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SUBJECT: Computer Aided Modeling & Manufacturing
SUBJECT CODE: 2037674(037)

UNIT 2.0 COMPUTER AIDED SOLID MODELING AND ASSEMBLY

2.1 Working in 3D environment -

2.2 Creating 3D Solid Models of simple and complex machine parts using Extrude, Revolve,
Sweep, variable section sweep, Draft, loft, Blend or similar 3D commands.

2.3 Part Editing tool: Trim, Extend, Erase, Mirror, Chamfer, Round, Copy, Move, Draft,
Boolean operations, patterns, etc.

2.4 Parametric and non-parametric modeling concept, differences and illustration.

2.5 Preparation of assemblies using assembly commands. Introduction to Top down and
Bottom-up approach of assembly

2.6 Exploded view: Explode the assembly.




ASSIGNMENT:2

1. Define solid modelling.
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2. Explain the top down and bottom down approach of assembly.
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3. Explain the following 3D editing Commands and its function:

frafaRad 3p Tfesfen ST wHIvE & TrRe HifoT Ud 1 HATRT:

(i) Mirror (i) IR

(ii) Extend (i) TRICS
(iii) Move (iii) gd
(iv) Chamfer (iv) TR
(v) Trim v) fea
(vi) Round (vi) T3S
(vii) Erase (vii) 3T

4. Differentiate between Parametric and Non parametric modeling approaches with example.
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5. Explain the following drawing 3D solid commands:

99 & 3D Hifers HUis &I Jous:

(i) TRgS (i) Extrude
(i) Rared (i) Revolve
(iii) dIg (iii) Sweep
(iv) AM%C (iv) Loft
V) XS (v) Blend

(vi) STHC (vi) Draft




SOLID MODELING:

Solid modeling is a computer-aided design (CAD) technique used to create 3D models of
objects. Unlike other 3D modeling methods, solid modeling defines the object's entire volume,
not just its surface. This allows for more accurate and realistic representations of objects, as
well as more detailed analysis and simulation.

Solid modeling is a powerful tool that can be used to create complex and realistic 3D models.
It is an essential technology for many industries and is becoming increasingly important as 3D
printing and other advanced manufacturing technologies become more widespread.

Solid modeling in CAD

Solid modeling is used in a variety of industries, including:
e Manufacturing: To design and produce products
o Engineering: To analyze and simulate the performance of products
e Architecture: To design buildings and other structures
e Animation: To create realistic 3D characters and environments
Solid modeling software uses a variety of techniques to create 3D models, including:

e Constructive solid geometry (CSG): Combining primitive shapes (such as cubes,
cylinders, and spheres) using Boolean operations (such as union, intersection, and
subtraction).

o Boundary representation (B-rep): Defining the object's surface using a collection of
faces, edges, and vertices.

o Sweep representation: Creating a 3D object by sweeping a 2D profile along a path.
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EXPLAIN THE TOP DOWN AND BOTTOM DOWN APPROACH OF ASSEMBLY:

Top-Down Approach

o Focus: Starts with the overall assembly or system and breaks it down into smaller, more
manageable components.

e Process:

1. Define the overall goals and requirements of the assembly.

2. Divide the assembly into major subsystems.
3. Further break down each subsystem into smaller components.
4. Design and develop each component individually.
5. Integrate the components to form the final assembly.
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e Advantages:

o

o

Ensures that all components work together towards the overall goal.

Provides a clear and structured approach to the design process.

o Facilitates early identification and resolution of potential issues.
Disadvantages:
o Can be time-consuming and may require significant upfront planning.

o Changes to the overall design can have ripple effects on all components.

Bottom-Up Approach

Focus: Starts with individual components and gradually builds up to the complete
assembly.

Process:

1. Design and develop individual components independently.
Test and verify the functionality of each component.
Integrate the components into larger subsystems.

Test and verify the functionality of the subsystems.

A

Integrate the subsystems to form the final assembly.
Advantages:

o Allows for early testing and validation of individual components.

o Can be more flexible and adaptable to changes.

o Can leverage existing components or technologies.
Disadvantages:

o May lead to integration issues if components are not designed to work together.

(0]

Can be difficult to ensure that the final assembly meets the overall requirements.

Which Approach to Use?

The choice between top-down and bottom-up approaches depends on various factors,
including:

o Complexity of the assembly: For complex assemblies, a top-down approach may be
more suitable to ensure that all components work together.

e Availability of existing components: If many components are already available, a
bottom-up approach may be more efficient.

e Project timeline and budget: A top-down approach may be more time-consuming and
expensive upfront, but it can reduce the risk of costly integration issues later on.




o Team expertise and experience: A top-down approach may require more experienced
engineers and project managers.

