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Title of Assignment 
 

 
 

 
Outcome Measured Using this Assignment 

 
 
 
 
 
 

 
   Check the communication characteristics related to this assignment 

 
√ Involves ability to organize, plan, design/prepare and use appropriate visual aids for 

communication/presentation to a range of audiences (executives, technical and non-technical). 

√ Involves ability to demonstrate technical knowledge and understanding of the subject, prepare 
and display prototypes or models when they are necessary, respond clearly to questions in a 
professional manner 

√ Requires use of correct grammatical English and technical terms appropriate to technical area 
and audience type; ability to speak with clarity and confidence, maintain good posture and eye 
contact with the audience 

√ Geared to diverse groups of stakeholders (students and industrial representatives, etc.) 

 
Brief  justification of why this assignment is suitable for this outcom 

Demonstration of ability to communicate Orally using summary 
of PowerPoint slides selected from final project presentation 

 
 
 

Outcome 3 
An ability to communicate effectively with a range of audiences                        

(Oral Communication) 
 

These are selected slides from the final Power Point Presentation showing 
communication abilities of the students in Group 3 for the design of 3D printer. This 
section demonstrates the students’ ability to prepare and make oral presentation 
using PowerPoint slides on their project design to an audience. 
(The original PowerPoint Presentation available upon request)  
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Design Objec�ves

Performance Reliability Economical Convenience

Easily deployable
umbrella-like structure

Stowed shade height
not to exceed payload
height

Capable of having a
controlled deployment

Capable of
withstanding launch
condi�ons

Capable of
withstanding high
temperatures

Easily stowed and
lightweight

Minimize stowed
thickness of the
device

Capable of having an
open sec�on for
payload sensor field-of-
view

Adaptable to various
instrument sizes

4Previously Discussed
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Design Characteris�cs
(Foldable Deployment Mechanism)

Motor command 
system incorporated on 

the device.

No binding throughout 
rods allowing for 

reliability and 
redundancy.

Possible increase in 
deployed length of 

shade to protect from 
various sun angles .

13Previously Discussed

Design Characteris�cs
(Infla�ng Deployment Mechanism)

• Al lows  the shield to produce more drag 
whi le saving on mass  in the payload.

• Deploys  through a  series  of ver�ca l  
booms.

• Needs  a  tank and a  pressurized va lve 
system which makes  the s tructure not 
prac�cal  due to weight requirements .

14
Previously Discussed
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Fabrica�on

3D Printed Mechanism
Structure Material → AbsPlastic
• The brackets and arms were 3D printed
• All other parts will be purchased with the 

appropriate sizing.

Shield Material → Thermal Blanket

Actual Mechanism
Structure Material → Metal
• All aspects of the design will be made to 

withstand deployment and the environment 
(space).

Shield Material → Aluminized Kapton

15Previously Discussed

Preliminary Design

• Func�onal decomposi�on describes in 
detail  and divides the major func�on 
into simpler sub-func�ons

• Each func�on addresses the problems 
which creates the guidelines for the 
en�rety of the system

• The problems are divided in terms of 
flow energy, materials, and forces to 
have an understanding ofthe func�on

16Previously Discussed
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Func�onal 
Decomposi�on
• Figure shows the overall 

func�onal decomposi�on for the 
thermal shield.

• Using electronic s�cky 
notes, each member 
decomposed the overall 
func�on into level 1 sub-
func�ons

• The ac�ons were repeated 
for the decomposi�on of 
all sublevels un�l they 
reached the simplest form

17Previously Discussed

Concepts Generation

Three group members 
were assigned to each 
lowest level subfunc�on

For every assigned func�on
the group member created 
3 concepts

A�er collec�ng all  concepts
the best 4 for each func�on 
were chosen.

18Previously Discussed
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• An exhaus�ve list of requirements/criteria was

• used to evaluate the concepts for all of the

• func�ons that the group has iden�fied.

• From the criterion list a table was made which provides a 
list of the requirements from the table that are directly 
related to or affect each sub -func�on which was used to 
evaluate the concepts for that sub -func�on.

• Used Go -No-Go evalua�on to evaluate the concepts based 
off of the criteria.

• Created weighted decision matrix to further score concepts

Criterion
#

Criterion Description

1 Is it  capable of having 4,6,8 Sides on a
payload?

2 Is it  usable on a payload with a width of 15-
60 inches?

3 Is it  usable on payload height (0.5-1.0
)*payload width?

4 Is the shade deployment angle 0-90
degrees?

5 Is the shade angle accuracy +/- 1 degree?
6 Can it  prevent sun illumination on the

payload surface?
7 Is Aluminized Kapton used as shade

material?
8 Is the shade system mass minimized?
9 Is it  deployable at least 50 times?
10 Does the deployment temperature have a

range from-60 to +60C?

19
Previously Discussed 

Concepts Evaluation and Selection

System Sketches 
and Descr ip�on for  
Two final  Designs

• Using the decision matrix 
lead to choosing 2 final 
designs

• The first system involved 
the use of an electric arm 
composed of electronic 
actuators guiding and 
adjustable frame.

• As the actuators move the 
the frame up and down, 
they will guide the outer 
rods from a lowered 
stowed posi�ons to a 
raised open posi�on.

20
Previously Discussed
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System Sketches 
and Descr ip�on for  
Two final  Designs 
Cont.

