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3D Modelling and Additive Manufacturing (316013)

Preface

The primary focus of any engineering laboratory/ field work in the technical education system is
to develop the much-needed industry relevant competencies and skills. With this in view, MSBTE
embarked on this innovative ‘K’ Scheme curricula for engineering diploma programmes with National
Education Policy2020 (NEP2020) and outcome-based education as the focus and accordingly, relatively
large amount of time is allotted for the practical work. This displays the great importance of laboratory
work making each teacher; instructor and student to realize that every minute of the laboratory time need
to be effectively utilized to develop these outcomes, rather than doing other mundane activities.
Therefore, for the successful implementation of this outcome-based curriculum, every practical has been
designed to serve as a ‘vehicle’ to develop this industry identified competency in every student.
Accordingly, the ‘K’ scheme laboratory manual development team designed the practical to focus on
the outcomes, rather than the traditional age-old practice of conducting practical to ‘verify the theory’
(which may become a byproduct along the way).

This laboratory manual is designed to help all stakeholders, especially the students; teachers and
instructors to develop in the student the pre-determined outcomes. It is expected from each student that
at least a day in advance, they have to thoroughly read through the concerned practical procedure that
they will do the next day and understand the minimum theoretical background associated with the
practical. Every practical in this manual begins by identifying the competency, industry relevant skills,
course outcomes and practical outcomes which serve as a key focal point for doing the practical. The
students will then become aware about the skills they will achieve through procedure shown there and
necessary precautions to be taken, which will help them to apply in solving real-world problems in their
professional life.

This manual also provides guidelines to teachers and instructors to effectively facilitate student-
centered lab activities through each practical exercise by arranging and managing necessary resources
in order that the students follow the procedures and precautions systematically ensuring the achievement
of outcomes in the students.

The 3D modelling and additive manufacturing Laboratory Manual has been developed to help
students understand. and apply the fundamental concepts of 3D part Modelling and assembly using
computer-aided-design (CAD) software. The aim is to bridge the gap between theoretical knowledge
and practical application by enabling students to visualize, design, and create mechanical components
in a virtual environment. This manual provides a systematic approach to learning various Modelling
tools and techniques.used in solid Modelling. Each experiment is designed to enhance the student’s
ability to create accurate 3D parts, assemblies; and engineering drawings. The exercises also emphasize
understanding of geometric and dimensional constraints, feature-based Modelling, and design intent.

The Practical manual development team wishes to thank MSBTE who took initiative in the
development of curriculum and implementation and also acknowledge the contribution of individual
course experts who have been involved in laboratory manual as well as curriculum development (K
scheme) directly or indirectly.

Although all care has been taken to check for mistakes in this laboratory manual, yet it is
impossible to claim perfection especially as this is the first edition. Any such errors and suggestions for
improvement can be brought to our notice and are highly welcome.

Lab Manual Development Team

Maharashtra State Board of Technical Education K Scheme



3D Modelling and Additive Manufacturing (316013)

Program Outcomes (POs) to be achieved through Practical of this Course

Following POs are expected to be achieved through the practicals of the (Theory of machines)
course.

PO1. Basic and Discipline specific knowledge: Apply knowledge of basic mathematics,
science and engineering fundamentals and engineering specialization to solve the
mechanical engineering problems.

PO 2. Problem analysis: Identify and analyse well-defined mechanical engineering problems
using codified standard methods.

PO 3. Design/ development of solutions: Design solutions for well-defined technical
problems and assist with the design of systems components or processes to meet specified
needs in mechanical engineering.

PO 4. Engineering Tools, Experimentation and Testing: Apply modern mechanical
engineering tools and appropriate technique to conduct standard tests and measurements.

PO 5. Engineering practices for society, sustainability and environment: Apply appropriate
technology in context of society, sustainability, environment and ethical practices.

PO 6. Project Management: Use engineering management principles individually, as a team
member or a leader to manage projects and effectively communicate about well-defined
engineering activities in diverse and multidisciplinary fields.

PO 7. Life-long learning: Ability to analyse individual needs and engage in updating in the
context of technological changes in mechanical engineering.

List of Industry Relevant Skills-

The following industry relevant skills of the competency Use 3D Modelling and Additive
Manufacturing are expected to be developed in you by undertaking the practical of this
laboratory manual.

a.

b.

Prepare 2D Drawings using sketcher workbench of any parametric CAD software.

Generate 3D Solid models from 2D sketches using Part workbench of any parametric
CAD software.

Prepare assemblies of part models using Assembly workbench of any parametric CAD
software.

Generate orthographic views of 3D solid models/assemblies using drafting workbench of
any parametric CAD software.

Generate production drawings for given part models/assemblies.

Print components using 3D Printer/Rapid prototyping machine.

Maharashtra State Board of Technical Education K Scheme
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Practical- Course Qutcome matrix

Course Outcomes (COs)

COl1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2 - Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO3 - Prepare assembly of part models using given 3D Modelling software.

CO4 - Plot a drawing for given part model/ assembly.

COS - Prepare components of assembly using 3D printer/ rapid prototyping machine.

Sr.

No.

Laboratory Practical Titles

CO
1

CO
2

CO

CO

CO

*Preparing drawing template consisting of name plate,
boundary lines and projection symbols.

\/

Drawing and plotting two simple 2D geometries using
sketcher commands.

*Drawing and plotting the given two simple 3-D drawings
using 3D Modelling commands.

Drawing and plotting the given two complex 3D drawings
using 3D Modelling commands.

*Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/
Screw Jack/ Tool Post/ any assembly consisting of at least
five parts. (Problem-I)

*Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/
Screw Jack/ Tool Post/ any assembly consisting of at least
five parts. (Problem-I continued)

*Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/
Screw Jack/ Tool Post/ any assembly consisting of at least
five parts. (Problem-I continued)

*Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/
Screw Jack/ Tool Post/ any assembly consisting of at least
five parts. (Problem-I continued).

* Assembly and plotting the orthographic views of the
assembly, bill of materials of Bench vice/ Drill Jig/ Screw

Jack/ Tool Post/ any assembly consisting of at least five parts.

(Problem-I)

10

Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/
Screw Jack/ Tool Post/ any assembly consisting of at least
five parts. (Problem-II)

11

Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/

Maharashtra State Board of Technical Education
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3D Modelling and Additive Manufacturing (316013)

Sr.
No.

Laboratory Practical Titles

CO

CO

CO

CO

CO

Screw Jack/ Tool Post/ any assembly consisting of at least
five parts. (Problem-II continued)

12

Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/
Screw Jack/ Tool Post/ any assembly consisting of at least
five parts. (Problem-II continued)

13

Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/
Screw Jack/ Tool Post/ any assembly consisting of at-least
five parts. (Problem-II continued)

14

Assembly and plotting the orthographic views of the
assembly; bill of materials of Bench vice/ Drill Jig/ Screw
Jack/ Tool Post/ any assembly consisting of at least five parts.
(Problem-II)

15

*Printing any one component from above assembly using
3Dprinter/ Rapid prototyping machine.

Maharashtra State Board of Technical Education
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Al o

10.

Guidelines to Teachers
Teacher need to ensure that a dated log book for the whole semester, apart from the laboratory

manual is maintained by every student which s/he has to submit for assessment to the teacher in
the next practical session.

There will be two sheets of blank pages after every practical for the student to report other matters
(if any), which is not mentioned in the printed practical.

For difficult practical if required, teacher could provide the demonstration of the practical
emphasizing of the skills which the student should achieve.

Teachers should give opportunity to students for hands-on after the demonstration.

Assess the skill achievement of the students-and COs of each unit.

One or two questions ought to be added in each practical for different batches. For this teacher can
maintain various practical related question banks for each-course.

If some repetitive information like data sheet, use of software tools etc. has to be provided for
effective attainment of practical outcomes, they can be incorporated in Appendix.

For effective implementation and attainment of practical outcomes, teacher ought to ensure that in
the beginning itself of each practical, students must read through the complete write-up of that
practical sheet.

During practical, ensure that each student gets chance and takes active part in taking observations/
readings and performing practical.

Teacher ought to assess the performance of students continuously according to the MSBTE
guidelines

Instructions for Students

For incidental writing on the day of each practical session every student should maintain a dated
log book for the whole semester, apart from this laboratory manual which s/he has to submit for
assessment to the teacher in the next practical session.

For effective implementation and attainment of practical outcomes, in the beginning itself of each
practical, students need to read through the complete write-up including the practical related
questions and assessment scheme of that practical sheet.

Student ought to refer the data books, IS codes, Safety norms, Technical Manuals, etc.

Student should not hesitate to ask any difficulties they face during the conduct of practical.

Maharashtra State Board of Technical Education K Scheme
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Content Page

List of Practical and Progressive Assessment Sheet

Sr.
No

Laboratory Practical Titles

Pag
e
No.

Date of
performa
nce

Date of
submis
sion

FA PR

(25)

Dated

marks sign. of

teacher

Rema
rks (if
any)

*Preparing  drawing  template
consisting of name plate, boundary
lines and projection symbols.

1

Drawing and plotting two simple
2D geometries using sketcher
commands.

22

*Drawing and plotting the given
two simple 3-D drawings using 3D
Modelling commands.

31

Drawing and plotting the given two
complex 3D drawings using 3D
Modelling commands.

46

*Drawing ~and plotting the
production drawing of the 3D part
models of individual components of
Bench ‘'vice/ Drill Jig/  Screw
Jack/ Tool - Post/ any = assembly
consisting of at least five parts.
(Problem-I)

63

*Drawing and plotting the
production drawing of the 3D part
models of individual components of
Bench vice/ Drill Jig/ Screw
Jack/ Tool  Post/ any = assembly
consisting of at least five parts.
(Problem-I continued)

74

*Drawing . and  plotting  the
production drawing of the 3D part
models of individual components of
Bench. vice/ Drill Jig/ Screw
Jack/ Tool = Post/ any assembly
consisting of at least five parts.
(Problem-I continued)

83

*Drawing and - plotting the
production drawing of the 3D part
models of individual components of
Bench vice/ Drill Jig/ Screw Jack/
Tool Post/ any assembly consisting
of at least five parts. (Problem-I
continued).

95

*Assembly and  plotting  the
orthographic views of the assembly,
bill of materials of Bench vice/ Drill
Jig/ Screw Jack/ Tool Post/ any
assembly consisting of at least five
parts. (Problem-I)

107
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Sr.
No

Laboratory Practical Titles

Pag

No.

Date of
performa
nce

Date of
submis
sion

FA PR

(25)

Dated

marks sign. of

teacher

Rema
rks (if
any)

10

Drawing and  plotting  the
production drawing of the 3D part
models of individual components of
Bench vice/ Drill Jig/ Screw Jack/
Tool Post/ any assembly consisting
of at least five parts. (Problem-II)

116

11

Drawing and  plotting  the
production drawing of the 3D part
models of individual components of
Bench vice/ Drill Jig/ Screw Jack/
Tool Post/ any assembly consisting
of at least five parts. (Problem-II
continued)

129

12

Drawing and plotting the
production drawing-of the 3D part
models of individual components of
Bench wvice/ Drill Jig/ Screw Jack/
Tool Post/ any assembly consisting
of at least five parts. (Problem-II
continued)

137

13

Drawing ~and  plotting  the
production drawing of the 3D part
models of individual components of
Bench vice/ Drill Jig/ Screw Jack/
Tool Post/ any assembly consisting
of at least five parts. (Problem-II
continued)

144

14

Assembly and plotting the
orthographic views of the assembly,
bill of materials of Bench vice/ Drill
Jig/. Screw Jack/ Tool Post/ any
assembly consisting of at least five
parts. (Problem-II)

152

15

*Printing any one component from
above assembly using: 3Dprinter/
Rapid prototyping machine.

160

Note: To be transferred to Proforma of CIAAN-2023.

A suggestive list of LLOs is given in the above table. More such LLOs can be added to attain the
COs and competency. A judicial mix of minimum 12 or more practical need to be performed, out
of which, the practical marked as ‘*’ are compulsory, so that the student reaches the ‘Precision

Level’ of Dave’s ‘Psychomotor Domain Taxonomy’ as generally required by the industry.
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3D Modelling and Additive Manufacturing (316013)

Practical No.01 *Preparing drawing template consisting of name plate, boundary

lines and projection symbols.

I. Practical Significance
Creating a drawing template that includes a name plate, boundary lines, and projection symbols
is a fundamental step in technical drawing or engineering graphics. This setup has practical
significance for clarity, standardization, and communication across engineering disciplines.
II. Industry/Employer Expected Outcome (s)
The trainee should be able to prepare a standardized drawing template that includes a properly
formatted nameplate, boundary lines, and projection symbols. This ensures clarity, professionalism,
and adherence to industry drafting standards for technical documentation. Standardized Drawing
Format
III. Course Level Learning Outcome (CO)
COl- Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
IV. Laboratory Learning Outcome(s)
1. 'Understand the components of a drawing template:
o Identify and explain the significance of name plates, boundary lines, and projection symbols in
engineering and technical drawings.
2. Prepare a standardized drawing template:
e  Accurately create boundary lines with correct spacing and thickness according to drawing
standards.
o Design and position the name plate with all necessary information such as title, scale, date, and
drafter’s name.
3. Apply projection symbol conventions:
e Draw and place projection symbols (First angle and Third angle projection) correctly on the
template.
e Understand the difference between projection methods and their representation in the drawing
template.
4. Adhere to drawing standards and practices:
e Apply relevant engineering drawing standards (such as ISO or ANSI) while preparing the
template.
o Ensure clarity, neatness, and-accuracy in the drawing layout to facilitate communication.
5. Prepare a reusable template for consistent use:
o Create a template that can be reused for multiple drawing exercises, ensuring uniformity and
time efficiency in future drawings.
V. Relative Affective Domain Related Outcome(s)-
e Working in team work.
e Follow ethical Practices.
VI.  Minimum Theoretical Background with diagram
e Basic knowledge of computer handling.
Maharashtra State Board of Technical Education K Scheme
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e Basic knowledge geometric constructions.
e Reading of engineering drawing.
e Basic knowledge of sketcher environment.

VII. Experimental setup
To create a drawing template consisting of a name plate, boundary lines, and projection symbols

using any parametric Solid Modelling software parametric software.

VIII. Resources Required

1\?(') Name of Suggested Broad Specification Quantity
) Resource
Hardware: @15 OI" hlgh.er), RAII\/I minimum 4 GB; A3/
1 Personal A4 size printer / plotter. As per batch size
computet. Display-wide Screen preferably.
5 Windows XP/Windows 7/ Windows
i As per batch size
Operating system 8/Windows 10 or higher. P
3 |Software Any parametric solid Modelling software. As per batch size
4 |Plotter. Plotter A2 OR AsSize. 1
IX. Procedure

The first things you need to do if you want own customized format is to decide what it is
going to look like. The best way to do that is to draw one out roughly on the relevant sized
sheet of paper. As an example, we are going to create an A4 sized landscape custom based
template format (Here Solid Modelling CAD software is used). This is the guide to help
you. You now have to determine how each element will be made. Considering following
specifications of sample template for exercise as shown in Figure.

Problem Definition: Paper Size- A4 (297 X210 mm) Name Plate Size -150 X50 mm.

Border-277X190mm

Mabharashtra State Board of Technical Education K Scheme
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ALL DIMENSIONE ARE TN Wi

BLANE -
[ROLL NO-

INETITUTE NAME
DEPARTMENT NMAME

FEM. & ZEC.-
FUE DATE -
[FRADE-

SCEEW JACKE
ASZEMEBLY

=@

FHEET NO. -

[CHECEED BY-

ALL DIMENSIONS ARE IN MM

INAME- INSTITUTE NAME
||ROLL NO- DEPARTMENT NAME
||SEM.& SEC.- —-—-—@
SCREW JACK
||SUB.DATE— N SeEvBly . SHEET NO.-
lcrADE- CHECKED BY-
1%2 Particular Color | Width | Height | Thick | F°"Y Ai‘egﬁ‘me“t n

1 Border (Inside offset Black 1 . . -
by 10 mm

2 | Table Lines Brown 0.5 - - -
NAME, ROLL NO,

SEM.& SEC., SUB - 4 1 CG Times.

3 | DATE, GRADE, Red Horizontally left.
SHEET Vertically middle
NO. CECKED BY
SSREV CG Times.

JACK - 4 1 .

4 Green Horizontally center.
ASSEMBL : .

v Vertically middle
INSTITUTE ,

5 | NAME Light - 4 1 I(;G T “nfsl'l t
DEPARTMENT | i
NAME y
First Angle Symbol Line font-SOLID

6 | gd=9 Black 0.5 - ~ | FONT, CTRL FONT
Note-ALL Dark

7 | DIMENSIONS ARE | Blue - 4 1 CG Times
IN MM

Following steps are required to create an A4 sized landscape custom based template format. (Here
you can use any CAD software)

Mabharashtra State Board of Technical Education
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A. Setting the Environment:
1. Click on "8/ icon on the desktop. The software will be launched, and the first
window will be displayed as shown in Figure.

L Crea Parmmatic 20 &=
~pe-@
| "
fp—
Tel[] |+ woeorew s e 28 " - I
EEE IS o I O ETIERL - NEN L

B. Set working directory:
To store all the created work content (files) in the current session in-a specified folder;
initially we have to set the directory. You can set any existing folder as the working
directory. To do this, click File>Manage Session>Select Working Directory, select
the particular folder.

File » Home

D New Manage Session

]
(= o y
&
Save
Erase Mot Displayed
cavens b | L Remove all objects not in windows from this
| savess session.

Print v | Tk

m rin __’4{

=

Close E—| Update Index
B Create or update the Instance Index file for a

specified directory.

Manage File 3
Play Trail File
L) Play a trail file.
Prepare
Server management
Send 4

Add a server to your folder navigator and set
active working area.

Dliad sl ™1 Select Working Directory
| Change the working directory.

After setting specified directory, the screen will appear as shown in Figure.
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BOZE~ |~

File ~ Home

Deskiop

[ My Documents

datirsit

(% Working Directory
Netwaork Neighborhood
Manikin Library

B4 Favorites.

N2 ® ¢ Ol B

£ My Documents.
datirsir
% working Directory

B Favorites

File name: . Date modified: 26-Jan-19 1:05:25 AM

File name:

P Folder Tree

Type | Dirsctories

0K |-

New Open Open Last |SelectWorking| Erase Not  Model System  Play
Session | Directory |Displayed Display Col TalFi
Select Working Directory
Data Settings

#|[#| v |2 « (©) » Soid Modeling Manual ¥ WORKING_DIR_manual ~ |44/ |search
il =
8o | @y (2 Organize ~ 5 Views v 4 Tooks v
Common Folders Common Folders | ]
[H) in Session Desktop

Cancel

Click OK as shown in Figure.

C. To invoke format environment:

1. Select New from the File toolbar. The New dialog box is display.

2. Select the format radio

button.