In many cases, a hybrid approach that combines elements of both top-down and bottom-up can
be the most effective. This allows for early validation of individual components while
maintaining a focus on the overall system requirements.
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Difference Between Top Down & Bottom up Approach

Description Top Down Bottom up
Definition Initiatives & Drive from Top Initiatives & Drive from Gemba( Process Flow,
management(Transformation using 6 sigma) layout Improvements/Kaizen etc.)
Most suitable for 6 sigma using Master Black Belt Most suitable for Lean Implementation
Cost reduction Total Delivered cost reduction /manufacturing cost | Kaizen activities Kaizen Hunting & workshops
CPU drive Fixed cost optimization and special cost | can be conducted to collect ideas towards cost
challenge reduction, asked for approval
New Projects/New Initiation & Planning from Top management. Quality control/Assurance, Quality Plan
technology/New Model | Planning the objective , scope, schedule ,cost, Deployment, Stakeholder management,
resources are driven from Top to Down . Communication, Risk & procurement are from
Bottom - up in @ new model project.
Continuous Continuous improvements towards Benchmark level | Use QC story approach & 7 QC tools to grasp
Improvement requires resources, culture - which is based on the | current situation and set Target towards Step by
leadership direction to refer to Global KPI step improvement
Manufacturing Facility Budget Approval and resource planningto | Layout Design to achieve the TAKT time of the
Improvements secure the improvements committed in the Annual | customer. Process efficiency cycle time & Lead
objective plan from each function. time Improvements




PARAMETRIC VS. NON-PARAMETRIC MODELING

Parametric and non-parametric modeling are two distinct approaches in machine learning and
statistics, each with its own strengths and weaknesses. Here's a breakdown of their key
differences:

Parametric Modeling:

Definition: Assumes a specific mathematical function (e.g., linear, polynomial) to represent
the data.

Key Characteristics:

e Assumes a specific functional form: Parametric models assume that the data follows a
particular distribution or function, such as a linear relationship or a normal distribution.

Fixed number of parameters: These models have a fixed number of parameters that
need to be estimated from the data.

Simpler and faster: Generally, parametric models are easier to train and make
predictions with, as they involve fewer computations.

Less flexible: The assumption of a specific functional form can limit the model's ability
to capture complex relationships in the data, especially if the true underlying relationship
is different from the assumed one.

Parametric & N0||1-Parametric Test

v v

Parametric Tests Non-Parametric Tests

v
Two Sample One Sample Two Sample
Chi-Square Ind. Sample [ Paired sample

Ind. Sample | Paired Sample
- Two Group | - Paired t test - K-S - Chi-Square -Sign
- Runs test - Mann-

- ttest "
@ : Whitney
Binomial Median - McNemar

v

One Sample

t test
z test

- Wilcoxon

A
-KS - Chi-square
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Examples:

e Linear Regression: Models the relationship between a dependent variable and one or
more independent variables as a linear equation.

e Logistic Regression: Used for binary classification problems, modeling the probability
of an instance belonging to a particular class.

e Naive Bayes: A probabilistic classifier based on Bayes' theorem with strong
independence assumptions between features.

Non-Parametric Modeling

Definition: Does not assume a specific functional form for the data.
Key Characteristics:

e No assumptions about the functional form: Non-parametric models do not assume any
specific distribution or function for the data.

e Flexible number of parameters: The number of parameters in these models can grow
with the size of the training data, allowing them to adapt to complex relationships.

e More complex and slower: Non-parametric models can be computationally more
expensive to train and make predictions with, especially for large datasets.

e More flexible: The lack of assumptions about the functional form makes non-parametric
models more capable of capturing complex and non-linear relationships in the data.

Examples:

e K-Nearest Neighbors (KNN): Classifies new data points based on the majority class
among their k nearest neighbors in the training data.

e Support Vector Machines (SVM): Finds an optimal hyperplane to separate data points
into different classes.

e Decision Trees: Create a tree-like model of decisions and their possible consequences,
used for both classification and regression.

Choosing between Parametric and Non-Parametric Models:
The choice between parametric and non-parametric models depends on several factors:

e Understanding of the data: If you have a good understanding of the underlying data
distribution and the relationship between variables, a parametric model might be a good
choice.

e Data size: For large datasets, parametric models can be more efficient to train and use.

e Model complexity: If the relationship between variables is complex and non-linear, a
non-parametric model might be more suitable.
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e Computational resources: Non-parametric models can be computationally expensive,

so consider the available resources before choosing one.

Here's a table summarizing the key differences

Feature

Parametric

Non-Parametric

Assumed function

Specific function (e.g., linear)

No specific function

Number of parameters Fixed Grows with data size
Data assumptions Strong Fewer

Flexibility Less flexible More flexible
Training time Generally faster Often slower

Data requirements Less data More data

Example

Linear Regression

K-Nearest Neighbors
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Parametric & N0||1-Parametric Test
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COMMANDS TO CREATE 3D SOLID MODEL

Commonly used Commands to generate 3D Solid Model are discussed below.

1. Extrude 5. Loft

2. Revolve 6. Blend

3. Sweep 7. Composite
4. Draft

3D Extrude Command in AutoCAD:

The 3D Extrude command in AutoCAD is a powerful tool used to create 3D objects by
extending a 2D shape or profile along a specified path or direction. This process is essential for
building complex 3D models, from simple boxes to intricate architectural structures.

