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Outline
¾ Overview

¾ System Architecture

¾ Design Elements with Performance Analysis and 

Requirements

· Structures

·Mechanisms

· Electronics

¾ Integration Plan

¾ Preliminary Test Plan

¾ Project Management Plan

¾ Note: No RFAs were received
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Project Goal

¾Design, 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.      

System Architecture 

and Requirements
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System Level Requirements

English Units

Stow 

Dimensions 

Power 

Connect to 

Light Band 

Adapter

Lower Orbit 

Using Drag
 Mass 

Communicate 

Deployment

No 

Pressurized 

Gas or 

Pyrotechnics

 No Volatile 

Materials

Must Survive 

in 

-40°C to 80°C

Survive Orbit 

Vibrations

Shall Deploy

AFRL 

Requirements

Command and 

Telemetry

Physical 

Requirements

Space 

Environment

Lower Orbit 

Requirement

System Architecture 

and Requirements



5

At PDR: Has changed to:

¾ Total system mass shall 

be no greater than 1.2 kg

¾ Stowed structure shall 

have a natural frequency 

no less than 200 Hz with 

the light band attached

¾ Total system mass shall 

be no greater than 3 kg

¾ Stowed structure shall 

have a natural frequency 

no less than 100 Hz with 

the light band attached 

Requirements Changes Since PDR

System Architecture 

and Requirements
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System Architecture
¾ Design to Specifications:

System Requirement. Design to Spec. Value

Shall survive launch loads Stowed natural frequency 

and survivable g-loading

> 100 Hz and survive 20g

Shall contain no volatile 

materials

Material selections CVCM < 0.1%, TML < 1.0% 

no nonmetallic composites

Total system mass < 3kg Total system mass < 3kg

Shall use drag to lower orbit Projected area 6m2

Shall operate in the thermal 

environment in space

Operating temperature 

range

-40oC and 80oC

APTERA shall connect to 

Lightband

DANDE integration 12 Bolts (8, 32) at 0.5ò depth

Shall operate within the allotted 

power budget

Power integration 15W at 12V

Shall not exceed stow 

dimensions

Stowage dimensions < 23.6ò x 23.6ò x 3.5ò

System Architecture 

and Requirements
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4 struts

Clear Mylar web

Grommet tie cord 

strut web IF

Integration/stowage 

plates

Kapton tape

Component Mass (g)

Hybrid struts 398

Interface/stowage 

plates

1594

Wrapping posts 88

Strut containment        

strap, Frangibolt
120

Strut torsion  

springs
106

Mylar web 212

Strut web IF 11

Deployment           

detection switch
10

Wire 9

Total Mass 2538

Percent Margin 14%

System Architecture: Components

System Architecture 

and Requirements
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¾ Wrapped configuration

¾ 4 struts wrap 

around 4 posts

¾ Located between 

two plates 

¾ Hinges are 

matched on struts 

to wrap at posts

System Architecture: Strut Wrapping

System Architecture 

and Requirements
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¾ DANDE spacecraft 

sends signal to 

activate APTERA

¾ Frangibolt is sent 

power, is heated and 

activates

¾ Switch is released 

upon deployment

¾ DANDE detects switch

System Architecture: Electronics

9 Pin 

Connector

DANDE

Electro-

mechanical 

Switch

Frangibolt

Actuator

Source

Return

Power

Ground

System Architecture 

and Requirements
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System Architecture: Interfaces
¾ System Outline:

DANDE

Lightband 

Adapter 

Bracket(LAB)

APTERA

Deploy 

signal 

switch

Elec. power 

and signal 

connectors
Frangibolt 

deploy 

mechanism

Strut 

containment 

strap

Deployable 

struts

Strut to IF 

plate torsion 

spring IF

Strut web IF 

grommet tie 

cord

Mylar 

web mat.

Structural IF 

stowage plate

Mech.

Elec.

