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EOMETRIC MODELLING

R summm & o



Basic detinition of CAD

°CAD

Computer Aided Design may be defined as the use of computer system
to help in the creation, modification, analysis and of a design.



UNIT 5 - COMPUTER AIDED
DESIGN

°TOPICS 4. Geometric modelling
1. Shigley’s process 1) Wireframe modelling
2. CAD activities i1) Surface modelling
3. Transformations ii1) Solid modelling
1) Translation a) CSG
11) Rotation b) B-rep

i11) Scaling 5. Finite Element Analysis



1. Shigley’s design process

° Recognition of need

° Definition of problem

° Synthesis

° Analysis and optimization
° Evaluation

° Presentation

Stages of CAD

Hecugnltlcn of nead

Froblam clEFlrlll:I-:m

‘ | Analysis and

Cptimization

Evaluation

Presentation I

Eynthe'sls I

*Fig.1.1 Shigley's deslgn process



°Recognition of need °Definition of problem

“*1t is the process of identifying the same 't involves complete specifications of
defect in the design, which may need the product be designed. This
correction for better performance or specification includes.

1dentifying the new product which may

, Physical characteristics
satisfy the customer needs.

size, shape, appearance, weight etc...
Functional characteristics

operating performance, cost, quality
etc...



°Synthesis ° Analysis and optimization

It is the process of developing new % The developed conceptual design is
concepts about the shape, form and analysed to check the suitability for
technology used in product by the the intended purpose. If the
creativity of the designer or by the developed design 1s not satisfied,
research of similar products or then 1t 1s modified, redesigned and
design in use. analysed till we get the optimized

design.



° Evaluation ° Presentation

“*1t is the process of measuring the design “*Documentation of design by means of
against the specification established in drawings.
problem definition phase. This “*Material specifications.

evaluation often requires the fabrication
and testing of a prototype model to

assess operating performance, quality,
reliability and other criteria. % Bill of materials etc.....

% Sectional views.
% Assembly list.



2. CAD Activities

° Geometric modelling
1.5 CAD activities

° Engineering analysis Design Process
4 . o Recognition of ﬂeeﬂl
° Design review and evaluation I
. Problem definition Role of computers
° Automated drafting i JE or | in CAD

Synthesis I— Geometric

madaling
! __1
Analysis and I Enginearing

Cptimization analysis
Evabustion Drazign review and
gwalipation

Precentation Mnmated
e drafting




°Geometric modelling °Engineering analysis

“* Computer compatible mathematical “*The created models can be analysed to
description of the geometry of an check the suitability of the models for
object 1s called geometric modelling. intended purpose.

The geometric models may be the 1. Stress-strain analysis
any one of the following types. 2. Heat transfer analysis
1. Wire frame modelling 3. Fluid flow analysis
2. Surface modelling 4. Kinematic analysis
3. Solid modelling 5. Dynamic analysis
6. FEA analysis etc..

Example: Auto CAD, Pro-E etc.....
Example: ANSYS, ANSYS CFX etx...



°Design review and evaluation

Checking the accuracy of design.
“*Dimensioning and tolerancing
% Layering

*»Interference checking in assemblies.

% Animation of designed mechanism
by means of kinematics.

**Evaluation of areas and volumes.

**»Evaluation of mass and inertia
properties.

° Automated drafting

It involves the creation of hard copies of

design directly from the CAD database.
% Preparation of detailed drawings.
“Preparation of sectional views.
“*Preparation of assembly drawings.
“*Preparation of material specification.

% Preparation of bill of materials etc....



Benetits of CAD

° Benefits of CAD in designing of v Standardization of design, drafting
engineering components : and documentation.

v Productivity improvement in v Easier creation and modification
design. of design.

v Shorter lead time. v Easier visualization of drawings

v More flexibility in design. v Preparation of near and more

v Fever design errors. understandable working drawings.

v Improved design analysis. , o
o < i v Creation of realistic image of
component before actually making
it.



° Benefits of CAD in manufacturing :
v Tool and fixture design.

v Computer Aided Process Planning
(CAPP).

v Production Planning and Control (PPC).

v Preparation of assembly lists and bill of
materials.

v Coding and classification of components.

v Computer aided inspection.
v Preparation of NC part programs.

v Assembly sequence planning



3. Transtformations

° The capability of any graphic °The basic geometric
software are mainly depends on the transformations are
ability to change the orientation,

size and shape of created model. 1. Translation

2D Transformation 2 Rotation

3D Transformation 3. Scaling



Translation
It involves moving the geometric elements from one location to another location.