Step-by-Step Procedure:
1. Access the Command:
o Type "EXTRUDE" in the command line and press Enter.
o Alternatively, click on the "Extrude" icon in the 3D Modeling workspace.
2. Select the Object:

o Select the 2D shape or profile you want to extrude. This could be a line, circle,
polygon, or any closed shape.

3. Specify Extrusion Parameters:
o Height/Direction:

m  Specify Height: Enter a numerical value for the desired height of the
extrusion. A positive value extrudes the object upwards, while a negative
value extrudes it downwards.

m  Specify Direction: Click two points in the 3D space to define the direction
and length of the extrusion.

4. Additional Options (Optional):

o Path: Select a path object (e.g., a spline or polyline) to extrude the shape along a
curved trajectory.

o Taper Angle: Specify an angle to create a tapered extrusion, resulting in a conical
or pyramidal shape.

o Twist Angle: Rotate the object around the extrusion axis as it is extruded.

5. Complete the Command:
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o Press Enter to complete the extrusion process.

path

ﬁ/
\
hd shisct hd /
\

Example: Creating a Cylinder
1. Draw a Circle: Use the Circle tool to draw a circle in the XY plane.
2. Extrude the Circle:
o Type "EXTRUDE" and press Enter.
o Select the circle.

o Enter a positive height value to extrude the circle upwards, creating a cylinder.
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AutoCAD's 3D Revolve Command:

The 3D Revolve command in AutoCAD is a powerful tool used to create 3D objects by rotating
a 2D profile or shape around an axis. This technique is effective for generating symmetrical
and rotational objects, such as cylinders, cones, spheres, and other curved or rounded shapes.

Step-by-Step Procedure:
1. Access the Command:
o Type "REV" or "REVOLVE" in the command line and press Enter.
o Alternatively, click on the "Revolve" icon in the 3D Modeling workspace.
2. Select the Object:

o Select the 2D shape or profile you want to revolve. This could be a line, circle, arc,
or any closed shape.

3. Specify Axis of Rotation:

o Select Axis:
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m  Click two points to define the start and end points of the axis of rotation.
m Select an existing line or edge as the axis of rotation.
o Choose Predefined Axis:
m Select the X, Y, or Z-axis as the axis of rotation.
4. Specify Angle of Revolution (Optional):
o Enter the desired angle of revolution.
m  For a full revolution, enter 360 degrees.
m  For partial revolutions, enter the desired angle.
5. Complete the Command:

o Press Enter to complete the revolution process.

|20 I P I P P

a

LTl
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Example: Creating a Cylinder
1. Draw a Circle: Use the Circle tool to draw a circle in the XY plane.
2. Revolve the Circle:
o Type "REV" and press Enter.
o Select the circle.
o Select the Z-axis as the axis of rotation.

o Enter "360" for a full revolution.
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AutoCAD's 3D Sweep Command:

The 3D Sweep command in AutoCAD is a versatile tool used to create 3D objects by sweeping
a 2D profile along a defined path. This technique is effective for generating a wide range of
shapes, from simple extrusions to complex, twisted forms.

Step-by-Step Procedure:
1. Access the Command:
o Type "SWEEP" in the command line and press Enter.
o Alternatively, click on the "Sweep" icon in the 3D Modeling workspace.
2. Select the Profile:

o Select the 2D shape or profile you want to sweep. This could be a line, circle, arc,
or any closed shape.

3. Specify the Path:

o Select the path object along which you want to sweep the profile. This could be a
line, spline, polyline, or any other suitable path.

4. Specify Options (Optional):

o Twist: Rotate the profile around the path as it is swept, creating twisted or helical
shapes.

o Path Alignment: Control how the profile is aligned to the path (e.g., normal to
the path, tangent to the path).

o Mode: Choose between creating a surface or a solid object.
5. Complete the Command:

o Press Enter to complete the sweep process.
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Example: Creating a Spiral Staircase

1. Draw a Profile: Draw a rectangle to represent the width and depth of a single stair step.

2. Create a Path: Draw a helical or spiral-shaped polyline to define the path of the
staircase.

3. Sweep the Profile:
o Type "SWEEP" and press Enter.
o Select the rectangle (profile).
o Select the helical polyline (path).
o (Optional) Enable the "Twist" option to rotate the steps along the path.
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3D Draft Command in AutoCAD:

The 3D Draft command in AutoCAD is a powerful tool that allows you to create 3D models
from 2D drawings. It's particularly useful when you have existing 2D blueprints or sketches
and want to convert them into a 3D representation.

Step-by-Step Procedure:
1. Prepare Your 2D Drawing:
o Ensure your 2D drawing is complete and accurate.
o Use appropriate layers and colors for better organization.
2. Access the 3D Draft Command:
o Type 3ddraft in the command line and press Enter.
o Alternatively, you can find it in the ribbon under the "3D Modeling" tab.
3. Select the 2D Objects:
o Select the 2D objects (lines, arcs, circles, etc.) that you want to convert to 3D.
4. Specify the Draft Plane:

o Choose the plane on which the 2D objects will be projected. This could be the XY
plane, YZ plane, or XZ plane.