3. Type name as PRACTICAL1_TEMPLETE_FORMAT.

4. Choose the OK button.

Sub-type
Layout
Sketch
Part
Azzembly
Manufacturing

Drawing
Format
Report
Diagram
Notebook
Markup

PRACTCAL1_TEMPLETE_FORMAT

Hame

Common Name
Use default template

0K Cancel

When you invoke the Format mode, the new dialog box will display shown in

Figure

Mabharashtra State Board of Technical Education
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Specify Template
U=e template
) Empty with section
(@) Emphy

Drrientation

= = -
Portrait Landscape Variable

Size
Standard Size | © -

Inches
Millimeters

Width | Z22Z.00

Height | 17.00

O Cancel

1. Select the Empty radio button. Select landscape orientation.
2. Specify A4 (297X210 mm) size sheet by drop down menu.
3. Click on OK The A4 size sheet will appear as shown in Figure.

SN IEAEAE:D

D. To draw border 10-mm inside the sheet:

1. Select Sketeh from ribbon menu to draw border to the sheet.

@ Edge ~

2. Select Offset Edge command from sketching tool bar.

3. Select Ent. Chain from menu manager.

4. Select the A4 size sheet by pressing Ctrl button of key board.

5. Click OK from ‘select’ dialog box.

6. Enter off set distance -10 and accept the value. Exit from commands.
Mabharashtra State Board of Technical Education K Scheme
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Figure show the A4 size sheet with 10 mm border inside the sheet.

E. To insert the table.
1. Choose Table from ribbon menu.
2. Select the table by specifying 3 columns and 5 rows as shown in

Figure.

3. Click curser inside the border of A4 size sheet.

File -

Layout Table Anng

(= Table From File £+ Mowve

OO
ENEEREEN

OO
HOO00000
HOOO0000
HOO00000
HOO00000

The table will display on the drawing area as shown in Figure.

F. To convert the table to required height and width:
1. Highlight the table by window selection method.

2. Click to

=3 Height and Width

Height and width tool option. The new Height and

Width definition dialog box will appear on the screen as shown in figure.

Mabharashtra State Board of Technical Education
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Row
E’ Automatic height adjustment
Height in drawing units 0.312
1.0

Height in number of characters

Column
Width in drawing units 1.375
Width in number of characters | 10.0

Wrap text

DK Cancel Prewview

In the same dialog box-

1. Uncheck the ‘Automatic height adjustment’ option.
2. Mention the height 10 and width 50 in the same dialog box option.

3. Click OK, Click the cursor in drawing area.

The table appearance is similar to the one shown in Figure.

G. To merge the required cell:
1. Highlight the cells, those you want to merge by pressing Ctrl button of key board.

2. Click on Merge Cells options from menu bar.

3. Click the cursor in drawing area.
The table appearance is similar to the one shown in Figure.

Repeat the same procedure to merge remaining cell as per sample title block given to

you.

H. To move entire table to lower right corner of the border:
1. Click on Table from menu bar.

2. Highlight table by clicking on it.
3. Pick up the table Grib and locate it at lower left corner of border.

The table will look like as shown in Figure.

Mabharashtra State Board of Technical Education K Scheme
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I. To add the text as per the given sample title block:
1. Highlight acell by double clicking.

2. New ‘Note properties’ definition dialog box will open.

Rows & Columns Data Format ¥ Note Properties X
a & e |@ o 5% Text | Text Style

(2 Open..

[C] save...

Editor...

Text Symbol...

& ul Report Symbol...

Hyperiink...

0K Cancel

1. Type the text ‘NAME-' in note properties window as shown.

Hote Properbies
Text | Text Style

HAME-

2. Select the Text Style tab from same window.
3. Mention Height 4, thickness 1, font CG TIMES, left, middle and red color for
proper alignment of letter. Click on Preview and OK tab.

The same screen will look appear as shown in Figure.

Mabharashtra State Board of Technical Education K Scheme
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Rows & Columns. Data Format ~ Note Properties x
Q& @ o, % Text | Text Style
Copy from
Style name | Default -
Existing text | Select Text..
Character
Font T CG Times w [] Default
e} Height 4 [ Defaut Shantangle |0.000000
Thickness |1 [] Defaut [] Underine
Width factor Default ] Kerning
0o Horizontal | Left *| Line spacing | 0.500000 [N Defautt
Vertical | Middle v| [ Mimor
Angle |0.000000 [] Break crosshatching
Color || Margin | 0.150000
0 0 |
Preview Reset
oK Cancel

4. Repeat the same procedure for all-letters.
Finally, you will get the TITLE BLOCK as shown in Figure.

To change table line width and color:

NAME- INSTITUTE NAME
ROLL NO- DEPARTMENT NAME

SEM.& SEC.- LINES

SUB.DATE- & SHEET NO.-

(GRADE- LETTERING CHECKED BY-

3. Select Table>Select Line Style option button.
4. Keep Modify Lines as default as it is.

Table | Annotate  Skefch  Review  Tools  View ~0@-

ect  f¥ Add Column {1 Line Display EEE['—:—:—: [&¥ Update Tables. % I == Arrow Style
=

om File &1 1o
able ~ B pro 4E Add Row [ erge cels HH 7 Delete Contents

Repeat Text | Line |
bie ~ 8] Move Special | =]ls Height and Widn E§ Unmerge Cels  Region ] Switch Symbols | Style | Style | 90, Hyperlink

at Last Format

able ™ Rows & Columns. Data Format ~

P = Menu Manag...
“ Line Style ’:rx‘ w LINE STYLES

Change the style of individual line(s). e N
ing Tree ER Modify Lines

Edit Styles
Edit Fonts

TCAL1_TEMPLETE_FORK

Clear Style

Done/Return

5. Select table of name plate by just clicking.

Select 1 or more items.
Region selection is available.

6. Select OK =
7. New Modify Line Style definition dialog box will appear on screen.

Copy From
Style none v
Drawing Select Line.
Atributes
Line Font | SoLIDFONT -
‘Width 0.500000
Color [ |
Model

Apply | Cancel Reset

8. Enter required width 0.5 and brown color and click on Apply button.

Mabharashtra State Board of Technical Education K Scheme
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The table line width will get changed and appear is similar to the one shown in

Figure.

24 T S0

ERETeTTG I
Q& e @ ¥ w LINE STYLES

Wodify Lines

Edit Styles

Edit Fonts
Clear Style
Done/Return

Select 1 or more items.
Region selection is available.

0K Cancel

Click OK to accept your selaction or Cancel to exit

To change line width and color of border lines:

9. Select Sketcher> Line Style> Modify Lines.
10.- Then select entire border lines by pressing Ctrl button of key board.

11. Accept your selection by clicking OK

New Modify Line Style definition dialog box will appear on screen.

Edit Styles
Edit Fonts
Clear Style
Done/Return
Modify Line Style x
Copy From
Style none -
Drawing Select Line...
Attributes.
Line Font | SOLIDFONT -
Width 1
Color [ ]
GMES INSTITUTE NAME
FoLL mo- DEPARTMENT NAME ns
:EM & SEC.- A— I »
UB.DATE - & HEET NO.- =
R LETTERNS  brpcken sy Apply Cancel Reset
12. Enter the width by 1 and black color. Click to Apply> Close>OK

The border line width will get changed and appear is similar to-the one shown in

Figure.

Mabharashtra State Board of Technical Education K Scheme
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AME- INSTITUTE NAME
e DEPAETMENT HAME

E M & SEC.- s
EUE.DATE - & EHEET NO.-
[FRADE- CERIERIES CHECKED BY-

J. To create FIRST ANGLE symbol in template:
1. Select Annotate from menu bar.
2. Select Symbol Gallery from Symbol drops down list.

File Layout Table Annotate Sketch Review Tools

Hx Remove All Jogs } Draft Group % S)rmhr.llj e ¥ _/
- Remove All Breaks i Relate to Object % Custom Symbol
¥ Delete 2 Unrelate [’y Symbol From Palette

Delete * Group % Symbaol Gallery

w SYM GALLERY

3. Selectl_~ || Define from Menu Manager.
4. Specify symbol name as FIRST ANGLE and accept selection.

Enter symbol name [QUIT]:

FIRST_ANGLE o

The next new screen will appear shown in Figure.

I\ SYM_EDIT_FIRST_ANGLE (Active) - Creo Parametric - B R
) SYMGALLERY
File Edit View Insert Sketch Format Analysis Info Applications Tools Window Help Define h
—~ === S T T T T ] _ w SYMBOL EDIT
Ceh®MOgRa ora-¥ BREMIIEArRQQQA T @00 0% 0 |Z A x B 4% st
ributes
[N j% & z@% Copy Drawing
Cammon Foiters P Copy Symbol
= Parameters
‘ Groups
o) S Note Rotate
g @ Done
(24 Working Directory. T auit
B Network Neighborhood T
in Library T
4§ Favortes
=
[

To draw first angle projection symbol. Use tool bar shown in previous Figure.

1. Select Sketcher>Line

File Edit View Insert | Sketch | Format Analysis Info A{
=S %%@
8o | Gy, Lin "loue |
Consicion o N
Maharashtra State Board of Technical Education K Scheme
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2. Start to draw symbol. First you have to draw horizontal and vertical lines.
3. Change line style by selecting line and click RMB. Select Line Style.

L :
Mext

Previous
Pick From List
Cut
Copy
X Delete
Trim to Bound
Divide at Intersection
Line Style
Hateh/Fill
Move Special

New Modify Line Style definition dialog box will appear on screen.

Modify Line Style X
Copy From
Style none v

Drawing Select Line...

Attributes.
Line Font | SOLIDFONT -

Width 0.000000

Color .

Model Edge Options

Selecte:

ure sheet
JAIL ENTITY)
ppl Cancel Reset

4. Select CTRL FONT and Black color. Click to Apply button.

Maodify Line Style x
Copy From

Style none A

Drawing Select Line...

Attributes
Line Fent | CTRLFONT -
Wit SOLIDFONT a
DOTFONT
Color CTRLFONT

PHANTOMFONT b
Model Edge Options

Selected edges only

All occurences in sheet

Apply Cancel Reset

Continue the same procedure whenever you want to change the line style.

5. “Nextinsert | Point at intersection of two center lines as shown in Figure.

6. Draw two circles of diameter 9 and 4.5 by using Edit Diameter Value by right
clicking option and accept it by clicking as shown in Figure.

I?

e | cu

Copy 1
X Delete d 1 L d

Repeat Last Format

Trim to Bound

Divide at Intersection )/
Line Style ‘€ ¢d
Hatch/Fill 7
Edit Diameter Value

L - — -1 —

Mabharashtra State Board of Technical Education K Scheme
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You have to draw remaining entities of symbol according to proportionate
mention in Figure. Finally, First Angle symbol will look like as shown in Figure.

5

To change symbol width.

1. Select symbol by window method.
2. Right click and choose Line Style option.
3. Specify width by 0.5 as shown in Figure. Click Apply button.

Copy From
Style none -

Drawing Select Line...

Attributes
Line Font | Asls -

Wit 05
Color | |

Model Edge Options.

Selected edges only
All occurences in sheet

Apply Cancel Reset

4. The symbol line width will change as shown in Figure. Next click on Done
from the Menu manager.

hGLE {Active) - Creo Parametric

p SYM GALLERY @
Window Help Define M-

w SYMBOL EDIT

P QAR 8O O 00 (2] s = el A28 e Attributes
2&% CupyDrawmg. |
L=p Copy Symbaol
I Parameters
Groups
Lals Note Rotate

New window Symboel Definition Attribute dialog box will display on the screen
as shown in Figure.

Mabharashtra State Board of Technical Education K Scheme
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5. Tick the Free option and click on OK.

General | Var Text

Allowed Placement Types Symbol Instance Height Attributes
@ Fixed Fixed Text Angle
[7] Free Pick Origin... = . ) ; | - 2
() Variable - Drawing Units Allow Elbow
B - Model Units. [[] Allow geometry to mirror
d )
D Enable symbaol to be placed with no leader. E—TEXT Related D Allows text to mirror
[T] Mormalto Entity | Pick Origin... Select Text... [ Allaw text to fip
[ Left Leader Pick Origin...
[7] Right Leader Pick Origin...

[] Radial Leader Pick Circle...

Name: FIRST_ANGLE

OK

Cancel

Text Symbol ==

New Select Point definition dialog box will open.

6. Select a point using absolute co-ordinates option. Click on OK

Select Point x

Absolute Coory . .
Select a point using abs|
X|0.00

Again, window Symbol Definition Attribute will display on the screen. Click

on OK.

7. Select Done option from Menu Manager.

b Y BRREN I AR @0 90 gzl < e e

Menu Manag...

p SYM GALLERY |
Define b
w SYMBOL EDIT

Attributes
2% Copy Drawing
L= Copy Symbol [[=
R
— Parameters
k Groups
Vo MNote Rotate
(O3 Done
’3 » Quit
L— »
Now you will be at main screen as shown in Figure.
BOSHo o -E@-Sh~|v
Fle- | Layoul Table | Amnotale | Skeich Review Toals  View - -]
5 Bamml - o7 ’
% Bresia  §i Relate A7 Noke . 7\[ . //
o
ENES ala/mla)o%
T s
wa
SN
Srowtiams
oo
AME - INSTITUTE NAME
= P ==
fueos v [T
Mabharashtra State Board of Technical Education K Scheme
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8. Select Done option from Menu Manager.
First Angle symbol is created in Custom Symbol.

To insert prepared first angle projection symbol in name plate:
1. Select Annotate> Symbol>Custom Symbol from menu New Custom Drawing

Filew | | Layout Table | Annotate | Skeich Review Tools

| il \.n"

“, Remove All Breaks i’ Relate to Object i Symbol l

Hx Remove All Jogs ¢ Draft Group % Symbol | *

General Grouping Variable Text
Preview
Definition

Symbol name| 1ST_ANGLE v | Browse...

New.
Placement
Type Free v
Next leader Arrowhead | Automatic
Froperties Origin
Height  |0.403425 T
Proportion Custom

Angle 0.000000 +950

Color §

OK Cancel

2. Symbol window will display on screen.

3. Select FIRST ANGLE as the symbol name from the list as shown in Figure.

Custom Drawing Symbol x

General | Grouping Variable Text

Preview
Definition
Symbol name | 1ST_ANGLE ¥ | Browse...
1ST_ANGLE Hew.
FIRST_ANGLE
Placement
Type

Specifies the drawing symbol instance to insert. The list displays
Next leader symbols that are already associated with the file

@

Properties Origin
Height 0.403426 Default
Proportion Custom
Angle 0.000000 +90

Caolor §

oK Cancel

4. Now click on actual symbol and place it in drawing area by moving cursor as
shown in Figure. Click on OK.

Mabharashtra State Board of Technical Education
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-1t
ae |5
Color §
5. Move the symbol at required position.
NAME- INSTITUTE NAME
ROLL NO- DEPARTMENT NAME
SEM.& SEC.- .
LINES
SUB.DATE- & SHEET NO.-
LETTERING
GRADE- (CHECKED BY-

Finally sheet with symbol will look like as shown in Figure.

EME INSTITUTE NAME
ROLL HO- DEPARTMENT HAME
EEM.8 SEC.- e CI@&
EUB. DATE- & EHEET NO.-
IGRADE- LETIEHNG Lo kD BY-

L. To add note without leader:

Az Note
1. Click Annotate tab, select Note button "I Note and click Make Note options
from Menu Manager.

150 Leader

onltem

Offset

Horizontal
Vertical

Angular

Standard

Left
IAME - INSTITUTE NAME center

oL 1o DEPARTMENT NAME Right

EM 8 SEC- LINES ==CH

s 3 i

e LETIERING | o e Style Lip
Cur Style
Make Note

Mabharashtra State Board of Technical Education K Scheme
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New Select Point window will appear on the screen.

1. Choose Free point and locate it as per requirement.

Select Point x

ARER

Select a free point on the drawing

Ok [ Canesi

2.
3.

4.

Write note as ALL DIMENSIONS ARE IN MM and accept it.

Select Done from Menu Manager.

ALL DIMENSIONS ARE IN MM

| K

Right click on letters you written.

Select Properties option.

Next
Previous
Pick From List
Cut
Copy
Erase

¥ Delete
EditAttachment
Move to Sheet
Move Special...
Properties
Add Hyperlink

Note Properties window will open.

Text | Text Style
Copy from
Style name | Defautt

Existing text | Select

Character
Font

Height 4

Thickness |1

T CG Times

W Sets the character thickness. [ Kerning
Enter avalue in drawing units.

Horizontal | Defautt v| Line spacing | 0.500000 | M Defautt
Vertical | Top ] wirror
Angle 0.000000 [[] Break crosshatching
Color . Margin 0.150000
Preview Reset
0K Cancel

Hote Properties x

Text...

v| [] Defautt
[] Defaut Slantangle | 0.000000

[] Defaut [] Underiine

5. Specify font as CG Times, Height 4, Thickness 1, blue color. Select
Preview. Click-OK button. Finally mentioned note will look like as shown

in Figure.

M. To change sheet name Lines & Lettering by SCREW JACK ASSEMBLY:
1. Double click to respective cell. Note Properties window will display.
Text | Text Style
I:NES (52 Open...
LETTERING [ save..
2. Type SCREW JACK ASSEMBY in Text option.

Mabharashtra State Board of Technical Education

18



3D Modelling and Additive Manufacturing (316013)

Text | Text Style

SCREW JACK = Open...
ASSEMBLY
E] Save...
Editor,

3. Select Text Style tab, and enter the font-4, Thickness -1, horizontally center and
vertically middle alignment. Color —green.

Text | Text Style
Copy from
Style name | Default v

Existing text | Select Text...

Character

Font T CG Times »| [] Default

Height 4.000000 |[] Defautt Slantangle |0.000000

Thickness |1.000000 |[] Defaut [ ] Underline

Width factor Default [] Keming
Note/Dimension

Horizontal | Center ¥ | Line spacing |0.500000 | [wf Defaut

Vertical | Middie » [ Wiror

Angle |0.000000 [] Break crosshatching

Color [ ] Margin | 0.150000

Preview Reset

oK Cancel

4. Click Preview and OK.
Finally, the A4 size landscape custom based template format will ready as

shown in Figure.

ALL DIMENZIONZ ARE IN MM

AME- DIETITUTE NAME
[RCLL MO- DEPARTMENT NAME
FEM.4: SEC - [
ELIE DATE- SCREWIAK EHEETHNO.-
[FRADE- [FHECEKED BY-
N. Save the work by clicking the Save button. The A4 size custom based template format

stored in working directory and we can use it for further work.

X. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO.
1. List the different menu bar used in software.
2. Write the purpose of Title block in drawing sheet.
3. Explain information mention in title block.

