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Research Posters
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Know Your Audience

Experts:
v' Facts, figures,
and explanations

Non-experts:
v Results or
applications




Layout: IMRaD

http://www.pharmacy.purdue.edu/features/2009-05-01.PosterSessions/

(Abstract)

Introduction
Methods
Results, and

Discussion

(References)
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Style

Guide the eye with bullets, white space, italics, bold,
and headings.

i

For text, use:

 Short paragraphs
* Concise sentences
e Parallel lists




Text: Short & Sweet

Original Revised
The ideal anesthetic Ideal anesthetics
should quickly make e Quick sedation

the patient unconscious
but allow a quick return
to consciousness, have
few side effects, and be
safe to handle.

e Quick recovery
e Few side effects
« Safe to handle




Font Type

Font Size

For Headings use Sans-
serif fonts:
e Calibri

For Body Text use Serif-
onts:
e Times New Roman

*Avoid:
* Bauhaus 93
* Brush Script MT

Comic Sans

Title(96)

Headings (36)
Body Text (32)




Visuals Should Be...

‘/ DeCipherable fI‘OIIl a Gasbturt:ine engines run better at higher
. combustion temperatures
dlStance At higher combustion temperatures, these

engines generate more power and use less fuel.
However, these temperatures are restricted by
melting temperatures of the turbine blades
downstream of the combustor (see Figure 1),

v" Designed to convey
the gist of your
message

Figure 1. Pratt & Whitney F119 gas turbine engine.

v Properly cited and

labeled in text



Use Color Purposetully

Show connections

Guide the audience through the poster
Highlight

Create a mood or suggest a theme

*Be careful of color choice!



Easy-to-Follow Layouts

The layout should have a left-to-right flow with
columns in horizontal rows.

Constraints on sexually selected trat
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Left-to-right Flow

In Horizontal Rows

The evaluation of peer consultant competency as affected by gender stereotypic
beliefs has been documented in the personal anecdotes of writing center directors,
administrators, and consultants. Student writers judge female writing consultants to
exhibit stereotypically feminine behaviors, and male writing consultants are judged
to exhibit stereotypically masculine behaviors. Additionally, student writers have
demonstrated atendency to evaluate the competency of the peer tutor in a manner
consistent with their own gender.

| propose that female students will rate female peer
consultants to be more effective than male peer
consultants, and male students will rate male peer
consultantsto be more effective than female peer
consultants.

All peer writing consultants of the Texas A&M University Writing Center (UWC) have
agreed to participate in this research. Each one has been trained to utilize a non-
directive facilitative style with student writers; thus, each peer consultant will exhibit
similar behaviors and give comparable help to every student writer.
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You critique the following
posters.
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B Eric Couch, Jesse Christophel, Erik Hohlfeld, and Karen Thole
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Gas wrbine engines run better at higher
combustion temperatures

At higher combustion temperatures, these
engines generate more power and use less fuel
However, these temperatures are restricted by
meiting temperatures of the turbine blades
downstream of the combustor (see Figure 1).

Figure 1. Pratt & Whitney F119 gas turbine engine.

Dirt purge holes on turbine blade tips allow
for higher combustion temperatures

Harmful hot gases from the combustor leak
across the gap between the blade tip and the
shroud (see Figure 2). Dirt purge holes expel
foreign particles from the blade tip so that film
cooling holes are not blocked.

Figure 2. Fiow at the tip region of a turbine blade.

The project goal was to find the film cooling
effects of these dirt purge holes

To find the effects, we performed wind tunnel
experiments with scaled turbine blades. The wind
tunnel was low speed and low temperature, and the
blades, shown in Figure 3, were scaled at 12 times
their normal size. To measure temperatures on the
blade tip, we used an infrared camera. Tip gap sizes
and amount of coolant flow from the dirt purge holes
were both varied.

Figure 3. Large-scale turbine blade in wind tunnel.

Temperature measurements were converted to
dimensionless cooling effectiveness

R
L o S————
M T ——— ey —
- ———

Effectiveness

Cooling increased with blowing ratio
The effectiveness contours of Figure 4 show that
cooling increased with blowing ratio.
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Figure 4. Measurements of film cooling effectiveness.

Tip size dramatically affected cooling

in Figure 5, the lateral averages of effectiveness
plotted against the axial chord length show that tip size
dramatically affected the cooling.

Large Te 119% Beng

Figure 5. Laterally averaged effectiveness plotted
against normalized axial chord.

In summary, dirt purge holes provide cooling
to the tip surface

While intended to remove dirt from the blade, dirt

purge holes also provide cooling to the tip surface. This
is enhanced with a small tip gap as the din

purge floods the tip region near the leading edge with
cool air.

Acknowledgments
The sponsor for this project was Pratt & Whitney.
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Evaluation of Legume Cooking Characteristics Using a Rapid Screening Method.
HS.Yeung!, R.W.Waniska?, J.Ehlers®

1. Hway-Seen Yeung, Masters Degree Candidate, Cereal Quality Lab, Texas A&M University, Callege Station, TX, T7843.2474. Telephone (979) 845.2925
2. Ralph Waniska, PhD, Cereal Quality Lab, Texas A&M University, College Station, TX, 77843.2474 Telephone (979) 845.2925
3. Jeff Ehlers, Department of Botany and Plant Sci University of California, Riverside, Riverside, California 92521.0124
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Introduction

research poster = designed w0 help
2 compose high-quality research posters
p3s of their discipline

rch posters showcsse your research to 3
audience, thus be clear.

e, for 3 moment, the poser you are

while standing amongst 3 host of
hers or idling in the writing center. This
ent will impart the knowledge essential
gning » rescarch poster to any passer-by

J while i interest

" -

) uniqueness.

Introduction shoulkd imerest your
and present 3 dear hypothesis. Explain

problem you are mwestigating and
significant. Avoid wordiness — you will
reader’s interest with long explanations.

Methods

ave COwided our presentation imto tTwo
sections: the sctual comtent of owr
anc an snalysis of the imtegrsl parts of 5
h poster, induding 3 summary of the
organzaton style {Introduction
iz, Results, and Discussion)

ynments that snnotate each subdivizion
rze the associsted IMRID zection — zee
for an ewxplanation of the IMR3D
ds*

Methods section should briefly
the methods and materials in your

Often, these are better communicated
praphs that illustrate steps. A clear

on of your methods lends credibdiny to
. and thus, your research

MINE IS BETTER

How to Design an Effective Research Poster
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Text Formatting

Text should be left lignec

Be wary of large chunks of text

All
Text
Showuld be large

Never use decorstive ‘ort: like Ravie, (Ve or
You CaN Lo dhe pomond e, o voe 2 WTESOITO e

Written and desipned by John Laky, Mercedes Hermandez, Masho Sakovic, snd Sierma Mendez | With thanks to Dr. Valene Balester and the University Winiting Conter

Layout

Focus on 3n easy-to-foliow design

Present your content in logical order
remember, IMR2D)

Tithe of Foster

'

Subtithe
Align your margine and spacing the
content evenly

Avoid clutter

A graphic should lead the viewer's eye
in the right direction

N
>
7

Graphics and Color

Color can be your or your

Bacigrounds should provide HIGH contrast;

'.
Be wary of pailated graphics XF|} WY
SIS

Beware of copyrght infringement. We would embed 3 clever remark

here, DUt PISZIRTIM 2 3 JeN0Us Mmatter,

Results

This iz the most mportant, and usually the longest. section of your poster Describe your resuits in

stive and gusiitative terms and directly s=ste whether your hypothesis was confirmed. Describe
an3dysiz and 2z reiation to your hypothesis

Usze 3z many visual tools 35 possible such as

UNIVERSIT
WRITING
CENTER

Discussion

Resesrch pomers display your project’s »
points to an audience; they are not mean
provide every single detail. but to convey
ezsential information. Effective rezearch
require the following
* Analyze the type of audience viewng yc
poster and customize accordingly
* Create visually stimulating images and
emphasizing reacabifity and coherence
* Design an easy-to-follow layout to guide
sudience through your data
* Be wary of overcrowding your poster w
excessive graphics or test

Key Tips:

Data is plural. Wrize "data are” not “data
Nogeriinirg makez texs look Dulky. feafics
your poster look deaner ond whols.

o 2 =

= *oeer Grammar mest:
bac. Double check for ermors,

Uze paraliel lists, Le., “test hypothesis, co
data, write conclusion ™

Though cresting a3 research poster can be
dsunting. following the IMRaD soproach
these guidelines can make & easier.

redundant, Clearly and gquickly state
your hypothesis was supported, and

Title

A glance should reveal the research you's
conducted and why, The key is an effects
Your title should De a3 clear 33 possible ¥
include the issue and your approach to re
¥ the sudience iz more general, 3 catchy |
be effective. liee ours



Poster Presentation Tips
P

AN Practice short (2 minute)
| .

R ' ,S and long (10 minute)

4 7 versions of your

-~ explanation.

-

I

Anticipate questions you
might get and how you will
answer them.




Poster Presentation Tips

Do not block or read
from the poster.

Point out figures and
use them in your
explanation.

Summarize in 2-3
sentences.




Helprul Resources

 http://www.ncsu.edu/project/posters/
Examples with detailed strengths and weaknesses

« http://posterpresentations.com
Download poster templates

« http://brandguide.tamu.edu
Download A&M logos and templates
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HEALTH
SCIENCH
CENTER

Make the Main Title with Large Bold Type

Your Name Here

Texas A&M Health Science Center

Your Department Here

TIm

Before You Begin
Cheok the Teguitremments for your meeding
+ Are Shers dmensional requirements for e posier?

