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Outline

¾Resolution of Previous Issues

¾Design Summary

¾ Test Plan

¾ Schedule

¾ Budget

¾Current Issues to be Resolved

¾Note: No RFAs were received



Project 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.      
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Design Summary
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4 struts
Clear Mylar web

Grommet tie cord 

strut web IF

Integration/stowage 

plates

Kapton tape

¾Design Parameters

·Area: 6m2

·Support/Deploy in 1g

·Total mass: 2.572 kg

·Wrapped stowage

·Frangibolt deployment



Resolution of Previous Issues
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¾ Preliminary thermal testing

· Cold Test: -19.2 C home freezer

· Hot Test: 100 C traditional oven

· Conclusion: no visible performance changes

¾ Mylar Web Configuration

· Four  trapezoidal pieces

· Fan folded style

· Concentrically wrapped with strut



Changes Since CDR

¾ Spring attachment

¾ Electrical wire placement

¾ Strap-Frangibolt

orientation

¾ Strap containment after 

deployment- stretch goal
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APTERA Testing

¾ Subsystem tests run in parallel

·Acceptance, integration, and 

functional tests

¾ System integration

·Follow subsystem tests

¾ System tests

·Test dependant

·Validate modal, load, and thermal 

models

·Full system deployment
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Subsystem Tests

Subsystem- System 

Integration

System Tests



Thermal Testing (TST-101)
¾ Purpose

· Survive and deploy  

at -40°C and 80°C

¾ Main Equipment

· BioServe freezer

· Civil lab oven

¾ Location: CU Campus

¾ Time duration:

· 1 night /morning 

· 1 afternoon

¾ Success Criteria

· Full deployment within 12 hours
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Steps

¾ Bring device to temperature

¾ Deploy



Vibration Testing (TST-102)
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Steps

¾ Calibration test (2/20)

· Calibrate sensors

· Ensure that software is 

functioning

¾ Vibration test (3/17)

· Determine natural frequency 

from a sine sweep

¾ Purpose

·Determine APTERAôs natural frequency

¾ Equipment

· ITLL Shaker Table & Lab Station

· 4 x accelerometers (filters removed)

· APTERA to shake table interface

· LABVIEW software

¾ Location: ITLL

¾ Duration: 3-4 hours per test

¾ Success Criteria

· Does not deploy during test

· Natural frequency > 100Hz



Launch Load Testing (TST-103)
¾ Purpose

· Show that APTERA will 

survive 20g loads

¾ Main Equipment

· 400G-Ton Centrifuge

· Interface assembly

· Sensors

· Video camera

¾ Location: Civil Lab

¾ Time Duration: 1 day

¾ Success Criteria

· APTERA survives

· Deflections match 

ANSYS model
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Steps

¾ Attach APTERA to interface 

and place in centrifuge

¾ Run test to 20g

¾ Repeat for all 3 orientations 

(X,Y,Z)

¾ Deploy using Frangibolt



Testing Schedule
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Schedule
¾ Ordering parts

¾ All drawings 

completed

¾ Machining in 

progress

¾ Subsystem tests 

started 

¾ Integration of 

subsystem 

components started



Schedule
Expected 

Date

Actual 

Date

Expected 

Date

Actual 

Date

Ordering Parts Assembly & Integration

Al plates 3-Jan 1-Feb Struts 13-Feb IP

Mylar 22-Jan 22-Jan IF plates 3-Mar Pending

Tubing 14-Jan 14-Jan Mylar 5-Mar IP

Kapton tape 22-Jan 22-Jan Entire system 8-Mar Pending

Electronics 24-Jan 24-Jan Testing

Frangibolt 14-Feb IP Springs 8-Feb IP

Tie cord 8-Feb IP Electrical 8-Feb Pending

Machining Frangibolt 3-Mar Pending

Spacers 25-Jan 25-Jan Structures 15-Feb Pending

Tape 

measures 7-Feb 1-30 Deployment 15-Mar Pending

IF plates 6-Mar Pending Vibe

20-Feb   

17-Mar Pending

Launch loads 19-Mar Pending

Thermal 5-Apr Pending

Completed on time

On Schedule

Critical Path

Late



Budget: $6000
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Anticipated Actual
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Outstanding Issues

¾ Communication with Civil Lab

¾ Folding

¾ Differences between full-size 

and smaller-size sail

¾ Tape vs. grommet and tie

¾ Number of strut hinges

¾ Difficulty in working with Mylar



Summary

¾Outlined test plan

¾On budget

¾On schedule

¾Working on outstanding issues
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Questions?
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System Level Requirements
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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



APTERA Verification and Validation
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Full System

ThermalVibration Launch Loads

Subsystem 

Testing

StructuresElectrical Mechanisms

Sensor

Communication

Deflection

Area

Frangibolt

Spring

Deployment



Structures Testing (TST-201)
¾ Purpose

· Measure projected area 

· Measure strut deflection 

with and without Mylar web

¾ Main Equipment

· Level surface

· Level

· Calipers

· Measuring Tape

¾ Location: LM room

¾ Time duration: 3 hours

¾ Success Criteria

· Struts are self-supporting 

under 1g

· Area is within 1% of 6 

square meters
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Steps

¾ Use calipers to measure 

strut deflection

¾ Determine projected area



Deployment Testing (TST-202)

Steps

¾ Deploy system in 3 configurations:

· Single beam

· Assembled, 4 beams, no web

· Assembled, 4 beams, with web

¾ Deployment will be tested in 

conjunction with vibration, launch 

load, and thermal testing
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¾ Purpose

· Verify APTERA deploys

· Characterize behavior

¾ Main Equipment

· Video Camera

· Stop watch

¾ Location: LM Room

¾ Time duration: 4 hr/test

¾ Success Criteria

· Beam(s) fully extend 

· No jamming/binding

· Mylar web fully intact



Electronics Testing (TST-203)
¾ Purpose

· Verify operation of 

deployment switch

¾ Main Equipment

· Power Supply

· Light Bulb

¾ Location: ITLL Lab Station

¾ Time duration: 1 hour

¾ Success Criteria

· Change in state of the 

switch indicates deployment 

status
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Steps

¾ Setup basic circuit

¾ Change state of switch and 

observe results

¾ Use in combination with 

deployment, vibration, launch 

load, and thermal tests.  



Accelerometer Locations
¾ 2 locations on the interface plate

¾ Containment strap

¾ Shake table base plate (control)
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Structural Analysis

¾ 20g Load

¾ Max Stress < AL Yield 

Stress

¾ Max deformation < 3mm

¾ Natural Frequency = 

120Hz

¾ Main structural 

component will survive 

launch loads and protect 

stowed components