[Space for Answer |
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XI. References / Suggestions for Further Reading
o https://www.youtube.com/watch?v=B96jGGkt-zk
o https://www.youtube.com/watch?v=cWCI8KI;ji80

o https://www.youtube.com/watch?v=zJrea53xtG8
XII.Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) Completion of drawing with minimum size of model 20%
0
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No. 02 Drawing and plotting two simple 2D geometries using sketcher

Commands.
L Practical Significance
To create a 3D feature, it is necessary to draw its 2D sketch. In the sketcher environment
the sketch of the feature is created, dimensions and constrains are provided to sketch.
The designer can make to make sure that the 2D sketch of the product is satisfying the
necessary conditions, then continue to create 3D model of the product in the part mode.
II. Industry/Employer Expected Outcome (s)
e Accurate 2D Geometry Creation — Ability to create precise basic shapes (e.g.,
rectangle, circle) using sketcher tools.
o [Efficient Use of Sketcher Commands — Proficient use of line, arc, trim, dimension,
and constraint tools.
e Understanding of Geometric Constraints — Apply and modify constraints to control
shape and size.
e Basic CAD Proficiency — Demonstrate familiarity with CAD or Any parametric solid
Modelling software environment.
e Interpretation of Technical Drawings — Read and replicate basic geometry from a
given technical sketch or drawing.
III. - Course Level Learning Outcome (CO)
COL1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO4- Plot a drawing for given part model/ assembly.
IV.  Laboratory Learning Outcome(s)
By the end of the lab, students will be able to:
1.. Use basic sketcher commands to draw two simple 2D geometries.
2. Apply geometric and dimensional constraints to fully define sketches.
3. Identify and correct under- or over-constrained sketches.
4. Save and plot the final drawings accurately
V. Relative Affective Domain Related Outcome(s)-
Demonstrates willingness to engage in sketching tasks with accuracy and patience, showing
appreciation for the role of precision in geometric design.
Mabharashtra State Board of Technical Education K Scheme
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VI.  Minimum Theoretical Background with diagram

Sketcher is a 2D drawing workspace used in CAD software (like CATIA, AutoCAD, or
Solid Works or Any parametric solid Modelling software.) to create the base profile for 3D

models. It includes basic commands to draw and constrain shapes

VII.

Use Sketcher module in CAD or Any parametric solid Modelling software to draw and

Experimental setup

constrain two simple geometries.

VIII. Required Resources /Apparatus/Equipment with specification.

Sr. Name of ) . \
No. Resource Suggested Broad Specification Quantity
Hatdware: (15 or higher), RAM ‘mlmmum 4
GB; A3/ A4 size printer / )
Personal As per batch size
1 Smouter plotter.
putet: Display-wide Screen preferably.
Overatin Windows XP/Windows 7/
2 < 2tem £ Windows As per batch size
Y 8/Windows 10 or higher.
A ic solid Modelli
3 | Software ny parametric solid Modelling As per batch size
software.
4  |Plotter. Plotter A> OR AsSize. 1

IX.  Precautions to be Followed
e Check given drawing for dimensional printing mistakes if any and if dimensions are

missing assume proportionate dimensions.

e While constructing the drawing, periodically save your work.

X. Procedure

Exercise No.1-Rerdaw the given 2D geometries.

Mabharashtra State Board of Technical Education
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R4 1

3
t

12
Fig. 2.1 Sketch of the model

Stepwise procedure-
The following is the stepwise procedure to draw a sketch of a given model.

1. Start Pro/ENGINEER or any other available solid Modelling software.

2. . When the Pro/ENGINEER session started, the first task is to set the working directory. It is a
directory on your system where you can save the work done in the current session of Pro/
ENGINEER.

3. Starting a new object File, Choose the New button from the file toolbar. Any sketch drawn in the sketch
mode is saved with .sec file extension.

4. . Drawing the line of sketch, choose the line button from the sketcher tools tool bar. Specify the
start point by clicking to the right in the drawing area one end of the line is attached to the cursor.
Move the cursor down to get an approximate size of line (fig, 2.2). Notice that
while moving a curser vertically down, a constraint appears adjacent to line. If you draw a line
now the vertical Constraint will be applied to the line. This vertical constraint is not visible in the

drawing area until the creation of line.

ko 114 - —

_1;' 15?11 15182 .}I=1
| / \ 080
...3'/ N G 1|? |
= 3.07 -
Fig.2.2 Sketch with inclined lines Fig. 2.3 Partial sketch with weak dimensions
5. Choose the Create an arc by 3 points or tangent to an entity at its endpoint button

From the Sketcher Tools toolbar. You are prompted to select the start point of the arc Select

Mabharashtra State Board of Technical Education K Scheme
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the endpoint of the left inclined line. Move the cursor along the tangent direction through a
small distance. A rubber-band arc that is tangent to the endpoint of the line appears. As you
move the cursor to the end point of the right inclined line, at a particular point the tangent
constraint is applied at both the ends of the arc. This is indicated by the symbol T that appears
on the Endpoints of the inclined lines.
6. As the tangent constraint appears, click to end arc creation. You will notice that the
tangent constraint with a symbol T appears at the endpoints of the arc, as shown in Fig. 2.4. Press
the middle mouse button to end arc creation.
7. Note that in Figure 2.3 there are some weak dimensions that are not displayed in Figure
2.4. This is because the weak dimensions are deleted without confirming their deletion. Hence,
after drawing the arc some weak dimensions get deleted automatically.

8. @] Select create concentric circle button; you are prompted to select-an arc. Select the arc
by clickingon it. Move the mouse and a circle appears. To draw the circle, click to select a point
inside the sketch. Press the middle mouse button to end circle creation. The sketch is complete

and appears as figure 2.5.

Fig. 2-4 Sketch with arc Fig. 2.5 Sketch with all entitles, weak dimensions and weak
constraints
170 While sketching the geometry the software automatically generates the dimensions on

The different entities which are weak dimensions. These dimensions can be modified and made
strong by double clicking on the individual dimensions the user can add own dimensions by using
create defining dimension tool. After modifying the dimensions and made it strong the sketch
completes shown on fig. 2.6.

Mabharashtra State Board of Technical Education K Scheme
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v
Y

A FRT_C5YS DEF
) E

~ iR

120,00 ———1

Fig 2.6 The complete sketch with dimensions and constraints

Exercise No.2-Rerdaw the given 2D geometries.

e Create sketch using available solid Modelling software and attach the printout. (Any one from

below two sketches)

R0
= B
L2 |
—@- 65
e o et
: i 49 to—
% 64
- > 1
40
=105 -
50 170 —=
310
e Print drawing of the part:
1. Prepare for Plotting
Mabharashtra State Board of Technical Education K Scheme
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o Go to File — Page Setup / Print Setup.
o Choose:
» Printer/Plotter name
= Paper size (A4 / A3/ A2)
* Orientation (Landscape / Portrait)
= Plot area: Window or Extents
2. Set Drawing Scale
o Choose a suitable scale (e.g., 1:1, 1:2, etc.)
o Ensure the entire geometry fits properly in the drawing sheet.
3. Add Dimensions and Annotations
o Use Dimension and Text commands to label the drawing.
o Add Title Block (Name, Date, Scale, Material, etc.).
4. Preview the Plot
o Go to File — Print Preview / Plot Preview.
o Check layout, margins, and line weights.
5. Print/ Plot the Drawing
o Go to File — Print / Plot.
o Choose the output:
= Direct to printer
= Or PDF plot using “Microsoft Print to PDF” / “DWG to PDF” option.
6. Save the File
o Save the drawing file for record and future use.

XI.Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. Explain the purpose of using the Sketcher workbench in CAD software and describe its role
in the 3D Modelling process.

2. Demonstrate how to set a reference plane (XY, YZ, XZ) before starting a sketch in a CAD
environment. Describe the steps involved.

3. Differentiate - between geometric constraints and dimensional constraints with suitable
examples.

4. Describe the functions of the Trim and Extend commands-in sketching and explain when each
should be used.

5 Justify the importance of fully constraining a sketch before converting it into a 3D model.
Discuss the consequences of under-constrained sketches.

[Space for Answer |
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XII. References / Suggestions for Further Reading
e https://www.youtube.com/watch?v=-m10KuFkSTE
o https://youtu.be/IVIAj19i11 TI?si=4 qu7mP-EuRcEfYH
XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
Completion of drawing with minimum size of model
2 N 20%
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No. 03 *Drawing and plotting the given two simple 3-D drawings using

I1.

I11.

IVv.

VL

3D Modelling commands.

Practical Significance

Creating and plotting simple 3D drawings using 3D Modelling commands holds great
practical value for students, especially those studying engineering, architecture, design,
or related technical fields. It serves as a foundation for developing essential skills needed
in both academics and future careers

Industry/Employer Expected Outcome (s)

1. Accurate 3D Modelling: Ability to create precise 3D representations of simple objects
using appropriate CAD software commands.

2. Efficient Use of Commands: Proficiency in applying 3D Modelling tools. (e.g., extrude,
revolve, union) to build and modify models.

3. Technical Drawing Interpretation: Understanding and translating 2D sketches or
technical drawings into 3D models.

4. Plotting & Documentation: Ability to generate and plot views (isometric, orthographic)
for presentation

Course Level Learning Outcome (CO)

COL1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2-Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4- Plot a drawing for given part model/ assembly.

Laboratory Learning Outcome(s)

Gain hands-on experience in creating and visualizing basic 3D objects using 3D Modelling
commands, enhancing understanding of spatial design, object manipulation, and CAD software
tools.

Relative Affective Domain Related Outcome(s)-

Demonstrates willingness to engage in 3D Modelling tasks with attention to detail, shows
appreciation for the precision and creativity involved in creating 3D drawings, and values the
importance of accuracy and aesthetics in technical design.

Minimum Theoretical Background with diagram

Basic knowledge of reading of 3D objects.
Knowledge of creating working directory.

Mabharashtra State Board of Technical Education K Scheme
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VIIL. Experimental setup
Start by opening your 3D Modelling software and creating a new project. Use basic 3D
commands such as line, extrude, and rotate to draw the two simple 3D shapes. Finally, visualize
the drawings by plotting or rendering and save the results.
VIII. Required Resources /Apparatus/Equipment with specification.
Sr. N f
Nl(;. R:sI:ere Suggested Broad Specification Quantity
Hardware: (i5 or higher), RAM minimum 4 GB; A3
1 Personal / A4 size printer / plotter. As per batch size
computer. Display-wide Screen preferably.
2 |Operating system VgwosXP/Windows 7/ Windows As. per batch size
P g 8/Windows 10 or higher. R
A tric solid Modelli
3 |Software ny parametric solid Modelling As per batch size
software.
4  |Plotter. Plotter A2 OR AsSize. 1
IX.  Precautions to be Followed
o Student should understand and can draw at least two Orthographic views of any model.
e While constructing 2D sketch, boundary (Area) of any profile should be enclosed.
o While specifying dimensions, carefully select the entity or end points of entity and click
the middle button (roller) of mouse.
e Check given drawing for dimensional printing mistakes if any and if dimensions are
missing assume proportionate dimensions.
e While constructing the drawing, periodically save your work.
X. Procedure
A, Exercise 1. Create following given 3D part using part Modelling workbench of CAD
software.
Following steps are required to create given solid 3D part in part Modelling workbench.
A.  Start Solid Modelling.
Maharashtra State Board of Technical Education K Scheme
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Set the working directory.

Start part model environment.

Selecting the Sketching Plane for the Base Feature.

Creating and Dimensioning the Sketch for the Base Feature.
Selecting the Sketching Plane for the Second Feature.
Creating and Dimensioning the Sketch for the Second Feature.
Selecting the Sketching Plane for the Third Feature.

Creating and Dimensioning the Sketch for the Third Feature.
Save the part and close the file.

Printing of part drawing.

ATTEQIEIOAOW

A. Start Solid Modelling parametric: As explained in practical No.0Ol.
B. Set Working Directory: As explained in practical No.01.
C. Start part model environment: As explained in practical No.03 Exercisel

1. Type name as PRACTICAL3 EXERCISE1.Click OK button as shown in figure.

Hewr »
Type Sub-type
O IF Layout (@ Solid
() §#ED Sketch ) Sheetmetal
@ [ Part O Bulk
()] Assembhy Harness
b Lu Manufacturing
;| Drawing
2 [ Format
D EE Report
0 L= Diagram
2 $7] Motebook
;| @ Markup
Mame PRACTICAL4_EXERCISEZ
Common Mame
[] use default template
OK Cancel

2. New File Box window will display on the screen.
3. Then from New File options dialog box select ‘solid part mmks’ and click OK.
4. Part Modelling workbench will display on the screen.

D. Selecting the Sketching Plane for the Base Feature:
5. Now we have to create first base feature of the given part. So, we need to draw a
sketch of first feature on any one of the default plane.

6.Click on Sketch button from part Modelling tool bar. Then Sketch
window will appear as shown in Figure.
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Sketch

Placement | Properties

Sketch Plane

Plane U=ze Previous

Sketch Orientation
Sketch view direction Flip
Reference

Crrientation

Sketch Cancel

7. Select the correct plane as per the part orientation by just clicking on the

default plane. Click on Sketch button

Placement Progersey
Shigtch Phane

Pane

cson | Flip

Bgterancd FGHTFI{DATUM PLANE )}

Orentation | Fight | w

8. Click on Orient View button to orient the view parallel to screen.
E. Creating and Dimensioning the Sketch for the Base Feature.
1 Activate the grid from the View option tool bar as shown in Figure.

| F G RE R 8 R Awikd PRACTICALA_EXERCISEZ (Active) - Creo Paramefric 20

Fili =

Wodel Anilyss  Annotale  Reder  Tools  View  PxibieModeliag  Appicaions | Skeich
& [5 X * § canuins {, wieer  Tace Aorme @ore omte @ ST G =) =] Rp’ Y v X
o 2 X ot L Clrsctungs * Qyetsa * [ Comter * 8 Thcian ¥ it I+ =%= i &
Fe 5o Constcion E e el Feshite 0K Cancal
@ pen v | KCowtnawSywiem  dee DOkt AuSom [T [ Pioject# Coordinate System £ Lei W fequrements
Sehg * GetDuin Opeatons * Dot Shefcting Eding  Comsiun® Omonin”  sped * Coae
BEm Q& Q0%6 %S,
o .
Moce!Tree o e 0 S O O 0O e | 7 [SaislAl
(] PRACTICAL4_EXERCISEZPRT ot ] Digp Dims
{7 RIGHT

1 ~
' Digg Cons
18 ¥ ", Disp Congr
H

{7 FRONT ¥ 1 Disp Grd
HePRT_CSYS_DEF ; y—

sy ¥ [Z Disg Vers
& Inzed Horo
1 ¥ Sheton 1

‘pe

= @

]

5. Click File>Options>Sketcher. Set the grid spacing by 5 mm as shown in

Figure. Click OK
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[T = W R I -

File = Modal

s B2

.
&P system

Setup *  Get Data

i | B E

Mode| Tree

Analysis  Annotate

¥ * f Canberine

3 Pont

s
= Jo Coordinate)
Operanons ~ Danum
=

] PRACTICAL4_EXERCISEZ PRT

£7 RIBHT
£7 ToR
£7 FRONT

% PRT_CSYS_DEF

» InSen Here
i “Skeich 1

ghors
Mode! Displary
Entity Dimplay
Salecton
Sketcher
Assembly
Data Exchangs
Shastmes:

Custamize Ribbon
Quick Access Toobar

Window Satings

EXparn Confgurations...

Creo Parametric Optiona X

| Set options. for cbpects displary, grid, style, and constraints.
rerpeCT

W Mot

& Tangent
Dimension and schver scouracy

Mumeser of decimal places for dmension

RATEANE

Relative accurscy for sketcher sohing 1 000000
Dimension behawior whie dragging the sactics
Lock medified dimensions
[[] ‘Lock user defined dimenson
Sketcher orid
W Show the grid
[ ‘Snag bo gria

Grid angle: .00

Girid type: Cartes) -

Grid spacng type. | Swac -
Spacing along X-axis: |5
Spacing alng V-axis: |5

Sketcher startup.
[ Make the skeiching plane paraliel b e soreen

Enlty ine style and coler -

Shetcher settings | Restore Defautts

on cancel

3.Select line from sketching tool bar to draw line close loop profile as shown in

figure.

A& & @ 0,0 B S

KCSVSDEF

“—ﬁ

4. Click MMB to exit. Weak dimensions will appear on the drawing.

Lz
o b
S0 W 2
iy 75
H
H
L
an
vl v
PRH_CSYS_DEF H
[S2 Ly
T— o<

F. To modify a dimension double-click on its value using the LMB, and then type a
new value as per the drawing. Accept it by clicking on green colored Check mark.
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an

v ot |
PRTHCSYS_CEF N He |
'1|'.>_ i3 =] 12 =] .
- -
1 Select button of part Modelling tool bar.
Ol B % 4 C (S5 oo (v X
F&m @ &/a@o o %
Model Tree LiAERS

[ PRACTICAL4_EXERCISE2 PRT
3 RIGHT
ToP
7 FRONT
24PRT_CSYS_DEF
A Sketeh 1
+ Insert Here

» o #Extrude 1

2. Mention the height of 100 mm, click on to change depth direction of extrude. Click

| &

w

on for preview, and finally click on

accept button if extrude correct
3. Finally base feature of the part will look like as shown in Figure
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G. Selecting the Sketching Plane for the second Feature:

I Click on -
will appear.

Sketch button from part Modelling tool bar. Then Sketch window

2 Take the cursor on the appropriate plane according to given part, and click on it.
3 Click on Sketch of the sketch window.

iy
4 Click on Orient View button to orient the view parallel to screen. Then

plane of the second feature will ready for sketching of the second feature as shown
in Figure.

Sketch X
ala/aaoes % E -
Placement | Properties
Sketch Plane
Plane Use Previous

Sketch Orientation

Sketch view direction  Flip

Reference

SurtF(EXTRUDE_1) Orientaton

Sketeh | Cancel I

H. Creating and Dimensioning the Sketch for the second Feature.

[ Rectangle |
1.Select from Sketching tool bar to draw rectangle
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BRI EEEE

2.U constraint tool to coincident two sides of the above rectangle.

3.Select and then select line and edge of the first features as shown in

»

Figure.
4.To modify a dimension, double-click on its value using the LMB, and then type a new

value 20 X 50 mm as per the drawing. Accept it by clicking on green check mark.

Tiar || Wotel | Ansrei | Ammwiate | Remter | Toots | Wiew | Plstc Hovaty | Ammicatons. || Evoies
‘/ﬁh:a Llw x4 C 0 o/ o (v X
Remove Material 1
e e
HEE a «lalm o, @ e E
Model Tree -8
() PRACTICAL4_EXERCISE2 PRT
£7 RIGHT
17 TOP
L7 FRONT
2« PRT_CSYS_DEF
b o7 Extrude 1
7 Sketch 4
+ Insert Here
o Exude 2
==
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6. Mention the height of =~ 40 mm, clickon #  remove material. Click

v G
on to change depth direction of extrude. Click on for preview, and
v
finally click on accept button if extrude correct. You will get second feature of

the part as shown in Figure.

L. Selecting the Sketching Plane for the Third Feature.

1. Click on Sketch button from part Modelling tool bar. Then Sketch

Window will appear.