+ Whatls e size of Bhe spa0e YOU 8re QOing 0 Aave for
presenting the poster?

« Does X need 1o e dorizontal or verson?
+ Does I poster need B show Mo adstract number? ¥
30, does Enead i Do part of the poster SSe? The

adsirsct sumder for this fempiate Is in e extreme
“Pper 1@ hand 0OMMer 2dOve the e Dos

Getting Started

Choose “Page Tetup” under T “Flie" menu and Cefne
your posier size. Typioal posters are 32 x 43 or 40 x 88,
Dutt Shey Oam Do By size wp $0 40 mohes for he short
measurement This posier is 32 « &1 FowerPoint's
meaaimen width s 62 inohes
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More about Text Boxes

Fight-oliok wiinin the fext Dox and select the “Format Rat
Sox™ opion from $he DODUD Wwindow. Select the fad Miat
says Yot Bow ¥ in inds window you oam saf indernsl
marging. These DTS Dave 2 MaInoh (§) margia around
the Dotiom and sides, and & sEQNYy smafier margin on e
00

Ancther opfion wilhin B “Format Bal Box™ dislog dbox Is
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TextBoxes
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Tables and Photographs
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Design Process

Design process can be applied to:

J New curriculum development
J Product design
1 Problem solving

References:

* Nigel Cross, Engineering Design Methods: Strategies for Product
Design, 2" ed. Wiley, 1994.

 Edward Lumsdaine and Monika Lumsdaine, Creative Problem Solving:
Thinking Skills for a Changing World, Mc Graw-Hill, 1995.

RET Design_7jun19.pptx



Engineering Product Design

Design

1%

Materials

Needs

Il*

Satisfy
needs ?

Manufacture

Il*

Product

Il*

Customers

Metal, polymer, ceramic,
natural, composite...

Change shape,
property, surface...

Production system

Sales & marketing

* Communicate via drawing and document



. Examples
Re;lesign % 1 :

» Lack of manufacturing
O pantom talents in Texas

7. e : » Cheating in exam
Present [y .
« Computer virus

Results

* Traffic jam during
peak hours

» Universal tool for
metric and imperial
fasteners

___ » Changing watch
£ sma battery

—_— * Efc ...

Engineering
Design Process

https://www.teachingchannel.org/blog/2015/09/29/rube-goldberg-machines-and-the-engineering-design-process/



More examples:

Find a solution for student cheating in exam
Design new robot for state competition

How to motivate students for STEM?

A product to replace/block cell phone

| want to improve my GPA

Modify my program to attract underrepresented
students



| Step 1: Identify need or problem
=== "“FInd a solution for student cheating in

v exams’

Step 1b: Clarify objectives

» Test type: quiz, midterm, final, entrance
exam, national exam..

» Result: preventive solutlon disciplinary or
punishing procedure...




o Step 2. Research criteria and
constraints

Obtain specific /relevant information...
» Exam types: final, entrance exam, quiz...
* No large classroom available
» (Cannot change schedule

 Limited funding to implement



Step 3: Search for possible solutions
b ( Ideation )

1 Brainstorming: look for lots of ideas from a group

d Synectics: find possible solution using analogies

J Removing mental block: Find new direction, think
outside of a box

d Morphological chart: idea for functional
requirement

d Fishbone diagram: cause and effect




Step 3: Search for possible solutions
T e ( [deation )

 Brainstorming: look for lots of ideas from a group

«  Quantity, not quality
* No criticism

* Avoid prejudice

« Combining ideas



Step 3: Search for possible solutions
T e ( [deation )

d Synectics: find possible solution using analogies

 Similar issues from different fields
« Solutions to similar problems

10



Step 3: Ideation “Find a solution for student cheating
Synectics in scheduled final exams”

THE

WELFA '
CHEAT CHEAT | """ e CHEATS
SYSTEMD|ET o

STORY
OF CHEATING

SHARE YOURSTORY

CLICKHERE

7/12/08/irelands-

Not A Test So W
Cheat?




- Step 3: Search for possible solutions
e ( Ideation)

d Removing mental block: Find new direction, think
outside of a box

4 * Ignore constraints
* No criticism

~
r o

-

12



Step 3: Search for possible solutions
sy ( [deation )

d Morphological chart: idea for functional requirement

Morph (verb): to undergo transformation from an
image of one object into that of another

» (Change shape, support structure, boundary,
rule... based on the required function
 Quantity not quality

13



Morphological chart for chair design

Chair Physical solutions — S,
components 2 K 5
- |y & E
S, - Square S> — Half round S; - Rectangle S, - Round Ss - Ellipsoidal
- | @ @
S, - Square | S Trapezoidal_a |Ss— Trapezoidal_b S, - Round S0 - Ellipsoidal
Armrest ( 0 ﬂ
Sy = “L”shape | S;»— “T" shape S13= "J" shape S,4 - Ellipsoidal | Sis- “U" shape
Stand | l

S — Straight_a

87 = Straight_b

S]g - Round

S19 = Slant_a

S - Slant_b4




Step 3: Search for possible solutions
mgmsenng ( Ideation )

d Fishbone diagram: cause and effect

Causes Effect
e Brainstorm for
| causes
 Graphical
presentation

Cause
Cause Cause

15



Step 4: Select the best solution

Engineering
ssssssssssss

= Top-down instruction
= \Weighted criteria



Engineering
Design Process

Step 5: Construct prototype

= Draft curriculum

= Fabricate nonfunctional prototype
= Manufacture functional model

= Sketch of solution

17



Engineering
Design Process

Step 6: Test prototype

Preliminary functional /reliability tests
Survey

Professional feedback

Alpha vs beta tests

18



Step 7: Present solution/result

Engineering
Design Process

- = Submit report

Presentation of concept
= Show a physical /working model

Step 7b: Implement solution/result
= Contingency plan
= Regular feedback. Collect data.

19



Engineering
Design Process

Step 8: Redesign. Modlification.

Justification.

Cut cost

Simplify device

Automate steps

Change rules

Increase effectiveness
Differentiate Musts vs Wants
Consider different market /culture

20



» Examples of exam cheating
https://www.youtube.com/watch?v= 5GLG1C0ODCs

 Solutions for exam cheating


https://www.youtube.com/watch?v=_5GLG1C0DCs

Program outcomes:

s < 1)  Redesign and fabricate a
component to enhance a Stirling
L i engine

2) Design a new curriculum, or

3) Propose plan to implement a
new concept/exercise to existing
curriculum

https://www.teachingchannel.org/blog/2015/09/29/rube-
goldberg-machines-and-the-engineering-design-process/

31



Program outcomes (1/2):
Design and fabricate a part/system to
enhance a Stirling engine

Engineering
Design Process

1) Show steps of Design Process

2) Present your final design

* Group

Eolibers, machines o the engineering destinprotess) e Technical drawi ng. mu It p|e
views+ dimensions

» Manufacturing plan

» Schedule

* Expected results

32



| resuts

Engineering
Design Process

Program outcomes (1/2):

Design and fabricate a part/system to
enhance a Stirling engine

Manufacturing training and facility
1) Traditional manufacturing

2) Computer-aided manufacturing
3) Laser machining

4) 3D printing

5) Surface engineering

33



Engineering
Design Process

ttps://www.teachingchannel.org/blog/
- ines-and-the-engineering

Post-program outcome:

Measureable success of new

implementation in your class:

* Number of students, certificates,
field trips, STEM clubs ...

 Participation in competition and
awards (if any)

 Additional funding, equipment

» (Conference presentation

* Inter-school activities

34



Question from the external evaluator:

Manufacturing and other STEM concepts, state
curriculum objectives that will be addressed?

List of materials and equipment needed and how
they will be acquired an maintained?

Support that the teacher will need from RET team,
school administration, or industry

Reflection component for success after the project
IS Implemented

How students involve in the various stages of the
process, from discovery to evolution?

How the students’ designs, process approaches
and products will be assessed? 35



MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Pen Holder with Logo Engraved

The steps described allow you to practice ‘Pen Holder’ design shown below. The pen holder has two parts,
namely the base with a logo/design engraved on it and a press-fit structure on the base to hold a pen. The
instructions require the use of Autodesk Fusion 360, which can be downloaded for free at
https://www.autodesk.com/products/fusion-360/overview for students. This material is divided into two
sections; section one will detail the steps to create the CAD model of the pen holder in Autodesk Fusion
360 and section 2 will focus of creating drawings, section views etc. and dimensioning them in Autodesk

Fusion 360.

Section 1: CAD Model of Pen Holder.

This material is divided into three parts; modelling the base, modelling the pen holder and assembly of

the parts.

The basic layout of the Autodesk Fusion 360 is shown below.

BH R H &~ B cunwvemr @

” ¥ =adas H

ADD-NS~  SELECT™

SROWSER \ profile and-Help &
A (Unsaved
—— = Application Bar
D ]_" Named Views Tool Bar
[0 unks: mm

DY B oren Workspace drop-down View Cube

Drawing Area

Timeline

Navigation bar and display setting

s

° R s ot =11 18- F

RS R
Fig 1. Source: CADCAMCAE Works, Autodesk Fusion 360 Book.

In the steps below; when it is mentioned to select the X-Y plane or similar instructions are given, use the
view cube on the top right of the screen to manipulate the sketch plane appropriately.

In Autodesk Fusion 360, there are a lot of single key shortcuts that significantly reduce sketching time.
Some of the shortcuts are mentioned throughout the instructions, but, from increased use you would gain
a better understanding of the shortcuts.

