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Difference between Drafting
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DESIGN

Design

VERSUS

DRAFTING

Drafting

In architecture and engineering,
design is the lpmces.x of transforming
ideas into life

Drafting is the technique of creating
technical drawings, whether in 2D or
3D.

Design means creating sketches or
basic drawings with technical data
which is a pictorial representation of
the building.

Drafting requires creating technical
drawings that will provide the
technical specifications of the

architectural project.

Design is the process which involves
conception and 3D modeling to
bring ideas into life using computer-
aided drawings.

It's part of the design process that
is done by hand or using computer-
aided programs and mechanical
drawings.

It provides detailed analysis to
justify the selection of component
sizes based on various factors.

Drafters use AutoCAD program
to draft plans and create technical
drawings.
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Manual Vs Computer Aided
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Unit -1 INTRODUCTION

Product cycle- Design process- sequential and concurrent
engineering- Computer aided design — CAD system
architecture- Computer graphics — coordinate systems- 2D
and 3D transformations homogeneous coordinates — Line
drawing -Clipping- viewing transformation-Brief
Introduction to CAD and CAM — Manufacturing Planning,
Manufacturing control- Introduction to CAD/CAM -
CAD/CAM concepts —Types of production — Manufacturing
models and Metrics — Mathematical models of Production
Performance
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Product Life Cycle

Product
Extension

Sales

Introduction Growth Maturity Decline
TIME
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Product Lite Lycle

Sales start to grow rapidly.
Persuasive advertising may be used.
Prices may be reduced as new
competitors enter the market.

Profits start coming.

Product is launched.

Sales grow slowly as people
are not aware of the product.
Informative advertising is used
Usually no profit

downloaded from www.dineshbakshi.com
interactive crosswords, quizzes, me

mindmaps, flash games.
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Sales

The 4 Life Cycle Stages and their Marketing Implications

Introduction . Growth | Maturity | Decline
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customer * Profits rise I lowest 1 * Profits fall
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PRODUCT LIFE CYCLE
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Computer-aided Computer-automated

design — Drafting and documentation
Product Design =
| ‘ - : . + Drafting
concept | Engineering
' Order new | ' o
Customers ‘ i ' Process Computer-aided
and markets equ:pmgnt Planning Process planning
- : and tooling N >
- @ ‘
' Quality S T
control Production scheduling
Computer-aided Computer controlled Computerized scheduling,
Quality control Robots, machines, [* Material requirements planning,
etc. Shop floor control
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Typical Product Life Cycle
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Shighely Model
’ Recognition of need

Q Definition of Problem
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Sequential vs. Concurrent Engineering (CE)

Sequential engineering erects walls !/
Sequentnal ; 4 = Processg
. . Rg%ll]'t’f' Product Engng instructions
Enginee rlng Jnenty file —
l \F\ L b
Customers Marketing E)n e;iif,?g Elx\l/{rljr?g Production
Concurrent
Engine ering With CE the
‘v walls come
M - tumbling down
© 1997 M. Zarrugh ISAT 211 Mod 3-21
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/
Concurrent Engineering

STEES)

Traditional Process = Linear

Vs

Concurrent Engineering = Team collaboration

e
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Synergy — Interesting Aspect @&

Two horses can pull about 9,000 pounds.
« How many pounds can four horses pull?

The arithmetical response is 18,000.
Sounds reasonable — but it's wrong!

Four horses can actually pull over 30,000

pounds.

+ It's synergy that makes the difference!
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If | had 8 hours to
chop down a tree |
would spend 6 hours
sharpening my axe.
Abraham Lincoln
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(a) Sequential Engineering
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e Major classes :
e Main frame

® Mini computer
o Workstation

e Microcomputer
* Based

e Application areas :

e Mechanical

e Architectural

e Construction

e Circuit design
e Chip design

e Cost :
¢ High end
® Low end

System

Application
software

:

Graphics
utility

3

Device
dnvers

Database
(CAD model)

UUser
Interface

:

Input - output
devices

Fig. 1.6.1 CAD system architecture
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Computer Graphics

Computer Graphics involves Creation, displays,
manipulation and storage for proper visualization
using computer

Control signals

Link to Control
host computer | processor

Y
_ Display
=| Display file =~ processaor -
unit

Display
screen

]

Input
devices

Fig. 1.7.1 A basic computer graphics layout
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Coordinate systems

Sk Vi
¥
3 3
A
() XY plane defines model 1op view i) XV plane defines model front view

Orientation Orientation
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Coordinate systems

Model Co-ordinate System /
World Co-ordinate System

Working Co-ordinate System

/ User Co-ordinate System

Screen Co-ordinate System /
Device Co-ordinate System
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Coordinate systems
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Example
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Geometric Transformation

* It plays a major role in geometric modeling and
viewing
» Used to express the locations of entities relative to

others and to move them around in the modeling
space.