5. Set the Draft Direction:

o Define the direction in which the 3D objects will be extruded. This is typically
perpendicular to the draft plane.
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6. Specify the Draft Distance:
o Enter the desired distance for the 3D extrusion.
7. Review and Modify:

o Once the 3D objects are created, you can use other 3D modeling tools to modify
and refine them as needed.

=

Example: Creating a Simple Box
1. Draw a 2D Rectangle:
o Use the Rectangle command to draw a rectangle on the XY plane.
2. Access 3D Draft:
o Type 3ddraft and press Enter.
3. Select the Rectangle:
o Select the rectangle you just drew.
4. Specify Draft Plane and Direction:
o Choose the XY plane as the draft plane.
o Set the draft direction as the Z-axis (upward).
5. Enter Draft Distance:
o Enter the desired height of the box.
6. Result:

o A 3D box will be created, extruded from the 2D rectangle along the Z-axis.
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Additional Tips:

e Use the UCS (User Coordinate System) command to define custom coordinate systems
for more complex drafting scenarios.

e The 3D Draft command can also be used to create 3D objects from multiple 2D objects.

e Experiment with different draft planes and directions to achieve the desired 3D shape.
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AutoCAD's 3D Loft Command:

The 3D Loft command in AutoCAD is a versatile tool used to create complex 3D objects by
smoothly blending a series of cross-sectional shapes. This technique is particularly useful for
modeling organic shapes, such as car bodies, aircraft fuselages, and bottles.

Step-by-Step Procedure:
1. Access the Command:
o Type "LOFT" in the command line and press Enter.
o Alternatively, click on the "Loft" icon in the 3D Modeling workspace.
2. Select Cross Sections:

o Select the first cross-sectional shape. This could be any closed 2D shape, such as
a circle, rectangle, or polygon.

o Select subsequent cross-sectional shapes in the desired order. The order of
selection significantly influences the final 3D shape.

3. Specify Options (Optional):

o Path: Select a path object (e.g., a spline or polyline) to guide the loft along a
specific trajectory.

o Mode: Choose between creating a surface or a solid object.

o Preview: Enable preview mode to visualize the 3D shape as you select cross
sections.

4. Complete the Command:

o Press Enter to complete the loft process.
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Example: Creating a Vase

1. Draw Cross Sections:
o Draw a circle for the base of the vase.
o Draw a smaller circle for the top of the vase.
o Draw an intermediate elliptical shape for the widest part of the vase.

2. Loft the Shapes:
o Type "LOFT" and press Enter.
o Select the base circle, then the elliptical shape, and finally the top circle.

o Press Enter to create the 3D vase.
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AutoCAD's 3D Blend Command:
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The 3D Blend command in AutoCAD is a powerful tool used to create smooth, transitional
surfaces between two or more existing surfaces. This is particularly useful for modeling organic
shapes, complex geometries, and objects with flowing curves.

Step-by-Step Procedure:

1.

Access the Command:

o Type "BLENDSRF" or "SURFBLEND" in the command line and press Enter.

o Alternatively, click on the "Blend Surfaces" icon in the 3D Modeling workspace.
Select the First Surface Edge:

o Select the first edge of the surface you want to blend. This could be any edge of a
3D surface.

Select the Second Surface Edge:

o Select the second edge of the surface you want to blend. Ensure that the selected
edges are compatible for blending (e.g., they should have similar shapes and
orientations).

Specify Options (Optional):

o Continuity: Control the smoothness of the blend surface by adjusting the
continuity level (GO, G1, G2). Higher continuity levels result in smoother
transitions.

o Bulge Magnitude: Adjust the shape of the blend surface by specifying a bulge
magnitude. This can be used to create more complex and organic shapes.

Complete the Command:

o Press Enter to complete the blend process.
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Example: Blending Two Cylinders
1. Create Two Cylinders: Create two cylinders of different diameters and heights.
2. Blend the Cylinders:
o Type "BLENDSRF" and press Enter.
o Select the top edge of the smaller cylinder.

o Select the bottom edge of the larger cylinder.
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AutoCAD's 3D Composite Command:

The 3D Composite command in AutoCAD is a versatile tool that allows you to combine,
subtract, or intersect multiple 3D solids, surfaces, or regions to create complex 3D objects. This
is essential for creating intricate shapes and models by manipulating the volumes of existing
3D elements.

Step-by-Step Procedure:
1. Access the Command:

o Type "UNION," "SUBTRACT," or "INTERSECT" in the command line and press
Enter.

o Alternatively, click on the corresponding icon in the 3D Modeling workspace.
2. Select Objects:

o Select the 3D objects you want to combine, subtract, or intersect.
3. Specify Operation:

o UNION: Combines the selected objects into a single, unified object.

o SUBTRACT: Removes the volume of the second object from the first object.

o INTERSECT: Creates a new object that represents the overlapping volume of the
selected objects.

