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C3D Converter



C3D Converter

Reads:

STEP AP203, AP214 (with PMI)
IGES v.5.3.

Parasolid X_T, X_B v.25.0
ACIS SAT v.22.0

STL, VRML v.2.0

Writes:

STEP AP203, AP214 (with PMI)
IGES v.5.3.

Parasolid X_T, X_B v.10.0
ACIS SAT v.2.0

STL, VRML v.2.0
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C3D Vision



C3D Vision

Visualization module of C3D Kernel
With polygonal representation of 3D objects
Easy to use for C3D customers
Fast, fast, fast! Very fast!
Available features - OpenGL and Levels Of Detail, LOD
Objects search engine is based on Object Identification

3D Widgets are supported

% C3D Labs



C3D Viewer

Test application for C3D Vision and C3D Converter

N C3D Labs

Easy to integrate for developers
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C3D Customers



Our Customers - CAD/CAM/CAE Developers
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ASCON

KOMPAS-3D, MCAD
Renga Architecture
KOMPAS:24 for Android
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Our Customers - CAD/CAM/CAE Developers

LO CNITI and Rubius
Extra CAD for ESPRIT
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Our Customers - CAD/CAM/CAE Developers

Hie e Help

LEDAS
Geometry Comparison (LGC)
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Our Customers - CAD/CAM/CAE Developers
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Our Customers - CAD/CAM/CAE Developers

Solar Tech (Republic of Korea)
Quick CADCAM
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Our Customers - CAD/CAM/CAE Developers
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Elecosoft Consultec (Sweden)
Staircon
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Our Customers - CAD/CAM/CAE Developers

NTP Truboprovod

PASSAT (Strength and stability calculation
of vessels and apparatuses, CAE)

8 MACCAT 207 - [Konanwapst cof] . (=[5 w3

VLS -HAESRm 4OV 00209
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Our Customers - CAD/CAM/CAE Developers
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B8 Gazwc-Mebernsum § - [npwoman.hid] =lalx|
e mas nu«mﬁqna VaanuTe  Hsgeine Mo yMoidae = - 3 xl
‘HE 0 [ZEe EL__sz%qt@||¢l&zm|r—jmr—mgr—— T T T E—

QEMEBQGWlﬂ@@m& @ I LT B
7]

Il

-

)

-

B

m

=l

-

i

fial

B

@

&

[}

]

|a | srEDaRa

N (3D Labs

Resident




Our Customers - CAD/CAM/CAE Developers

Center GeoS
K3-Furniture
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Our Customers - CAD/CAM/CAE Developers

BSP
HABITEK (AEC CAD)
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Modeling Help

Regenerste | Pan  Ratate Sateflite Cancel Standard
activate
[ wpart (F12)

'1_5 Editor

General | Nodes | Beams | Loads
w (¥|Beams visble |Draw end sections
Section pasition:
Center line
* [¥] Show firite element ine
Line width: ad
colar: W custom....
of| Drawy initial position
| Description

Source propes Reduced geomelr
| Index [Mame]

[Elg
¥ angle

Iy 1z Jtor

il [+ [Blastic maduius E]

Dynamic analys started: t 57; step=0.0
Construction 0
Dymamic analysis finished
Dynamic anaysis started:
Construction 0
Dymamic analysis finished
Pause
Cancel

[Shear modulus G]

58} step=0.0001 0001

— 12-01-01 % 0.5054
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Our Customers - CAD/CAM/CAE Developers

State Atomic Energy Corporation
ROSATOM (RFNC — VNIIEF)

LOGOS for computing simulations with supercomputers

N (3D Labs
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Our Customers - CAD/CAM/CAE Developers

Aascon ledas >
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Every task ha simple solutio

(Fzasoux) < 1

ConsulteC HABITEK SolidEng ™

ElecoSoft
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Our Customers in Education

St. Petersburg State Technological Institute
EasyBlister for Klockner Pentaplast (Germany)
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Our Customers in Education

Voronezh State Technical University
Web 3D-Viewer

C fi [ filey/Dyre/cadviewer html
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tem=, |
tem = | B
liem = | e
lem # | [
liem#

tem#

tem#

Hem#

liem #

fem £

llem

llem #

lem«#

liem#

Tem#

fiem#

llem#

tiem #

fiem#

femn #

Ttem#

ftem #

em#

ftem# o

C3D Labs

Resident




Our Customers in Education

M

National Research Voronezh State

Ogarev State Saint Petersburg Technical University
University of State Institute of

