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Overview

Project Overview
System Design Options & Design-To Specifications
Subsystem Design Options & Feasibility
Orbit
Structure
Mechanism
Electronics
Testing
Feasibility and Risk Assessment



Goal

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.




Drag and Atmospheric Neutral Density
Explorer (DANDE)

Colorado Space Grant Consortium

Al r Force Research Laboratoryaos
competition

Measure upper atmospheric conditions
Drag forces
Space-weather effects

Mission of opportunity
Launch into higher
orbit than desired




ent and Assessment
of Design Options




Project and System Requirements

AFRL CitulifEle Physical Space

Requirements

and Lower Orbit

Requirements Environment
Telemetry

Electrical Temperature
Interface Range

No Volatile Physical
Chemicals Dimensions

No
Pressurized
Gas

Light Band
Attachment




System Design to Specifications

Requirement Quantity
Operating Environment 1 g
Mass 1.2 kg

Volume 23.60x 23.60x 3.50
Power 15Watl2V
Projected Surface Area 6 nv

Temperature -40 to 80 degrees C




Top Level Structural Trade

v, Inflatable
- Inflates a 3-D drag device

% Thrust
- lon thruster/non-drag device

v, Tether

- Long tether hung under DANDE
v, Kite

. Device positioned behind DANDE ESERN

¥, Foldout

. Device folds out from light ring
adapter band

Appendix



Deployable Selection
R
T e

Mass
Flower petal is
iInefficient
z Large gaps, or overlap
requires more material

Radial struts require
much less material

z About 40% less
material than petal
design




Systems Decision Flow

Inflatable

Thruster




6m? Polyimide
Film Area

Actuator

DANDE
Lightband
Adapter
Bracket

DANDE

APTERA to DANDE
Interface

Wrapping

DESIGN
OVERVIEW

Web to Strut
Interface



SUBSYSTENBREAKDOWN

Orbit Structures Mechanisms Electrical
(Statics) (Dynamics)

Atmospheric Web material Deployment Electrical
model method Interface to
DANDE

Orbit Support Stowage Deployment
modeling structure detection

Projected APTERA O Beam Deployment | Supply power
area DANDE to the
Interface mechanism




ment of Subsystem
Design Options - Orbit




Atmospheric Density Model

MSIS-E-90 data
Varied solar activity levels & time of day

Atmospheric Density between 350km and 600km
(Average) (1.5 UT)
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STK Modeling of Atmosphere Variability

STK Descent Time for High/Low Solar Activity, 4 square meters
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1998 2000 2002 2004 2006
Start Year

~10% variability depending on orbit type
Descent time varies from 290 days to 5.7 years
Designing to high solar activity



MATLAB with Average Atmosphere

Descent Time with Average Atmosphere

Used low
estimate for C
(2.2)

Based on iterating
MATLAB code per
orbit

Area range: 4.6 -6
square meters
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pment of Subsystem
ign Options - Structure




Structures

v, Design T To Specifications

Operational Environment 19
Mass 0.7kg

Stowed Natural >200 Hz
Frequency

Stowed Force Survival 209
Deployed Surface Area 6 m?

< 1% loss in projected area
Ya [ "TUCLUIE

Web material and area
Support structure and material
- APTERA to DANDE interface



Selecting Number of Struts/ Configuration

Configurations

Octagon

Panel

Spiraled Beams
Assumed largest stow
dimension for inner
geometri es, I n

Target Area of 64.6 ft? (6 m?)
as dictated from drag model

Sweep




Fold Out Shapes Comparison

Number of struts Total Length (in)
218.4
225.5
253.6
288.11
325.4
379.36

759.36

Strut lengths (in)
72.8
56.38
50.73
48.01
46.48
47.42
94.92

Octagon (8)
Petal (8)

3 | 2184 | 728
I N T -
05 | 286 | 5073
7 | 3’4 | 48

v, Shortest Beam Length Desired
- Octagon and Panel eliminated due to length
Longer total length harder to stow



Number of Struts

Deflection = change In projected area

Defelction of beams vs. change in projected area for number of beams 4-7

L

projected

Small deflection model
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— 3 beams 72.8(in)
— 4 beams 56.38(in)
—5 beams 50.73(in)
\ — B beams 48.02(in)
—7 beams 46.5(in)

(° 3 Struts Chosen

| ess total Iength Tip Defelction (in)
Less deflection




Beam Geometry

For given thickness for
different beam lengths
E has to be at or above the curves
0 has to be at or above the curves

Density has to be at or below the
curves to match geometry to mass
allowed

 10° Changing thickness with fixed dimensions (base and height) to find acceptable Modulus (E)
4

3 struts
4 struts

5 struts I

B struts
7 struts

thickness (in)