4. Complete the Command:

o Press Enter to complete the operation.
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. .
Example: Creating a T-Shaped Object
1. Create Two Cubes: Create two identical cubes.
2. Align the Cubes: Position the cubes so that they intersect along one face.
3. Use the UNION Command:
o Type "UNION" and press Enter.

o Select both cubes.

o Press Enter to create a single T-shaped object.
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PART EDITING TOOL/MODIFY TOOL INAUTOCAD

1. Erase 8. Trim

2. Move 9. Extend

3. copy 10. fillet

4. Rotate 11. Chamfer
5. Minor 12. Draft

6. Array 13. Boolean
7. Scale.

3D Erase Command in AutoCAD:

The 3D Erase command in AutoCAD is used to remove or delete objects from your 3D

drawing. This is essential for cleaning up your model and ensuring accuracy.

Step-by-Step Procedure:

1. Access the Command:

o Command Line: Type "ERASE" and press Enter.

o Ribbon: Click on the "Modify" tab, then "Erase" in the "Modify" panel.

2. Select Objects:

o Select Individual Objects: Click on each object you want to erase.

o  Window/Crossing Selection: Use a window or crossing selection to select

multiple objects at once.

o Last (L): Erase the last object you drew.

o Previous (P): Erase the last set of objects you selected.

o All (ALL): Erase all objects in the drawing (use with caution!).

3. Confirm Erasure:

o Press Enter to confirm the erasure.

Selected lines

Removed lines

1;'
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Example:

Let's say you have a 3D model of a house and you want to remove a window that was placed
incorrectly.

1. Access the Erase Command: Type "ERASE" and press Enter.
2. Select the Window: Click on the window object.
3. Confirm Erasure: Press Enter.

The window will be removed from your model.
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3D Move Command in AutoCAD:

The 3D Move command in AutoCAD allows you to move 3D objects or components in a three-
dimensional space. This is essential for positioning objects accurately within your 3D model.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "3DMOVE" and press Enter.
o Ribbon: Click on the "Modify" tab, then "3D Move" in the "Modify" panel.
2. Select Objects:
o Select Individual Objects: Click on each object you want to move.

o  Window/Crossing Selection: Use a window or crossing selection to select
multiple objects at once.

3. Specify Base Point:
o The command line will prompt you to "Specify base point or displacement." Click

on a point in your drawing to define the base point for the move. This point acts
as the origin for the movement.
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4. Specify Displacement:

o The command line will then prompt you to "Specify second point of
displacement." Click on a second point in your drawing to define the distance and
direction for the move. The selected objects will be moved to this new location.

Before Move

Example:

Let's say you have a 3D model of a table and you want to move it to a different location in the
room.

1. Access the 3D Move Command: Type "3DMOVE" and press Enter.
2. Select the Table: Click on the table object.
3. Specify Base Point: Click on the center of the table's base.
4. Specify Displacement:
o Click on the desired location in the room where you want to move the table.

The table will be moved to the specified location, maintaining its original orientation.
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3D Copy Command in AutoCAD:

The 3D Copy command in AutoCAD allows you to create identical copies of 3D objects in
your drawing. This is useful for creating multiple instances of the same object, such as
replicating furniture in a room or creating a pattern of objects.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "COPY" and press Enter.
o Ribbon: Click on the "Home" tab, then "Copy" in the "Clipboard" panel.
2. Select Objects:
o Select Individual Objects: Click on each object you want to copy.

o  Window/Crossing Selection: Use a window or crossing selection to select
multiple objects at once.

3. Specify Base Point:

o The command line will prompt you to "Specify base point or displacement." Click
on a point in your drawing to define the base point for the copy. This point acts as
the origin for the copied objects.

4. Specify Displacement:

o The command line will then prompt you to "Specify second point of
displacement." Click on a second point in your drawing to define the distance and
direction for the copy. The copied objects will be placed at this new location,
maintaining their orientation relative to the base point.

Betore Copy During

Example:

Let's say you have a 3D model of a chair and you want to create two more copies of it, arranged
in a row.
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1. Access the Copy Command: Type "COPY" and press Enter.
2. Select the Chair: Click on the chair object.
3. Specify Base Point: Click on the bottom center of the chair's base.
4. Specify Displacement:
o Click on a point slightly to the right of the chair to create the first copy.

o Click on another point to the right of the first copy to create the second copy.

The two copies of the chair will be created, maintaining the same orientation as the original.

AutoCAD # 3D HIUl FHIS:

AutoCAD ¥ 3D ®I1YI HHIS 3MUSB! U ST H 3D 3Heoidey &I UM Uil a1 &1
3T AT 8 | T8 Tl U sifsoiae o g $3¢ S o 7T Iuatl &, Wi fob ol v

T R B Ao d BT I SHieoided BT U S|
TYRU1-GR-TR 0T YfehaT:
1. PHIS dP Uga:

o PHIG ATS: "COPY" TI3U HY 3R Enter GaY|

o TREF: "Home" T R foas El'ﬁ', i "Clipboard" o9 o "Copy" UX T P |

2. Teiaey BT I PI:

o AT Sifestaed BT Tg- BY: R ifeaiacy B o0 B} BT =R &,

I IR faaqs Hi|

o faSI/pIRIT Ta: U IR U o3 Teoiacd HI a8 B o [0 [GS! a1 IR

I BT YA Be |
. 9y uige fAfdy &9:

w

o PHHIS AT USRI "9 Urse a1 fariruq Afdy &3 o1 Jobd <ft | it & ferw
I Uige aRuIia exa & fore orom g H fsadt foig wR foaes 3| o foig