1|Page



MMET 380: Computer Aided Manufacturing

Dr. Wayne Hung

Part 1: Base

Fig. 2: Completed picture of the Base of Pen
Holder.

Creating the Block

Create a new model by selecting file,
then new design.

l @ MMET_Pe..derv3* ' %
HH
i

o - H & ~-

New Design

New Design From File g ' @ @ % ﬂ

New Drawing 4 CREATE™  MODIFY™ | ASSEMBLE
« B}  NewDrawing Template el

Open Details on Web

Save xS

save as

Recover Documents (2)

Export...

Share >

3D Print

Capture Image...

View >

Scripts and Add-Ins...

Fusion 360 App Store

Q [ skexhs

4 Q (J component3:l

Step 1: Setting up the correct units.

Go to Document Settings, and
change the unit type to inches.

= =

HOE H -~

wa- > DBPY @

SKETCH * CREATE® AL,
+1 EROCWSER ol
P S unsaves) fO
A ﬁ Document Settings
O wnits:mm [H Change Actlve Units
[ B3 mamed views

D @ B orgin

2|Page




MMET 380: Computer Aided Manufacturing

Dr. Wayne Hung

Step 2: Create a new Sketch Plane.
Click the Sketch icon and pick the XY
(Horizontal Plane).

mm.{J%Jvl{Em # = u @ 8 5

Weren]

Aot Fosen 380

P T

Step 3: Create a 2-point rectangle.

On the Sketch drop down, click on
rectangle. And in the following
menu, pick 2-point rectangle.

MODEL ~ | @T
| SKETCH-

44 BROWSER

=]

-

CREATE ™

= —
Rectangle >
Circle »
Arc >
Polygon >
@ Hlipse
siot »
) spline

A\ Conic curve

-t~ Point

A text

[ Fillet

< Trim T

= Extend
Break

B sketch scale

&% Offset o

DI mirror

P Circular Pattern

&8 Rectangular Pattern
Project / Include >
Mesh »

[~ sketch Dimension D |

& stop Sketch |

I 2-Point Rectangle R
> 3-Point Rectangle

[ Center Rectangle

AMY @ By

MODIFY™  ASSEMBLE

Step 4: Click on the sketch drop down
menu and select ‘Sketch Dimensions’
or press the letter D to dimension the
sketch. Dimensions of the rectangle
are 2.9” X2.9”.

]
uw»
u»
o i
b il
o~
=
w
[e=]
) =
290

3|Page




MMET 380: Computer Aided Manufacturing

Dr. Wayne Hung

Step 5: Stop Sketch. Click on the Stop
Sketch icon on the right side of the
ribbon menu.

Stop Sketch button

Step 6: Extrude. Click on extrude
button (next to the Sketch button).
Select the Rectangle dimensioned
and dimension the height at 0.7".

After Clicking the extrude button,
click on the sketch of the rectangle.
The rectangle bull turn blue and you
can type in the extrude height.

@ unttied:

Extrude Button

44
A £ Document Sew

D 9 EI orgin
D G F1 Skeuches

After clicking extrude, click on the rectangle as shown below.

Creating the Hole

Step 7: Select the front surface of the
block and click sketch when the
required surface is blue.

Borm@wéa @ B o (=]

INSERT*  MAKE

|| mopeL~

SKETCH™ CREATE ™ MODIFY~  ASSEMBLE™  CONSTRUCT™ = INSPECT~

< BROWSER el

PRCH @ MMET_Pen Holder v1_[O]

D ## Document Settings
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MMET 380: Computer Aided Manufacturing

Dr. Wayne Hung

Step 8: Draw a Center Circle by
pressing C and then click on desired
position to place the circle.

Place center point

& a- BEE

Step 9: Dimension the position and
diameter of the Circle of the circle.

Press D, then click on the Circle. This
allows you to define a diameter to
the circle (diameter is 3/8”). Then
dimension the center of the circle to
0.6” from the top and right side of
the block as shown in the diagram.

slect sketch objects to dimension

d22:0.60in

Step 10: Creating the Hole. Click on
extrude, then select the profile of the
circle. Dimension the height to -0.7”
and press enter.

[ ok [ Cancel |

&6 O aQ- B @ -

5|Page




MMET 380: Computer Aided Manufacturing

Dr. Wayne Hung

The block with the hole.

| FRONT |

Creating the Edge Sweep

Step 11: Select the bottom plane (as
highlighted) and click sketch when
the required plane is blue.

Select a plane or planar face |

Step 12: Draw a center circle with
one of the corners as the center. The
diameter of the circle is 0.250”.
When done, click on stop sketch.

@025

WOLLOE

Step 13: Click on the ‘Create’ drop
down menu and click sweep.

6|Page




MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 14: Set the profile as the part of | z
the center circle occupying the body. oL

(=

@ SWEEP

Type 0= Single Path -

Path [ Select

Chain Selection @)

Orientation hs« Perpendicular -
Operation (] New Body -
[i ] Cancel

Step 15: Select the edge of the block
along the front of the block as the
‘Path’ for the Sweep command.

Set operation as cut, as highlighted in
the figure. Click OK when done.

The resulting Block will look as
shown.

FRONT

Inserting Logo. This can be any logo you want it to be, but the logo/symbol must be of ‘.svg’ format.
The TAMU logo used in this example can be obtained from: https://drive.google.com/file/d/1n82-
DXvzeORYjgpziv)2I5PZFeT7tp-P/view?usp=sharing

7|Page



MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 16: Select the front surface of
the block and click sketch when the
required surface is blue.

FRONT

L

Step 17: Select ‘Insert’ and select B M = w5 €

llnsert SVG'- | MODIFY ™ ASSEMBLE™ CONSTRUCT ¥
[ Antached Canvas
B insert Mesh
A File Selection window will be L

Imports a SVG file Into the active sketch, Use [ Mol

prompted. Select the .svg file with | [HREEEEEEIEEEEE Ll © - o o e
the desired logo.

Step 18: Orient the logo as desired

Ll
. ‘ ’ . older v1_[O]
using the ‘control’ provided. =
@ INSERT SVG
Select SVG File @&
X Distance 0.00 in v
Y Distance 0.00 in v
Z Angle 0.0 deg -
Scale Plane XY 1.00 v
Horizontal Flip (=1
Vertical Flip o4 I 3
(] OK Cancel ‘\
|
a
|
|
|
4
|
L ®
ol ¢raYaQ BE 8
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MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Tip: Use the arrows and the control
options to orient the logo as desired.

ings

© INSERT SVG

Select SVG File @&

X Distance
Y Distance
ZAngle

Scale Plane XY

0.00 in v.
0.00in -
-90.0 deg -
1.00 v

Horizontal Flip (=1

ket

sket Taper Angle 0.0 deg

z Operation g Cut

¥ Objects To Cut

(1) 0K

Cancel

& 3 cancel ¥  OK |
Vertial Flip (i = R ‘/ =0
e oK || Cancel Skeen v |
3
o) ¢8O ar 9@ e
Step 19: Select ‘Stop Sketch’ and i
select ‘Extrude’. Select the inner oo 10 fon
A Spiiner L
portions of your logo as shown. Set wt = *
the depth tO 1‘0.025'. :e, Surt | profile Pane
$ody pirection gy One Side
:’"’:: Extent |4 Distance

[Specify distance, or sel

The Base of the pen holder should look similar to the block shown in Fig. 2.
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MMET 380: Computer Aided Manufacturing

Dr. Wayne Hung

Part 2: Pen Holder.

Fig. 3: Completed picture of the pen holder.

Sketching the Profile.

Create a new model by selecting file,
then new design.

New Design

New Design From File
New Drawing

8q  New Drawing Template
Open Details on Web
save 5
Save as

Recover Documents (2)
Export...

Share

3D Print

Capture Image...

View

Scripts and Add-ins...
Fusion 360 App Store

Q [ skechs
A Q (0 Ccomponent3:1

.-E -

e @ &y

CREATE™ MODIFY~™  ASSEMBLE
L
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MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 1: Select the front plane and click

on ‘Sketch’. : : N—

95.00°
- 7 ]

_— hﬁmjw T ‘ﬁ

18750 17 -

10000

Step 2: Sketch a rough profile of the pen
holder from above, to get a similar
shape. 2

Once you complete the sketch, the - IL/
profile will turn blue. If not, i.e. if the g 1
sketch remains black, it is an indication :l

of discontinuities in your sketch. Ignore
the chamfer until step 7.

FRONT

Step 3: Dimension the profile according
to Fig. X. When done, select ‘Stop )
Sketch’. =

oS

2.00

2 section to trim

11| Page



MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 4: Your profile should look similar
to the one shown in the diagram. Ignore
the Chamfer in Fig. X.

Step 5: Select ‘Create’ and then select
‘Revolve’. Select the sketch as the
profile and the horizontal line as the
Axis. When the correct Preview is
shown, click OK.

g8 @ &

MODIFY ¥

dm 5 B

MAKE™

W =

ASSEMBLE™  CONSTRUCT™  INSPECT™  INSERT™ ADD-INS™ | SELECT ™

Revolves a sketch profile or planar face
around a selected axis.

Select a profile or planar face then select the
axis to revolve around.

HPOE IMOODTW

»

a

Step 6: Click Modify, and select
Chamfer. Select the edges as shown and
set the distance to 0.025”. When done,
select OK.

b [o]
settings
s
© REVOLVE
e Profile [} Lselected X
2
Type < Angle
Direction B One Side

Operation | () New Body

S S |

Cancel

Select sketch curve, edge, cylindrical face or axis

Step 7: Select ‘Modify’ and then select
‘Chamfer’.