« Used to generate different views of a model for
visualization and drafting purposes.

 Used to create Animated files of geometric models.
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Basic Geometric Transformations

* Translation
* Rotation

* Scaling

* Mirroring
* Shearing
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2D TRANSFORMATION

o
A Square
Rotaton Shearing Translation Scaling
v
: v
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Translate
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Scale Shear
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Rotation about arbitrary point

translate to

[~ ] origin R
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rotation
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center




Line Drawing Algorithms

NS \
A
: 3( |

' A\

The lines of this object
appear continuous

12/31/2022

However, they are
made of pixels




2D Drawing

In reality, photographs are arrays of pixels, not abstract
mathematical continuous planes

Continuous line Digital line
W
y y
| 03

X X

In graphics, the conversion from continuous to discrete 2D
primitives is called scan conversion or rasterization
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Rasterize A(2,3) B(12,8)

Xi YiI  Xp Yp
2 3 2 3
3 35 3 4
4 4 4 4
5 45 5 5
6 5 6 5
/ 55 7 6
8 6 8 6
9 65 9 7

10 7 10 7
11 75 11 8

12 8 12 8
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Start

\ 4

Set Values

A 4

Calculate No. of steps

X1 =% =1/m

Yiryi=1

No
Yes
X=X =1
Yty =m

Evaluate and plot x and y points

v

Stop

A




DDA line algorithm : Disadvantages

» Key disadvantage:

1t relies on floating point operations to compute
pixel positions.

* Implications:

J Computationally inetficient because floating-
point operations are slow.

J Round-off errors accumulate, producing incorrect
line drawings (e.g., 1f m 1s rounded to 0.9 even
though 1t 1s equal to 0.99, lines of length > 10 will
be drawn mmaccurately)
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Clipping

« Any Procedure that identifies those portions of a picture that are
either inside or outside of a specified region of a space Is

referred to as a Clipping algorithm or simply Clipping.

« The region against which an object is to be clipped is known as

///j_.. I//
5

Clip Rectangle

Clipping Window.
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CLIPPING




Types of Clipping

* Point Clipping

* Line Clipping

* Polygon Clipping
 Curve Clipping

* Text Clipping




Point Clipping

XWe have a point P=(xw, yw) for display if the following

Inequalities are satisfied
-

)
|
’.
{

max +
YW
— -

XWmin < XW < XWmax
mein < yW < yW

(xw, yw)

XWopia XW ox

where the XW i, Yomin: XWimax: YWmax ar€ the edge of the Clip Window.

X If any one of these four inequalities is not satisfied, the point is
clipped



Line Clipping

A

Clip Rectangle



Cohen - Sutherland Algorithm

L R

ABRL Code -1001 1000 1010

3 2 1 0

above| below| right | left 0001 l
Region Code Legend

0010

0101 0100 0110




ABRL coding

1. TRIVIALLY ACCEPT
2. TRIVIALLY REJECT

/ P, [1000] P,,[1010]
wy Clipping Window
max P
0001 / P, [0000] \
P,, [0010]

A

P, [0000]
p_[0001] T
*, [0000] ——ep, [0010]
Wymin
\' P,, [0100]
P13 [0.121] —* P, [0110]
WX WX ]

min max



Sutherland-hodgman area clipping algorithm

A technique for clipping areas
developed by Sutherland &
Hodgman

Put simply the polygon is clipped
by comparing it against each
boundary in turn

Clip Right Clip Top Clip Bottom



2.Curve clipping

‘-—-——.l-ﬂ

Before Clipping

After Clipping

CTlipping a filled circle.



—— e ey ———

———— e ——

Before Clipping

STRING 2

After Clipping

Text clipping using a
bounding rectangle about the
entire string.

TEXT CLIPPING

STRING 1

SITRING 3

STRING 4

N

Before Clipping

NG 1

TRING 3

STRING 4

&<

After Clipping

Text clipping using a

bounding rectangle about

individual characters.



4 ™
2D Viewing Transformation &w

Transform 2D geometric primitives
from application’s world coordinate system
to device's screen coordinate system

World Screen
] e

[
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Ei— e 1 —
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Viewport




Window and Viewport

Viewport:
Area on screen to be used for drawing.
Unit: pixels (screen coordinates)

Note: y-axis often points down

Window:
Virtual area to be used by application

Unit: km, mm,... (world coordinates)

(800,600)
(600,4[00)
| (200,200)
(0,0)
2.

