
















































































































































































































































































































COMPUTER AIDED DESIGN AND GEOMETRIC MODELLING



Basic definition 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
1. Shigley’s process
2. CAD activities
3. Transformations

i) Translation
ii) Rotation
iii) Scaling

4. Geometric modelling
i) Wireframe modelling
ii) Surface modelling
iii) Solid modelling

a) CSG
b) B-rep

5. Finite Element Analysis



1. Shigley’s design process
◦Recognition of need
◦Definition of problem
◦Synthesis
◦Analysis and optimization
◦Evaluation
◦Presentation



◦Recognition of need
❖It is the process of identifying the same 

defect in the design, which may need 
correction for better performance or 
identifying the new product which may 
satisfy the customer needs.

◦Definition of problem
❖It involves complete specifications of 
the product be designed. This 
specification includes.
Physical characteristics
size, shape, appearance, weight etc…
Functional characteristics
operating performance, cost, quality 
etc…



◦Synthesis
❖It is the process of developing new 

concepts about the shape, form and 
technology used in product by the 
creativity of the designer or by the 
research of similar products or 
design in use.

◦Analysis and optimization
❖The developed conceptual design is 

analysed to check the suitability for 
the intended purpose. If the 
developed design is not satisfied, 
then it is modified, redesigned and 
analysed till we get the optimized 
design.



◦Evaluation
❖It is the process of measuring the design 

against the specification established in 
problem definition phase. This 
evaluation often requires the fabrication 
and testing of a prototype model to 
assess operating performance, quality, 
reliability and other criteria.

◦Presentation
❖Documentation of design by means of 

drawings.
❖Material specifications.
❖Sectional views.
❖Assembly list.
❖Bill of materials etc…..



2. CAD Activities
◦Geometric modelling
◦Engineering analysis
◦Design review and evaluation
◦Automated drafting



◦Geometric modelling
❖Computer compatible mathematical 

description of the geometry of an 
object is called geometric modelling. 

The geometric models may be the 
any one of the following types.

1. Wire frame modelling
2. Surface modelling
3. Solid modelling

Example: Auto CAD, Pro-E etc…..

◦Engineering analysis
❖The created models can be analysed to 

check the suitability of the models for 
intended purpose.
1. Stress-strain analysis
2. Heat transfer analysis
3. Fluid flow analysis
4. Kinematic analysis
5. Dynamic analysis
6. FEA analysis 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….



Benefits of CAD 

◦Benefits of CAD in designing of 
engineering components :

✔Productivity improvement in 
design. 

✔Shorter lead time.
✔More flexibility in design. 
✔Fever design errors. 
✔Improved design analysis.  

✔Standardization of design, drafting 
and documentation.  

✔Easier creation and modification 
of design. 

✔Easier visualization of drawings 
✔Preparation of near and more 

understandable working drawings. 
 

✔Creation of realistic image of 
component before actually making 
it.



◦Benefits of CAD in manufacturing :  
✔Tool and fixture design. 
✔Computer Aided Process Planning 

(CAPP). 
✔Production Planning and Control (PPC).
✔Preparation of assembly lists and bill of 

materials.
✔Coding and classification of components.

✔Computer aided inspection.  
✔Preparation of NC part programs.  
✔Assembly sequence planning 



3. Transformations
◦The capability of any graphic 

software are mainly depends on the 
ability to change the orientation, 
size and shape of created model.

2D Transformation
3D Transformation

◦The basic geometric 
transformations are

1. Translation 
2. Rotation
3. Scaling



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

◦  



◦  



Rotation
It is the rigid body transformation that moves the object along the 

circular path in xy plane or in xyz coordinates without any 
deformation.

◦  



◦  



Scaling
It is used to enlarge or reduce the size of the object

◦  



◦  



Geometric Modelling

◦ In CAD, geometric modeling is 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

◦  



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.



SOLID MODELING

◦The best method for the 3D model 
construction is the solid modeling 
technique. It provides the user with 
complete information about the model.

1. Creating
2. Modifying
3. Inspecting
4. Dimensions

Representation schemes are available for 
creating solid models

1. Constructive Solid Geometry (CSG)
2. Boundary representation
3. Pure Primitive instancing
4. Generalized sweep
5. Cellular decomposition
6. Hybrid scheme



◦Constructive Solid Geometry (CSG) ◦Boundary Representation (B-rep)



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



SEQUENCIAL AND CONCURRENT 
ENGINEERING



SEQUENCIAL AND CONCURRENT 
ENGINEERING



DESIGN OF JOINTS
Unit I



DESIGN OF FILLET WELDED JOINTS

Fillet welded joint ஒஒஒ ஒஒஒஒஒஒஒ ஒஒஒஒஒஒஒஒஒஒஒ.
1. Parallel fillet weld:

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



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

where, σ = tensile stress



Transverse fillet weld

b) Double transverse fillet weld:

The design equation is,

where, σ = tensile stress



Combination transverse fillet weld



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 failure of the knuckle pin in shear stress
• Step 4: Check for failure of the knuckle pin in crushing in single eye
• Step 5: Check for failure of the knuckle pin in crushing in double eye
• Step 6: Check for failure of the single eye end in tension
• Step 7: Check for failure of the single eye end in shearing
• Step 8: Check for failure of the double eye end in tension



DESIGN FOR KNUCKLE JOINT



DESIGN FOR KNUCKLE JOINT



DESIGN FOR KNUCKLE JOINT



DESIGN FOR KNUCKLE JOINT



DESIGN FOR KNUCKLE JOINT



DESIGN FOR KNUCKLE JOINT
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