@ B 0

([ press pull
(BFillet
BB rule Fillet
) Chamfer
Shell

(# praft

Bl scale
& Combine

[ Replace Face
B split Face

(& split Body

& silhouerte Split
3+ Mave /Copy
B8 align
Physical Material
@ Appearance
Manage Materials
[Tk Delete

% compute All

3 Change Parameters

ASSEMBLE

Q
-

M

A

=3
x8

—
= L3
CONSTRUCT~Y  INSPECTY  INSERT™  MAKET™ ADD-INSY  SELECT~

Applies a bevel to one or more edges.

Select the edges then specify a distance.
(l
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MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 8: Select one edge and set the
Chamfer distance to 0.025”, and select
OK.

Repeat the step for the other edge.

© CHAMFER
Edges
Tangent Chain
Chamfer Type

Distance

0.025in =

[+ 1oeeea Jg

P equal distance =

0.025 in v

0K Cancel

The part at this point should be similar
to the picture shown.

ToP

Creating the Hole.

Step 9: Press H and the ‘Hole’ prompt is
displayed. Select the face shown as the
picture, and the outer edge as the
reference. The length of the Hole is
1.25” and the diameter of the hole is
0.325’. Press OK, when done.

R e e
@ EDIT FEATURE

L J
Reference Select
: Reference Select
. ¥ Shape Settings
" Baems || Distance  ~ &
Hole Type b A 4
Hole Tap Type m UH
Drill Point i

- 1.25in

-

Je—s] - 0,325 in

» Objects To Cut

L] OK

v v

CONSTRUCT ~

INSPECT ~

INSERT » MAKE ~

Select linear or circuli

Cancel

Creating Slot
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MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 8.A: Select the Left plane (or

configure your part as shown).

un

Step 8.B: Select the surface shown and,
press sketch.

Creating Slot on the Neck of pen holder.

Step 9: Draw a line along the diameter,

select sketch and Offset (or press O).

LEFT

&

R T . M——
| Place first point |

uz

14| Page




MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 10: Select the line drawn and offset
the distance by 0.3”.

Step 11: Select the line drawn and offset

Ve @ Bm o

OFFSET

PE— x

Chain Selection @

Offset position 03 in

&

oK Cancel

B B 5 €

ADD-INS™  SELECT ™

Select curve to offset

STOP SKETCH™

LEFT
rd

03

the distance by 0.3”, but select flip
direction.

e @ %

© OFFSET

Chain Selection @

Offset position 0.3 in

B B S5 @

MAKE™  ADD-INS ™

Sl

Flip
Y ok [ cancel

SELECT™  STOP SKETCH™

LEFT
z

Step 12: Delete the line in the middle

drawn along the diameter. Select Sketch
and then select Trim.

LEFT

15| Page



MMET 380: Computer Aided Manufacturing

Dr. Wayne Hung

Step 13: Click and drag the cursor over
all the overhanging lines as shown in the
diagram.

.o @

CREATE ™

[ Create Sketch
=D Line

Rectangle

L

Circle

Arc

Polygon

@ Hiipse

Slot

Spline

A\ Conic Curve

B Circular Pattern
372 Rectangular Pattern

Project / Include

45 stop Sketch

|| sketch Dimension D

@ Bwm W = e
5 ] 3
MODIFY™  ASSEMBLE™ ~ CONSTRUCT™ = INSPECT™ = INSERTY =~ MAKEY ADD-INS™ = SELECT™

vy vvwyw

v v

-} Point
A Tex
(" Filler
+=Trim T
-/ Extend 5
e Trims a sketch curve to the nearest
| Break intersecting curve or boundary geometry.
[l sketch scale
& offset & Pause the cursor over the curve to preview
the portion to be trimmed. Select the curve to
11 Mirror Fily

»

@

STOP SKETCH ™

LEFT
r4

Step 14: Select ‘Sketch’ and the select
‘Trim’ — alternatively press T. Drag the
cursor while holding down on the left
mouse button to clean the overhanging
lines.

[i4] create Sketch
-3 Line
Rectangle
Circle
Arc
Polygon
@ Hlipse
Slot
Spline
£, Conic Curve
-+ point
A Text
(" Fillet
/== Trim
=/ Baend
|- Break
Bl sketch scale
£ Offser
Dl mieror
&b Circular Pattern

.o @
BEGED ceater

==

@ @ B o o B B

MODIFY™ ~ ASSEMBLE™  CONSTRUCT™ = INSPECT~  INSERT~™

L

vyvvw

Trims a sketch curve to the nearest
intersecting curve or boundary geometry.

Pause the cursor over the curve to preview
the portion to be trimmed. Select the curve to
trim.

05

MAKE™  ADD-INS~ = SELECT~ = STOPSKETCHT
[}

@

LEFT
z

Step 15: Once all the lines are trimmed,
the sketch should look like the picture
shown.

LEFT

' Select cury
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MMET 380: Computer Aided Manufacturing
Dr. Wayne Hung

Step 16: Select extrude and highlight

& EXTRUDE LEFT

the regions shown. |
Start > Profile Plane -
Direction iy one side -
Extent [+ pistance -
Distance 0.00 in L
Taper Angle 0.0 deg -
Operation (T New Body -
[i ] Cancel

0.00in ~

Step 17: Drag the ‘Depth’ arrow as | e some
shown, such that the entire depth of the | ™" [+ 2seecec [

Start | Profile Plane -

neck is cut. Select OK. TR o e :

Extent || pistance -
’ Distance -0.40in -

Taper Angle 0.0 deg =

Operation [ Cut -

P Objects To Cut

[: ] oK Cancel

This is a side view of the completed ‘Pen Holder’.

BACK
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Part 3: Assembly.

Fig. 4: Completed picture of the pen holder assembly.

X Autodesk Fusion 360 (Education License)

Step 1: Open the Base of the Pen holder.

@ MMET_Pe..derv2s X
B B H -

- BOSF6 @ B @ = = = B

SKETCH® CREATE®  MODIFY® ~ ASSEMBLEY  CONSTRUCT™  INSPECT™  INSERT™ = MAKE® ADD-INSY  SELECT™
<« BROWSER Yl
IR o MuET Pen Holder v2_[O}
[ # Document Settings
D B Named Views
D @ £ ongin
4 Q B codies
QO sodv2
4 Q B skexches
Q B sketch2
Q B skexchs
Q B sketchs
Q [ skewchs
4 Q (D component31 O
4 9 B orign

O D DD
[ERSRSRS RS

°
x
Y
z
xv
xz

©
k)

Step 2: Click on the Grid Icon shown. This | «*"mree =
prompts the File Explorer within Fusion | *~

360. From the file explorer, right click on

the Pen Holder file and select ‘Insert into
Current Design’.

erEoTa BEE a
Kebr BOROBGRTOR ] @
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Step 3: Right Click on the pen holder and
select move. Using the controls,
manipulate the bottom of the pen holder
NEAR the hole in the base.

© MOVE/COPY
Move Object (7) components  ~
- x
Move Type . b C
L.P
Set Pivot L
X Distance 0.00 in -
¥ Distance 0.00 in -
Z Distance 0.00 in -
X Angle 0.0 deg >
Root component cannot be moved
Y Angle -90.0 deg 3 P—
Z Angle 0.0 deg v

Capture Position ([

0OK Cancel

Step 3.A: Right Click on the pen holder to
get more move options.

- -5

“J Repeat Move/Copy |

@ press put |
| Hole |

Delete G
Undo 4= |

Move/Copy ¢+

C-ayxQ BEE

1Face | Area:2.945 InA2

Step 3.B: You can reorient and view from
different views while bringing the pen
holder close to the base and the hole.

© MO!Root component cannot be moved
T oo e e

Move Object
Selection

Move Type

Set Pivot
X Distance
¥ Distance
2 Distance
X Angle
¥ Angle

Z Angle

Capture Position

() Components  ~

X 1selected B3

Brc.-
2
1 | WS2ENA - 1528in v | 1665in v
1.528 in v
1.528 in v
1665 in -
0.0 deg -
0.0 deg -
0.0 deg -
(=]

oK Cancel
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Step 4: In the Assemble menu, select Joint.

& & B @ =

el B R

EATE™ MODIFY ¥ CONSTRUCT ™  INSPECT™  INSERT™

ol [ New Component

PQJoint U _E [
R As-built Joint o sioru'ier

i Positions components relative to one another
© Joint Origin and defines the relative motion. Il

B oo

MAKE”  ADD-INS¥ ~ SELECT®  POSITION™

P& Rigid Group

v Select geometry or joint origins to define the
;{’ DrveJolnts Joint. Specify the type to define the relative
£8 Motion Link motion.

(@ Enable Contact Sets
[Jd enable ANl Contact
3 Motion Study

Step 5: Select the stem of the pen holder as
the Component 1. For Component 2, select
the hole (not the edge of the hole but when
the cursor hovers around the hole a
cylinder is generated).

rerv—
“ o jOINT
s

¥ Components
£

; Componentl leele:led x

s Component2

4 v Alignment

%€
Flip .
et

et ¥ Motion
el Type & Rigid
el
) Cancel
igu o
f /
= Select location on second component |
¥ <
z
XY
Xz
YZ
en Holder v3:1
Step 6: The insert depth is 0.5”, which is
Offset about the z-axis.
Ol - RIGHT |
:v Components Z5 -
Componentl  [3 1 selected X
Component2 [y 1selected X
" v Alignment
T — =
| Offsetx 0.00in . s m3
U Offsety 0.00 in -
! offserz 05010 5
" e 1]
:'Mﬂlwl
) Type & Rigid
: Animate >
: o oK Cancel
vz

n Holder v3:1
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Section 2: Drawings of the parts.