(2,1)
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Viewing in 2D - Viewport

R 'z:'q:*“‘ ““‘“W"‘*W

iﬂ'uﬂl"

o i s

Viewport

72



Window -to-Viewport

Transformation

* Window-to-Viewport mapping is the process of
mapping or transforming a two-dimensional, world-
coordinate scene to device coordinates.

* |n particular, objects inside the world or clipping
window are mapped to the viewport.

* The viewport is displayed in the interface window on
the screen.




2D viewing transformation pipeline

Construct World-
Coordinate Scene
From Modeling-

World Convert World-
Coordinates Coordinates to
Viewing-
Coordinates

Modeling
Coordinates

Coordinate
Transformations

Viewing Coordinates

Device
Coordinates

Transform Viewing- Normalized

: : Map Normalized-
Coordinates to Coordinates P

Coordinates to
Device-Coordinates

Normalized-
Coordinates

74



2D Viewing Transformation Representation

Viewing Coordinate
Window

\ s Normalized Space

Viewpon

/FA @[ w2
et _.\ Window

g
N

Monitor 1 Monitor 2




meax o

yVm ax |

yvmin ]

XW

max

Viewport

XV .

XV

max
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Example:

World Coordinates Viewport Coordinates

Viewport

XW-min XW-max | XV-min  XV-max

YW-min




Unit -2 Geometric Modeling

Representation of curves- Hermite curve- Bezier curve-
B-spline curves-rational curves-Techniques for surface
modeling — surface patch- Coons and bicubic patches-
Bezier and B-spline surfaces. Solid modeling
techniques- CSG andB-rep




Unit -2 Geometric Modeling
» Curves

»Surfaces
»Solid




Introduction to curves




Curve Entities

All CAD/CAM systems provide users with curve

entities
Curve entities are divided into two categories,
Analytic
The Curves Which are defined as those that can be expressed
by analytic equation.
Points, lines, arcs, fillets, chamfers, and conics (ellipses,
parabolas, and hyperbolas)
Synthetic

The curves which are described by a set of data points or the
control points such as spline; Cubic spline, B-spline and Bezier
curve



Conic Curves - Parabolas

Conic curves or conics are the curves formed by the intersection of a plane
with a right circular cone (parabola, hyperbola and sphere).

A parabola is the curve created when a plane intersects a right circular
cone parallel to the side (elements) of the cone

Cutting plane




Conic Curves - Parabolas

Beam of uniform strength

Applications of parabola

Weightless flight trajectory

A parabola revolved about its
axis creates a surface called
paraboloid. An auditorium
ceiling in shape of paraboloid
reduces reverberations if the
speaker stands near the focus



Conic Curves - Hyperbolas

A hyperbola is the curve created when a plane parallel to the axis and
perpendicular to the base intersects a right circular cone.

Element
(side)

Hyperbola

Orthographic view



Conic Curves - Hyperbolas
Cooling Towers of Nuclear Reactors

The hyperboloid is the design standard for all nuclear
cooling towers. It is structurally sound and can be
built with straight steel beams.

For a given diameter and height of a tower and a
given strength, this shape requires less material than
any other form.

Dulles Airport - shape of a hyperbolic
paraboloid



Conic Curves - Ellipse

An ellipse is the curve created when a plane cuts all the elements
(sides) of the cone but its not perpendicular to the axis.



Conic Curves - Ellipse

In New York's Grand Central Station, underneath the
main concourse there’s a special place known as The
Whispering Gallery.

The Statuary Hall in the Rotunda
(Washington) has a ceiling curved as an
ellipse.



Conic Curves - Ellipse

Some tanks are in fact elliptical (not circular) in cross section. This gives them
a high capacity, but with a lower center-of-gravity. They're shorter, so that they
can pass under a low bridge. You might see these tanks transporting heating
oil or gasoline on the highway

Ellipses (or half-ellipses) are sometimes used as fins, or airfoils in
structures that move through the air. The elliptical shape reduces drag.

Elliptical gears are used for certain applications



Conic Curves



Curve Entities — Synthetic Curves

Analytical curves are usually not sufficient to meet the design requirements
of complex mechanical parts, car bodies, ship hulls, airplane fuselages and

wings, shoe insoles, propeller blades, bottles, plastic enclosures for
household appliances and power tools, ....
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Types of curve equations

1.

Parametric equation:
Example: circle equation:
X=Rcos® Y=RsinH z=0 0<0<2n

(the coordinates are defined with the help of the extra
parameter 0).