2. Take the cursor on the first feature top plane according to given part, and click
on it.

3. Click on Sketch of the sketch window

Placement | Properties
Sketch Plane

Flane Use Previous

Sketch Orientation

jwection | Flip
Reference

Orientation |

&

4. Click on Orient View button to orient the view parallel to screen. Then
plane of the first feature will ready for sketching of the third feature as shown in

Figure.
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—_—

J. Creating and Dimensioning the Sketch for the Third Feature.

[T Rectangle =
1. Select from Sketching tool bar to draw rectangle

I |
-
| ]

2. Use constraint tool to coincident two sides of the above rectangle.

3. Select —— and then select line and edge first features as shown in Figure.

4. To modify a dimension, double-click on its value using the LMB, and then type a
new value 40 X 25 mm as per the drawing. Accept it by clicking on green.
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g7

5. Select “*|z button of part Modelling tool bar

aao L= Fx A C N 0/5HF o v X

Placement | Options | Properties

Model Tree -8~
[J PRACTICAL4_EXERCISE2.PRT

L7 RIGHT

7 TOP

£7 FRONT

A PRT_CSYS_DEF

» 7 Exrude 1

» 7 Extrude 2
% Skeich 3
=+ Insert Here

b ) HEdrude 3

& SN NN = ED

4k | 1000

6. Mention the height of ~ 25 mm, click on 4 remove material. Click

on = | to chang\g}e depth direction of extrude. Click on

and finally click orﬁ correct. accept button if extrude

7. Finally, third feature of the part will look like as shown in Figure.
8. Save the part and close the file.

for preview,

B. Exercise 2. Create sketch using available solid Modelling software and attach

the printout

P Csvs_DEF
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K. Print drawing of the part:
Step-by-Step:
1. Set Up Layout Tab
o Go to the Layoutl tab at the bottom.
o Command: PAGESETUP
o Choose your printer (e.g., “DWG To PDF.pc3” or a physical printer)
2. Set Paper Size
o Example: A4 (210 x 297 mm)
3. Set Plot Area
o In Plot Area, choose Window
o - Select your 3D model area
4. Choose View Style
o Forshaded 3D output: Select Shaded with edges
o For wireframe: Select Hidden
5. Adjust Viewport
o Use command: MV.— Create a viewport on layout
o Inside viewport, set View to Isometric
6. Set Plot Scale
o Typical: 1:1 or 1:2 (depending on paper)
7. Preview Plot
o Click Preview to verify appearance
8. Plot/ Print
o Click OK — Choose save location (if PDF)
o Or send directly to printer
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XI. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO.
Questions:
1. Explain application of solid Modelling in industry.
2. List and explain different types of toolbars used in part Modelling.
3. Differentiate between 2D sketching and 3D Modelling.
4. Explain how constraints and dimensions help in creating a parametric model.
5. State the advantages of using 3D Modelling over manual drafting.

[Space for Answer|
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XII. References / Suggestions for Further Reading

1. https://www.youtube.com/watch?v=ZUPRT95V4Ek

2. https://www.youtube.com/watch?v=0OPmjH5QfiRs

3. https://www.youtube.com/watch?v=078bWdxjqWs
XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) Completion of drawing with minimum size of model 20%
tree. °
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 0%
and their arrangement on different sheet size. .
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
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Practical No.04  Drawing and plotting the given two complex 3D drawings
using 3D Modelling commands.

I.  Practical Significance

The objective is to create solid models of mechanical components and to learn various sketching
and modelling commands. Studying different geometric and modelling constraints. From a design
engineer’s perspective, this allows viewing an object from multiple directions and in various views,
ensuring that the object appears exactly as intended. Additionally, it provides insight into possible
modifications or improvements that can be made to the design.

II. Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer
1. Prepare 3D model of given object.
2. Prepare 2D Darwing from given 3D model
3. Plot given 2D drawing

III. Course Level Learning Outcome (CO)
COl- Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2-'Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4 - Plot a drawing for given part model/ assembly.

IV. Laboratory Learning Outcome(s)

e Draw the complex 3D components from given part drawing.
e Plot the given components.
V. Relative Affective Domain Related Outcome(s)-

e Working in team work.
e Demonstrate working as a leader/a team member.
e Follow ethical Practices Follow ethical Practices.

VI. Relevant Theoretical Background with diagram

Basic Concepts of CAD- CAD software is used to create, modify, and analyze 2D drawings and 3D
models. Geometric constraints define relationships between sketch elements (e.g., parallel,
perpendicular, concentric). Dimensional constraints specify size and proportions (e.g., length, angle,
diameter).

Solid Modelling Techniques- Extrusion: Extending a 2D profile to create a 3D solid, Revolution:
Rotating a sketch around an axis to form symmetrical shapes, Sweeping & Lofting: Creating complex
shapes by moving profiles along paths, Boolean Operations: Combining or subtracting solids (Union,
Subtract, Intersect). Reference planes (XY, YZ, ZX) and axes are used to define model geometry
accurately.
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VII. Experimental setup

The experimental setup involves a CAD workstation with 3D Modelling software (like CATIA,
SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students create and
assemble 3D models of individual components of mechanical devices such as a bench vice, drill jig,

screw jack, or tool post. The setup includes necessary input devices (mouse, keyboard), plotting/printing
tools, and reference technical

VIII. Required Resources /Apparatus/Equipment with specification

Sr. S ted Broad
Nl;). Name of Resource ugSizsc:ﬁcatl;gz Quantity
. 1 for each
1 Computer Latest configuration
student
. ) 1 for each
2 3D modelling software Latest configuration
student
3 Plotter/ printer A4 size 1

IX.Precautions to be Followed
1. Check given drawing for dimensional printing mistakes if any and if dimensions are
missing assume proportionate dimensions.
2. Check whether units are set to mm
3. While constructing the drawing, periodically save your work. of instructor
X.Procedure
Problem definition:
a. Prepare 3D part model of figure 4.1 and 4.2
b. Generate Front View and Top view of figure 4.1 and 4.2

Fig: 4.1 Fig: 4.2

1. Open solid modelling software

2. Click on D - new icon.
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3. Click on L% part icon for creating new object.

-

4. Click on setting icon located at top.
5. Select document properties Tab and select units option.
6. Select MMGS (millimeter, gram, seconds) for setting units in millimeter and click ok.
7. Go to Feature manager design tree
G EBR[&[€] >
7
@ Part! (Default) <<Default>_Display ¢
History
Sensors

v Annotations
g% Material <not specified>
[l Front Plane
[ Top Plane
[!] Right Plane

I_, Origin

Feature manager design tree
8./ Select Front plane option located in feature manager design tree.

Planes
9. Goto to head up view toolbar for rotating view (for bringing selected view to the front)

PLOLPOLPEE- - & - O

¥

and click on view orientation icon, then click = Normal to icon.

10. Go to feature manager design tree, click on front plane [1) Front Plane and click on
sketch icon to start new sketch
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11. Go to sketch tool bar, and select circle command and draw two concentric circle by keeping
origin as center as shown below

Ksovowores Y [1 - Fr- bl - - | - k-8 B - Sketeh! of Part? ©
P cRTE * © [ 4 Mirrar Entities . [r o ry
Biif | Smart Dimersion [ + ¢ » (3 - ) Trm Entities Corver: Entities Gfisat B Linear Sketch Pattem  + DisplayDolote Aciatiors Ropai SWEtERT of Part1® Coop opns gioncr
. . @@ - i i Entities P ) i Skerch Skt Cantaurs
Features | Sketch | Mariwp | Evaluate | MBD Dimensions | SOLDWORKS Add-ins | MED | Bicricamad® o - 2 o

& B R[E[e® >
i
% Partl (Default) «<Default>_Display ©
B8 History
R sensors
v IR A
3 Material <not specified =
[{] Front Plane
[l Top Plane
[ Rignt Plane
L, origin
B () Sketeh

s

12. Go to sketch toolbar, click on small arrow mark in line command and select center line,
draw center lines.

VAJCEE 2
1 / Line ties ( . /\
d»’p Centerline \/

E “», Midpoint Line ions

13. Go to sketch toolbar, select line command, draw sketch as shown below

14. Go to sketch toolbar, select trim command, trim excess parts of line
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(4] Mirror Entities

16. Go to sketch toolbar, select
horizontal center line to mirror about.

Mirror Entities, select line to mirror, select

» 89 complex 3D (Defaul... |

& B[R] [€] i
H4 Mirror @ |
voX

Select entities to mirror and a sketch line, |
linear model edge, plane or planar face to

mirror about @60 i

Options ~ o~
Entities to mirror; . =

B [Lines m‘

Line3
Lined

Copy
Mirror about:

o [

75

17. Select trim command and trim out excess parts of lines.
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12

75

18. Go to feature toolbar, seclect Extruded Boss/Base, -sclect Direction 1 as Mid Plane

Direction 1 ~
i lene “~ Enter depth 80mm, click on v thick icon.
° . l%complex 3D (Defaul...

SBE[R[e]€]
@) Boss-Extrude @
v X ®
From A

Sketch Plane v
Direction 1 ~

Mid Plane e
o BN
2 80.00mm =

Draft outward

([ Thin Feature v
Selected Contours M

sH[R[¢[&] -
7

:% complex 3D (Default) <<Default>_Dil
History

Sensars

Annotations

[&) Solid Bodies(1)

§E Material <not specified>

[

e p &

[} RigF Sketch

L, origin

4 ﬁ Boss-Extrudel

20. Go to sketch toolbar, prepare sketch as shown below
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21. Go to sketch toolbar, smart dimensions, give all necessary dimensions as shown below

&

22. Go to feature toolbar, select Extruded Boss/Base, Select Mid plane as direction 1, enter depth
45mm.
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23. Select surface as shown below, create new sketch on selected surface

GJ (7] @ans-ExtrudeZDﬁi‘ ,1

24. Go to feature toolbar, select Extruded cut, select depth such that all middle part is removed.

25.To draw 4 circles of diameter 10mm, select surface as shown below and draw two circles.
15

26. Go to feature toolbar, select Extruded cut, select depth of cut such that circle is cut through
both upper and lower plate.
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27.Go to feature toolbar, select fillet, enter fillet radius 5 mm. click on v thick icon.

Features | Sketch | Markup | Evaluate | MBD Di | soupworks Add-ins | mBD & 3¢
: » @ complex 30 (efaul.
@ Fillet @
v ox
[ e
Fillet Type ~

Beew

Items To Fillet -~

{8 show selection toolbar

8 Tangent propagation
© Full preview
(O partial preview

(O No preview

Fillet Parameters -~

SYMME o dius (Enter a value or start with = to create an equation)

/& 5.00mm 2

[ Multi Radius Fillet

Profile:
Circular v
Setback Parameters v |1

28. To draw Rib, Select Front Plane, and draw line as shown below
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. Rib . . .
29.Go to feature toolbar, select Rib @I I , enter rib thickness 6mm, save this model to
known location.

* §% complex 3D (Defaul...

SErR[e[@]
4| Rib1 @

v X ®

30. To draw second object, close first drawing, select new drawing, select Front Plane, prepare drawing
as shown below.

l
815 |
=~ 0
£ |
% | )
!
i
i |
. I
i IS R S|
10 30 i
% |
I
S:).chdmlnun ~
31. Go to feature toolbar, select Extruded Boss/Base, click on ' selected contours, select

closed area as shown below, select mid plane at Direction 1, enter depth 90mm. click on v thick icon.
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2 * @ part2 (Default) <<D. »

s E[rR[=[€] G
@) Boss-Extrude ®
v X ®
From ~

Sketch Plane v
Direction 1 ~

Mid Plane ~
& 90.00mm =

Draft outward z|

O Thin Feature v
Selected Contours ~

& [sketch2-Region<1>
S| egion<2>

32. Select sketch file, below to Boss- Extrudel, located at Feature manager Design tree.

s[ElB[o[€] -
7
@ Part2 (Default) <<Default>_Display ¢
History
Sensors
Annotations
[ Solid Bodies(2)
3 Material <not specified>
[ Front Plane
[1] Top Plane
[}] Right Plane
L. origin
~ @] Boss-Extrude

1] Sketch2

33. Go to feature toolbar, select extrude boss/Base, click on selected contours, choose closed area, select

mid plane as directionl, enter depth 70mm. click on " thick icon.

Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-ins | MBD
* @ part2 (Default) <<,

S BE[R[e|@]
@) Boss-Extrude @
vV x ®
From ~
Sketch Plane
Direction 1 ~
Mid Plane
. I
& 7000mm
(8 Merge result
L)
Drat oveward
() Thin Feature v
Selected Contours ~

e
8 auto-select
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34. Select Top surface as shown below, and prepare new sketch.

imersons | SOUDWORKG Addins | 8D T 4 iCABARMAE © v 08 T
; GREIL S P
Sclxsi20 |

P @ poss-extrude2 -

% 54 sketch2<3>

35. Go to feature toolbar, select extruded Boss/Base, enter depth 30mm.

= * BP Part2 (Detaulty <<U..

s|s[R[¢[@]
@) Boss-Extrude @]
v X ®
From ~

Sketch Plane v
Direction 1 ~
glind v
£ [30.00mm =

@ Merge result

Draft outward

O pirection 2 v
(O Thin Feature v
Selected Contours v

36. Select top of circle, create new sketch, draw circle of diameter 30mm, select Extruded cut, select

through all at direction 1, click on v thick icon.

° » @ Part2 (Default) < <D.. o os,

S E[R[&[E]
Cut-Extrude @
v X ®
From ~

Sketch Plane v
Direction 1 -
Through Al v

[JFlip side to cut

Draft outward %

[ Direction 2 v
(O Thin Feature v
Selected Contours v

37. To draw rib, select front plane, select line command, prepare sketch as shown below

Mabharashtra State Board of Technical Education K Scheme
57



3D Modelling and Additive Manufacturing (316013)

38. Go to feature toolbar, select rib, enter rib thickness 10mm.

C > (8% Part2 (Default) <<Default>_Display State 13|

s elR[e[®]

4 Rib1 @
v X ®

VParammrs ot

& 10.00mm

Extrusion direction:

Bl

() Flip material side

@ 1.00deg

Selected Contours. L

39. To mirror rib to opposite side, select recently drawn rib from feature manager design tree, go to
feature toolbar, select mirror, select right plane as mirror plane

- @ comple 3d 2 ({Defaul...

se[rlele]

L History
&1 Mirror T @ Sensors
» [A Annotations
vox v [® Solid Bodies(1)
=
=
Mirror Face/Plane ~ =% Material <not sp...

p—— [ Front Plane
® £ Top e
Secondary Mirror Face/Plane o Dj REHET:

1= QOrigin
B oo
Mirror seed anly ¥ @ Boss-Extrude?

v @l Boss-Extrude3

FrotaLiles - v (@ cut-Extruded
: »
Faces to Mirror ~ E|
@
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40. To draw circle of diameter 10mm, select surface as shown below, draw 2 circles, select Extruded
cut.

41. Mirror these two circle about right plane. Save this drawing to known-location.

42. To prepare Views and to print drawing, create New Drawing as shown below, select previously
created template.

New SOLIDWORKS Document

x | Sheet Format/Size
ostandard sheet size
Preview:
D Only show standard formats [ ——

a3 - gost_sh1_port
E a3 - gost_sh2_land
a3 - gost_shZ_port

| | /( ad

- gost_sh1_port
a4 - gost_sh2_port

Part Assembly

Drawing
a 3D representation of a single design | a 3D arrangement of parts andjor | a 2D engineering drawing, typically of a A4 Template.siddrt Browse...
compenent other assemblies part or assembly
B pisplay sheet format Width:  207.00mm
Height: 210.00mm
() Custom sheet size
Advanced oK cancel Help Width: Height: oK Cancel Help
—

43. Go to Drawing Toolbar, Select Model view command, file manager will open, now select previously

saved 3D model and place on sheet, Front view will generate, move pointer in upward direction to
generate Top view.
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@ 38 & a8 & G B B o (@ o B -]
Model Projected Ausiary Section Removed Detail Relative Standard Broken-out Break Crop Empty Predefined Replace
View View View View  Section View View 3 View Section  View View View View Model
Drawing | Annotation | Sketch | Manup | Evaluate | SOLIDWORKS Add-ins | Sheet Format | - . £ . - - o E]
U PREOIC@W: ¥ -
3| BB
[@] Drawing View3 []
v
“ || Reference configuration ~
R oefaur v
Orientation -~
1 Standard views:
W|®
[a][=] ~ [=]
]
More views: @ /"'\ @
1 “Trimetric } Iy 'i
H “Dimetric \‘_/
Mirror v @
Import options - ALL DIMENSIONS ARE IN MM
(Jimpan annotations
Design annotations NAME: LR
S & — DEPARTMENT NAME
Include items from hidden
fea SEM. & SEC
SCREW
SUB. DATE TACK SHEET NO.
ASSEMBLY
GRADE CHECKED BY:

44. To import annotation, click on generated view, click on import annotation option in property
manager.

45. To change display style, go to property manager, display style, we can choose wire frame, Hidden
line visible, shaded with edges etc.

46. Size of view can be changed using scale option in property manager.
47. Additional annotations can be added if required using smart dimensions.

48. Save drawing to known location, to take print out click on print icon located at top, click on page
setup, select suitable page size (i.e. A3, A4 etc.), See preview of print, click on print.
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XI. Practical Related Questions

so as to ensure the achievement of identified CO.
1. Explain application of solid Modelling in industry.

Note: Below given are few sample questions for reference. Teachers must design more such questions
2. List different types of tool bar used in part Modelling.

[Space for Answer]
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XII. References / Suggestions for Further Reading
e NPTEL Solid Modelling-
https://archive.nptel.ac.in/content/storage2/courses/112106061/Module_2/Lecture 2.1.pdf

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
Completion of drawing with minimum size of model
2 N 20%
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No. 05 *Drawing and plotting the production drawing of the 3D part

models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool

Post/ any assembly consisting of at least five parts. (Problem-I)
I. Practical Significance

Drawing and plotting the production drawing of 3D part models of assemblies such as a
Bench Vice, Drill Jig, Screw Jack, or Tool Post helps students and engineers understand the
complete design process from individual part creation to final assembly. It develops skills in
3D Modelling, dimensioning, tolerance specification, and standard drafting practices. This
exercise ensures accuracy in manufacturing, improves visualization of mechanical systems,
and enhances the ability to communicate design intent effectively for real-world production
and assembly.

I1. Industry/Employer Expected Outcome (s)
Students should be able to create accurate 3D part models and production drawings of mechanical
assemblies (like Bench Vice, Drill Jig, Screw Jack, or Tool Post) using CAD tools, interpret
design requirements, and produce industry-standard documentation for manufacturing and
assembly.

111 Course Level Learning Outcome (CO)

COL1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2-Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4- Plot a drawing for given part model/ assembly.

IV.  Laboratory Learning Outcome(s)
Students will be able to create and plot accurate production drawings of 3D part models and
assemblies (e.g:, Bench Vice, Drill Jig, Screw Jack, Tool Post) using CAD tools, demonstrating
understanding of dimensions, tolerances, and assembly relationships.