In this section, the steps to create the drawings of the parts are shows. In part 1, the steps to make the
front, side and top views, and dimensioning them are explained. In part 2, creating section view of the
parts are shown. In part 3, steps to make auxiliary views are explained. Note, the drawings generated are

3™ angle projections, which are default standards of ASME.

Part 1: Front, top and side views.

Steps to generate drawings for the base.

Step 1: Open the base of the pen holder in
Autodesk Fusion 360.

Step 2: On the top left, select the model drop
down menu and select ‘drawing’ and finally
select ‘From Design’.

| T
ER T Bt

nnnnnnnnnn

ol

Merrr BOBOEBG @O

Q@ =
B 0 =
MMMMMM Bora@ga @ =

C-eE9Q Q- @B H
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Step 3: In the ‘Create Drawing’, set the units
as inches and click OK.

TR |
2 E"'w L.

"Il @ CREATE DRAWING -
¥ Reference
Full Assembly

¥ Destination

Drawing oh Create New -
Template From Scratch -
Standard ASME -
" Units in -
Sheet Size B (17in x 11im) "

[i] 0K Cancel

Step 4: A new tab will be opened with the HEfe O FmHy Ar /ol o 86 @
«« BROWSER °. 0’2 | @ DRAWING VIEW

drawing template. Place the front view of the W o
block at approximately the middle of the
sketch, and make a left click.

. Place base view |

IMy First Project
IMMET_Pen Holder

ComMENTS

Step 5: In the ‘Drawing View’ prompt, select i & oravinG view =
the scale as “1.25:1" and the style as ‘View Adfackrcs o Cree e B
Visible Edges’. And press OK. Represemavon  [fyModel -

¥ Appearance

Orientation ﬂ Front =
siyte all
Scale 1.25:1 i

v Edge Visibility
Tangent Edges
Interference Edges )

Thread Edges @

[ ] oK | Cancel |
| |
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Step 6: From the ‘Drawing Views’ drop down
menu, select projected view.

Step 7: Bring the cursor to the front view,
and it will be highlighted in a blue outline.
Click the front view.

Select parent view

ST ————e—

=

mmmmm«m:::ntmmg

Step 8: Drag the cursor to the right and you
will see the side view of the block. Place the
side vies at a reasonable distance from the
front view and make a left click.

Place g
Or pres

23| Page
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Step 9: When you bring the cursor to the
bottom of the front view, you will see the
bottom view of the block. Click the left O
mouse button at the appropriate position.

Al

Place pr prqected view

Or press Enter
Iﬂ.ﬁu Firet
Step 10.A.: Repeat step 9 for left and top o}
view. When done, press Escape. Note, for ——
more space, click on the title box and press el
Delete.
O

_]
B

Step 10.B.: At this point the generated
drawings must look similar to this.

Al

O —
] I
[ ]
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Step 11: Select Dimension button to EERS HO 20 @:i}f AAY
. . DRAWING VIEWS © MODIFY . GEOMETRY ~ IONS * TEXT SYMBOLS *
dimension the parts. e o Dierion (8
e sheert Creates linear, aligned, angular, radius, and
(1 wmET_pen Holder vs:1 astar dimeosions:
B o :@ Bodies :lelecnlbkct Mm,‘edw, :xll;::g :
Dom s i G e it e

@ Q (J Components1 dimension type is created.

Step 12: Hover the cursor near the edge of
the part, and when you see the program
select the correct edge, left click.

29 |

Step 12. B: Drag out the dimension and click O

on the left button. %

Step 13: Similarly, generate dimensions for
the other edges as shown.
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Step 14: To dimension the hole, hover
around the circle for the program to detect
the feature. Then click the left button, drag
out the dimension and the click the left
button.

28

/—ra.aa
Select edge or specify p

=
=

2 85

Step 15: To generate the dimension of the
total thickness of the block, hover the mouse
as shown in the picture. When the green
square is visible, left click.

Step 16: Bring the cursor to the other edge,
and when you see the outer edge in blue, left
click. Drag out the dimension generated and
left click.

-J-—.&E ‘I

-Endpcint

Step 17: To generate a detailed view of the
fillet, click the highlighted icon in the picture.

Step 18: Select the bottom view as the
parent view.

m

. & - B
1 1 H
P gSeied parent view

1T '.'.[
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Step 19: Select the fillet as the center point.

Midpe

Step 20: Drag out the boundary size and left
click.

Step 21: When the section is generated, drag
out the section and left click.

A =—
R / Place detail view

Step 22: Change the scale to ‘3:1’, ‘View
Visible and Hidden Edges’ and click OK.

_| @ DRAWING VIEW

¥ Appearance

Style

Scale

¥ Edge Visibility
Tangent Edges
Interference Edges

Thread Edges

—_—

el i T

3 -

® 5 8
(W

L

Close

Step 23: dimension the fillet radius.

=

Step 25: Dimension the fillet edges as shown
(refer to step 15, 16 and 17).

r13 13
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Step 26: In order to dimension the depth of
the engraving, zoom into the left side view as
shown.

COMMENTS ol _— PO A 'g-E-

. . A B Sheetl
Step 27: Select the inner edge as shown. Y ——
D @ B3 Bodies

D @ FE1 Sketches
9 @ [ component3:1
Endpoint

/

A W Sheetl
A [l5 MMET_Pen Holder v5:1

D & F1 Bodies
D & E3J sketches B
M @ [ component3:1 O O 3

Intersection

Step 28: Select the outer edge as shown.
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Step 28: When the dimension is generated,
drag out the cursor and click.

2§ Sheatl

4

({5 MMET_Pen Holder v5:1
D @ B3 Bodies
D @ E1 Sketches
M 9 (D Ccompanent3:i

I

— Select edge or s
- u

The drawings of the base should look similar
to this picture.

\ h—

i [
/
L+
—~ X 1
- i A
l

DETAILA
SCALE 3:1

Drawing of the pen holder is also generated.
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53 -

.38

_p“'
a95°
e
{1
g, Lo Nl R WEEL R (e ecb
| 2 |
Part 2: Section Views.
B R H ~ ~- ©  shyam-Sundar Balasubran... @
Ete]g 1: Open the base of thepen | = "~ Boo@a @ Bh @ = o 5
older. SO oo e et Pt o e B W e

Step 2: Select ‘Model’, Select
‘Drawing’ and select ‘From Design’.
Click OK.

i Mt @ @ @ .
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WSER ol L2

e —
i Sheet1

Step 3: Place the front view to the
center of the page.

Step 4: Set the ratio as ‘2:1’ and

click OK. i ST

N
v Appearance
Orientation Front
Style Bo
Scale 2 Y
g ¥ Edge Visibility
My First Proie mungenccaoes (9 (9
IMMET_Pen F inerference edges @
Thread Edges e
x o oK | Cancel
auenTe -~ KNt N

Step 5: Click on Section View. Al e P
P $ O 7w A

MODIFY ¥ GEOMETRY ¥ DIMENSIC

Section View

Generates a full, half, offset, or aligned
section view.

Use a section line to cut through a drawing
view in order to reveal what is inside.

() Component3:1

Pl ”T\/T
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Step 6: Place the cursor on the
front view and when it is
highlighted, click it.

rmmmmmmmmmmmmmm

(EELEE. ) TEEERY oy TEERRY ey EEEEL oot EEEEY o TEEELT. e TEETEL, o

| Select parent view irner O

i
!
|

IR e 1 e 0 e e e 0 e

Step 7: Section the view as shown
in the diagram. Press Enter when
sections as shown.

It is sectioned this way as it is not
recommended to section/cutting
featureless solid features.

© DRAWING VIEW

v Appearance

e cBa o
@
Scale 1 (From parent) =

¥ Edge Visibility
Tangent Edges
Interference Edges ()
Thread Edges @

v Objects To Cut

& 60

=
=

“@AAJ

=

+
» N
e Garice [Specify point & corner |
e Or press Enter
My First Project
e
MMET_Pen Holder
Step 8: Drag out the section P B A
: i S eaeeare '
generated and click OK. A |
) s =Y o e (D
& Piace section view. Press Shift 1o toggle view alignment +
scale 1 From pareny) ¥ — |
¥ Edge Visibility ’F =
Tangent Edges &) —
Interference Edges ()
Thread Edges (~] i
v Objects To Cut !
@ Body2 MMET._Pe... i
[

Cancel

A

RaTECT

My First Project
(ATE

‘MM ET Pen Holder
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Step 9: Dimension the sectioned
diagram as shown.

—17 —-/—Fus

.

sz
SECTION A-A
SCALE 2

Specify opposite corner

.

Part 3: Auxiliary View.

In order to create the Auxiliary
view example, a modification
of the base of the pen holder is
made.

Edit the block to the
dimensions shown below.
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To create the geometry,
instead of creating a fillet,
draw a triangle as shown, and
create the sweep.

(0.762)

RIGHT

(0.30

(2.30)

Draw this proflie
and sweep
arou}ti the edge

face.

(2.90)

S lug?&N

Step 1: Once sketched, select
the surface on the right plane
as shown.

= I

INSPECT™ ' INSERT™

= = B

MAKE™  ADD-INS~ SELECT ™
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Step 2: Select ‘Look At’ from
the view command as shown.

select this.

o : ) @ - @ @ 8-
D@ OO G -

Step 3: Once, you select look
at, you will see your part as
shown.

RGN - B
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Step 4: From the part
hierarchy, select ‘Named
Views’.