• The second system 
represents a hydraulic li� 
mechanism

• The hydraulic arms are to 
expand and push the arms 
directly from a lowered 
closed posi�ons to an 
extended open posi�on

• The outer rods are 
connected via hinges on 
the top collar and have 
slots within them so that 
the guiding arms can 
extended the reach of the 
outer rods.

21
Previously Discussed

Codes and 
Standards

To accurately represent our system, we u�lized 
industry standards such as:

• Standard ES44 Which outlines the best 
dra�ing prac�ces to have a properly drawn 
part drawing

• ES3 Fabrica�ng Tolerances, to allow for 
consistent parts during fabrica�on

• General ASME standards for design 
development and fabrica�on

These standards were chosen to make our part 
both structurally sound and universally 
compa�ble

22
Previously Discussed
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Detailed System 
Design

23

Detailed Engineering 
Analysis

• The group priori�zed a l ist of system 
components for a full  engineering 
analysis.

• Subject areas necessary for each 
components analysis were iden�fied

24
Previously Discussed

Item # System Component or
part description

Description of 
analysis needed for 
the design, sizing, 

specifying or 
selecting component

Subject
Area

Reference 
Source for 
Analysis

1 Frame (Base, Hinged, Moving 
Slider)

Geometric analysis to 
define shape and size

Machine 
design

Machine design 
Textbook

2 Linear Motor Using force analysis 
and power equations to 
find the power of the 
motor.

Machine 
Design, 
physics

Progressive 
automations

3 Shade Inner and Outer Rods Kinematic analysis of 
moving elements. 
Force analysis. 
Geometry

Kinematic 
Design and 
Analysis

Kinematic 
Professor

4 Shade Structure Material analysis to 
determine the weight of 
the structure.

Machine 1, 
Machine 2

NX Tutorial
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Kinema�c Analysis of Deployable Mechanism 

Closed Orienta�on @0°

25

Open Orientation @ 90°

Analysis To determine power of motor

26
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Analysis To determine power of motor 

27

Motor Force Analysis

28
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Lead Screw 
Assembly -
NEMA 23 
with RCF

• Permanently fixed 
screw & motor 
provides the most 
accurate alignment 
possible

29

CAD Models & Detailed 
Drawings

30
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Original CAD Assembly

31
Previously Discussed

Structure Frame Top

32Previously Discussed
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Structure Frame Bo�om

33
Previously Discussed

Sliding Frame

34
Previously Discussed
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Inner Rod

35
Previously Discussed

Outer Rod

36
Previously Discussed
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Updated Cad Models 37

Updated Cad Models
38
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What we are prin�ng

What we are prin�ng

40

Parts List

41

1 Top and Slider Frame

2 Top Frame 2

3 Slider Frame 2

4 Bottom Frame (Part 1)

5 Bottom Frame (Part 2)

6 Inner Rods

7 Outer Rods

8 Spacers
9 Frame Join 1

10 Frame Join 2

4x
2x
2x
2x
2x
8x
8x
8x
12x
12x
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Top Frame Part 1

42

Top Frame and Slider

43
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Slider Frame 2

44

Bo�om Frame Part 1

45
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Bo�om Frame Part 2

46

Inner Rod

47
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Outer rod

48

Spacer

49
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Payload

50

Frame Joins

51
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Works on 6 and 4 sides

52

Economic Analysis
Here is a list of parts, specifica�ons, vendor informa�on and costs of the materials used to develop 
the project.

53
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Fabrica�on and 
Assembly

54

Results and 
Discussion 

Summary of Goals and Objec�ves
• Minimize mass and size of working device
• Easy Deployment accessibil ity
• Ability to be controlled remotely
• Cover an arbitrary shape with 4, 6, and 8 

sides
• Capable of being stowed or a�ached to the 

payload

With the designed structure being built, the 
opera�on of the mechanics will  proceed into 
the tes�ng phase. Upon comple�on will  direct 
the team to the implementa�on of the 
Aluminized Kapton

55
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Results and 
Discussion 

Cont.

Discussion of Completed work
• In the designing of the Lightweight Deployable Thermal 

shield the group has completed all  reports from the 
Fall  and Spring semester from the acceptance of the 
project and are currently in the building phase. 

Summary of Constraints and codes Iden�fied for project
• The American Ins�tute of Aeronau�cs and Astronau�cs 

created the AIAA S-114-2005 Requirements 
Verifica�on matrix which outlines requirements and 
standards for the building of Moving Mechanical 
Assemblies(MMAs).

56

Conclusions

& 
Recommenda�ons

• Currently 3D prin�ng and assembling a lightweight deployable 
thermal shield to protect a payload from sun exposure in space.

• Using Linear Actuator Stepper motors for mo�on
• Wiring motors and assembling mechanics for our structure
• Chosen material used for shielding is a subs�tute for Aluminized 

Kapton (AK), military-grade 12-micron aluminized polyethylene mylar

• Built a working 3D CAD modelthat reassures our design
• Chose specific parts to be purchased and assembled

• Access to a current deployable shield to observe and analyze 
firsthand.

• Faster process for ordering parts through the university
• General idea of what the payload will be so that be�er ideas for 

a�achment can be created
• Easier access to3D printers provided by the University or company
• Access to other projects that are not deployable shields but have 

similar mechanisms and material. Does not have to be the same 
func�on.

• Tes�ng equipment to measure the effec�veness of the Aluminized 
Kapton.

• Enabling a track to the motor path and couplers so that they can take 
on any deflec�on from movement due to outside forces.

57