‘o 2D Translation

It moves the object on X and
Y plane along straight line by adding
increments in X-axis and Y-axis.

(5,7]
Translaped ling
[4,4)

1,41
The, Homogeneous representation of /*
above matrix 1s, L.

#Fig.1.4 Translation
Tl 1 0 L | R
1 0 0 1]l

L T R T I - e T N

=




% 3D Translation

It move the object on xyz
coordinates along straight line adding
increments in x-axis, y-axis and z-
axis.

U~z 18

oo R o

o= O
NT e



Rotation

= 2D Rotation

It involves the rotation of an
object about its origin by an angle 6. For
a positive angle, this rotation 1s in the

S -

-I:EI-I-?!-. 4, 504]

counter—clockwise direction. The object st
1s moved while rotating, 1 /
§ (1,232, 1008 =T 24
The, Hamﬂgﬂpmus representation of 1 zi,]., s
above matrix 1s, #Fig16 Rotation

S cosO 0 0] [*
y'I=| 0 sin® 0||¥
1 0 0 1111



°» 3D Rotation

The, Homogeneous representation of
-above matrix is,

C T

[x cos® -sine
y'|_|sine cose
2 0 0
1Y o 0

L

mroo 9o

) - e i




Scaling

© 2D Scaling

The, Homogeneous
representation of above matrix 1s,

X -Sx 0 0]fx
1 ) Pl f L

@ & af
+

- LS L= s (%] ll:. -
=+ + + + +

G i T 0 RN i T T
£ Fig.1.5 Scaling



"o 3D Scaling

The, Homogeneous
representation of above matrix

[

8

x!
oo F
V' |ns
Zl’
L1

=N R

0 0
0 Sz
0 0



Geometric Modelling

° In CAD, geometric modeling 1s concerned with the computer compatible mathematical
description of the geometry of an object.

There are several methods of Geometric modeling
1. Wire frame modeling
2.  Surface modeling

3. Solid modeling



WIREFRAME MODELING

°c In thismodelling the object is displayed by
interconnecting lines.

2D model — Represent a flat object.

21/, D model — 3D object to be represented
as long as it has no side-wall details.

3D model — Represented 3D object with
more complex geometry.




SURFACE MODELING

° A surface model of an object is more
complete and less confusing
representation than its wireframe model.

° A surface model can be built by defining
the surface on the wireframe model.

° The boundary of an object may consist of
surface, which are bounded by straight
lines and curves either single or in
combination.

I‘/5
QW

o Fig.1.8 Representation o surface modelling



SOLID MODELING

° The best method for the 3D model Representation schemes are available for
construction 1s the solid modeling creating solid models

technique. It provides the user with Constructive Solid Geometry (CSG)
complete information about the model.

Eroat Boundary representation
reating
Modifvi Pure Primitive instancing

odifying .
Generalized sweep

1
2
3. Inspecting
A Cellular decomposition

Dimensions

s B B =

Hybrid scheme



Boundary Representation (B-rep)

; -

Model

Input views

— " ~



Finite Element Analysis

° Finite Element Analysis is a computer
simulation technique used in engineering
analysis to determine the behavior of
structures and components under a variety
of conditions.

1. Pre-Processing
2. Numerical analysis

3. Post-Processing




Basic steps involved in FEA

° Discretization of domain

° Approximate the solution within an element
° Develop element matrices and equation

1. Direct method 2. Variation method
3. Weighted residual method 4. Energy method

° Assemble element matrices into global system matrix and
equations

° Solve the system of equation to find unknown values

° Interpret the results

OB

sal




SEQUENCIAL AND CONCURRENT
ENGINEERING
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SEQUENCIAL AND CONCURRENT

ENGINEERING

1able 1.1.
Soeqguernrtial Emgineerimes
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and services.
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Both proces==s and prodouct desigmn roers i

zerialand take place in the different tirmee.