RN fo  Auniary view vi [0

[> Q Document Settings
[ - I
4 Q F1, Bodies,

@ (L], Body2,
A Q@ EJ Sketches
Sketch2
Sketchd
Sketchs
Sketche
Sketch8
Sketchd
A § EJ Construction

Q @ Planel
A Q O Component3:1

> @ B3 origin

O D000 D
M EEEEE

Step 5: Right click on named
views and select ‘New Named
View’.

Step 6: On ‘NamedView’;
double click and rename as
‘Auxiliary View’.

PILN Ps  Auxillary view v1_[O]
b @ Document Settings
4 [T, Named Views,,

TOP
FRONT
RIGHT
HOME
P @ B3 origin
A § F7J Bodies
7 [ eodyz
A G FJ Sketches
@ i sketchz
7| sketcha

Sketchs

Sketchb

Sketch8

Sketchd

EEDEE

Construction

5! Planel

i)

Compenent3:1

'S

A
Yo «©
OQOpgleoooo

O
e
I

5
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Step 7: Create a new Drawing
of this part.

©.o= e B O = &

SKETCHT

MODEL ¥
CREATE™

MODIFY ™

ASSEMBLE™  CONSTRUCT™  INSPECT™  INSERTT = MAKET
| MoDEL L

PATCH ®

ft Sewings
SHEET METAL
RENDER
ANIMATION
SIMULATION

<AM

DRAWNG  »| From Design
VT from animation
4 Q B sketl__

Q BB skexch2
Q [ sketchs
Q@ [ sketchs
Q [B sketchs
Q
Q

) sketchs
& sketchs

Es

ADD-INS ™

SELECT ™

i
) i |
z S

4 Q B constuction
Q [ Planel
49 @ Componensii
D © E1 orign
COMMENTS i

Gl & ar @ E
Meb»r BOEITEGEINONEEG

NamedView

Step 8: When the new Drawing
window is prompted, select
Auxiliary View as shown.

| & DRAWING VIEW L

¥ Appearance
Orientation
Style

Scale

¥ Edge Visibility
Auxillary View
@ Top

@ Bottom

ﬂ Left

[P right

i] Front

i ] g Back

@ SW lsometric
@ SE Isometric
@ ME Isometric

@ NW Isometric
T T IS

Tangent Edges
Interference Edges

Thread Edges

ect
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Step 9: Set the scaling ratio as
2 and select OK.

SYMBOLS ~ IMSERT * TABLES

vt T

| @ DRAWING VIEW

Reference

Representation

¥ Appearance
Orientation
Style
Scale

w Edge Visibility
Tangent Edges
Interference Edges

Thread Edges

L

ob Create New =

@.’\-‘od&i v

[=] Auxiliary vie...~

Ooos

2 -

Nl o |
a
@

Step 10: To insert the front
view of the model, select base
view as shown.

DERE SO LB RN AA /BT @ =

DRAWING VIEWS ™

<« | [T Base view

[, Section View
(&) Detail view

B Projected View P

[ @ EJ Sketches
@ () component3:1

MODIFY GEOMETRY ~ DIMENSIONS ™ TEXT

SYMBOLS ~ INSERT™

TABLES ~ OUTPUT

Generates a base view of the referenced
| design.

Lo | || vt

e

My First Project

e
Auxillary View

= e
Step 10.B.: Position the front : T =m
. . (2 Model
view accordingly and select OK. »
Q () Componentit O entat ) Front
g stve Bs
%ﬂ oo ® 50
[@ .o
a
o oK Cancel

|Auxillary View

My First Project

P

T

ﬂzm

COMMENTS
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Step 11: Dimension the parts
as necessary.

f—— 78 —=f

i
|
1
|
1
|
1
|
i
|
i
|
1
|
1
i
=

i S e TS e T e e et TR e B et THETRY
= -

23

28

Step 12: The drawing must
look similar to this picture.

o 76—

- 3.38
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LAB #2: Metrology-1

I.  Objective: To be familiar with basic dimension and form measurement. Part 2 of the exercise will cover data
collection in production mode.

I1. Tools and Equipment:

— 8rulers — 6 inch-micrometers with stands

— 2 Vernier calipers — 2 metric micrometers with stands
— 6 dial calipers — 1 set of inch-micrometer with box
— 20 Lego blocks — 1stand for 1-2 inch micrometer

— 16 washers — 2 dial indicators and bases

— 10 plastic tubes — 2 height gages

O A
"llllt'zlvlolzlolztlzu l 4[ 8 12 16 20 24 26

ialios 1 MADE IN USA.
BATHS

e) :zwuu‘awuazwuu

Llbdatuteltiabolbibibadsbudabilt

Fig. L2.3. Micrometer

Fig L2.4: Dial indicator Fig. L2.5: Indicator and base Fig. L2.6: Height gage

L Y -

Fig L2.7: Lego block Fig. L2.8: Washers
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I11. Dimension Measurement
Your TAs will demonstrate how to use each instrument. You will measure and compare dimensions of a Lego
block, diameter and thickness of washer.

I11.1. Length measurement
Select a Lego block and measure the same length or width using different instruments. Notice possible differences
in your measurement.

Table L2.1. Length of a Lego block.

Measurement Ruler Height Gage Dial Caliper Micrometer
# (inch) (inch) (inch) (inch)
1
2

111.2. Width measurement
An indicator is used to measure either dimension or relative deviation from a dimension. This is applied to
measure dimension or shape changes (form measurement is in next session).

Measure the width of the Lego block at two different locations. Practice with a metric equipment if possible,
otherwise you might need to convert the reading from inch to millimeter.

Table L2.2. Width of a Lego block.

Measurement Dial caliper Vernier caliper Micrometer Metric micrometer
# (mm) (mm) (inch) (mm)
1
2

Note: 1 inch =25.4 mm

IV. Form Measurement

IV.1. Parallelism

Select a Lego block and measure parallelism of two opposite surfaces A and B using a dial indicator. The largest
deviation of the two surfaces is the parallelism of those particular surfaces.

Sketch the set up and label the instrument, show direction of motion with
an arrow.
Block parallelism: inch
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IV.2. Roundness
Use caliper/micrometer to measure 4 different diameters around the top of a plastic test tube. The largest radial
deviation is the roundness of that particular tube.
Notes:
e Measure diameter of the same top circle to avoid error due to the taper angle.
e Apply minimum pressure to avoid deforming the tube.
o Need more measurements to improve the roundness accuracy.

Object # Diameter (inch)
' 1
2
3
4
Roundness = " diameter - Min diameter inch (4 decimal digits)

V. Assessment
Measure dimensions of a washer (Fig. L2.8) at marked locations using different instruments.

Marker

Code Measure
Measure ﬁmmeter
thickness ere
here

Washer code: Thickness Outside diameter
' (inch) (inch)

Caliper

( 0.001 in)

Micrometer

( 0.000,5 in)

10pt for each correct answer + 10pt for attendance = 50pt
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T
% <=0P o o ol w|
‘.%n%l 144

I. Objective: To be familiar with data collection technique for a group of parts in mass production mode.

LAB #3: Metrology-2

I1. Tools and Equipment:

— 8 dial calipers — Two 0.7-in combination gage blocks

— 2 indicators and stands — Mitutoyo Strato-Apex 7106 CMM, Profile
— 2 sets of plug gages (0.5 in go/no-go) projector PH-A14, Vision QS-E2010B,

— 2 sets of ring gages (0.5 in go/no-go) Form RA-120

— 2 ten-holder sets -

— 2 pen-base sets

(a) (b)
Fig L3.1:

a) Profile projector, b) Coordinate measuring machine, ¢) Form measuring system, and d) Vision measuring
system

top

(b) ©)

Fig L3.2:
a) Go/No-go plugs (0.500-0.510 in), b) Go/No-go rings (0.487-0.497 in), ¢) pen-base and pen-holder set



Page 5 of 26

I11. Direct Measurement: Caliper
Table L3.1. Caliper measurement of a pen-holder

Measurement #1 Measurement #2

Part code: (inch) (inch)

Outside diameter (Top)

Inside diameter (Top)

Hole depth
Table L3.2. Caliper measurement of a pen-base at four corners.
Part code: Measurement #1 Measurement #2 Measurement #3 Measurement #4
(inch) (inch) (inch) (inch)
Thickness

IV. Direct Measurement: Variation
IV.1. Use of Go/No-go gages
o Use Go/No-go gages to verify the tolerances of provided parts. Do not force parts into the precision
gages.

e Use plug gages ($0.500-0.510 in) for holes.
e Use ring gages ($0.487-0.497 in) for cylinders.

e Write a check mark (V) if the part passes the Go/No-go tests, or a cross (X) otherwise.

Table L3.3. Go/No-go test (delete parts that you don’t work with)
A B C D E F G H I J

K L M N @) P Q R S T

Pen-holder (Bottom)

Pen-base (hole diameter)




1V.1. Use of Dial Indicator
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e The design thickness of the pen-base is 0.700+0.010 inch. Set a standard height of 0.7 inch using

precision gage blocks.

e Verify the indicator stem is in vertical position, and then zero the indicator at 0.7 inch height.

o Measure deviation of each pen-base thickness with the dial indicator near the block center. Plot the
deviation (from the average of 0.7 inch) of each part in the chart below.

