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Project Goal & Design Summary

Design, build, and test a deployable device which will increase
aerodynamic drag with the intent of changing the orbit of the
DANDE satellite from 600km to 350km within 300 days.

Clear Mylar web
4 struts

Integration/stowage
plates

Grommet tie cord
strut web IF




Resolution of Previous Issues

Note: no RFAs were received

Thermal modeling
Will be addressed in testing section

Mylar web folding
Change in dimensions
Tools to help folding
4 web sections




Design Modifications

Strap Containment
Decreased risk to DANDE
Design detalils:

Strap attached at 3 points
Struts push strap out of way
Wil float behind APTERA
(in 0 g)

Hard to model, testing of
system needed




Progress
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Progress of Major Tasks

Date Date Date Date

Machining I Assembly & Integration

1

|Fplates | 3-Mar Pending
Top plate | 6-Mar_|22-Feb|Mylar | 5-Maj IP |
Bottom plate IMI

ISprings | 8-Feb 1P

IStructures | 5-Mar| Pending

On Schedule
Critical Path




Integration

v, Parts/Procedures
- Off the shelf parts acquired except Frangibolt
- Manufactured parts completed
- Assembly procedures, integration tests finalized

v, Week of March 3
Integrate struts & plates; wrap struts
Integrate and wrap web
Integrate with DANDE LAB
- Full system integration




Software

¥, LabVIEW for Vibration
testing

- Data acquisition software
for accelerometers

- Output data to a Bode plot
to determine resonant
peaks

¥, Status

- Completed, tested, and
functioning

- Inputs can be improved,
but not required

Functional Block Diagram




lan and Expected Results




Test Plan

Electrical

Integration
Full System Launch Loads

¥, Testing procedures
developed and
complete

¥ All requirements will
be verified or
validated

v, Facllity, equipment,
personnel, time, and
funds all acquired
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Structures (TSR201)

% Purpose

Determine if the struts are
self supporting

Verify area meets
requirements (6m?2)

Design-to-Spec

Mass

Max. Tip Deflection
Performance Analysis
Mass (predicted)

Mass (actual)
Max. Tip Deflection
(MATLAB)

Max. Tip Deflection
(ANSYYS)

¥, Measured Performance
Strut Deflection
Surface Area

% Analysis / Interpretation Plan

Comparison to beam bending
model

Less deflection A less area loss

0.0023237 Max
0.0020655

| 0.0018073

| 00015491

| 0.0012909

| 0oo10327

| 0.00077455

0.00051637

0.00025818
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Torque (in-1bf)

Spring (TSR02-2)

2

2

[HEN

[HEN

Purpose Experiment
To determine the torque of Force gauge setup to measure
the torsion spring force

Measured Performance Analysis/ Interpretation Plan
Force of spring Compare results to design-to

specifications and manufacturer
specifications

—Manufactured Spring Measured torque indicates
""" Tolerance +10% spring and deployment

Calculate spring constant
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Vibrations (TS102)

¥, Measured Performance

% Purpose :
Accelerations and frequency from

Determine the natural

lerometer
frequency of APTERA. accelerometers
s Ensure natural frequency 74 Analysis / Interpretation Plan

is above 100Hz - Bode plot of magnitude vs.
frequency will be the result

Compare to ANSYS (110Hz)

Natural frequency directly related
to stiffness

= Survival of launch vibrations
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Launch Load (TSI03)

% Purpose % Measured Performance
Determine strain on - Structural strain
structural components at % Analysis / Interpretation Plan
20g load (launch load) . Compare to predicted ANSYS
model

Lower strainsA higher factor of

Fixed Bottom
Surface

Fixed Bottom
Surface




Thermal (TSA01)

Purpose Measured Performance
Verify deployment at -40°C

and 80°C Temperature experienced
Time to deploy
Extent of Deployment
(Partial/Full)
Analysis / Interpretation Plan

Simple Cooling Model of APTERA Oven Test Temperature gradients will be
more extreme than during flight
Use models to better understand
system performance
Simplified Solid Plate Model
SolidWorks Heat Transfer Model
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d Conclusions




Outstanding Issues

Issues at IR1

Civil Lab

communications
Current status: Current Issues

Contact responds to Frangibolt

e-mails Current status:
Testing dates set TiNi Aerospace
Folding committed to arrival
. t
St before March 18 .
: Backup plan established
Prototyping

Modification of shape

Procedures & tools for
folding

Preliminary testing
Grommets



Summary

On schedule
Will meet class dates

All parts machined
Integration occurring week of March 3
Testing plans complete

Thank you for your time.
Any gquestions?