Non-parametric equation
1. Implicit form: x2+y?-R?=0 z=0.
2. Explicit form y=1tV(R?-x?) z=0.

( these equations defined the x, y and z coordinates without the
assistance of extra parameters)

The parametric equation is the most popular
form for representing curves and surfaces in
CAD systems.



Conic Sections

The curves or portion of curves obtained by cutting a cone with a plane
are referred to as conic sections.

Hyperbola

4T  Parabola




Circle or Circular Arc

A circle or its portion on the xy plane with radius R and center at (X_,
Y_) can be represented by the equations:

Xx=R cos 0 + X_ y=Rsin 0 +Y, (0<0 <2m for a
circle)

Ellipse or Elliptic Arc

The parametric equation on an ellipse centered at the origin and
located in the xy plane. The major axis is in the x direction with
length a and the minor axis is in the y direction with length b:

X=a cos 0 y=b sin O z=0 (0<0 <27 for an
ellipse) Y

S




Hyperbola

Implicit equation:

XZ y2
2 bt

The parametric equations:
X=a cosh u
y=b sinh u




Parabola

A reference parabola that is symmetric about the x axis and
passes through the origin can be represented by the following
explicit equation:

X = Ccy?

This equation can be converted to the following parametric

equations:

X=cu? y=u



Types of curves

1. Analytical curves

The curves which are having rigid form of equation with
out any flexibility to modify its original shapes after display.

Example:
1. Point

2. Line, Line segment

3. Conic sections — Circle, Ellipse, parabola, hyperbola.

4. Fillet
5. Chamfer



2. Synthetic curves

e The curves which are wusually described by a
polynomial equation having flexibility to modify its
original shape after display.

e A parameter (u) is used to control its shape and
degrees-of-curves.

Examples:

1. Hermite cubic spline curve

2. Bezier curve

3. B-spline curve

4. Rational curve
a) Rational Hermite cubic spline
b) Rational Bezier curve
c) Rational B-spline curve



Synthetic Curves

* Analytic curves are usually not sufficient to meet
geometric design requirements of mechanical parts.

Example: Car bodies, ship hulls, airplane wings,
propeller blades, shoe insoles, and bottles etc.




Need for synthetic curves

* When a curve is represented by a collection of
measured data points.

* When an existing curve must change to meet
new design requirements.



Continuity

The smoothness of the connection of two curves or
surfaces at the connection points or edges.

CY: simple connection of two curves
C!: the geometric slopes at the joint must be same

«C?: curvature continuity that not only the gradients but also
the center of curvature is the same

Co contlnult/}‘ \

Co & C, contmmtv Co& C &Gy conti}pujty



1. Hermite cubic spline curve

 Parametric spline curves are defined as
piecewise polynomial curves with certain
order of continuity.

* The parametric cubic spline curve curves
connects two data (end) points and utilizes a
cubic equation.

General condition required:
1. Two end points
2. Two end slopes



 The parametric equation of a cubic spline
segment is given by:

P(u)z_ZSjCiu‘ O<uc=<il

where, u — parameter
C. . Polynomial coefficients
The scalar form of equation:
X(u)=C,, u3+C, u?+C, u+C,,
y(u) =C;, >+ C, u*+C u+Cy,
Z(U) = C3z U3+ CZZ U2 + C1z u+ COz

The vector form of equation:
P(u) = Cou*+ C,u? + Cyu + C,



P, — Starting point
P, — End point

P’ — Starting slope
P’ — Starting slope

e



The matrix form of equation:
P(u) = U'C
where,
U=[u3 u?utl 1]’

C = [C3 Cz Cl CO]T (coefficient vector)

Tangent Vector

P'(u) = iCii u—" O0<ucx<l




To find the coefficients C.

Apply the known boundary conditions
P,,P, at u=0

P,,P, at u=1

Position and slope equation are:

P(u) = Cou*+ C,u? + Cyu + C,
P'(u) =3C,u?+ 2C,u + C,



When applying u =0 and u =1 on the position
and slope equations:

* Po =G
* Po=G
* P,=C+C,+C, +C,

+ P, =3C,+2C,+C,




After solving the above four equations by
simultaneous solution method the coefficients
are:

Co=Po

C, =Py

C,=3(P,-P,) -2(P'4- P',)
C,=2(Py-P,) + P4+ P,



After substituting all four coefficient, the
final blending functions are:

P(u) = (2u3—3u?+ 1)P,+ (-2u3+ 3u?) P,
+ (U3—2u?+ u)P + (u3—u?) P,

P’(u) = (6u®—6u)Py+ (-6u’+6u) P, +
(3u?—4u+1)P’,+ (3u?-2u) P,



P(u)=U'C
P(u)=UT[M]V
Where,

M ] = Hermite matrix
V= Geometry (Boundary) vector

2 =2 1 1
—3 3 —2 -1

[M 1=

V=[P, PP P



Comparing the above two equations:
U'C =UT[M,]V
C=[M,]V

Final position and slope equation in the
matrix are:

D(U) =U' [MH]V
P’ (u) = UM ]V




Modification of resultant curve shape

1.By changing control point(s)
2.By changing end slope(s)



1.By changing control point(s)

[A] Splino

I‘*— il Pasrit

(A} Changed Spline



2. By changing end slope(s)

u="0 Pﬁ-

By ckcmaina one Slope

pre P, Py,

By C/\\ama:ma two S\‘Yus



Hermite Cubic Spline curve using AutoCAD software




Characteristics of Hermite cubic spline
curve

1. The resultant shape will pass through all the
given data or control points.

2. It uses interpolation technique for curve general.

3. The resultant curve has tangential property with
start and end slopes.

4. When reversing the parametric direction, the
shape of the resultant curve not be altered.

5. It has only global control.
6. The resultant curve has always cubic curve.



Limitations

1. It has only global control (or) Lack of local.
2. Always it is a cubic curves.

3. Itis not possible to apply, when higher
degree of curves required.



UNIT - 1l

* CAD STANDARDS



Standardization in
Graphics

» GKS (Graphical Kernel System)

» PHIGS (Programmer's Hierarchical Interface for Graphics)
» CORE (ACM-SIGGRAPH)

» GKS-3D

» IGES (Initial Graphics Exchange Specification)

» DXF (Drawing Exchange Format)

» STEP (Standard for the Exchange of Product Model Data)
» DMIS (Dimensional Measurement Interface Specification)
» VDI (Virtual Device Interface)

» VDM (Virtual Device Metafile)

» GKSM (GKS Metafile)

» NAPLPS (North American Presentation Level Protocol Syntax)
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Various standards in graphics
programming

Graphics
Data base

DxF, IGES, STEP, SET

Applications program

GKS, FHIGS, CORE

Graphics funchons

VDI, VDM, NAPLFS

Device
driver

Davice

Davice
driver

December 31, 2022
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objectives

» The main objectives that were put forward for GKS are:

» —To provide the complete range of graphical facilities in 2D,
Including the interactive capabillities,

» To control all types of graphic devices such as plotters and display
devices in a consistent manner,

» To be small enough for a variety of programs
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Layer model of Graphics Kernel
System

Application program

Application oriented layer

Language-independent layer

Graphic Kernel
System

Operating system

Other resources Graphical resources
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in IBM GKS

ICS primitives

Graph

BAR

CIRCLE

PIE SLICE

125
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Primitives in GKS

"

POLYLINE(N, XPTS, YPTS)

+ The polyline function takes an array of X-Y coordinates
and draws line segments connecting them

MSRIT



POLY MARKER: which marks a sequence of points with the
same symbol.

POLYMARKER(N, XPTS, YPTS)

‘\

MSRIT



-‘
* FILL AREA: which displays a specified area.
FILL AREA(N, XPTS, YPTS)

* TEXT: which draws a string of characters.
TEXT(X, Y, STRING)
An example of the text primitive is:
TEXT(6, 3, 'A Character String')

MSRIT



Drawing duck using gks primitives

o
© 0 o ©
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‘\

+ the three-dimensional extension of GKS.

* allows the production of 3-D objects.

* handle 3D primitives, 3D input, and 3D viewing.

MSRIT



The Drawing Primitives

‘\

* Polyline
3DCALL GPL3(N, PXA, PYA, PZA)

* Polymarker
3DCALL GPM3(N, PXA, PYA, PZA)

+ Fill Area
3DCALL GFA3(N, PXA, PYA, PZA)

MSRIT



EXCHANGE OF MODELING DATA
\

* Necessity to translate drawings created in one
drafting package to another often arises.

* One method is to write direct translators from one
software to another, which has to be produced by
system developer.

MSRIT



EXCHANGE OF MODELING DATA

SOFTWARE A

7\

SOFTWAREB [™ EDI-_[WAFEE C

Fig. 17.3 Direct Data Translation

* If we have three software packages we may require six
translators among them.

* This will necessitate a large number of translators

MSRIT



MSRIT

.’
* |GES - INITIAL GRAPHICS EXCHANGE SPECIFICATION

* |GES version 1.0 was released in 1980
* IGES converts the CAD model into neutral file.