Variation of pen-base
thickness (inch)

A

0.710

+0.010 |
+0.008 '
+0.006
+0.004
+0.002

-0.002
-0.004
-0.006
-0.008
-0.010

0.700

A
K

J
T

0.690

Part #

Fig. L3.3. Average and range chart (delete parts that you don’t work with)
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V. Indirect Measurement: Dimension and Form

x . 1©]0.0005in e Design dimensions:
- /—D — hole diameter ¢0.5 in
A — hole center X =Y =0.600 + 0.010 in

y v f+ 5 — hole roundness 0.0005 in allowance

e You will measure and calculate, either manually or using
a program: hole diameter, coordinates of hole center, and
its roundness on a pen-base.

¢ Recall that roundness is the radial zone width containing
all points on a circle.

e Use the same part with different equipment to
understand pro’s and con’s of each instrument.

Pen-base code:

Table L3.4. Hole center position and hole roundness
Instrument X (in) Y (in) Diameter (in) Roundness (in)

Caliper

Profile Projector

CMM

Vision System

V.1. Use of Profile Projector

Fig. L3.4a. Mitutoyo PH-A14 profile projector and QM Data 200 controller.
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Horizontal
moving
nob
= {
<l |p % I
Focusing -
knob [ lzﬂ:gﬂ
\ G) - :
Vertical _—"| ; =E}
moving I[X a
knob - o
g g Y L= g
_ 454 158
612 _ B 1240

Fig. L3.4b. Mitutoyo PH-A14 profile projector.

Measure hole position, hole size and hole diameter using Mitutoyo profile projector.
1) Turn the system on

2) Setunits

a) Press (row 7, column 6). Choose 8]

b) Use|Up or cursor (last column) to highlight dimension

c) Use Cursor (last column) to selectfinch] or mm.

d) Accept new change by pressing .

3) Align protractor wheel at some angle for easy of reading of the cross-hair position
4) Position a pen-base with hole position at lower left on vise (upper right on screen).
5) Focus so that machining marks are visible

6) Set new local coordinate system

a) Press (row 3, column 1), then [§ on numeric pad. Observe the blinking dot on the
screen.

b) Use X or Y wheel, position the cross-hair to upper right corner of the part shadow, press and
then [F5|to complete. The current coordinates of the part origin now should be x=0, and y=0 on
screen.

7) Measure the circle. You will measure at least 4 points on the circle.

a) Press Circle (row 2, column 4)

b) Position the cross-hair to point 1 on the circle, press

c) Repeat for point 2, press |LOAD

d) Repeat for point 3, press |LOAD

e) Repeat for point 4, press |LOAD

f) ...

g) When done, press
8) Read and copy the hole center coordinates (X, Y), hole diameter D, and roundness (F2) in Table 3.4.
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V.2. Use of CMM

Z- joy stick X-Y joy stick l/

@ () ©
Fig. L3.5. a) Mitutoyo Strato-Apex CMM, b) setup, and ¢c) CMM control box

Measure hole position, hole size and hole roundness using Mitutoyo CMM.
Your TA have loaded the program, set unit, probe, and prepared the fixture for a pen-base.

Procedure:
If the computer is already on, then proceeds to step #7
1) Verify that compress air is on, maximum pressure of 55 psi.
2) Log in to the computer system using your TAMU Net ID.
3) Turn the power on. The switch is at the lower left corner of the granite base.
4) Confirm on control box (Fig. L3.5¢): The LED window reads “Abs 0” (absolute zero), and the green light
on button is on.
5) Press the button. The probe will move to the home position (upper left corner)
6) Use the X-Y joystick on the control box, move the probe away from its home position and toward you.
---------- Start here if the computer and system are on and ready ----------------

7) From the computer monitor, click on the icon M| to open the Cosmo program.
8) Click

9) Highlight the program 181 pen base

10) From the top row, click the icon CMM/Repeat mode].

|\/] GEOPAK CMM repeat mode v3:2.R6 Edition 6

File Control Machine Output Graphic Window Hel

A/ $€E & EI<all > B ani®e

11) Secure a pen-base (Fig. L3.5b)

» Insert the hole of a pen-base into the pin A, the grooves should face downward
* Rotate the part counter clockwise until it stops by the screw B
*  Finger tighten the screw B clockwise onto the part. Click .

12) From a new window “GEOPAK: 181 pen-base”, verify mode, click .

13) The probe will move to 4 points on one edge to set the y-axis and another 4 points on the other edge to set
the x-axis; it then moves to 6 points inside the hole to measure its relevant dimensions. The probe will
move away for the next part.

14) Record the coordinate of hole center, hole diameter, and hole roundness.

15) Unclamp the part, make sure you do not crash the probe.

16) Done!
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List of results Measured RZQUII’;d
. dim & im
au® | Clearance height on Z= 050000
T 2 i result tolerance
00020 _
Diameter 050303 L i
0002‘1 (1) pen base hole 0.00303 0.00000
=)
Circularity
oito (1) pen base hole 0.00167 0.01000
Pasition % 058428 e =
00021 (1] pen base hole -0.01572 010000
= s
wi}t | Posiion'y 0.46915 i
0.1 o} ” -
00021 (1) pen base hole 0.13085 .0,10000 0.03085
g End of part program All executions have been finished.

— Circle D = 0.50303
— Tolerance zone

17) To measure subsequent part:
* Repeat step #10

* From top row, click icon [Execute Again

18) Click [File/Exit| to log out or ready for the next measurement.

NOTES: If your part is positioned wrongly, let the system detect error and it will stop itself.
a) An error message shows on monitor, click OK to acknowledge it.
b) From the list of next action items, choose |Abort part program, then , then .
c) Use the joy sticks on control box (Fig. L3.5.c)
* Push forward the left Z joy stick to bring the probe up (go slow at the beginning)
* Tilt the X-Y joy stick to move the probe away from the part
d) Reposition the part as shown in Fig L3.5.b

e) From top row, click icon Execute Again
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V.3. Use of Form Measuring System (Demonstration)

Vertical
moving
knob

Leveling and

centering knobs\
Horizontal

moving

knob

ANALYSIS ITEM!

I S
[EoEEEnmEED)]

OUT RUNOUT SQRNES SQRNES Tt
CONDITION

P(ona

SELECT/ENT RANGE]

Inside/outside
measurement

Probe ——>

Chuck —>

@ O
Fig. L3.6. a) Mitutoyo RA-120 system, and b) Control panel.

Roundness demonstration (Fig. L3.6)

1) Secure a plug gage (or equivalence) on the chuck by slightly tightening the 3 jaws. Do not adjust 4
leveling/centering screws below the chuck.

2) Verify outside diameter set up.

3) Position the probe using Z and X knobs. Slowly move the probe in X direction to touch the part surface.

4) Press the roundness button (Row 1) on control panel.

5) Slowly increase the probe contact pressure by moving the probe positioner and then fine tune using the
wheel until the pressure bar is at center of the pressure gage window.

6) Press button. The chuck will rotate while data is collected.

7) View the graphic display of roundness and read the roundness value.

8) Disengage the probe away from the part using the X-knob.
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V.4. Use of Vision System
We will measure hole position and roundness of a pen-base.

INITIAL SETUP

1) Turn computer on, wait till it finishes
booting.

2) Switch the Quick Scope controller on. This
must be done after computer is on.

3) Click|QSPAK MSEV3.0|icon on Desktop.

4) Zero the stage by clicking .

5) Turn the X/Y stage dials to move the stage >°P® Focus
to left, right, font and back as shown on the cO"troller |
monitor. Click [OK]in between.
6) See Program Run page on monitor. If not,
repeat the zeroing steps.
7) Select File, choose 181 Pen Base.pp file,
click Run, initialize [OK]. Light
X stage
dial

Fig. L3.7 Mitutoyo vision system
MEASURING PROCEDURE

!! [
2 LS
A A I

(@) (b) (©) (d) (e) ) (9)
a) Define origin (1% point on X, y axes)
b) Define x-axis (2" point on x axis)
c) Define y-axis
d) Collect points on circle, group 1
e) Collect points on circle, group 2
f) Collect points on circle, group 3
Program outputs: Center position relative to part origin, hole size, and hole roundness.

1) Position a pen-base on stage: bottom up, with hole at
lower left, aligning the edges to marked lines on the
stage. Be careful and do not scratch the glass stage or
hit the lens.

2) Focus and set light (below the stage) for best contrast

\ark

3) Using the stage dials, align the shadow with green

cross-lines, use mouse to click and define the part oriein
origin. Program will start running. . - I
4) Use the X-dial, move to ~x=0.5, click on the part E =

edge.

5) Follow the screen instruction according to steps c-f
above. Use X/Y dials and move the stages until the red
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cross-lines turn green, then press foot pad or click
DATA

6) If the system fails to detect points on an edge, choose
from the Error window, use mouse to click
and define ~5 points on the edge, then click [Continue].

7) Copy results (hole center , hole diameter, and hole
roundness) into Table 3.4. Note: “NG” is “no good.”

Tool execution error. Please execute
Manual tool, and press continue button.

Edit Manual |

Measurement Result o= ][ =]

Circle: Hole Properties{ID:17, From 291 Pts. ) _‘_J
Coord. X = 8.7214 0.60008 8.1214 8.68560 -0.085080 +NG
Coord. ¥ = 8.5585 8.6000 -0.0415 8.08500 -0.8500 ----0K
Diameter = 8.4860 8.5000 -0.0148 8.6100 0.0000 -NG

Circular. = 8.0018 8.008085 +NG _J

=

£ »

V.5. Group discussion
a) Highlight advantages of each instrument for dimensional /form measurement.
b) Repeat for disadvantages.
c) Discuss about instrument selection and effective usage of these instruments.