V. Relative Affective Domain Related Outcome(s)-
Develops interest, discipline, and responsibility in creating accurate production drawings and
fosters teamwork, attention to detail, and appreciation for engineering design standards.

VI.  Minimum Theoretical Background with diagram
Basic knowledge of reading of 3D objects.
Knowledge of creating working directory.
Basic knowledge of preparation of 2D sketches
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VII. Experimental setup

The experimental setup involves a CAD workstation with 3D Modelling software (like
CATIA, SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students
create and assemble 3D models of individual components of mechanical devices such as a bench

vice, drill jig, screw jack, or tool post. The setup includes necessary input devices (mouse,

keyboard), plotting/printing tools, and reference technical

VIII. Required Resources /Apparatus/Equipment with specification.

Display-wide Screen

S. Name of Suggested Broad ]
No. Resource e of Resbiliee égfeciﬁcation Quantity
(15 or higher), RAM
Hardware: minimum 4 GB; A3/ A4 Hardware:
Personal Size printer / plotter. As per batch size Personal
1 computer computer.

higher.

preferably.
Operatin Windows XP/Windows 7/
2 P g Windows 8/Windows 10 or| As per batch size
system

Operating system

Any parametric solid

3 |Software Modelling software.

As per batch size

Software

4 Plotter. Plotter A2 OR A3Size.

Plotter.

IX. Precautions to be followed

o Student should understand and can visualize at least two Orthographic views of any

model.

e Check given drawing for dimensional printing mistakes if any and if dimensions are

missing assume proportionate dimensions.

o While using Sweep or Helical sweep command, need to draw reference axis, reference
line, trajectory and helical sweep section. This activity should do carefully.
e While constructing the drawing, periodically save your-work.

X. Procedure
Use the given orthographic views to create solid model.

C.I,1-OFF.
0 -

~N
-

|1 2|

~<»v—|
‘,

w

S = -
= +
6 M16x2 RH. L Be

11
o 82 ' 24
138 7
JAW SCREW
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A. Modelling Jaw Screw
1. Open the 3D CAD software.
2. Set working directory.
3.Go to file and select new.
4.Select part Modelling option.
5.Give the name Jaw Screw to the new file.
6.Click on sketch tool and select plane to sketch on (if available front plane).

7.Sketch the profile as shown below (circle of diameter 18).
|

218

8.Click ok.

9:You will return to part environment.

10.Select extrude/protrude tool and select sketch just created
as sketch for protrusion.

11.Enter extrusion dimension as 24 and press ok. You will
get the model as below.

12. Again, select the sketch tool and select any flat face of the
cylinder just created as sketching plane.
13.Sketch the profile as shown below (circle of diameter 12).
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14.Click ok.

15.You will return to part environment.

16.Select extrude/protrude tool and select sketch just created as sketch for protrusion.
17.Enter extrusion dimension as 10 and press ok. You will get the model as below.

18. Again, select the sketch tool and select a flat face cylinder just created as sketching plane

19. Sketch the profile ns shown below (circle of diameter 16)

Mabharashtra State Board of Technical Education K Scheme
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20.Click ok.

21.You will return to part environment.

22.Select extrude/protrude tool and select sketch Just created as sketch for protrusion.
23. Enter extrusion dimension as 82 and press ok. You will get the model as below.

24. Again, select the sketch tool and select any flat face of the cylinder just created as sketch
plane.
25. Sketch the profile as shown below (circle of diameter 12)

26. Click OK.
27. You will return to part development.
28. Select extrude/protrude tool and select sketch just created as sketch for protrusion.
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29. Enter extrusion dimensions as 11 press ok you will get the model as below.

30. Again, select the sketch tool and select any fiat face of the cylinder just created as sketching
plane.

31.Sketch the profile as. shown below (circle of diameter 8).

32. Click ok.

33. You will return to part environment.

34. Select extrude/protrude tool and select sketch just created as sketch for protrusion.
35. Enter extrusion dimension as 5 and press ok. You will get the model as below.
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36. Again, select the sketch tool and select any flat face of the cylinder just created as sketching

plane.

37. Sketch the profile as shown below (circle of diameter 12).

38.
39.
40.
41.

42.

12.00

Click ok.

You will return to part environment.

Select extrude/protrude tool and select sketch just created as sketch for protrusion.
Enter extrusion dimension as 6 and press ok. You will get the model as below.

Now select the hole tool and select the

Reference plane (vertical or horizontal) bisecting the entire model created.

Mabharashtra State Board of Technical Education K Scheme
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XI.

B e

43.  Place the hole of diameter 6 using placement option to satisfy conditions given in
drawing and click ok.
44, You will get the model as bellow.

45. Save the model.

Print drawing of the part:
Go to File — Print / Print Preview.
Select Printer or PDF Writer (e.g., Microsoft Print to PDF).
Under Print Range, choose Current Sheet or All Sheets.
Set:
o Paper size (A4/A3)
o Orientation (Landscape/Portrait)
o Scale to 1:1 or Fit to Sheet
Click OK / Print.
Save as .pdf or directly print.
Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO.
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Questions:

1.

State the meaning of mmns, mmks.

2. List different uses of mouse buttons

3. Explain the commonly used file formats for saving 3D CAD parts and 2D production
drawings, and discuss the advantages and limitations of each format.

4. Describe the procedure for creating and editing a title block in a CAD drawing sheet.

5. Explain the factors that influence the selection of scale for plotting a production
drawing.

6. Demonstrate how the title block can be customized to include company-specific
information.

[Space for Answer |
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XII.  References / Suggestions for Further Reading
1. https://www.youtube.com/watch?v=XlsaSe444AE
2. https://www.youtube.com/watch?v=b6b9FY 14PKw
3. https://www.youtube.com/watch?v=X0AMdUMNsDI

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) tCr:;npletlon of drawing with minimum size of model 20%
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. X
4 | Answers to oral questions. 20%
5| Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No.06 *Drawing and plotting the production drawing of the 3D part

models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/ any
assembly consisting of at least five parts. (Problem-I continued).

I.

I1.

I11.

IVv.

VI.

VII.

Practical Significance

Drawing and plotting the production drawing of 3D part models of assemblies such as a Bench
Vice, Drill Jig, Screw Jack, or Tool Post helps students and engineers understand the complete
design process from individual part creation to final assembly. It develops skills in 3D Modelling,
dimensioning, tolerance specification,-and standard. drafting practices. This exercise ensures
accuracy in manufacturing, improves visualization of mechanical systems, and enhances the
ability to communicate design intent effectively for real-world production and assembly.

Industry/Employer Expected Outcome (s)

Students should be able to create accurate 3D part models and production drawings of mechanical
assemblies (like Bench Vice, Drill Jig, Screw Jack, or Tool Post) using. CAD tools, interpret
design requirements, and produce industry-standard documentation for manufacturing and
assembly.

Course Level Learning Outcome (CO)

CO1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2-Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4- Plot a drawing for given part model/ assembly.

Laboratory Learning Outcome(s)

Students will be able to create and plot accurate production drawings of 3D part models and
assemblies (e.g., Bench Vice, Drill Jig, Screw Jack, Tool Post) using CAD tools, demonstrating
understanding of dimensions, tolerances, and assembly relationships.

Relative Affective Domain Related Outcome(s)-

Develops interest, discipline, and responsibility in creating accurate production drawings and
fosters teamwork, attention to detail, and appreciation for engineering design standards.

Minimum Theoretical Background with diagram
e Basic knowledge of reading of 3D objects.
e Knowledge of creating working directory.

e Basic knowledge of preparation of 2D sketches
Experimental setup

The experimental setup involves a CAD workstation with 3D Modelling software (like CATIA,
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SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students create and
assemble 3D models of individual components of mechanical devices such as a bench vice, drill
jig, screw jack, or tool post. The setup includes necessary input devices (mouse, keyboard),
plotting/printing tools, and reference technical drawings for accurate production drawing
creation.

VIII. Resources Required

Sr. N f

Nl(; R ::)llfrze Suggested Broad Specification Quantity
Hardware: (i5-or higher), RAM minimum 4 GB; A3/ A4
Personal size printer / plotter. As per batch size

1 .
computer. Display-wide Screen preferably.

Windows XP/Windows 7/ Windows 8/Windows

2 |Operating system As per batch size

10 or higher.
3 | Software Any parametric solid Modelling software. As per batch size
4 |Plotter. Plotter A2 OR A3Size. 1

IX.  Precautions to be Followed

o Student should understand and can visualize at least two Orthographic views of any
model.

e Check given drawing for dimensional printing mistakes if any and if dimensions are
missing assume proportionate dimensions.

o While using Sweep or Helical sweep command, need to draw reference axis, reference
line, trajectory and helical sweep section. This activity should do carefully.

o While constructing the drawing, periodically save your work.

X. Procedure

. Base Plate

© |8
i T
_._H._,..J.JB g 7D , 56
6 |

— g e P -

. 4. BASE PLATE

Modelling Base Plate
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Open the 3D CAD software.

Set the working directory.

Go to file and select new.

Select pan Modelling option.

Give the name base  plate stop to the new file.

Click on sketch tool and select plane to sketch on (if available front plans)
Sketch the profile as shown below.

Nk v

8. Click ok.

9. Youwill return to part environment.

10. Select extrude/protrude tool and select sketch just created as sketch for protrusion.
11. Enter extrusion dimension as 6 and press ok. You set the model as below.

12.Select the hole tool and select any flat face of the plate just created as placement plane
for the hole.

13. Select the hole with counter sunk with counter sunk angle as 90°. Diameter of hole as
6.5. And depth-as through all option. Using the placement option place the hole at proper
position as per drawing.
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14.Select the hole just created and click on the pattern tool to create similar hole.

15. Create another instance at a distance of 70 from original hole. The mode) will look like
aas

16. Save the model.

B. Screw Bar

C.0.S..2-0FF

na ]
! 104

6.SCREW BA

Modelling Screw Bar

. Open the 3D CAD software
. Set the working directory.

1

2
3. Go to file and select new
4.
5
6
7

Select part Modelling option

. 'Give the name screw bar to the new file.
. Click on sketch tool and select plane to sketch-on (if available front plane)

Sketch the profile as shown below

(circle of diameter 4).

8.

Again, select the sketch tool and select any flat face of the cylinder just created as
sketching

Mabharashtra State Board of Technical Education K Scheme
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9. Sketch the profile as shown below (circle of diameter 6)

10. Click ok.

11.. You will return to part environment.

12. Select extrude / protrude tool and select sketch just created as sketch for protrusion.
13. Enter extrusion dimension as 104 and press ok. You will get the model as below.
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14. Again, select the sketch tool and select a flat face of the cylinder just created as sketching
plane.

——

15. Sketch the profile as shown below (circle of diameter 4).

16. Click ok.

17. You will return to part environment.

18. Select extrude / protrude tool and select sketch for protrusion.

19, Enter extrusion dimensions as 10 and press ok. You will get the model as below.

20. Save the model
e Print drawing of the part:
7. Go to File — Print / Print Preview.
8. Select Printer or PDF Writer (e.g., Microsoft Print to PDF).
9. Under Print Range, choose Current Sheet or All Sheets.
10. Set:

o Paper size (A4/A3)
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o Orientation (Landscape/Portrait)
o Scale to 1:1 or Fit to Sheet
11. Click OK / Print.
12. Save as .pdf or directly print.
XI. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO.
1. Define assembly drawing and explain its importance in manufacturing.
2. Distinguish between part drawing and assembly drawing with examples.
3. Explain the advantages of using assembly modelling in-product design.
4. List the essential information included in a part drawing.
[Space for Answer|
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XII. References / Suggestions for Further Reading

o https://youtu.be/FarPat6WOrM

o https://youtu.be/esxImdHicOk?si=XEFA 1wtkQGUQis4i
XIII. ‘Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) Completion of drawing with minimum size of model 20%
(V]
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No.07 *Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/ any
assembly consisting of at least five parts. (Problem-I continued).

I. Practical Significance

Drawing and plotting the production drawing of 3D part models of assemblies such as a Bench
Vice, Drill Jig, Screw Jack, or Tool Post helps students and engineers understand the complete
design process from individual part creation to final assembly. It develops skills in 3D
Modelling, dimensioning, tolerance specification, and. standard drafting practices. This
exercise ensures accuracy in manufacturing, improves visualization of mechanical systems,
and enhances the ability to communicate design intent effectively for real-world production
and assembly.

II. Industry/Employer Expected Outcome (s)

Students should be able to create accurate 3D part models and production drawings of mechanical
assemblies (like Bench Vice, Drill Jig, Screw Jack, or Tool Post) using CAD tools, interpret design
requirements, and produce industry-standard documentation for manufacturing and assembly.

III. Course Level Learning Outcome (CO)
COT1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2- Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4- Plot a drawing for given part model/ assembly.

IV. Laboratory Learning Outcome(s)

Students will be able to create and plot accurate production drawings of 3D part models and
assemblies (e.g., Bench Vice, Drill Jig, Screw Jack, Tool Post) using CAD tools, demonstrating
understanding of dimensions, tolerances, and assembly relationships.

V. Relative Affective Domain Related Outcome(s)-

Develops interest, discipline, and responsibility in creating accurate production drawings and
fosters teamwork, attention to detail, and appreciation for engineering design standards.

VIII. Minimum Theoretical Background with diagram
¢ Basic knowledge of reading of 3D objects.
e Knowledge of creating working directory.

¢ Basic knowledge of preparation of 2D sketches
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IX.

VIII. Resources Required

Experimental setup

The experimental setup involves a CAD workstation with 3D Modelling software (like CATIA,
SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students create and
assemble 3D models of individual components of mechanical devices such as a bench vice, drill
jig, screw jack, or tool post. The setup includes necessary input devices (mouse, keyboard),
plotting/printing tools, and reference technical drawings for accurate production drawing

creation.

S.

No.

Name of
Resource

Suggested Broad Specification

Quantity

Hardware:
Personal
computer.

(15 or higher), RAM minimum 4 GB; A3/
A4 size printer / plotter.
Display-wide Screen preferably.

As per batch size

Operating system

Windows XP/Windows 7/ Windows
8/Windows 10 or higher.

As per batch size

Software

Any parametric solid Modelling software.

As per batch size

Plotter.

Plotter A2 OR A3Size.

1

IX.

Precautions to be Followed

Student should understand and can visualize at least two Orthographic views of any

model.

Check given drawing for dimensional printing mistakes if any and if dimensions are

missing assume proportionate dimensions.

While using Sweep or Helical sweep command, need to draw reference axis, reference

line, trajectory and helical sweep section. This activity should do carefully.
While constructing the drawing, periodically save your work.

Procedure

Sliding Jaw Stop
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e Modelling Sliding Jaw Stop
1.0pen the 3D CAD software
2.Set the working dictionary
3. Go to the file and select new
4.Select solid part Modelling option
5.Give name sliding jaw stop to the new file
6.Click on sketch tool and select plane to sketch on (if available front plane)
7.Sketch the profile as shown below (Square 32 *32)

32

8.Click ok.

9. You will return to port environment

10.Select extrude /protrude tool and select sketch just created as sketch for protrusion.
11. Enter extrusion dimension as 7 and press ok you will set the model as below.
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12.Select the hole tool and select any flat face of the plate just created as placement plane for

the hole.
13. Select the hole with counter sunk with counter sunk angle as 90°. Diameter of hole as 6

And depth as through all option. Using the placement option place the hole at proper position as

per drawing.

14.Select the hole just created and click on the pattern tool to create similar hole.
15.Create another instance at a distance of 16 from original hole. The model will look like as

below
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16. Save the model

17. Vice Body

38 ,M 70 36 32
1

144 a4

4 TAPPED HOLES M6x1 64
/ —r
-‘--..-Q-----./,./._].-.-- s >

b - oo e

0| < LI
- g =] - weoy -
----- - - --:r----l ——— "
. Tl S

1.VICE BODY

Modelling vice Body

Open the 3D CAD software.

Set the working directory.

Go to file and select new.

Select part Modelling option.

Give the name vice body to the new file.

Click on sketch tool and select plane to sketch on (if available front plane).

e BT =

Sketch the profile as shown below.
~—16—==10=

144

8. Select done.

9. You will return to part Modelling environment.
10.Select extrude/protrude tool.

11. Enter extrude/protrude dimension as 64 and press enter.
12. You will get the model as below
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13. Again, select sketch tool and choose the sketching plane as shown below.

14. draw the sketch as shown below.

32.00

I 32.00

15. Finish /ok.
16. Click on extrude/protrude tool and choose the sketch just created for extrusion/
Protrusion.
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17. Enter 22 as extrusion dimension and click ok.
18. You will get the model as below.

19. Again, select sketchtool and choose the sketching plane as shown below.

20. Draw the sketch as shown below.

: H 16.00 L"l
21. Select finish/ok.
22. Click on extrude/protrude/cutout tool and choose the sketch just created for extrusion/
Protrusion.
23. Select remove material option and select through all option for depth of cut and click ok.
24. You will get the model as below

Mabharashtra State Board of Technical Education K Scheme
89



3D Modelling and Additive Manufacturing (316013)

25.

26.
27.
28.

29.

Select the hole option and select hole placement plane and shown below

Select hole type as tapped, M16x2,

Select through next option for depth of the hole.

Place the hole at the center of the circular profile by choosing placement options and
click ok.

The model will look like as below

30. Again, select the hole option and select hole placement plane and shown below (bottom

surface of the model)
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31.  Choose tap hole option and select M6x1 as a thread type.

32.  Select hole depth as blind and enter depth value as 12

33.  Choose drill hole profile so as to get tool profile at the bottom of the hole.
34.  Place the hole by using placement option as shown in figure and click ok

15[00

35. 7 Now select hole Just created and click on pattern tool

36.  Enter no of instances along horizontal direction as 2 and distance between them as 70. No of
instances along vertical as two and distance between them as 44. Click ok.

37. The model will look like as below from bottom

38. Choose the round tool and select the two edges as below to add a round. Enter round diameter
as 3 and press ok.
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39. Your mod& of vice body Is complete. Save the work. It will look like es below

Print drawing of the part:
13. Go to File — Print / Print Preview.
14. Select Printer or PDF Writer (e.g., Microsoft Print to PDF).
15. Under Print Range, choose Current Sheet or All Sheets.
16. Set:
o Paper size (A4/A3)
o Orientation (Landscape/Portrait)
o Scale to 1:1 or Fit to Sheet
17. Click OK / Print.
18. Save as .pdf or directly print.

XI. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO.

Questions:

1. Explain the importance of geometric constraints in 3D modelling and how they affect the
design process.

2. Describe the purpose of using sectional views in production drawings and how they help
in conveying detailed information.