Mordovia Technology

Taras Shevchenko National Research
: ) Ulyanovsk State .
State University of . : i Tomsk Polytechnic
N Technical University . :
Transnistria University

N (3D Labs
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Developer Toolkit



Working Environment

Supported OS

1l

32/64-bit Windows
32/64-bit Linux
64-bit Mac OS

C++, C# wrapper

N (3D Labs
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Working Environment
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Test Application for Windows

> Testing of geometrical kernel C2D [Visual C++ Debug) R e -

‘| file_Creane Modify Select Perform_ Setu_p Window Help

Lo Sketch plane L3
'
Paint on the plane L
Curve on plane L
Contour on a plane 3
Multiline on a plane L
Paint in space 1
Curve in space L
Surface \r
Wireframe L
Solid ’
Shell L
Object r
Projection of a abject 3
Constructive object I
Replica L4
Thread LS
Mating E
Geometnic constraints 1
Dimension L

| x=4306.86¥=5204.91 2=262.645 M=0.027
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Test Application for Linux

Testing of geometrical kernel C3D [Qt & g++ Release]

ile Create Modify e S e
D= d

F Isometry XYZ [HE=1E3)

68,764 y=120,217 z=197,593 M=0,420

DY 3o Labs
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Testing of geometrical kernel C3D [Qt & g++ Release]

Test Application for Mac OS
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Technical support:
sd.ascon.ru

FTP server:
c3d.sd.ascon.ru

Include:
C3D releases
C3D workversions

New versions
Every 2 weeks!

C3D Labs

Customer Support

Index of | JSC30_workversion/V16_WRK
=0/
Eb C30_release
V15
CoE- V16
B | C3D_workversion
- b VIS_WRK
- ) VIEWRK
e Ju BOTS7
Name ” Last modified Size
X
. 89757 12122013
89915 27.12.2013
L 90029 20.01.2014
90174 12.02.2014
4 90283 12.02.2014
{1 90570 02.03.2014
L 90546 11.03.2014
090583 07.03.2014
190738 04.04.2014
. 90872 04.04.2014
. 90888 14.04.2014
91059 16.04.2014
L 91112r 24.04.2014
_D 91239 07.05.2014
1091365 23.03.2014
1091653 21.06.2014
491778 11.07.2014
91879 23.07.2014
92065 11.08.2014
52083 14.08.2014
92245 28.08.2014 12:5...
<
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Automated Testing System

350 000

Control 3D models

1.000.000

Boolean operations
performed every night!
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Online Documentation

http://c3d.ascon.net/doc/math/modules.html

C3D Kernel sss1
Main Page ll!lg Classes | Files |

Modules

Here is a list of all modules:

+« The Geometric Modelling Module
¢ The Geometric Objects
The Geometric Model Objects
The Topological Objects
The Surfaces
The Curves
The Point
The Aancillary Items
The Two-Dimensional uv-Curves
» The Two-Dimensional Regions
¢ The Algorithm Objects
The Three-Dimensional Base Objects
The Two-Dimensional Base Objects
The Creators
The Attributes
The Scalar Functions
The Operation Parameters
The Properties
The Data Structures
The Parser
The Names
The Model
o The Geometric Construction Methods
The Solid Modeling
The Shell Modeling
The Sheet Metal Modeling
The Direct Solid Modeling
The Construction of Surfaces
The Construction of Curves
The Construction of uv-Curves in Two-Dimensional Space
The Operations with Points
The Base Algorithms

C3D Labs

Resident




ew User Manual

contour

Pmc M.14.12

Ha pmc. M1413 mp Temo,
OOBEPXEOCTH, IPHBEIEEHCTO Ha PHC. M 1412

/ params.shellClosed = true

KOHTypa Ha EPHEONHEEHHONR

direction

contours[(]

params thickness1 =0
params.thickness2 =0 2 params.sidel sealarValue
pa

rams.stdel scalomr-Valne
Puc M 14.13

Ha pme M1414 OpHBEIEHC TOHKOCTEHHOE TE10, I
5 PXHOCTH, I o ma pac. M14.12

BELIABIHBAEHEM KOHTYPa

step

axisd
’/*—fﬁ o w=2m
- axisZ w] — ‘T::_ =
- origin axisZ _‘/,/
Puc 05101

JlnA rpaHETHLIX 3HAYEHHEI BTOPOT0 TEPAMET]A I0BSPXHOCTH TOMEHE COSMIIATECA HePaBeHCTED
VIRI=VIRAX.