System Level Requirements

AFRL

Requirements

No Volatile
Materials

No
Pressurized
Gas or
Pyrotechnic

Command and

Telemetry

Communicate
Deployment

Physical

Requirements

Stow
Dimensions

Connect to
Light Band
Adapter

Shall Deploy

Space Lower Orbit
Environment Requirement

Lower Orbit
Using Drag

Survive Orbit
Vibrations

Must Survive
in
-40°C to 80°C
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Web Dimensions

Mylar Web

Fold
Locafions







Manufacturing
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A A
Al 1IU 0
Number Name Description Req. Facility Equipment Time People
Test200 Subsystem Tests
Test201 Structures
Complete system I:Nill determine the deflection of | 2.Structl
Test201-1 Deflection he struts in 1g 1.Struct6 LM Measuring devices 2 hrs 2
I\/\/ill measure the total surface
Test201-3 Total Area area of the deployed system 1.Struct4 LM Measuring devices 1 hr 2
Test202 Mechanisms
\Will test the Frangibolt at
different powers, temperatures,| 0.SYS6 power supply, video
Test202-1 Frangibolt and after launch loads test 0.SYS7 ITLL camera 2 hrs 2
\Will test the spring's force and
changes in properties in differen 0.SYS12
Test202-2 Lee Spring conditions 1.Mech6 |Home freeze| Test stand, 4 spring] On going 1
\Will determine how each strut
performs individually during
Single Strut deployment, measure time to Video camera,
Test202-3 deployment deploy and acceleration 0.SYS12 stopwatch 2 hrs 5
\Will verify and document the
4 Struts integrated [deployment of the integrated 0.SYS12, Video camera,
Test202-4 deployment, no web [struts 1.Mech6 stopwatch 4 hrs 5
\Will verify and document the 0.SYS12,
4 Struts integrated  [deployment of the complete 1.Mechs, Video camera,
Test202-5 deployment, with wellsystem 1.Mechl stopwatch 4 hrs 5
Test203 Electronics
0.SYS6,
Deployment Sensor |[Will determine the functionality [ 0.SYS7, Power supply,
Test203-1 test of the sensor 1.Elec2 ITLL mulitmeter 1 hr 2
Communication \Will verify communication Power supply,
Test203-2 \Verification between APTERA and DANDE| 0.SYS9 ITLL mulitmeter 2 hrs 2




Name

Description

Req.

Test Plano Full System

Facility

Equipment

Full System Tests

Thermal Tests

Hot survival

IAPTERA will be placed in an ov
at 80°C, then removed and
deployed

0.SYS7,
1.Mech3

Civil Lab

Thermocouples

Cold Survival

IAPTERA will be placed in a free
until it reaches40°C, then
removed and deployed

0.SYS7,
1.Mech3

BioServe

Thermocouples

Mylar performance

The property changes of Mylar i
a-40°C and +8%C environment
will be determined

0.SYS7

Oven and
Freezer

System mass

The entire system mass shall be
measured.

0.SYS4

scale

System Dimensions

The stowed dimensions shall be
measured to fienvelope

0.SYS5

measuring tape

System integration

The system shall attach to Light
Band Adapter Bracket

0.SYS11,
1.Struct7

Vibration

Control Vibration Tes

Shake test without APTERA to t
the vibration software

ITLL shake
table

Accelerometers

Full Vibration test

1/4 g sine sweep with APTERA
find natural frequency and
acceleration output

0.SYSS8,
1.Structl

ITLL shake
table

Accelerometers

Launch Loads

Launch Load Test

20g survival in centrifuge (all 3

0.SYSS,
1.Mech4

Civil Lab

Accelerometers Strai




Testing Schedule



