
APTERA Testing
ÅThermal Test
ÅWill APTERA survive the temperature extremes of 
space?
ÅCold : -40°C   BioServefreezer
ÅHot : +80°C    Civil Eng. Oven

ÅVibration
ÅLaunch vehicle 
shakes violently
ÅNatural frequency
must be higher 
than 100 Hz
ÅActual natural 
frequency: 130 Hz

ÅLaunch Load
ÅLaunch vehicle 
accelerates to 20g
ÅSurvived test
ÅStrain gauge data 
shows less structural 
deformation than 
expected

ÅFrangibolt
ÅMemory metal breaks bolt that releases the arms
ÅTested Frangibolt actuation after each environment 
test
ÅCold
ÅHot
ÅVibration
ÅLaunch load

ÅDeployment
ÅFull system test
ÅEnsure no 
tangling
ÅRepeatability 
to make sure it 
works every 
time

Objective
Movethe DANDEsatellitefrom 600km to 350km in 300days.
DANDE: TheDragandAtmosphericNeutralDensityExplorer

Requirements
DANDEisa 50kgSpaceGrantsatellitethat maybe launchedon
an experimental rocket by the Air Force. The Air Force will
launchit to a 600km orbit, but DANDEwants to makescience
measurementsat 350km. Therequirements:
ÅNo pressurized gas (i.e. no conventional thrusters)
ÅNo composites
ÅNo explosives
Å600km Ą 350km 
in 300 days
ÅLess than 3kg
ÅноΦсέ Ȅ ноΦсέ Ȅ  оΦрέ

The Solution: Drag
The team considered several designs:
ÅTether: A long tether (kilometers long) is dragged through the 
atmosphere to create drag. Extremely difficult to model, 
impossible to test on Earth.
ÅParachute: Parachute trailing DANDE and attached with wires. 
Also beyond scope of class to model and difficult to test on 
Earth.
ÅIon Thruster: Beyond the scope of Aerospace Undergraduates.
ÅAttached Parachute: Kite-like but rigidly attached to DANDE. 
Within scope of class to model and testable in 1g.
ÅOther designs were considered, but they were quickly 
eliminated because  they violate the Air Force requirements.

APTERA Design
Å4.3m2 area required to lower orbit in 300 days
Å6m2 area built for margin
Å4 beams wrapped around interface plates
ÅBeams constructed with rigid sections of aluminum tubing 
with tape measure hinges 
Å9ŀŎƘ ōŜŀƳ ƛǎ пΩ фέ ƭƻƴƎ
ÅClear mylar attached between beams gives required surface 
area
ÅA strap  with a Frangiboltfastener restrains the wrapped 
system

ăMylar 
webbing 
Folded 
carefully to 
wrap 
around 
interface 
plates with 
folded 
struts

Tether Parachute Ion Thruster

Final design: Attached Parachute

Bare interface plates: DANDE goes in the middle

ÅInterface plates connect
APTERAto DANDE and
contain and protect the
wrapped arms with
attached mylar during
launch

Mylar wrapping scheme

Concept of Operations: 
Launch, separation, 
deployment, orbit 
lowering, jettison

The DANDE satellite

400 g-ton centrifuge

Frangibolt 
installed on 
containment 
strap Ą

APTERA fully deployed on ice rink

Rigid aluminum tubing

Stanley tape measure hinges
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