HIUT fhT TN Sffesiaed o ol Jd & U H & Hxal g

N

o HUIS AR fhR MUB! "TaRITTT o1 gERT fog MGy L &1 Toba <l | it
& o g iR o= aRyIfd = 3 foTg oo ST 8 g foig IR fads |
HIUT fobT 77T Sisaided B 39 U VI TR @1 S, o Urse o A1uef 34

INTCRH DI ST IEd gU

45




Betore Copy During
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3D Rotate Command in AutoCAD:

The 3D Rotate command in AutoCAD allows you to rotate 3D objects around a specified axis.
This is crucial for accurately positioning and orienting objects within your 3D model.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "3DROTATE" and press Enter.
o Ribbon: Click on the "Modify" tab, then "3D Rotate" in the "Modify" panel.
2. Select Objects:
o Select Individual Objects: Click on each object you want to rotate.

o Window/Crossing Selection: Use a window or crossing selection to select
multiple objects at once.
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3. Specify Base Point:
o The command line will prompt you to "Specify base point or displacement." Click
on a point in your drawing to define the base point for the rotation. This point acts
as the origin for the rotation.

4. Specify Axis:

o The command line will then prompt you to "Specify start point of axis." Click on
a point to define the starting point of the rotation axis.

o Next, the command line will prompt you to "Specify end point of axis." Click on
another point to define the end point of the rotation axis. The objects will rotate
around this axis.

5. Specify Rotation Angle:

o The command line will prompt you to "Specify rotation angle." Enter the desired
rotation angle in degrees.

Before Rotate During

Example:

Let's say you have a 3D model of a door and you want to rotate it 90 degrees around its vertical
axis.

1. Access the 3D Rotate Command: Type "3DROTATE" and press Enter.
2. Select the Door: Click on the door object.
3. Specify Base Point: Click on the center point of the door's base.
4. Specify Axis:
o Click on the bottom of the door's hinge.
o Click on the top of the door's hinge.

5. Specify Rotation Angle: Enter "90" and press Enter.
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The door will rotate 90 degrees around its vertical axis, effectively opening it.
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Before Rotate During
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3D Mirror Command in AutoCAD:

The 3D Mirror command in AutoCAD creates a mirrored copy of 3D objects across a specified
plane. This is useful for creating symmetrical designs, duplicating objects, or modifying
existing 3D models.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "3DMIRROR" and press Enter.
o Ribbon: Click on the "Modify" tab, then "3D Mirror" in the "Modify" panel.

2. Select Objects:
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o Select Individual Objects: Click on each object you want to mirror.

o Window/Crossing Selection: Use a window or crossing selection to select
multiple objects at once.

3. Specify Mirror Plane:

o The command line will prompt you to define the mirror plane. You can do this in
a few ways:

m  Three Points: Specify three points in space to define the plane.

m  Object: Select a planar object, and the command will use its plane as the
mirror plane.

m  Predefined Planes: Select from predefined planes like XY, YZ, or ZX.
4. Delete Original Objects:
o The command line will ask "Delete source objects?"
m  Enter "Y" to delete the original objects after mirroring.

m  Enter "N" or press Enter to keep the original objects.

Before Mirror During

Example:

Let's say you have a 3D model of a chair and you want to create a mirrored copy to simulate a
pair of chairs facing each other.

1. Access the 3D Mirror Command: Type "3DMIRROR" and press Enter.
2. Select the Chair: Click on the chair object.
3. Specify Mirror Plane:

o Method 1 (Three Points): Click on three points that define the plane you want to
mirror across. For example, you could click on three points on the floor in front of

the chair.
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o Method 2 (Predefined Plane): Select "XY" to mirror across the XY plane (the
floor).

4. Delete Original Objects: Enter "N" to keep the original chair.

The command will create a mirrored copy of the chair on the opposite side of the specified
plane.
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Before Mirror During
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3D Array Command in AutoCAD:

The 3D Array command in AutoCAD allows you to create multiple copies of objects in a three-
dimensional pattern. This is incredibly useful for creating repetitive elements like grids of
columns, rows of seats, or complex structures with repeating components.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "3DARRAY" and press Enter.

o Ribbon: Click on the "Modify" tab, then "Array" in the "Modify" panel, and select
"3D Array."
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2. Select Objects:
o Select Individual Objects: Click on each object you want to array.

o Window/Crossing Selection: Use a window or crossing selection to select
multiple objects at once.

3. Choose Array Type:
o Rectangular Array: Creates copies in a grid pattern along the X, Y, and Z axes.

o Polar Array: Creates copies around a center point, rotating them around a
specified axis.

4. Define Array Parameters (Rectangular):
o Rows: Specify the number of rows in the array.
o Columns: Specify the number of columns in the array.
o Levels: Specify the number of levels in the array (for depth).
o Row Offset: Define the distance between rows.
o Column Offset: Define the distance between columns.
o Level Offset: Define the distance between levels.
5. Define Array Parameters (Polar):
o Center Point: Specify the center point of the array.
o Axis: Specify two points to define the axis of rotation.
o Number of Items: Specify the number of copies to create.

o Angle to Fill: Specify the angle to fill with copies.