V1. Assessment
e Clicker quiz
e Filled tables
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LAB #4: Machining

Il. Tools and consumables
1. Saw operation: tooling and task

V. Drill operation: tooling and task

V. Lathe operation: tooling and task

VI. Mill operation: tooling and task Sl " ;®

VIl.  Grind operation: tooling and task ;. u’n; 14444

I. Objective: To be familiar with basic machining operations. You will learn basic machine operation in this lab

and will fabricate sets of parts in the next lab exercise.

11. Tools, equipment and consumables

Sawing — 1 Al rod (20” long, $0.75”) 1 marker
— 8 Albar (3.0”x0.757) 2 dial calipers
— Horizontal and vertical saw 2 files
Drilling/tapping — 2 center drills 1 marker
Die threading, — 2 twist drills #Q (20.332") for #3/8-24 2 dial calipers
deburring threads 2 files
— 2 deburring tools (counter sinker) Drill and drill/mill machines
— 3 Alblocks (3 x3x0.757) 2 die sets for 93/8-24 threads
Lathe — 2 Alrod (10” long, $0.75”) 1 marker
— 2 center drills 2 dial calipers
— 2 twist drills ($0.5”) 2 files
— 2 deburring tools (counter sinker) 2 lathes with collets
— 3 Alblocks (3 x3x0.757) Preset tools (turn, face, knurl,
groove)
Milling — 4 Alblocks (3 x3x0.757) 1 marker
— Horizontal and vertical mill 2 dial calipers
—  4” face milling cutter 2 files
—  4” peripheral milling cutter 2 rubber mallets
— 2 sets of parallel bars 1 combination square
Grinding — Steel rod for cylindrical grinder Surface grinder
—  Steel block for surface grinder Cylindrical grinder

-

Deburring tool (for hole)

=<

4

Deburring files

Counter sinking and hole deburring tool

I11. Sawing operation:



Fig. L4.1.

Jet vertical band saw VBS1408

Jet horizontal band saw J3410

Start with an aluminum rod @3/4 inch, mark and saw to 4.0 inch long.

Table L4.1. Process plan for sawing round rods. Save the cut rods for next week.
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Step Machine Process
1 Horizontal Mark the cutting line (4.000-4.125 inch)
saw Claim rod
2 Horizontal Saw rod to length
saw
3 Horizontal Advance rod and repeat
saw
4 Deburr
Verify the part dimension (20.75 x 4.0 in minimum)

Start with an aluminum bar mark and saw to 3.0 x 6.0 x 0.75 inch.

Table L4.2. Process plan for sawing rectangular bars. Save the cut parts for next week.

Step Machine Process
1 Horizontal Mark 6 inch cut
Ivertical saw Claim bar
2 Horizontal Saw bar to length
/vertical saw
3 Horizontal Advance bar and repeat
Ivertical saw
4 Deburr
Verify the part dimensions (3.0 wide, 6.0 long, 0.750 in thick)
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I11. Drilling, tapping, die threading operations:

Drills Countersink tools

Fig. L4.4. Jet Drill/Mill IMD 18 Jet 15 inch drill press
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Q Material: Aluminum
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Tolerance: +0.010

2.90

2.90

Fig. L4.5: Details of the pen-base.

Table L6.3. Process plan for drilling and tapping. Use practice workpieces.

Step Machine Process

1 Mark hole location
Adjust drill fixture. Clamp part.

2 Drill Mount a center drill. Drill center hole.
Repeat for others

3 Drill Mount the drill Q (¢0.332” drill). Drill through hole.
Repeat for others

4 Drill Mount a countersink tool. Deburr hole both sides.
Repeat for others

5 Tap Clamp the part on a vise, cut the internal threads with a tapping tool for ¢
3/8-24 threads

Notes:
— Use a smaller drill of 0.322 inch for the ¢$3/8 (0.372 inch) internal threads.
— Hole deburring can be done manually with a countersink tool.
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IV. Lathe operation:

o

. 2006

Fig. L4.8. Fixed center—dril and chuck (at tailstock)

¥

Fig. L4.9. A live (rdtate—able) center at tailstock Fig. L4.10. Fixed drill and chuck (at tailstock)

Chuck  Toolpost

Headstock

Tailstock

Fig. L4.11. Jet GH1440 lathe Jet GH1340 lathe.
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You will partially fabricate set of pen holder in this lab exercise. The details are shown below

Fig L4.12. The pen-holder (left)
| ———" and final assembly (right).

I
I

@ 3/8-24 threads/

70.332
20.700 =

0.040 deep

Material : Aluminum
Units : inches
Tolerance: +0.010

Fig. L4.13. Details of pen-holder.

Start with an aluminum rod @3/4 in x 4 in long, face and drill operations.

Table L4.4. Partial process plan for a pen-holder.

Step Machine Process
1 Lathe Claim rod, ~1 inch protrusion
2 Lathe Facing right end
3 Lathe Center drill right end
4 Lathe Drill right end to ¢$0.332 x 1.25" deep
5 Hand deburr with a countersink tool




. Mill operation

Fig. L4.14.
workpiece)

»

Rotation X
- -

-

Page 20 of 26

‘.‘

o \

& =

-

he Model VH25

is “two machines
— i1 00" Offering
vertical and horizontal
milling operations in one
set-up. Changeover from
vertical to horizontal
mode is fast and simple.
All it takes is the swing
over of the overarm
and repositioning of
the locating pins. The
horizontal head s
equipped  with  a
horizontal arbor (1%)
and two arbor supports.
The work rtable is
equipped with  built-in
power feed and rapid
traverse system. The
knee has rapid traverse
for casy positioning.
Flood coolant  sytem
with splash pan and
one shot lubrication are
standard accessories for
the machine.

Fig. L4.17. Sharp VH25 horizontal milling machine

Jet JTM 9x42 inch vertical milling machine
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Fig. L4.18. An indexing hed. Twenty revolutions of e dial A will rotate the chuck B by 180°.

You will partially fabricate set of pen-bases in this lab exercise. The details are shown below.

38 - 0.125

0.60 A k i

0.60

ﬂ& + B g £
P35 Detail of A
2y "
reo%
q = Material: Aluminum
Q Unit: inches
Tolerance: +0.010
1
l.__o070 |
2.90

Fig. L4.19. Details of pen-base.

Fig L4.20. The pen-base (left) and final assembly (right).
Start with sawed aluminum block 3.0 x 6.0 x 0.75 inch, mill both sides to 2.9 x 6.0 x 0.75 inch

Table L4.5. Partial process plan for a pen-base.
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Step Machine Process
1 Mill Claim a block on 3x6 in? area
Mill the 1% side
2 Mill Unclamp, clean chips, rotate block 180°, re-clamp
Mill the 2" side in several passes.
3 Mill When the milled width is 2.900 £0.010, unclamp and remove part.
4 Deburr with a file

VI. Grind operation:

Fig L4.21. Clausing CGS 818H surface grinder SukperTec G20P cylindrical grinder

Your TA will demonstrate the grinding processes.
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I. Objectives: To be familiar with basic sheet metal operations; to integrate sheet metal process with welding
process to fabricate a simple product.

LAB #8: Stamping

I1. Tools and Equipment:

— 1 Jet shear/brake/role machine — 8rulers

— 1 National shear and brake machines — 8 protractors

— 1 Piranha P50 lonWorker —  2pliers

— 1 Miller SSW-2020ATT resistance spot — Markers, different color spray paints
welder — 1 quick dry while caulk

— 16 steel sheets per section (10 x 2.75 X — Safety gadgets: safety goggles, leather
0.019”, 26-gage) shoes (to work in welding lab), ear plugs

Fig. L.1c: Resistance spot
welder Miller SSW-

2020ATT

Fig. L8.1a: Jet shear/brake/roll
combination

T / / :
Fig. L8.1a: Piranha P50 IronWorker
system

Fig. L8.1d: National shearing machine Fig. L8.1e: National brake for bending
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1. Task:
We will fabricate a star using steel sheets (Fig. L8.2).

Fig. L8.2. A sheet-metal 3D star

NOTES:

Familiar with basic sheet metal processes: marking, shearing, folding/bending, hemming, and spot welding.
Test on a dummy blank to verify the optimal set up before welding your workpiece.

Beware of sheet spring back after bending (sheet returns partially toward original position). A slightly
overbending and accurate positioning would help.
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Note: The finishing base of the
star should lie completely on a
flat surface

@ 3.0
©5.0
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3g0

Fig. L8.3: Layout for the star. All dimensions are in inches.

Procedure to fabricate the 3D star:

1.
2.

Shear a steel sheet to approximately 10 x 2.75 in?.

Draw the layout of a branch using compass, protractor, and ruler
(Fig. L8.3). Repeat for 4 other branches.

Shear all 5 branches along their perimeters.

Slightly round the outer tips of the branches on a grinder to avoid
sharp points.

For each branch, V-bend 90° along the main diagonal, and 55°
along the shorter edge (Fig. L8.4). Notice the spring back after
bending.

Align the branches and resistance spot weld them at the
overlapping portions.

Deburr and clean the workpiece.

Seal the gap with paintable caulk. Write your name inside and
hand your workpiece to a TA for grading.

Dry the caulk and paint the star. You will collect your workpiece
in the next lab session.

— Round off

Fig. L8.4: A V-bent branch (1 of 5).



Page 26 of 26

Due to some difficulties when aligning components of the stars during welding, you can have an option to notch a
square at the tip of each of the star element. The complete project is a 3D star with a hollow star at the tip (Fig.

L8.5)

Folding 20°

Folding 55°

Note: The finishing base of the
star should lie completely on a
flat surface

Fig. L8.5: Layout for the star (option cut out at center). All dimensions are in inches.
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