System Architecture 

and Requirements
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System Architecture 

and Requirements
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Prototyping Goals

¾ Build tape measure 

beams

·Static Properties

·Dynamic Properties

¾ Use results to design 

beam 

·1 g requirement

·Length to provide 

projected surface area

·Deployment upon 

release

System Architecture 

and Requirements
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Static Prototyping Results

¾ Fully flexible beam 

is not self supporting 

regardless of spacer 

placement

·Fails 1 g requirement

¾ Design

·Rigid and flexible 

beam sections

·4 beams instead of 

3 to decrease 

length

¾ Shorter distance between spacers is 

better

¾ Elliptical spacers have better contact 

area with tape

¾ Diameter of spacers is not significant

¾ Design

·Additional force needed at root to deploy

·Elliptical Spacers

System Architecture 

and Requirements
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Mechanical Design 
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Orbits Modeling

¾ Calculated standard 
deviation based on 
averaged model 
· 1 year prior/after solar 

max

¾ 300 Days Descent

ů Area (m2)

0 4.16

1 6.49

ů Descent Time 

(days)

0 208

1 324

¾ Design Area = 6m2

Mechanical Design
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Mechanical Design
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Structures Overview

¾ Structures goal

·Protection of 

webbing in 

stowed state

·Support webbing 

in deployed state

¾ 4 struts with 

hinges

¾ Interface plate 

for stowed strut 

protection

Web

Strut

Strut to 

Web 

Interface 

(Grommets)

APTERA to 

DANDE 

Interface

Mechanical Design

Kapton Tape
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Parts Build-to-Spec Quantity COTS?

Al-6061 tubing 0.25ò OD, 0.19ò ID2 yes

Al-6061 Elliptical couples 0.5ò(length)3 No

Al-6061 cylindrical spacers 0.5ò OD 0.5ò length4 yes

Stanley MaxSteel tape 

measure

3.5ò;   28.835ò 

1ò wide

2 yes

Stainless steel screws 1/16ò at 1/8ò depth28 yes

Strut
Mechanical Design

Design to Specs. Value

Support area 6m2

Self supporting 

under

1g

Safety factor 2 yield, 2.6 ultimate

Decrease in 

projected surface 

area under load

< 1.0% (6.36ò tip 

deflection)

Length 57.34ò

Total strut mass 450g budgeted
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Strut Performance and Cost

Mechanical Design

Performance Parameter

Max. Deflection 6.36ò (acceptable),

0.75ò (expected)

Length 57.34ò

Max. Strain 

Difference

0.00125(in/in)

Mass
397g

Cost
$83
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APTERA to DANDE Interface Design

Revised Design To Specifications

Mass < 1.810 kg

Natural Frequency > 100Hz

Interface Plate Analysis

Total Mass (SolidWorks) 1.594 kg

Natural Frequency (ANSYS) 110 Hz

Thermal expansion, worst case 

(over 27in length)

0.076in

Material choice:

¾ Aluminum 6061-T6

Mechanical Design
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APTERA to DANDE Interface
¾ Total mass is less than budgeted mass 

(1594g < 1810g)

Mechanical Design

Note: Drawing units are inches
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Mechanical Design
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Mechanism Overview

¾ Mechanism goal

·Contain wrapped beams during launch

·Release beams on command

¾ Strap wrapped around stowed arms for containment

·Arms tensioned by torsional springs

¾ Breakaway bolt to release strap & arms

Mechanical Design
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Containment Method
¾ Choice: strap option from PDR

¾ Bolt two ends of strap together

¾ Strap restraining less than 5lbs

¾ Synthetic fabric meets the 

requirement

· Low mass

· Temperature requirements

· Tensile strength of 5MPa at 20g

Mechanical Design

Breakaway bolt

Strap

¾ Strap specifications

· 100g 

· under 120g budget

· 1mm thick

· 1.78m long

· <$100
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Release Mechanism - Frangibolt

¾ Explosive bolts that 

donôt explode (AFRL 

requirements)

¾ Space heritage since 

ô80s

¾ Operates inside power 

budget

¾ How it works

·Shape Memory Alloy cylinder 

elongates

·Fracture bolt element

·Separation of two components

Mechanical Design