Ttem Count

Fill Angle
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Example:
Let's say you want to create a grid of 3x3 columns in a building.
1. Access the 3D Array Command: Type "3DARRAY" and press Enter.
2. Select the Column: Select the 3D model of a single column.
3. Choose Rectangular Array: Press Enter to accept the default "Rectangular" array type.
4. Define Parameters:
o Rows: Enter "3."
o Columns: Enter "3."
o Levels: Enter "1" (since it's a 2D grid).
o Row Offset: Enter the desired distance between columns.
o Column Offset: Enter the desired distance between rows.
o Level Offset: Leave this at 0.

The command will create a 3x3 grid of columns, spaced according to the specified offsets.
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3D Scale Command in AutoCAD:

The 3D Scale command in AutoCAD allows you to resize 3D objects uniformly or along
specific axes. This is crucial for adjusting the size and proportions of objects within your 3D
model.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "3DSCALE" and press Enter.
o Ribbon: Click on the "Modify" tab, then "3D Scale" in the "Modify" panel.
2. Select Objects:
o Select Individual Objects: Click on each object you want to scale.

o Window/Crossing Selection: Use a window or crossing selection to select
multiple objects at once.

3. Specify Base Point:
o The command line will prompt you to "Specify base point." Click on a point in
your drawing to define the base point for the scaling. This point acts as the origin
for the scaling operation.

4. Specify Scale Factors:

o Uniform Scaling:
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m  Enter a uniform scale factor (e.g., "2" to double the size, "0.5" to halve the
size).

o Non-uniform Scaling:

m  The command line will prompt you for scale factors along the X, Y, and Z
axes. Enter the desired scale factor for each axis.

Betore Scale

Example:
Let's say you have a 3D model of a cube and you want to double its size.
1. Access the 3D Scale Command: Type "3DSCALE" and press Enter.
2. Select the Cube: Click on the cube object.
3. Specify Base Point: Click on the center of the cube.
4. Specify Scale Factor: Enter "2" and press Enter.

The cube will be scaled uniformly in all directions, doubling its size while maintaining its
original proportions and center point.
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3D Trim Command in AutoCAD:

The 3D Trim command in AutoCAD allows you to shorten or remove portions of 3D objects
by intersecting them with other objects. This is essential for refining your 3D models and
creating clean, accurate geometry.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "TRIM" and press Enter.
o Ribbon: Click on the "Modify" tab, then "Trim" in the "Modify" panel.
2. Select Cutting Edges:

o The command line will prompt you to "Select cutting edges." Click on the edges
of other objects that you want to use to trim the selected objects.

m  Important: In 3D, the cutting edges must intersect the object to be trimmed
in 3D space.

3. Select Objects to Trim:

o The command line will prompt you to "Select objects to trim." Click on the objects
that you want to shorten or remove portions of.

Before Trim

Example:

Imagine you have a 3D model of a box. You want to trim a protruding corner of the box using
the edge of another box that intersects it.

1. Access the Trim Command: Type "TRIM" and press Enter.
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2. Select Cutting Edge: Click on the edge of the intersecting box.
3. Select Object to Trim: Click on the corner of the first box that you want to remove.

The corner of the first box will be trimmed away where it intersects the edge of the second box.
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3D Extend Command in AutoCAD:

The 3D Extend command in AutoCAD allows you to lengthen existing 3D objects to meet the
edges of other objects. This is useful for creating clean and continuous connections between
different parts of your 3D model.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "EXTEND" and press Enter.
o Ribbon: Click on the "Modify" tab, then "Extend" in the "Modify" panel.
2. Select Boundary Edges:

o The command line will prompt you to "Select boundary edges." Click on the edges
of other objects that you want to extend the selected objects to meet.

m Important: In 3D, the boundary edges must be in a position where the
selected objects can realistically be extended to meet them.

3. Select Objects to Extend:

o The command line will prompt you to "Select objects to extend." Click on the
objects that you want to lengthen.

Before Extend
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Example:

Imagine you have a 3D model of a wall and a shelf. You want to extend the shelf so that it's
flush against the wall.

1. Access the Extend Command: Type "EXTEND" and press Enter.
2. Select Boundary Edge: Click on the edge of the wall where you want the shelf to meet.
3. Select Object to Extend: Click on the edge of the shelf that needs to be extended.

The shelf will be extended to meet the edge of the wall, creating a seamless connection.
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3D Fillet Command in AutoCAD:

The 3D Fillet command in AutoCAD creates rounded edges between two intersecting surfaces
or between a surface and a solid object. This is essential for:

e Improving aesthetics: Creating smoother, more visually appealing edges.

e Enhancing functionality: Reducing stress points and improving the flow of fluids or
materials.

e Preparing models for manufacturing: Facilitating easier machining and assembly.
Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "FILLETEDGE" and press Enter.
o Ribbon: Click on the "Solid" tab, then "Fillet Edge" in the "Solid Editing" panel.
2. Select Edges:

o The command line will prompt you to "Select first edge." Click on the first edge
of the intersection where you want to create the fillet.

o The command line will then prompt you to "Select second edge." Click on the
second edge of the intersection.