# Conversion is done by preprocessors inbuilt in the
software.



\

PRE IGES/ POST
PROCESSOR [ ™ SFTLEEP ——=— PROCESSOR
CAD CAD
SOFTWARE A SOFTWARE B
POST IGES/ PRE
PROCESSOR ™ SFTLEEP ~=—— PROCESSOR

Fig. 17.4 CAD Data Exchange Using Neutral Files
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MSRIT

\
101: circular arc

108: plane

110: line

116: point

120: tabulated cylinder

134: node

158: sphere

184: solid assembly

190: plane surface



Contains only two POINT (Type 116), two
CIRCULAR ARC (Type 100), and two LINE
(Type 110) entities.

MSRIT



Data exchange between various
systems

CAD'C’ CADD’

-
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Boeng GE neutral
ClIN database ——
CANH L] | *7 stall
ﬁm forg 1 1GES 10|
project ]
}{BL—E g [ ANSI Y14.26M | Jl
Developments 2 [T [N
in the drawing “ s bl
ESP ‘—] ]
d atah 1998 __IGES40 |
exchange |
formats s || o B2
______ I e e X R

Product data PDES £ e me| ESPRIT
based format

| ! n 1 1

A —
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Initial Graphics
Exchange Specification (IGES)

» IGES is the most comprehensive standard and
Is designed to transmit the entire product
definition including that of manufacturing
and any other associated information
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Data interchnage method between two different CAD

systems using neutral data format such as IGES or

STEP

CAD
aystem A

!

CAD Database

Mautral Data Fomnat

|

December 31, 2022

Data transfer
from Ato B

Freprocessor
Data transfer
Meutral Data Format fromBio A
Postprocessor
CAD
CAD Database System B

!

Meuiral Data Format
Preprocessor

Meutral Diata Format

Postprocessar

L
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Component drawing and part of
IGES file generated

ETC IGES file: iopert.igs E 1

18,1857, 1El,l0Hinpart . igs, = 1

S8HPro /ENCIMERR by Farametric Technology Corporatiom, 4H9741,32,28,7,3E, = 2

15, 1HL, 1,1, 4EINCE, 32768, 0.5, L3E970430 104743, 0 _00039eles, 3 _SclBZ, = 3

€Em) Lang, TEURKnown, 10,0, L3T5T0430. L04T43; G 4

124 1 1 1 0 i 0 J0LOCa000D 1

124 i 0 1 0 EEORM 1D 2

Lao 2 1 1 [ 0 1 1010100000 e

Loo 0 0 1 (v BRC 10 4

“'Hh‘“'- ;< 110 5 1 1 0 0 ) 0010100000 5

——— LLi 2 0 1 (v LINE 10 1a

T _"""'-u,,.( 125 23 1 1 o i 0 1010100000 1E

~ 126 D 0 23 0 B_SPLINE 1D e

— LZB 333 1 1 [ 0 0 10L0100000 103

i "“_,a\ LZ8 1] 0 ] 0 ZELSRF 1D 116

— Loz 234 1 1 0 i 0 JOL010000D 111

L~ ""‘“'*-—x< 1oz y 0 1 0 CCURTE 1D 112

A N ey L4z 392 1 1 0 { 0 Q0L 105000 11%

I— 147 1 0 1 [ U'V_BHD 10 1zZ@

i "“;,< 144 333 1 1 0 I 0 1000000000 121

- 144 1 0 1 O TEM_ERF 10 122

S

N, y
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SUBSECTIONS OF IGES FILE
o

* START SECTION: Contains man readable prologue file.

* GLOBAL SECTION: Contains details about the
product, organization, software, date etc.

* DIRECTORY ENTRY SECTION: Contains attribute
information such as color, line type, etc.

MSRIT



\

+ PARAMETER DATA SECTION: Contains data
associated with entities.

* TERMINATE SECTION: This contains sub-totals of
records present in each of the earlier sections.

MSRIT



Sub-sections in IGES

1. Flag section - Optional
ASCIl/binary/compressed ASCI|

>, Start section(S) - Man readable prologue

3. Global section(G) - Details of product,
person originating the product, name of the
company originating it, date, details of
system which generated it, drafting
standard used etc.

4. Directory section(D) - Index for the file and

attribute information like colour, line type
etc.
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Sub-sections in IGES

5. Parameter Entry section(P)
Geometric entities- Point, line, arc, different
surfaces, curves, solid primitives etc.
Annotation entities - Angular dimension,
diameter dimension, label, note, etc.
Structure entities - Associativity definition,
text font definition, color definition, units
data etc.