3. How do you identify mating parts in an assembly?

[Space for Answer |
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XII. References / Suggestions for Further Reading
e https://youtu.be/QX-ZgTHyNzc?si=ZZGhKFuTFvtvlpVq
e https://youtu.be/DiJvQ _Dql19Q

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1| Use proper commands. 20%
) Completion of drawing with minimum size of model 0%
0
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No.08 *Drawing and plotting the production drawing of the 3D part
models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/ any

assembly consisting of at least five parts. (Problem-I continued).
L Practical Significance

Drawing and plotting the production drawing of 3D part models of assemblies such as a Bench
Vice, Drill Jig, Screw Jack, or Tool Post helps students and engineers understand the complete
design process from individual part creation to final assembly. It develops skills in 3D Modelling,
dimensioning, tolerance specification,-and standard.drafting practices. This exercise ensures
accuracy in manufacturing, improves visualization of mechanical systems, and enhances the
ability to communicate design intent effectively for real-world production and assembly.

I1. Industry/Employer Expected Outcome (s)

Students should be able to create accurate 3D part models and production drawings of mechanical
assemblies (like Bench Vice, Drill Jig, Screw Jack, or Tool Post) using. CAD tools, interpret
design requirements, and produce industry-standard documentation for manufacturing and
assembly.

I11. Course Level Learning Outcome (CO)
CO1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2- Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4- Plot a drawing for given part model/ assembly.

IV. Laboratory Learning Outcome(s)

Students will be able to create and plot accurate production drawings of 3D part models and
assemblies (e.g., Bench Vice, Drill Jig, Screw Jack, Tool Post) using CAD tools, demonstrating
understanding of dimensions, tolerances, and assembly relationships.

V. Relative Affective Domain Related Outcome(s)-

Develops interest, discipline, and responsibility in creating accurate production drawings and
fosters teamwork, attention to detail, and appreciation for engineering design standards.

VL Minimum Theoretical Background with diagram
e Basic knowledge of reading of 3D objects.
e Knowledge of creating working directory.

¢ Basic knowledge of preparation of 2D sketches
VII. Experimental setup

The experimental setup involves a CAD workstation with 3D Modelling software (like CATIA,
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SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students create and
assemble 3D models of individual components of mechanical devices such as a bench vice, drill
jig, screw jack, or tool post. The setup includes necessary input devices (mouse, keyboard),
plotting/printing tools, and reference technical drawings for accurate production drawing
creation.

VIII. Resources Required

Sr. Name of . . .
No. Resource Suggested Broad Specification Quantity
Hardware: (15 or higher), RAM minimum 4 GB; A3/ A4 size
Personal As per batch

| printer / plotter: iz
computer. Display-wide Screen preferably.

Windows XP/Windows 7/ Windows 8/Windows | As per batch

2 |Operating system

10 or higher. size
. . . A batch
3 |Software Any parametric solid Modelling software. si;eper <
4  |Plotter. Plotter A, OR AsSize. 1

IX.  Precautions to be Followed

e Student should understand and can visualize at least two Orthographic views of any
model.

e  Check given drawing for dimensional printing mistakes if any and if dimensions are
missing assume proportionate dimensions.

o While using Sweep or Helical sweep command, need to draw reference axis, reference
line, trajectory and helical sweep section. This activity should do carefully.

o While constructing the drawing, periodically save your work.

X. Procedure
B. Vice Jaw
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#12H7 R16 10

s il

M6 16 DEEP —
2p
2.VICE JAW r&&ls
C.'..1 —OFF . r::i}::j
32 =
Yo ——

Modelling Vice Jaw

1.
. Set the working directory.

. Go to the file and select new.
. Select part Modelling option.

O 00 1 O W B~ W

Open the 3D CAD software.

. Give the name vice jaw to the new file.
. Click on sketch tool and select plane to sketch on (if available front plane)
. Sketch the profile as shown below,

. Select done.

. You will return to part Modelling environment.

— 64

36

¥

16—

10. Select extrude/protrude tool.
11. Enter extrude/protrude dimensions as 10 and press enter.
12. You will get the model as below.
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13. Again, select tool and choose the sketching plane as shown below.

14. Draw the sketch as shown below.
15. Select finish/ok.

Line (Reference)
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16. Click on extrude/protrude tool and choose the sketch lust created for extrusion / protrusion.
17. Enter 22 as extrusion dimension and cock ok.
18. You will get the modal as below

19. Select the hole option and select hole placement plane and shown below.

20. Select hole type as simple blind.
21. Enter the hole depth-as 24 and diameter as 12.
22. Choose drill hole profile so as to get tool profile at the bottom of the hole:.
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T R 1T = e | e e Y L nSEFEss v x

Placement | Shape | Note | Properties
3 o~ o

FREATS) S— Q&2 00 6| ¥ [E]
Model Tree 1 Lk Biind -

(| PRTO004.PRT (®) Shoulder

£F RIGHT ) Tip

£7 TOP 26400 |
BT 212000 |~ —— e +
3x PRT_CSY'S_DEF R

» ("B Extruge 1

» ("B Extrude 2
# Insert Here

il Hole 1

Exit Countersink

23. Place the hole at the center of the circular profile and click ok.
24. The model will look like as below.

25. Again, select hole option and select hole placement plane as shown below.
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26. Choose hole as standard tapped hole with M4x.5 thread and select hole depth as through next.
27. Select counter bore option and enter counter bore depth as 4
28. Place the hole at the center of round profile by using placement option. Click ok.

File Model Analysis Annotate Render Tools View Flexible Modeling Applications Hole

W@ [ d  palse [ Fles  -dE- Dl m(elEEE e v x

Placement | Shape | Note | Properties

| Placement

o & Surf.FS(EXTRUDE_2) Q& & @ 0,03 &

Flip

od]
ks

Model T

[J PRTOD| Type | Radial -
£ R
770 OffsstReferences
[7FR | SurfFE(EXTR.. Angle 859
Sipp | SUTFS(EXTR.. Axal  10.00

» Bex © rientation

» :’ Ex| Dimension orientation reference

il Hol
» Insern Here

il Hole 2
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File » Model Analysis Annotate Render Tools View Flexible Modeling Applications Hole

W@ 2] M miso 1 Fles  HE- bEd nmeEEFEe v x

Placement | Shape | Note | Properties

oo

825 |~ = A=
NS g " Q& & @03 E w[E -
- . 400 v
Model Tree T T
| | () Thru Thread
() PRT0004.PRT I I @) Variable
£ RIGHT
P | | 340 |~
ToP L
7 FRONT JaEE I — (=
3k« PRT_CSY'S_DEF
0.00
» (Bedrude 1
[ Incluge thread surface
p
Extrude 2
e ?:U [] Extt Countersink
Hole 1
% Insert Here
il Hole 2

29. The model will look as below.

8,000 (1) HOLE

30. Again, select hole tool and select bottom surface of modelas hole placement surface.
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H TAP ¥ 6400
5003 T 20,000 1) HC

31. Choose hole as standard tapped hole with M6x.5 thread and select hole as blind with depth
as 16.

32. Place the hole using placement option so as it should match the criteria in the drawing given.

33. Click ok.

5400
20,000 -( 1 ) HOLE

34. Now select the hole Just created and click on pattem tool for creating another similar hole.
35. Enter no of instances as two and enter distance between two instances as 18 and select ok.
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TAP ¥ B.400
001 T 20000 -( 1) HOLE

x5
54 DRILL ( 5500

36. Now select round tool and choose two edges as below foe adding round of R3.
37. Your model of vice jaw is complete. Save the work.
Print drawing of the part:
19.Go to File — Print / Print Preview.
20.Select Printer or PDF Writer (e.g., Microsoft Print to PDF).
21.Under Print Range, choose Current Sheet or All Sheets.
22.Set:
o Paper size (A4/A3)
o Orientation (Landscape/Portrait)
o Scale to 1:1 or Fit to Sheet
23.Click OK / Print.
24 .Save as .pdf or directly print.

XI. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.
1. Identify a 3D Modelling software you have used in mechanical design experiments. Explain its
primary features and advantages in creating mechanical components ..
2. Explain the step-by-step procedure for creating a solid model of a mechanical component using
CAD software. Include the sequence of operations from sketching to final solid creation.
3. List and describe the CAD commands used for sketching a profile and extruding it into a 3D solid
part. Demonstrate their application with an example of a simple mechanical component.
4. Explain how geometric and dimensional constraints are applied in a CAD sketch. Illustrate with an
example how constraints ensure the accuracy and design intent of a mechanical component.
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XII. References / Suggestions for Further Reading

o https://youtu.be/x _eLhRKHqLw?si=7THUy6RSrtLcO2YFE

o https://youtu.be/DiJvQ Dql19Q
) Rubrics for Assessment Scheme

XIII. ' Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
5 Completion of drawing with minimum size of model 20%
0
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No. 09 * Assembly and plotting the orthographic views of the assembly,
bill of materials of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/ any assembly

consisting of at least five parts. (Problem-I)
L. Practical Significance.

This practical helps students understand the complete assembly process of mechanical
components such as a Bench Vice, Drill Jig, Screw Jack, or Tool Post. It develops the ability
to interpret, assemble, and visualize 3D parts, and to create orthographic views and a Bill of
Materials (BOM) accurately. - This skill - is__essential for manufacturing, design
communication, and production-documentation in engineering practice.

I1. Industry/Employer Expected Outcome (s)
a. Ability to interpret and create assembly and orthographic drawings accurately.
b.” Understanding of mechanical assembly relationships and fit between components.
c... Proficiency in using CAD software for assembly Modelling and 2D documentation.

d. Readiness to work in design, drafting, and manufacturing environments with proper
technical drawing standards.

111 Course Level Learning Outcome (CO)
COL1 - Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2-Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO3 - Prepare assembly of part models using given 3D Modelling software.
CO4- Plot a drawing for given part model/ assembly.
Iv. Laboratory Learning Outcome(s)
a. Understand the assembly and working of mechanical components.
b. Develop skill in assembling parts and creating orthographic views.
c. Gain proficiency in‘CAD tools for Modelling and drafting.
d. Interpret and apply engineering drawing standards in practical work.
V. Relative Affective Domain Related Outcome(s)-
a. Develop attention to detail and accuracy in technical work.
b. Foster teamwork, discipline, and responsibility during assembly tasks.

c. Build appreciation for engineering design and drafting standards.
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d. Cultivate patience and problem-solving attitude while completing assemblies.
e. Encourage professional ethics and safety awareness in laboratory practice.
VI.  Minimum Theoretical Background with diagram
a. Assembly Concept: - Combining individual components to form a functional unit.

b. Orthographic Projection: - Used to represent 3D assemblies on 2D planes (Front, Top,
Side views).

c. Example — Screw Jack Assembly: - A screw jack is'a mechanical device used to lift
loads using a screw mechanism.
Main parts: - Base, Body, Screw, Nut, and Handle.

VII. Experimental setup

The experimental setup involves a CAD workstation with 3D Modelling software (like
CATIA, SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students
create and assemble 3D models of individual components of mechanical devices such as a
bench vice, drill jig, screw jack, or tool post. The setup includes necessary input devices
(mouse, keyboard), plotting/printing tools, and reference technical.

VIII. Required Resources /Apparatus/Equipment with specification.

. N f
;:; R ezelsl(l)llfr(;e Suggested Broad Specification Quantity
Hardware: (15 or higher), RAM minimum 8 GB; A2/A3 /
Personal A4 size printer / plotter. As per batch size

1
computer Display-wide Screen preferably.

Operating Windows XP/Windows 7/ Windows

A tchsi
system 8/Windows 10 or higher. s per batch size

3 Software Any parametric solid Modelling software. As per batch size

4 Plotter. Plotter A2 OR A3Size. 1

IX. Precautions to be Followed
e Understand all parts before assembly.
e Follow correct scale and dimensions.
e Use standard drawing conventions (lines, projection).
e Align views properly (front, top, side).
e Assemble in correct sequence.
e Avoid overcrowding of views and dimensions.
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Ensure proper fit and clearance between parts.
Cross-check everything before assembly.

X. Procedure
Note: - Use the 3D parts created in Experiment No.5,6,7 and 8.

1. Open the 3D CAD software.

2. Set working directory.

3. Go to the file and select new.

4. Select assembly Modelling option.

5. Give the name bench vice assembly to the new file.

6. Select and component to the assembly option.

7. An open-dialog box will pop up.

8. Browse the location where you have saved vice body model in experiment no. 7.

9. Clock on open.

10. The vice body part will be inserted in the assembly.

11. Select the placement option as fix (fix component position) and press OK.

(the vice body is assumed to be base component for assembly)

12. Now again select and component to the assembly option to add another component.

13. Browse to the vice jaw in experiment no.8.

14.Select the MATE placement relation from the placement tool and click the surface to mate.
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15.The vice body will be oriented as below.

16. select the offset option and enter value of 0.25.

e o) [{iffelo2s [ x

ies :
ac
e

17. again select MATE placement option and select different planes as shown below on vice body
and vice jaw to mate.

18. The model will be appear as shown below.
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19. Now the vice Jaw is fully constrained to the vice  body. the motion possible in vice jaw in

relation to vice body is only sliding.
20.Select the MOVE option and press and holding left mouse button slide the vice jaw to

convenient pos V| as shown below.

21. Click on ok
22. Again, select add component to the assembly option.
23.Browse the location where you have saved jaw_ screw model in experiment no.5 and press

open.

24. Select INSERT placement option and select cylindrical portion of the jaw_ screw and hole
in the vice body for INSERT.
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_ %] STATUS : Parti

2 .| Flp Insert constraint

25. The-assembly will look like as below.

T2 e

26. if the jaw screw is oriented in wrong direction as above click on FLIP INSERT
CONSTRAINTS or select opposite cylindrical portion to insert.

27. The assembly will look like as below.

T2p .,

28. Repeat the procedure with INSERT placement option with jaw _screw and hole of vice jaw
and by using move option adjust the position of jaw screw as shown below.

Hin
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29. Click on ok

30. Again, select add component to the assembly option.

31. Browse the location where you have saved screw bar model in experiment no.6 and press
open.

32. Repeat the procedure with INSERT placement option with screw bar and hole of jaw screw
and by using move option adjust the position of jaw screw as shown below.
33. The assembly will appear as below. Save the work

Print drawing of the part:
1. Go to File — Print / Print Preview.
2. Select Printer or PDF Writer (e.g., Microsoft Print to PDF).
3. Under Print Range, choose Current Sheet or All Sheets.
4. Set:
o . Paper size (A4/A3)
o Orientation (Landscape/Portrait)
o ‘Scaleto 1:1 or Fit to Sheet
5. Click OK /Print.
6. Save as .pdf or directly print.
XI. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO.
Questions:
1. State the meaning of MMNS and MMKS.
2. List the different uses of mouse buttons in CAD software.
3. Explain the procedure to create and edit a title block in a drawing sheet.
4. State the scale decided while plotting the production drawing?
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XII.  References / Suggestions for Further Reading
1. https://www.youtube.com/watch?v=XlsaSe444AE
2. https://www.youtube.com/watch?v=bob9FY 14PKw
3. https://www.youtube.com/watch?v=X0AMdUMNsDI

XIII. Rubrics for Assessment Scheme
Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) Completion of drawing with minimum size of model 20%
0
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, ete. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No: 10 Drawing and plotting the production drawing of the 3D part

models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/
any assembly consisting of at least five parts. (Problem-II, Part 1)

I.

I1.

I11.

IV.

Practical Significance

This practical helps students develop skills in 3D solid Modelling, enabling them to
create, visualize, and assemble machine components accurately. It enhances design
understanding, creativity, and manufacturing readiness through model visualization and 3D
printing.

Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer

1. Prepare 3D model of given object.
2. Prepare 2D Darwing from given 3D model
3. Plot given 2D drawing

Course Level Learning Outcome (CO)

COl- Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2- Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4 - Plot a drawing for given part model/ assembly.

Laboratory Learning Outcome(s)

Develop 3D model of components from given part drawing.
Plot the given components.

V. Relative Affective Domain Related Outcome(s)-

Follow safety practices.

Demonstrate working as a leader/a team member.

Maintain tools and equipment.

Follow ethical Practices Follow ethical Practices.

VI. Relevant Theoretical Background with diagram

Basic Concepts of CAD- CAD software is used to create, modify, and analyze 2D drawings and
3D models. Geometric constraints define relationships between sketch elements (e.g., parallel,
perpendicular, concentric). Dimensional constraints specify size and proportions (e.g., length, angle,
diameter).

Solid Modelling Techniques- Extrusion: Extending a 2D profile to create a 3D solid, Revolution:
Rotating a sketch around an axis to form symmetrical shapes, Sweeping & Lofting: Creating
complex shapes by moving profiles along paths, Boolean Operations: Combining or subtracting
solids (Union, Subtract, Intersect). Reference planes (XY, YZ, ZX) and axes are used to define
model geometry accurately. 2D Drawing Generation- Orthographic, isometric, and sectional views
are generated from 3D models. Dimensions, tolerances, and annotations are added to communicate
manufacturing details.
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VII. Experimental setup (Model)-

The experimental setup involves a CAD workstation with 3D Modelling software (like CATIA,
SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students create and
assemble 3D models of individual components of mechanical devices such as a bench vice, drill jig,

screw jack, or tool post. The setup includes necessary input devices (mouse, keyboard), plotting/printing
tools, and reference technical.

VIII. Required Resources /Apparatus/Equipment with specification
Suggested Broad .
Sr. No. Name of Resource Specification Quantity
1 Computer Latest configuration 1 for each student
2 3D modelling software | Latest configuration 1 for each student
3 Plotter/ printer A3 size |

IX. Precautions to be Followed

I.

2. Check whether units are set to mm
3. While constructing the drawing, periodically save your work. of instructor.

X. Procedure

Problem Definition:

a. Prepare 3D part model of figure 10.1 given below
b. Prepare Front view and Top view of figure 10.1

Check given drawing for dimensional printing mistakes if any and if dimensions are
missing assume proportionate dimensions.

" T
*” // 15 i \\ _{;1' 1 -2
i /, = \\ T 3
)
% . ?Qbﬁ'k ‘}_ e s,
i 1
/

f
PIN HOLE #4,6DEEP

1.BODY

C.l. 1-OFF

Figure 10.1: Object for preparing 3D model
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1. Open solid modelling software
2. Clickon [ * new icon.
N .
4. Click on setting icon located at top.
5. Select document properties Tab and select units option.
6. Select MMGS (millimeter, gram, seconds) for setting units in millimeter and click ok.
7. Go to Feature manager design tree
s[ER[e[€] >
¥
@ Part1 (Default) <<Default>_Display ¢
History
Sensors

» [&] Annotations
33 Material <not specified>
[] Front Plane
('] Top Plane
[!1 Right Plane

L, Origin

Feature manager design tree
8. Select Top plane option located in feature manager design tree.

%

Planes
9. Goto to head up view toolbar for rotating view (for bringing selected view to the front)

PILCOCLLLBEFR - W- 4 & - O

and click on view orientation icon, then click = Normal to icon.

¥

e
10. Go to feature manager design tree, click on Top plane [l Top Plane and click on =
sketch icon to start new sketch
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11. Go to sketch tool bar, click on corner rectangle [T Corner Rectangle

Sssoupworks » A D -FH-B -8 -5 - -8 B & -
G| © o-nv- ® T ot
Smart Dimension .- L @ - fi\ Trim Entities Convert Entities Offset EE

Entities

Exit ...