0.5.11. Kneematu4eckas noeepxsocts MbEvolutionSurface

Kaace MbEvolutionSurface ofnasaen B dafize surf_evolution surfaceh

Kmmewmarswecsas mesepxmocts MbEvolutionSurface npmsanmessT x rpymme nosepxmocTei
memwserna MbSweptSurface. Kumematameckan MOBEPREOCTE ABMAETCA OOWIENM CAYTAEM NOBEPRHOCTH

4 iditer:d # wpmpod. [loBepxHOCTE BPAlICHIT  OMHCHIEASTCA
ofpasyromei RPEBOH MbCurve3D* curve, HANpABILTOMIIN ofsexton MbCurve3D*® spine, moxoiemmen
ragana sanpasraromedt MbCartPeint3D origin. ¥ nosepxeocTs ecTs emé HEROTOPHIE JaHERE, KOTODSE
He 0OA3ATENEHEL H CTYEAT I04 YCKCPEHHA PafoTsl METOIOB MOBEPKHOCTH.

Tlepenlf napaMeTp MOBEPXHOCTH N COBOAZaeT ¢ IapaMeTpon ofpasylomed xpHBoH curve.
[lepserf mapaMeTp DOBEPXEOCTH OPHEHMaST IHAYSHHA Ha OTPe3Ke  UMINSU=UMIX, KOTOPRIR
COOTBETCTBYeT O0MacTH onpeledeHus ofpasyromeil xpusoil [losepxuocTs MomeT GaiTh mepHOIHUECKOH
[0 DePEOMY NPAMETPY, €CTH NePHOIHIeckol ABAAeTCA 0SPa3yIOMas KPHEAT.

Hanpasamomui ofpexT spine 3aMenseT cofol HaNPaEIfiOIIyIo EPHEYI. NOCTPOSH Ha Gae
KPHBOH H ODIHYAETCE OT NOCTeNHEH Tes, WI0 MOAET [EHEPHPOBATH ICKATSEYED CHCTEMY KOOPIHHAT.
CBE3AEHVEC ¢ KpHBOH. BTopoff mapaMeT]) NOBEPXHOCTH ¥V COEMANAeT ¢ MapaMeTpoM EpHBOE
HANpAENAOmEro oObekTa spine. Bropodf mapaMeTp MOBepXHOCTH NPHHEMAST IJHAMEHHA HA OTPEIRe
VIRIN=V=VMAX, KOTOPHH CCOTBETCIBYET OOTacTH ONpeledeHHR i xpusoil. [losep TH
MOEET GHTH NEPHOTHYECKOH [0 BTOPOMY MEDAMETPY, eclH NEPHOIHYEcKOH FBIFSTCH HANDARIAMIAS
EPHBAA.

E metoze PointOn( double u. double v, MbCartPoint3D & s ) pazHyc-BexTop DOBEPRHOCTH §
ONMHCHIBAETCA BEKTOPHOH QyHKIHER

C3D Labs
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Geometric Modeling by Nikolay Golovanov

GEOMETRIG

Ph.D. in Mechanical Engineering

"Golovanov has created a text that will enable any
serious student of geometric design to grasp the full
power and beauty of the mathematics behind this
essential set of tools, and put them to work. | am
deeply impressed by the logical and methodical
presentation, and by the clarity of the teaching. Highly
recommended!"

Joel N. Orr, Ph.D.

“Geometric modeling continues to grow in
importance... Understanding the constructs that
underlie geometric modeling will place students and
developers at the forefront of these new
advancements. Nikolay Golovanov has paved the way
to that wunderstanding with this comprehensive
presentation.”

Ken Versprille, Ph.D.
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Business Model
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N (3D Labs

Easy to Get

a

3 month \
Free evaluation

Direct support
from developers

4
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Flexible Licensing Policy

/

€

Royalty-free
for free and low-cost products

Special terms for startups

Educational program
for universities

N\

4
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Thank you!

c3dlabs.com

twitter.com/C3Dlabs

youtube.com/C3Dlabs
facebook.com/C3Dlabs

linkedin.com/company/c3d-labs