5. Terminate section - Sub-totals of record in
each of earlier sections
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IGES part file case study

APt slAD 2091 UMNALLISTLALD VIRSION - [LA\Dacamants aed Selbtings Adruiiatiatun’ My Decrrnsalie’ Chipd 1) o™ J: X
e R Vs ol FOred el Urav e Modfy Soemsd Wiy Meb ~lof =l

IDRAEAD Y a6 s ¢ wRA2RNERHINE B][srem o) Lliwas 2| dsmmm
EL LN RN #s 4 |[G60 &= e o] [~

WA L ST T RS e T

> PR @PV0LODNTO L NN S

AT B e

Asss 2N COL +50

e 4D

g =y (Fy

Asem 3b3yeotm)

baic
W%mm:mmmmwf
Fa bh ) WS AAY A oMl U D0 o esas WS

MSRIT Bstan] (98 5| sbemonteliiin | iavesstoweriee- 16 | Soveee 1) oowe v [[Baescomr v S OIS wim
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IGES OUTPUT OF WIRE FRAME

MODEL
‘
ol
ENTITIES
POINTS-8
LINES-12

CIRCLES-2

MMMMM



Table 17.2 IGES-Wire frame edges
PTC IGES file: Wireframe_Edges.igs 5 1
1H,,1H; 4HSTEP,6Hi1 igs, G 1
49HPro/ENGINEER by Parametnc Technology Corporation, FH1999390,32 38,7, G 2
38,15,4HSTEP,1.,2 2HMM 32768,0.5,13H000104.164438,0.00187075,18.708, G 3
SHstaff THUnknown,10,0,13H000104_164438; G 4
110 1 1 1 0 0 0 000000000D 1
110 0 ] 1 0 LINE 1D 2
110 2 1 1 0 0 0 000000000D 3
110 0 0 1 0 LINE 2D 4
110 3 1 1 0 0 0 000000000D 5
110 0 0 1 0 LINE 3D B
110 4 1 1 0 0 0 000000000D 7
110 0 0 1 0 LINE 4D 8
124 5 1 1 0 0 0 001000000D 9
124 0 0 1 0 XFORM 1D 10
100 6 1 1 0 0 9 000000000D 11
100 0 0 1 0 ARC 1D 12
110 7 1 1 0 0 0 000000000D 13
110 0 0 1 0 LINE 5D 14
110 8 1 1 0 0 0 000000000D 15
110 0 ] 1 0 LINE 6D 16
110 9 1 1 0 0 0 000000000D 17
110 0 0 1 0 LINE 7D 18
110 10 1 1 0 0 0 000000000D 19
110 0 0 1 0 LINE 8D 20
110 11 1 1 0 0 0 000000000D 21
110 0 0 1 0 LINE 9D 22
110 12 1 1 0 0 0 000000000D 23
110 0 0 1 0 LINE 10D 24
110 13 1 1 0 0 0 000000000D 25
MSRIT




110 0 0 1 0 LINE 11D 26
110 14 1 1 0 0 0 000000000D 27
110 0 1 0 LINE 12D 28
124 15 1 1 0 0 0 001000000D 29
124 0 0 1 0 XFORM 2D 30
100 16 1 1 0 0 29 000000000D 31
100 0 0 | 0 ARC 2D 32
110 17 1 1 0 0 0 000000000D 33
110 0 0 | 0 LINE 13D 34
110 18 1 1 0 0 0 000000000D 35
110 0 0 1 0 LINE 14D 36
110,0D00,0D0,000,0D0,-1D1,000; 1P 1
110,0D0,-1D1,0D0,1.5D1,-1D1,0D0: 3P 2
110,1.5D1,-1D1,0D0,1.5D1,0D0,0D0; 5P 3
110,1.5D1,0D0,0D0,0D0,0D0,0D0; 7P 4
124,-1D0,0D0,0D0,7.5D0,0D0,1D0,0D0,-5D0,0D0,0D0,-1D0,0D0; 9P 5
100,0D0,0D0,0D0,2.5D0,0D0,2.5D0,0D0; 11P 6
110,0D0,0D0,0D0,000,000,5D0; 13P 7
110,1.5D1,0D0,0D0,1.5D1,0D0,5D0; 15P 8
110,1.5D1,-1D1,0D0,1.5D1,-1D1,5D0; 17P 9
110,0D0,-1D1,0D0,0D0,-1D1,5D0; 19P 10
110,0D0,0D0,500,000,-1D1,5D0; 21P 1
110,1.5D1,0D0,5D0,0D0,0D0,5D0; 23P 12
110,1.5D1,-1D1,5D0,1.5D1,0D0,5D0; 25P 13
110,000 -1D1,5D0,1.5D1.-1D1,5D0: 27P 14
124 -1D0,0D0,0D0,7.5D0,0D0,1D0,0D0,-5D0,000,0D0,-1D0,5D0: 29P 15
100,0D0,0D0,0D0,2 5D0,0D0,2 5D0,0D0; 3P 16
110,5D0,-5D0,5D0,5D0,-5D0,0D0; 33p 17
110,1D1,-5D0,5D0,1D1,-5D0,0D0; 35p 18
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Standard for the Exchange
of Product model Data (STEP)