3. Specify Fillet Radius:

o The command line will prompt you to "Enter fillet radius." Enter the desired radius
for the fillet.
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Example:

Let's say you have a 3D model of a box with sharp corners. You want to create rounded edges
at the corners to improve its appearance.

1. Access the Fillet Edge Command: Type "FILLETEDGE" and press Enter.
2. Select Edges: Click on the two edges that form the first corner.
3. Specify Fillet Radius: Enter the desired radius for the fillet (e.g., "5").

The command will create a rounded edge at the selected corner. You can repeat this process to
create fillets at other corners of the box.
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3D Chamfer Command in AutoCAD:

The 3D Chamfer command in AutoCAD creates angled edges or bevels between two
intersecting surfaces or between a surface and a solid object. This is useful for:
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e Improving aesthetics: Creating angled edges for a more industrial or mechanical look.

e Enhancing functionality: Reducing stress points and improving the flow of fluids or
materials in certain applications.

e Preparing models for manufacturing: Facilitating easier machining and assembly.
Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "CHAMFEREDGE" and press Enter.

o Ribbon: Click on the "Solid" tab, then "Chamfer Edge" in the "Solid Editing"
panel.

2. Specify Chamfer Distances:

o The command line will prompt you to "Specify first chamfer distance." Enter the
desired distance for the first chamfer cut.

o The command line will then prompt you to "Specify second chamfer distance."
Enter the desired distance for the second chamfer cut (if different from the first).
If you want equal distances, simply press Enter.

3. Select Edges:

o The command line will prompt you to "Select first edge." Click on the first edge
of the intersection where you want to create the chamfer.

o The command line will then prompt you to "Select second edge." Click on the
second edge of the intersection.
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Example:

Let's say you have a 3D model of a box with sharp corners. You want to create angled edges at
the corners to give it a more mechanical appearance.
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1. Access the Chamfer Edge Command: Type "CHAMFEREDGE" and press Enter.
2. Specify Chamfer Distances: Enter "2" for both distances to create equal chamfer cuts.
3. Select Edges: Click on the two edges that form the first corner.

The command will create an angled edge at the selected corner. You can repeat this process to
create chamfers at other corners of the box.
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3D Draft Command in AutoCAD:

The 3D Draft command in AutoCAD creates a drafted edge or a chamfer with unequal distances
along two intersecting edges of a 3D object.

Step-by-Step Procedure:
1. Access the Command:
o Command Line: Type "DRAFTEDGE" and press Enter.
o Ribbon: Click on the "Solid" tab, then "Draft Edge" in the "Solid Editing" panel.
2. Specify Draft Distances:

o The command line will prompt you to "Specify first draft distance." Enter the
desired distance for the draft cut on the first edge.

o The command line will then prompt you to "Specify second draft distance." Enter
the desired distance for the draft cut on the second edge.
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3. Select Edges:

o The command line will prompt you to "Select first edge." Click on the first edge
of the intersection where you want to create the draft.

o The command line will then prompt you to "Select second edge." Click on the
second edge of the intersection.

Before Draft After Draft

Example:

Imagine you have a 3D model of a part with a sharp corner. You want to create a draft on the
corner to facilitate easier manufacturing, where one side of the draft is longer than the other.

1. Access the Draft Edge Command: Type "DRAFTEDGE" and press Enter.
2. Specify Draft Distances: Enter "2" for the first distance and "1" for the second distance.
3. Select Edges: Click on the two edges that form the corner.

The command will create a drafted edge at the selected corner with the specified distances.
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3D Boolean Operations in AutoCAD:

3D Boolean operations in AutoCAD allow you to combine, subtract, or intersect 3D solids to
create complex shapes. This is a powerful tool for creating intricate designs and assemblies.
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Types of Boolean Operations:

e Union: Combines two or more solids into a single, unified solid.

e Subtract: Removes a portion of one solid from another.

e Intersect: Creates a new solid from the intersecting volume of two or more solids.
Step-by-Step Procedure:

1. Access the Boolean Operations:

o Command Line: Type "UNION", "SUBTRACT", or "INTERSECT" and press
Enter.

o Ribbon: Click on the "Solid" tab, then select the desired Boolean operation in the
"Solid Editing" panel.

2. Select Objects:

o Select the first solid object.

o Select the second solid object.
3. Perform the Operation:

o The command will perform the selected Boolean operation.

Example:

e Union: Imagine you have two separate 3D boxes. Using the "UNION" operation, you
can combine them into a single, larger solid object.

e Subtract: Imagine you have a 3D block and a 3D cylinder. Using the "SUBTRACT"
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operation, you can remove the volume of the cylinder from the block, creating a hole in
the block.

e Intersect: Imagine you have two intersecting 3D cubes. Using the "INTERSECT"
operation, you can create a new solid object representing only the overlapping volume
of the two cubes.
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