Process and Prodoct are ot o matched o

attain optiTmal martching.-

Decision making done by only group of

Enperits
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Comncurrent Engineerimg
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DESIGN OF JOINTS

Unit |



DESIGN OF FILLET WELDED JOINTS

Fillet welded joint [J[][] JUUUUOO DOOUOQOOOOLD.
1. Parallel fillet weld:

The design equation is, T =0.707 P/h |
(PSG Data Book Page No 11.3)



Transverse fillet weld

a) Single transverse fillet weld:
The design equation is,

iy SR
o AN

& 1414 P
_—F "

where, o = tensile stress



Transverse fillet weld

b) Double transverse fillet weld:

The design equation is,

o 1.414 P
. hl

where, o = tensile stress



Combination transverse fillet weld

The design equation is

I. Pi+P:=P | ‘
2 e 1.414 P,
s WX T
= P
. 0.707 P» A | i
hiy 'R
Where. ]-.»—1l

P, = Load taken by transverse weld
P = Load taken by parallel weld

P = Total load



SPECIAL CASES OF FILLET WELDED JOINTS




DESIGN FOR KNUCKLE JOINT

* Step 1: To find the diameter of rod (d)
* Step 2: Calculate diameter and thickness

Check for failures

* Step 3: Check for fai
* Step 4: Check for fai
* Step 5: Check for fai
* Step 6: Check for fai
* Step 7: Check for fai
* Step 8: Check for fai

ure of t
ure of t
ure of t
ure of t

he
he
he

kKnuc
knuc

KNnuc

K

K

K

e pin in shear stress
e pin in crushing in single eye
e pin in crushing in double eye

he single eye end in tension

ure of the single eye end in shearing

ure of the double eye end in tension



DESIGN FOR KNUCKLE JOINT

—_—

Pin head
124 _1 3 * Single eye or rod end
Double eve or forked end _r_ A4 - . _,_‘_1/7
| 1 I
I I.1d = d

d -—IZJJX t
-
PO e ] ij =13 ey

i — ——-l—— — e —
J‘

!
taqk A\ 1) N it
| - |
0.8 e
Knuckle pin collar /_/T*i - —f 25 d
Knuckle pin ! Split pin



DESIGN FOR KNUCKLE JOINT

Load
STress = ————— (PSG Data Book Page No 7.1)
Area of rod

P

[II'_F g=
a Vs gz

B 4P
 md?

d==

mo

4 P
d= |— (Unit is mm)

o

where,

Pis load



DESIGN FOR KNUCKLE JOINT

Step 2: Calculare diameter and thickness

(PSS Dara Book Page No 7.140)

Eguation Nomenclature
d1 = d d Diameter of the rod

dz - ¥ dl Digamerer of the pin
d; =15d dz Outer Diameter of the eve

t= 7 25d d; Diameter of the pin head
t, =0.75d L Thickness of the eve (or) single eve
tz =05d ty Thickness of the fork (or) double eve

Lty Thickness of the pin head

Step 3: Check for failure of the Enuckie pin in shear siress

Load

Induced shear sfressi Shearing area of knuckle pin

P
2 X E:a-q d 4 3
where, P is load
dl is diameter of the pin

T is shear




DESIGN FOR KNUCKLE JOINT

Krep 4 Check for failure of the Ennckle pin in criushing in single eye

Load

Induced ¢ T Slress =
Ry ST TN crushing area of knuckle pin in single pin

wihere, P is load
tis thickness
d, is diamerer of the pin

Step 5 Check for failure of tfre Ennckle pin in crusfung in doable eye

Load

Ind *d © hi : 5 =
o e crushing area of knuckle pin in double pin

o = | &
b Zxdyg»< by
wihtere, P is load

T, is thickness

d, is diameter of the pin



DESIGN FOR KNUCKLE JOINT

Srerrr s ol Frene wrr Ferdfeare arf e el eyvie cricd frr Feres fivee

L.oael

Frredrreceed rEnxile Riress = = =
tearing area of single eve and

i P
E fds — g )k
wilrere, s foad
L, iz thickness

d, is diamerer of the pin

A is Qurer diamerer of the eve

Srepy To ook five faifrere of the siregle cyve oo fre shocacing
Locysad
Trefrecered fonsifo stross =
tearing area of single eye end

= |
[(ety =—udy =]

wilreres, 7 fx focedf

L=

Ty is rhickness
T s rfiichnesys of e eve

d= s Curer diamerer of the eve



DESIGN FOR KNUCKLE JOINT

Step 8: Check for failure of the double eyve end in tension

Load
tearing area of double eye end

Induced tensile stress =

]:l
n": _ !2 X {I:IE —{jl]HlIJ

where, P is load
4 is thickness
0, is diameter of the pin

d.is Outer diameter of the eve
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