-

- @ - & _.] - m -
Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-Ins | MBD |

-

12. Start from origin and draw one rectangle in selected sketch plane.

13. Go to sketch toolbar and click on smart dimension icon.

: 'S f o
. | Smart Dimension -
- D -

ures | Sketch | Markup

14. Now click on bottom horizontal line, one pop up will appear, enter the length of selected

line as per given sketch

Modify
v x 872 5[

D1@Sketch3 Distance (Enter a value or st

90.57584561mm =

K Scheme
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15. Select vertical line and enter dimension as per given drawing.

130

200

16. Go to feature tool bar and click on Extruded Boss/Base

Extruded | Revolved
Boss/Base | Boss/Base

Features | Sketch

ry
17. In property manager enter required depth (18mm) and select direction by clicking on

this icon.

[ ]
PER KB -©-¥ =-

Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-lns | MBD | $dC
° v b Partt (Default) <<D,
sE[R[e[€]
@) Boss-Extrude @
v X @
From ~
Sketch Plane v

Direction 1 ~
’ I

|: Depth (Enter a value or start with = to create an equation) |
% 10.00mm D

Draft outward
O Direction 2 v
(O Thin Feature ©
Selected Contours ~

18. Base of object will look like sample given below

BE[o[€

|

B Part1 (Default) <<Default>_Display ¢
| History
Sensors.
+ [&) Annotations
* [® Solid Bodies(1)
53 Material <not specified>
(] Front Plane
(] Top Plane
(] Right Plane
L, origin

8 GD Boss-Extrude1
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19.

20.

21.

22.

Now to create middle circular part, we will create new plane at the middle
I

To create new plane, go to feature toolbar, go to reference geometry icon Referenc.. and

click on plane i Plane

Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-ins | MBD $LCLPEQL EE-©-» [as]

* G part! (Default) <<D.

S E[B[®]@
il Plane @
v X+
Message A
Select references and constraints
First Reference A /
] I—

A

Second Reference b

o}

Third Reference

al

Options A

Flip normal

In property manager, click on first reference and select first face on 3D model as shown

above
Now to rotate 3D model, click and hold scroll button on mouse and move mouse, click on

second reference and select opposite face of model as shown below

— © U Part] (etault) <<U.
g B[B[e]€@]
i Piane @
v X =
Message ~
Fully defined
First Reference ~
@ lFace<1>
N\ | Parallel
_| | Perpendicutar
A | Coincident
10.00mm =

[ Fiip offset

AL =
= | Mid Plane
Second Reference A

Third Reference A

al

23. New plane at the middle of model will be visible, click on v this image to create plane
24. Now rotate the object and click on plane which is created in last step, click on sketch icon
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25. Rotate the view as per your requirement-and draw sketch and center line as show below.

Planel

-

26. Go to smart dimensions and give dimension as shown below.

)|
pmig

g
A .

Planel

15
g

}
o

=

Revolved

. Boss/B . .
27. Go to feature tool bar and click on revolve Boss/Base — and select axis of revolution

in property manager and center line as shown in below, circular object will generate, click

on v icon to confirm.
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& Revolve @
— /
Axis of Revolution ~ .
Direction1 -~
| 2] ind
[ [360.00deq | by
8 Merge result
= 1 Q47
([ Direction2 v L
O Thin Feature v Planel 3% |
Selected Contours. v ._‘
034 l
1

8
.

@

28. To add fillet of R6 as given in drawing, go to feature manager, go to fillet, click on | Fil®t

icon
29. Go to property manager, select fillet type- constant size fillet, select full preview, select
fillet radius 6, select edge to add fillet
[@ Fillet a

v X

(W e

Fillet Type -~
Items To Fillet e
©

Show selection toolbar
Tangent propagation

() Full preview
O Partial preview

() Mo preview

Fillet Parameters ~
Symmetric v

(< |10.00mm B

(] Multi Radius Fillet

Profile:

Circular =
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30. To add sung recess at top, go to top surface of model and click on surface, click on sketch
icon to create new drawing

e

CBITqD®-®
Ex o

31. Go to sketch toolbar and select line icon / " and create rectangle as shown below and
give smart dimensions.

/

@
Extruded
32. Go to feature toolbar, click on extruded cut < and select dept of cut

Mabharashtra State Board of Technical Education K Scheme
124



3D Modelling and Additive Manufacturing (316013)

33. To add pin hole at bottom of body, to rotate view press scroll bar and move mouse and
select bottom surface inside circular space, click on sketch iconto create new drawing.

35. To create hole, go to feature toolbar, click on Extruded cut and select depth of cut 6mm
36. Create bolt hole at base plate of body as shown below

Mabharashtra State Board of Technical Education K Scheme
125



3D Modelling and Additive Manufacturing (316013)

37. Save this drawing to known location.

38. To generate views and print, close current drawing select New drawing, select previously
created template.

New SOLIDWORKS Document x Sheet Format/Size
© standard sheet size
Preview:
() only show standard formats

a3 - gost_sh1_port
a3 - gost_sh2_land

E a3 - gost_sh2_port

| | /( a4 - gost_sh1_port

a4 - gost_sh2_port |

Part Assembly Drawing

a 30 represemation of a single design | a 3D arrangement of parts andror @ 20 engineer
companent ather assemblies

A4 Template.slddrt Browse...

Display sheet format Width:  297.00mm

Height: 210.00mm
(O custom sheet size

dvanced [ ] Cancel Help width: Height: oK Cancel Help

39. Go to Drawing Toolbar, Select Model view command, file manager will open, now select
previously saved 3D model and place on sheet, Front view will generate, move pointer in
upward direction to generate Top view.

40. Save drawing and take printout as per procedure in experiment number 4, procedure
number 44 to 48.

Mabharashtra State Board of Technical Education K Scheme

126



3D Modelling and Additive Manufacturing (316013)
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XI.  Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such questions
so as to ensure the achievement of identified CO.

1. Explain the concept of parametric modelling.
2. Describe the difference between solid, surface, and wireframe modelling.
3. Differentiate between extrude and revolve features with examples.

[Space for Answer]|
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XII. References / Suggestions for Further Reading
Engineering Graphics and Design, IIT Delhi- Week 8 to week 12:

https://nptel.ac.in/courses/112102304

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) Completion of drawing with minimum size of model 20%
V]
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
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Practical No: 11 Drawing and plotting the production drawing of the 3D part

models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/
any assembly consisting of at least five parts. (Problem-II, Part 2)

I. Practical Significance

This practical helps students develop skills in 3D solid Modelling, enabling them to
create, visualize, and assemble machine components accurately. It enhances design
understanding, creativity, and manufacturing readiness through model visualization and 3D
printing.

II. Industry/Employer Expected QOutcome (s)
This practical is expected to develop the following skills for the industry/Employer
1. Prepare 3D model of given object.
2. Prepare 2D Darwing from given 3D model
3. Plot given 2D drawing
III. Course Level Learning Outcome (CO)
COl- Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2- Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4 - Plot a drawing for given part model/ assembly.
IV. Laboratory Learning Outcome(s)
Develop 3D model of components from given part drawing.
Plot the given components.
V. Relative Affective Domain Related Outcome(s)-
Follow safety practices.
Demonstrate working as a leader/a team member.
Maintain tools and equipment.
Follow ethical Practices Follow ethical Practices.
VI. Relevant Theoretical Background with diagram
Basic Concepts of CAD- CAD software is used to create, modify, and analyze 2D drawings
and 3D models. Geometric constraints define relationships between sketch elements (e.g., parallel,
perpendicular, concentric). Dimensional constraints specify size and proportions (e.g., length, angle,
diameter).
Solid Modelling Techniques- Extrusion: Extending a 2D profile to create a 3D solid,
Revolution: Rotating a sketch around an axis to form symmetrical shapes, Sweeping & Lofting:
Creating complex shapes by moving profiles along paths, Boolean Operations: Combining or
subtracting solids (Union, Subtract, Intersect). Reference planes (XY, YZ, ZX) and axes are used to
define model geometry accurately. 2D Drawing Generation- Orthographic, isometric, and sectional
views are generated from 3D models. Dimensions, tolerances, and annotations are added to
communicate manufacturing details.
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VII. Experimental setup (Model)-

The experimental setup involves a CAD workstation with 3D Modelling software (like
CATIA, SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students
create and assemble 3D models of individual components of mechanical devices such as a bench
vice, drill jig, screw jack, or tool post. The setup includes necessary input devices (mouse,
keyboard), plotting/printing tools, and reference technical.

VIII. Required Resources /Apparatus/Equipment with specification

Suggested Broad .
Sr. No. Name of Resource Spgcgiﬁca tion Quantity
1 Computer Latest configuration 1 for each student
2 3D modelling software | Latest configuration 1 for each student
3 Plotter/ printer A3 size |

IX. Precautions to be Followed

I.

Check given drawing for dimensional printing mistakes if any and if dimensions are

missing assume proportionate dimensions.
Check whether units are set to mm

While constructing the drawing, periodically save your work. of instructor.

X. Procedure
Problem Definition:

a. Prepare 3D part model of figure 11.1 given below.
b. Prepare Front view and Top view of figure 11.1.

15

2. BUSH

GM. 1-0OFF

Figl1.1: Object for preparing 3D model
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[a—

Open solid modelling software

2. Click on O - new icon.

514
3. Click on & part icon for creating new object.
4. We will draw this object using Revolve Boss/Base command, for that select Front plane and
prepare drawing with center line as shown below.

I
|
%
i

33

@© .
N

- |

|

e i

i

3 |

|

!

ol !

5

3 25 |

!

0 34 |

5. Go to feature toolbar and select Revolve Boss/Base, select center line as axis of rotation,

choose direction 1 360 degrees, click on " thick icon.

° + 8B Part! (Defaulty <<D..
S E[B[&[@]
& Revolve @
v X
Axis of Revolution ~
Direction1 ~
Blind = L
Direction 1 Angle (Enter a value or start with = to create an eguation) |
[ 360.00deg g
(O Directionz v
(O Thin Feature v
Selected Contours v ]
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6. To create sung key, rotate object upside down, select surface as shown below and prepare
sketch

7. Use extrude Boss/Base to extrude sung key with depth of 8mm.
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: > @ part! (Default) <<D...
[
@) Boss-Extrude @
vV ox ®
Hom ~

Sketch Plane b

Direction 1 A

%] foa >
» I
& 8.00mm S|
Merge result
® g
Draft outward
) Direction 2 2
) Thin Feature v

Selected Contours v

8. Final object shown below.

9. Save this drawing to known location. close current drawing.

10. Now to create 2D drawing from 3D part model recently created, Open new drawing, choose
previously created template.

11. Go to drawing toolbar, go to model view, browse previously saved 3D model, place it on
sheet, move pointer upward to draw top view.

12. Import annotations, give smart dimensions, save this drawing, do page setup, take printout
of drawing.
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XI. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such questions
so as to-ensure the achievement of identified CO.
1. List any four basic sketching tools used in 3D Modelling.

2. Identify different types of constraints used in part Modelling.

3. State the use of datum planes in solid Modelling.

4. Name any two 3D CAD software used for solid Modelling.
[Space for Answer]
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XII.  References / Suggestions for Further Reading
Overview of CAD/CAM: https://nptel.ac.in/courses/112102102

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
2| Completion of drawing with minimum size of model 20%
tree.
Product Related (15 Marks) (60%)
3 | Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size.
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process(iloe)lated Product( 1Rse)lated Total (25)
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Practical No: 12 Drawing and plotting the production drawing of the 3D part

models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/
any assembly consisting of at least five parts. (Problem-II, Part 3)

I. Practical Significance

This practical helps students develop skills in 3D solid Modelling, enabling them to
create, visualize, and assemble machine components accurately. It enhances design
understanding, creativity, and manufacturing readiness through model visualization and 3D
printing.

II. Industry/Employer Expected QOutcome (s)
This practical is expected to develop the following skills for the industry/Employer
1. Prepare 3D model of given object.
2. Prepare 2D Darwing from given 3D model
3. Plot given 2D drawing
III. Course Level Learning Outcome (CO)
COl- Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2- Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4 - Plot a drawing for given part model/ assembly.
IV. Laboratory Learning Outcome(s)
Develop 3D model of components from given part drawing.
Plot the given components.
V. Relative Affective Domain Related Outcome(s)-
Follow safety practices.
Demonstrate working as a leader/a team member.
Maintain tools and equipment.
Follow ethical Practices Follow ethical Practices.
VI. Relevant Theoretical Background with diagram
Basic Concepts of CAD- CAD software is used to create, modify, and analyze 2D drawings
and 3D models. Geometric constraints define relationships between sketch elements (e.g., parallel,
perpendicular, concentric). Dimensional constraints specify size and proportions (e.g., length, angle,
diameter).
Solid Modelling Techniques- Extrusion: Extending a 2D profile to create a 3D solid,
Revolution: Rotating a sketch around an axis to form symmetrical shapes, Sweeping & Lofting:
Creating complex shapes by moving profiles along paths, Boolean Operations: Combining or
subtracting solids (Union, Subtract, Intersect). Reference planes (XY, YZ, ZX) and axes are used to
define model geometry accurately. 2D Drawing Generation- Orthographic, isometric, and sectional
views are generated from 3D models. Dimensions, tolerances, and annotations are added to
communicate manufacturing details.
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VII. Experimental setup (Model)-
The experimental setup involves a CAD workstation with 3D Modelling software (like
CATIA, SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students
create and assemble 3D models of individual components of mechanical devices such as a bench
vice, drill jig, screw jack, or tool post. The setup includes necessary input devices (mouse,
keyboard), plotting/printing tools, and reference technical.
VIII. Required Resources /Apparatus/Equipment with specification
Sr. No. Name of Resource ggffff”?zz?iflfoad Quantity

1 Computer Latest configuration 1 for each student

2 3D modelling software | Latest configuration 1 for each student

3 Plotter/ printer A3 size 1

IX. Precautions to be Followed

1.

Check given drawing for dimensional printing mistakes if any and if dimensions are

missing assume proportionate dimensions.
2. Check whether units are set to mm
3. While constructing the drawing, periodically save your work. of instructor.

X. Procedure

Problem Definition:
1. Prepare 3D part model of figure 12.1 given below
2. Prepare Front view and Top view of figure 12.1

I'“ ¢5Qeé
| R

- | 15 | !
IN HOLE ¢4,6DEEP

4.DISC
G.M. 1-0FF
Fig 12.1: Object for preparing 3D model

n

1. Open solid modelling software

2. Click on O - new icon.

U part icon for creating new object.
4. We will prepare this part using Revolve Boss/Base, select front view, draw sketch as shown

3. Click on 5

below
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25

5. Use Revolve Boss/Base command, select center line as axis-of rotation, select directionl and
rotate through 360 degrees.

> @ Part2 (Default) <<D.

S E[R[e]€
& Revolve @
v X
Axis of Revolution ~
L [tioe
Direction? ~

| siind

¥ 360.00deg

Direction2 e

F— . §

Selected Contours v

15

6. click on v thick icon.

7. To create hole for pin at bottom of disc, rotate disc upside down, select bottom surface and
draw circle as shown below.
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8. Create hole using Extruded cut command, select direction of cut, 6mm depth of cut.
° » @9 Part2 (Default) <<D..
% nm BU Part2 (Default) <<D.

Cut-Extrude @

v X &

From ~
Sketch Plane v

Direction 1 o

Blind! @

g I

& 6.00mm B

(JFiip side to eut

3 4

Draft outward

([ Direction 2 v
[J Thin Feature v
Selected Contours v
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9. Save this drawing to known location. close current drawing.

10. Now to create 2D drawing from 3D part model recently created, Open new drawing, choose
previously created template.

11. Go to drawing toolbar, go to model view, browse previously saved 3D model, place it on
sheet, move pointer upward to draw top view.

12. Import annotations, give smart dimensions, save this drawing, do page setup, take printout
of drawing.

ol - R B z z @ - disk - Sheet1 > B

SCALE 2:1
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XI. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such questions
so as to ensure the achievement of identified CO.

1. Define solid Modelling? How is it different from wireframe and surface Modelling.
2. Define CAD. List the main features of CAD software used for solid Modelling?
[Space for Answer]
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XII.. References / Suggestions for Further Reading
An Introduction to CAD: https://nptel.ac.in/courses/112102101

XIII. ' Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) Completion of drawing with minimum size of model 20%
0
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No: 13 Drawing and plotting the production drawing of the 3D part

models of individual components of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/
any assembly consisting of at least five parts. (Problem-II, Part 4)

I. Practical Significance

This practical helps students develop skills in 3D solid Modelling, enabling them to
create, visualize, and assemble machine components accurately. It enhances design
understanding, creativity, and manufacturing readiness through model visualization and 3D
printing.

II. Industry/Employer Expected QOutcome (s)
This practical is expected to develop the following skills for the industry/Employer
1. Prepare 3D model of given object.
2. Prepare 2D Darwing from given 3D model
3. Plot given 2D drawing
III. Course Level Learning Outcome (CO)
COl- Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2- Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO4 - Plot a drawing for given part model/ assembly.
IV. Laboratory Learning Outcome(s)
Develop 3D model of components from given part drawing.
Plot the given components.
V. Relative Affective Domain Related Outcome(s)-
Follow safety practices.
Demonstrate working as a leader/a team member.
Maintain tools and equipment.
Follow ethical Practices Follow ethical Practices.
VI. Relevant Theoretical Background with diagram
Basic Concepts of CAD- CAD software is used to create, modify, and analyze 2D drawings
and 3D models. Geometric constraints define relationships between sketch elements (e.g., parallel,
perpendicular, concentric). Dimensional constraints specify size and proportions (e.g., length, angle,
diameter).
Solid Modelling Techniques- Extrusion: Extending a 2D profile to create a 3D solid,
Revolution: Rotating a sketch around an axis to form symmetrical shapes, Sweeping & Lofting:
Creating complex shapes by moving profiles along paths, Boolean Operations: Combining or
subtracting solids (Union, Subtract, Intersect). Reference planes (XY, YZ, ZX) and axes are used to
define model geometry accurately. 2D Drawing Generation- Orthographic, isometric, and sectional
views are generated from 3D models. Dimensions, tolerances, and annotations are added to
communicate manufacturing details.
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VII. Experimental setup (Model)-
The experimental setup involves a CAD workstation with 3D Modelling software (like

CATIA, SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students
create and assemble 3D models of individual components of mechanical devices such as a bench
vice, drill jig, screw jack, or tool post. The setup includes necessary input devices (mouse,
keyboard), plotting/printing tools, and reference technical.

VIII. Required Resources /Apparatus/Equipment with specification

Sr. No. Name of Resource S;gcg;}?z;lif;oad Quantity
1 Computer Latest configuration 1 for each student
2 3D modelling software | Latest configuration 1 for each student
3 Plotter/ printer A3 size 1

IX. Precautions to be Followed

1. Check given drawing for dimensional printing mistakes if any and if dimensions are
missing assume proportionate dimensions.