» The broad scope of STEP is as follows:

- The standard method of representing the
information necessary to completely define
a product throughout its entire life, i.e.,
from the product conception to the end of
useful life.

- Standard methods for exchanging the data
electronically between two different
systems.
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STEP Application Protocol AP 203
Explicit Draughting

Froduct Relation
Part
Responsible Organisation
Drawing Structure R‘H Geometric Shapes
. B " - :
Drawing Revision a > \‘\\H Geometrically
Sheet Revision f e P Bounded 2D Shape
Views .
Drafting Specifications
Contract
Secunty Classification
Approvals Annotation
Hesponsible Organisabon . Text
’ Annotation Curves
‘\-\;n Symbols
Groupin - Subfigures
|_Eiz.rerpsl ’ L Fill Areas
Groups Dimensions

AP 201:. Explicit Draughting
k
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STEP Application Protocol AP 207
Configuration Controlled Design

Configuration Management
Authonsabon

Control CVersionmevision)
Effectivity

Release Status

Secunty Classification
Supplier

Product Structure
Aszemblies

Bill of matanals
Fart

Substtute Part
Alternate Part

AP 203: Configuration
Controlled 30 desisgns

of Mechanical
Paris and
Assemblies

Geometric Shapes

Advanced BREF solids
Faceted BREP Saolids

Manifold Surfaces with topology
Wireframe with Topalogy
Surfaces and wireframe

without Topolodgy

)

.-'I

e

Specifications
Surface Finish
Material
Design
Process

CAD Filename

AP 203: Configuration Controlled 3D designs

T
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Example for STEP file generation
Sheet Metal Die Planning and Design

Shape Definition
Hepresentation
Advanced BREFP Solids
Elementary BREP Solids
Facetted BREF Saolids
Manifold Surfaces

with Topology

Surfaces and Wireframe
without Topology
Constructive Solid
Geometry

Part Shape REelatonship
to Die Shape

Physical Model
l[dentification
Tolerances

| g !
\ and Design B /,-*’

.r'-d-- -.\-‘-\-\-

I
,// AP 207: Sheel Metal
Die Plannin !

-
R - _.__'_,__,-"

—— —

T

Part Process Plans
Template

Operations
Constramnts

ltems

Parts, Dies

or Materials

Yersions
Classifications
Standard or designed

Work

Internal or External
Start or Change

AP 203: Configuration Controlled 3D designs

B
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Open GL



Why do we need Data Exchange?

Why do we need Data Exchange?

Design projects require data to be shared between suppliers
Different companies often used different CAD systems

All CAD systems have their own database formats

They are mostly proprietary and often confidential

Data is stored in different ways e.g. 1.0,2.0,3.0 or
X1.0,Y2.0,Z3.0, etc.

Data conversion between systems becomes necessary



Introduction

* Open Graphics Library (OpenGL) iS a cross-

language, cross-platform application programming
interface (API) for rendering2D and 3D vector graphics.
The API is typically used to interact with a graphics
processing unit (GPU), to achieve hardware-
accelerated rendering.

Silicon Graphics Inc., (SGI) started developing OpenGL
in 1991 and released it in January 1992; applications
use it extensively in the fields of computer-aided
design (CAD), virtual reality, scientific visualization,
information visualization, flight simulation, and video
games. OpenGL is managed by the non-
profit technology consortium Khronos Group.



OpenGL commands or o GL
Geometry Texture Sound shaders written in GL5L pe n

data data data (vertex, tesselation control, tessellation evaluation,
geometry, fragment and compute shaders)

Game engine

subroutine
Windowing calls
library (SDL, Subroutines

GLFW, etc.) .

GNU
C Li br'ry Subroutines

system calls

Subroutines

System Call Interface (SCI)

T T
Hardware ‘\ Display [ Graphics GPU
o) 1controller RAM