2. Check whether units are set to mm

3.  While constructing the drawing, periodically save your work. of instructor.

X. Procedure

Problem definition:
1.Prepare 3D part model of figure 13.1 given below
2.Prepare Front view and Top view of figure 13.1

264
- 7 ——
S T
)
5
\
g E & =
!
. 950H8__
_1_ F PIN ¢4,
H— ! 12 LONG
3.SHAFT 5.PIN
M.S. 1-0OFF M.S. 1-0FF

Fig 13.1: Object for preparing 3D model
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Open Solid modelling software

part icon for creating new object.
4. We will prepare this part using Revolve Boss/Base, select front view, draw sketch as shown

below

32

25

72

09

5. Go to feature toolbar, select Revolve Boss/Base, select center line as axis of rotation, rotate

through 360 degrees, click on v thick icon.
*OBD Part] (Detault) < <.
%

& Revolve @
v X

Axis of Revolution ~
" |Line

Direction1 ~
> Blind &

' |360.00deg

(J Direction2 v
([ Thin Feature v
Selected Contours hd :| 25 32
\*lﬁf
v
S

6. To add fillet, go to feature toolbar, select fillet, enter radius 7mm, select surface as shown
below.
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Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-Ins | MBD |

@@;e

v @ bar (Default) < <Def..

@ Fillet @
v X

i et
Fillet Type ~
Items To Fillet ~

@

8 show selection toolbar
.Tangent propagation }
© Full preview

() Partial preview mm

() No preview

Fillet Parameters N

Symmetrig Radius (Enter a value or start with = to create an equation) |

{< 7.00mm =

[ Mutti Radius Fillet

Profile:

Circular i

7. Save this drawing to known location.
8. To draw pin, create new part drawing.
9. Select Top plane, go to sketch toolbar, draw circle as shown below

10. Go to feature toolbar, select Extruded Boss/Base, keep depth 12mm. click on v thick
icon.
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Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-ins | MBD |

G E(R[&]@]

v @ Part2 (Default) <<D..

@] Boss-Extrude @

v X ®

From (>
Sketch Plane i

Direction 1 A

o I

£ [12.00mm

ar

ar

Draft outward 1
O Direction 2 v
J Thin Feature v
Selected Contours < i ’

11. Go to feature toolbar, select fillet, select fillet radius 2mm as shown below, click on v
thick icon.

Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWGRKS Add-ins | MBD |

v @ part2 (Default) <<D..

[® Fillet @
v X

(el e
Fillet Type A
Items To Fillet ~

' Show selection toolbar
‘Tangent propagation }

© Full preview
() partial preview

(O No preview

Fillet Parameters &

Symmetric Radius (Enter a value or start with = to create an equation) I

(( 2.00mm 5

[ Multi Radius Fillet

Profile:

Circular i

Setback Parameters 3

(] Partial Edge Parameters ~ [
© &

12. Save this file to known location.
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13. Now to create 2D drawing from 3D part model recently created, Open new drawing, choose
previously created template.

14. Goto drawing toolbar, go to model view, browse previously saved 3D model, place it on
sheet, move pointer upward to draw top view.

15. Import annotations, give smart dimensions, save this drawing, do page setup, take printout
of drawing.
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XI.  Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such questions
so as to ensure the achievement of identified CO.

1. What are Boolean operations? Name and explain different Boolean operations.
2. What is a sweep feature? How does it differ from a loft feature?

[Space for Answer]
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XII. References / Suggestions for Further Reading
Engineering Graphics and Design, IIT Delhi- Week 8 to week 12:

https://nptel.ac.in/courses/112102304

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
’ Completion of drawing with minimum size of model 20%
0
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. 7
4 | Answers to oral questions. 20%
5| Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) a5s) Total (25)
Mabharashtra State Board of Technical Education K Scheme
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Practical No: 14 Assembly and plotting the orthographic views of the assembly, bill

of materials of Bench vice/ Drill Jig/ Screw Jack/ Tool Post/ any assembly
consisting of at least five parts. (Problem-II)

I. Practical Significance

I1.

I11.

IV.

VL

This practical helps students develop skills in 3D solid Modelling, enabling them to
create, visualize, and assemble machine components accurately. It enhances design
understanding, creativity, and manufacturing readiness through model visualization and 3D
printing.

Industry/Employer Expected Outcome (s)
This practical is expected to develop the following skills for the industry/Employer

1 Prepare 3D model of given object.

2 Prepare assembly Drawing.

3 Prepare 2D Darwing from given 3D model
4  Plot given 2D drawing

Course Level Learning Outcome (CO)

COl- Prepare 2D drawing using sketch toolbar of given 3D Modelling software.
CO2- Prepare 3D solid models from 2D sketch using given 3D Modelling software.
CO3- Prepare assembly of part models using given 3D Modelling software.

CO4 - Plot a drawing for given part model/ assembly.

Laboratory Learning Outcome(s)

e Assemble the given 3D components from given part drawing.
e Plot the given components.

Relative Affective Domain Related Outcome(s)-
Follow safety practices.

Demonstrate working as a leader/a team member.
Maintain tools and equipment.

Follow ethical Practices Follow ethical Practices.

Relevant Theoretical Background with diagram

Basic Concepts of CAD- CAD software is used to create, modify, and analyze 2D drawings
and 3D models. Geometric constraints define relationships between sketch elements (e.g., parallel,
perpendicular, concentric). Dimensional constraints specify size and proportions (e.g., length, angle,
diameter). Reference planes (XY, YZ, ZX) and axes are used to define model geometry accurately.
2D Drawing Generation- Orthographic, isometric, and sectional views are generated from 3D
models. Dimensions, tolerances, and annotations are added to communicate manufacturing details.
-Assembly and Constraints: Multiple parts are assembled using mates and constraints such as
coincident, parallel, and concentric, Ensures correct motion and alignment between components.
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VII. Experimental setup (Model)-

The experimental setup involves a CAD workstation with 3D Modelling software (like CATIA,
SolidWorks, AutoCAD or Any parametric solid Modelling software.) where students create and
assemble 3D models of individual components of mechanical devices such as a bench vice, drill jig,
screw jack, or tool post. The setup includes necessary input devices (mouse, keyboard), plotting/printing
tools, and reference technical.

VIII. Required Resources /Apparatus/Equipment with specification
Suggested Broad .
Sr. No. Name of Resource Specification Quantity
1 Computer Latest configuration 1 for-each student
2 3D modelling software | Latest configuration 1 for each student
3 Plotter/ printer A3 size 1

IX. Precautions to be Followed

1. Check given drawing for dimensional printing mistakes if any and if dimensions are
missing assume proportionate dimensions.

2. 'Check whether units are set to mm

3. While constructing the drawing, periodically save your work. of instructor.

X. Procedure

Prepare assembly from 3D part models prepared in Experiment number 10
to 13

1. -Open solid modelling software

2. Clickon J ~ new icon. Click on Assembly.

New SOLIDWORKS Document t X

Part
a 3D representation of a single design a 3D arrangement of parts and/or  a 2D engineering

Assembly Drawing
component other assemblies part or assembly

Advanced [ o | cancel Help

3. Go to Assembly toolbar, click on insert components, browse for location where all 3D
parts from practical number 10 to 13 are saved, select all essential parts, click ok
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@ Insert Component @
v X A

Message ~

Select a part or assembly to insert and
then place the component in the
graphics area. Use the push pin to
insert multiple copies of the same or
different components.

Hit OK button to insert a component at
the origin.

Part/Assembly to Insert ~

Open documents:

Fsouowors » A D -H-@-8-m-o -0 8B®- Assem? *
) EE @ & @ °g ® ] o' [ 3
Insert Components Mate Linear Compenent Pattern  Smart  Move Component  Show Hidden Assemb.. Referenc. New Motion Billof | Exploded View [Instant3D| Update Spee
Fasteners ‘Components Study Materials Subassemb
Assembly | Layout | Sketch | Markup | Evaluate | SOLIDWORKS Add-ins | MBD | $LCLPIEPED - ©-v-OR-2

sBR|o[@]
-
@ Assem2 (Default) <Display State-1>
+ @ History
@) Sensors
» [&) Annotations
(] Front Plane
(] Top Plane
(1] Right Plane
L. origin
» @ (f) bar<1> (Default) <<Default>_
» @ (-) Body<1> (Default) <<Default

» @ () bush<1> (Default) <<Default:

» @ () disk<1> (Default) <<Default>

* @ () pin<1> (Default) <<Default>_
) Mates

Browse...

Thumbnail Preview R

Options ~

Start command when creating new
assemblv

4. ‘Left Click on main object (Body), select option ‘Fix’, this will fix object, make sure all
other are not fixed.

5. The sequence of assembly will be Body, Bush, Pin, Disk, Shaft.

6. Double click on Bush, move bush close to body.

7. Go to Assembly toolbar, click on Mate, click on Mate selection option located in property
manager.

8. Click on circular surface of bush and circular surface of body as shown below, the apply
concentric constrains, this align both object such that single axis pass through both objects.

click on v thick icon.

b Y Assem? (Default) <...
® B

N Concentric3 (©]

v x o[l

& Advanced ’ & Analysis
A Standard  Mechanical
Mate Selections o
@ Face<1>@Body-1
- Face<2>@bush-1
Mate Type ~
A\ Coincident

N Parallel ]
m perpendicular
@ Tangent
Concentric

[[JLock rotation
‘ ) ‘ Lock

‘ 1z ‘ 16.00mm

v 4

L% ||0.00deg

Mate alignment:

== m—

9. Align suné kéy in sung key slot, click on Mate selection, click of flat surface of sung key
on bush and sung key slot as shown below, apply Coincident Constrain.
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TR DL

10. The surface of bush and body should make contact, to apply this Constrain, click on Mate

selection, click on bottom surface of bush and surface of body as shown below, apply
Coincident Constrain.

11. To assemble pin at pin hole, Go to Mate, Mate Selection, click on circular surface of pin
and pin hole, apply concentric constrain.

12. Go to Mate selection, click on bottom surface of pin hole and bottom surface of pin, apply
tangent constrain.

Mabharashtra State Board of Technical Education K Scheme
155



3D Modelling and Additive Manufacturing (316013)

13. To assemble disk, go to Mate, Mate selection, click-on circular surface of pin and circular
hole in disk, apply concentric constrain.

14. Go to Mate, Mate selection, click on outer circular surface of disk and internal circular
surface of bush, apply concentric constrain.

15. Go to Mate selection, select bottom surface of body inside circular section and bottom surface
of disk, apply coincident constrain.

16. Go to:-Mate, Mate selection, click on outer circular surface of rod and internal circular surface
of bush, apply concentric constrain.

17. Mate selection, click on bottom surface of rod and top surface of disk, apply tangent
constrain.
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18. Save this drawing to known location. close current drawing.

19. Now to create 2D drawing from Assembly model recently created, Open new drawing,
choose previously created template.

20. Go to drawing toolbar, go to model view, browse previously saved 3D assembly, place it on
sheet, move pointer upward to draw top view.

21. Import annotations, give smart dimensions, save this drawing, do page setup, take printout
of drawing.

a- @ - Assembly of Foot Step Bearing - Sheet!

Zoom In Close

)
SECTION &
SCALE1:2
fDe4, ') P ( T ALL DIMENSIONS ARE IN MM
AN s ¥ _/
// N\ NAME: INSTITUTE NAME
] [ ( . \1 | ] L NO. DEPARTMENT NAME
B* (Y ;‘I ;‘ EB
AR M. & SEC FOOT STEP
Y R S o
| ~— 3 - BEARING —
R T L/ SUE. DATE: Afemary SHEETNO.
GRADE CHECKED BY:

XI. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such questions
so as to ensure the achievement of identified CO.
1. Explain Bill of Materials (BOM)? How is it generated in CAD software.
2. Explain importance of tolerances and fits in solid Modelling drawings.

[Space for Answer]
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XII. ' References / Suggestions for Further Reading
Engineering Graphics and Design, IIT Delhi- Week 8§ to week 12:

https://nptel.ac.in/courses/112102304

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
2| Completion of drawing with minimum size of model 20%
tree.
Product Related (15 Marks) (60%)
3 | Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size.
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process(i{oe)lated Product( F;;lated Total (25)
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Practical No: 15 *Printing any one component from above assembly using 3D

I. Practical Significance

3D part Modelling enables students to design mechanical components accurately in
a virtual environment before producing them physically. When these digital models are 3D
printed, students can directly visualize and evaluate their designs in real form. This practical
bridges the gap between design and manufacturing, helping learners understand the complete
product development cycle — from concept, Modelling, and visualization to actual
fabrication. It enhances creativity, accuracy, and problem-solving skills by allowing quick
design modifications and reprinting.

II. Industry/Employer Expected Outcome (5s)

This practical is expected to develop the following skills for the industry/Employer

1 Prepare Physical model from given 3D model.
III. Course Level Learning Outcome (CO)
COS5- Prepare components of assembly using 3D printer/ rapid prototyping machine.
IV. Laboratory Learning Outcome(s)
e 3D Print the given component.

V. Relative Affective Domain Related Outcome(s)-
o Follow safety practices.
e Demonstrate working as a leader/a team member.
e Maintain tools and equipment.
» Follow ethical Practices Follow ethical Practices.

VI. Relevant Theoretical Background with diagram

1. CAD Modelling: Creating accurate 3D geometry with proper dimensions and constraints.

2. STL File Generation: Converting a 3D model into a mesh suitable for printing.

3. Slicing Process: Dividing the model into layers and setting parameters such as infill, layer
height, and print speed.

4. Additive Manufacturing Principle: Building objects layer by layer rather than removing
material (as in machining).

5. Printer Types: FDM (Fused Deposition Modelling), SLA (Stereolithography), and SLS
(Selective Laser Sintering).

6. Material Selection: Common materials include PLA, ABS, PETG, and resin, depending on
strength and surface finish requirements.

Thus, 3D printing converts digital designs into tangible prototypes, allowing rapid visualization,
testing, and product improvement.

VII. Experimental setup (Model)-

Select any one component prepared in this course and prepare Physical 3D model.
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VIII. Required Resources /Apparatus/Equipment with specification
Suggested Broad .
Sr. No. Name of Resource Specification Quantity
1 Computer Latest configuration 1 for each student
2 3D modelling software | Latest configuration 1 for each student
3 Plotter/ printer A3 size 1
Mini 200x200x2
4 3D Printer mimum 200x200x200 1
work volume
IX. Precautions to be Followed

1. Check for filament wire melting temperature given by manufacturer.
2. Select suitable built plate temperature.
3. Check filament wire for any cut, discontinuity.

X. Procedure

1. Open any slicer software, if software is newly installed, while initializing select suitable
model of 3D printer, enter bed Size and Hight of Z axis. If software is already initialized,
suitable model of 3D printer can be selected using add printer option.

2. Before importing 3D part model in slicer software, the file must be saved in. stl format.

— - i

& save As R & Wrap woou

X i
N B Draft (D Intersect | Referenc.. Curves [Instan
v <« Exter.. > LABMA. ~ G | Search LAB MAnual SMA ] (® shell bR Mirror - °
I PLCOPLCPEE W-+-S@-2-
Organize ~ New folder v 0

<« 2

LAB MAnual SM Name Date modified Type

{ v No items match your search
ESE W25

SY

>

g /
[ =

File name:

Save as type: STL (%stl)

Description: Add a description

Options...

Save

~ Hide Folders Cancel

[ N rude.
v [@ Cut-Extrude3

3. Import 3D model, using open file option.
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B CCRI0S_Body - UltiMaker Curs

M, UttiMaker Cura

4. Rotate object such that base of object align with bed.

5. To set Process Parameter Options: Quality, go to print setting, show customs

1.

11.

1il.

Layer Height-0.3mm: The thickness of each printed layer is known as the
Layer Height. The smaller the layer height, the smoother curves will appear.
Larger layer heights are better for bridging and overhang. Figure shows
differences in Layer Height

Initial layer height- The height of the initial layer in mm. A thickener initial
layer makes adhesion to the build plate easier. Enter 0.4mm initial layer
height in our job.

Base Line Width-0.4 mm: This will define how wide your “‘support”
material is for the raft. This setting will determine how well the surface
layers of the raft print.

iv. Wall line width-This is width of a single wall line and value will be 0.4 mm
is enough in-our case.

v. Outer wall line thickness-Width of outermost wall line by lowering the
value. Higher level of value will print detail. Again 0.4 mm is sufficient for
our case.

vi. Outer Wall Line Width-Width of outermost wall line. By lowering this
value, higher level of detail can be printed. Specify 0.4 mm value in our
case.

vii. Inner walls line width-0.4 mm. It is width of a single wall line for all wall
lines except the outermost one. Enter 0.4 mm value for current job.
viii. Top /bottom line width-0.4 mm width of single top/bottom line.
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ix. Infill line width -0.4mm
X. Skirt/Brim line width-0.4 mm

Print settings X
Profile Low Quality * v 5 B
-'_ Quality v
Layer Height CD 0.28 mm
Walls v
Wall Thickness 0.8 mm
Wall Line Count 2
Horizontal Expansion 0.0 mm
: Top/Bottom E v
Top/Bottom Thickness 112 mm
Top Thickness 112 mm
Profile Low Quality * v 5 |
Top Thickness 112 mm
Top Layers 4
Bottom Thickness 1.2 mm
Bottom Layers 4
& Infill w
Infill Density 5 100
Infill Pattern Cubic b
@ Material ™
Printing Temperature 200.0 °C
Build Plate Temperature (‘_9 50 °C

6.. Go to material any select recommended melting temperature provided by filament
manufacturer. Select built plate temperature 50 to 60 degree Celsius.

7. Select support option if there is any hanging part object.

Select printing speed as per recommendation of 3D printer manufacturer.

9. Click on slice, software will generate tool path layer by layer.

>
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PREPARE PREVIEW MONITOR

Generic PLA —o- 3
e 22 Low Quality - 0.28mm & 1o Qo & or

® 7 hours 21 minutes ®

@ 191g-64.10m
Pr Save to Disk

10. click on'save to disk, transfer this file to 3D printer and start to print.
XI. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such questions
so as to ensure the achievement of identified CO.
1. Explain 3D printing. Compare with traditional manufacturing.
2. Explain the step-by-step process of converting a 3D model into a 3D printed object.
3. Explain role of STL file in 3D printing.
4. Name common materials used for FDM 3D printing.

[Space for Answer]
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XII. ' References / Suggestions for Further Reading
Advances in Additive Manufacturing of Materials: Current status and emerging opportunities, 1ISc

Bangalore: https://nptel.ac.in/courses/113108632

XIII. Rubrics for Assessment Scheme

Performance Indicators Weightage
Process Related (10 Marks) (40%)
1 | Use proper commands. 20%
) Completion of drawing with minimum size of model 0%
0
tree.
Product Related (15 Marks) (60%)
3 Generation and printing of drawing views, tables, etc. 20%
and their arrangement on different sheet size. °
4 | Answers to oral questions. 20%
5 | Completion of work in time. 20%
Total (25 Marks) 100 %
Marks Obtained Dated signature
of Teacher
Process Related Product Related
(10) (15) Total (25)
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