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The Nano -Sat Exo -Brake Experiment 
Status of the First Controlled De -orbit 

(and Subsequent Experiments)

The design and operational experience with the first controlled Exo-Brake system flown during March, 2017, as

conducted by the NASA Ames Research Center, is described . The Exo-Brake is an exo atmospheric braking and

de-orbit device which had successfully flown twice before in a fixed -drag configuration on the nano -sat orbital

platforms TechEdSat -3,4. The TechEdSat -5 flight, is intended to be the first to permit a commanded shape

change which affects the drag (and, the ballistic coefficient), and thus allowed improved targeting . The use of

the Iridium constellation and on-board Short Burst Data (SBD) modems, as well as Global Positioning Systems

(GPS), permitted daily updates to be performed . This allows compensation for the Thermosphere density

variations captured in the F10.7 variable . Current and highly detailed analysis based on Monte -Carlo techniques

suggest that ~7 modulations can achieve a relatively small <200km target ellipse at the Von Karman

altitude . Drag data and over -all performance of the system is provided, as well as the description of the

proposed subsequent experimental flights . There are noted advantaged for this type of de-orbit procedure as

compared to a more traditional propulsion based de-orbit system . Also, the comparison with solar -sail type

systems is shown to be favorable . The rapid flight series, of which this is a part, is conducted as a hands -on

training environment for young professionals and university partners . In the future, such Exo-Brake systems

may be used for more accurate nano -sat or small -sat disposal ïor the development of technologies to permit

on-demand sample return from Low Earth Orbit (LEO) scientific/manufacturing platforms .
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What is an Exo -Brakeé?

(Simple, drag -modulated de -orbit system based on tension elements)



The nano -satelliteé

The Exo -Brake Experiment is based on 

the TechEdSat -N/PhoneSat Flight 

Platforms



Flight Experiments of Recent Years

(2009-2015)

Intimidator -5

July 29, 2010

PhoneSat 2.4

ORS-3 Minotaur 1

Nov 20, 2013

(still in orbit)

PhoneSat 1a, 1b, 

2.0

Antares A -ONE

Apr 21, 2013
SpaceLoft -6

Apr 5, 2012

Balloon

June 9, 2011

PhoneSat Team

PhoneSat 2.5

CRS-3 Falcon 9

Apr 18, 2014

EDSN

Super Strypi

Oct 29, 2015

Nodes

Orb-4 Atlas V

Dec 3, 2015

SOAREX-8

Terrier/Black Brant

July 7, 2015

Flight Experiments of Recent Years 

(2008-2015):

9 Flights

SOAREX-6

(2008) 

TES-1

Oct 4, 2012

SOAREX-7

(2009)

SOAREX/TechEdSat -N Team

éhere before

TES-3

Aug 3, 2013

(6 wk de-orbit)

TES-2

PhoneSat

Iridium -test

Aug 21, 2013

TES-4

Mar 3, 2015

(4 wk de-orbit)

SOAREX-8

(2015)

SOAREX-9

(March 7, 2016)

T5/P5

Mar 6, 2017

(currently in orbit )

Relevant Flight Experiments



Exo-Brake Science/Mission Objectives

Å First Modulated Exo-brake Experiment

Å Improve uncertainty analysis for 

controlled flight through the 

Thermosphere (performed detailed 

comparison to TES-3 and TES-4 w.r.t 

key Thermosphere variable 

uncertainties).

Å Improve prediction of re-entry location 

(100 Km) and foundation for 

autonomous control. 

Å Core technology for sample return 

from orbital platforms and 

interplanetary nanosatellite missions
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TechEdSat -5 Anatomy

Teflon Nosecap

COM/CNTR 
Boards
(Improved)

PWR Board
(Improved)

Improved Cartridge 
Design (Ease of 
integration/test)

Iridium 
Antenna #2
(Standard TES)

Canon BP930 
ISS-supplied x2
(Standard TES)

Exo-Brake and 
Deployment System  

Aft-Cover
(Standard TES)

Solar Panels
(Standard TES)

Extruded Structure 
Design (3.5 U)
(Standard TES)

Iridium/GPS Antenna
(Improved location;
Standard TES) 

Inhibit Switches 
(Standard TES)

PhoneSat5 
Board Stack



Sensor

Display and

Analysis

Applications

XBee

WSM

T5/P5 Flight System Architecture and Dataflow

POWER Board

PWR Subsystem

Solar Panels

8.4 V Batteries

Sensor Data Display

and

WSN Status Display

T5/P5 Avionics

Iridium 

Network

Wireless 

Sensor Module 

(WSM Gen-2)

Iridium

Messaging

Sensor data stream

As e-mail

802.15.4

Iridium Data 

Distribution 

Server

Monitoring and 

Analysis

Applications

Ground Segment Space Segment

Iridium-1

Transceiver

Iridium-3

Transceiver
P5 Board

WiFi CAM

Zigbee sniffer

Crayfish

GPS/COMM

ISM-band

Ground Station

ISM

Door and Panel 

Actuators

Winch

Camera1 Camera2

2.4 GHz

High-Rate

Downlink

Pressure

Temp

IMU

USB

Video Stream

WSN data



TechEdSat5 / PhoneSat5 Avionics

Purpose Name Processor(s) Memory
Power 

Draw
I/O Pins

Power control 

and comms

Arduino 

Pro Mini
ATmega328 16MHz

32KB Flash

2KB RAM
0.10W 14

Data collection Teensy 3.1
32-bit ARM Cortex-M4

72MHz

256KB Flash

64kB RAM
0.08W 34

High-speed 

ISM-band 

comms

Intel Edison

500MHz dual-core 

Atom;

100MHz Quark MCU

4GB Flash

1GB RAM

0.41W -

0.97W
30

Wireless

environmental 

sensor

Cricket 1.2
TI CC2538 ïARM 

Cortex M3, 32MHz

512KB 

Flash,

32KB RAM

0.1mW -

0.06W
32



T5/P5 Avionics Stack



NASA 

TechEdSat -5 

COM Overview

FEATURING:
Iridium SBD Modems

/ISM-Band for higher data 

rate

óTDRS for 

CubeSatsô



WSM Experiment
(Wireless Sensor Module)

Evolution of unique Wireless Sensor Module
Far left:  Original SOAREX-1 data acquisition module

Second from left:  SOAREX-9 WSM 1.0 trial version

Third from left:  currently developed system for SOAREX9 and TES-5

Fourth from left:  Marcôs key chainé

WSM 2.0 

Experiment on 

TES-5



Data Packets from T5/P5 via Iridium

WSM-Cricket
MOMSN>1271

41 88 07 ad de ef be be ba 0f 00 52 5f 6a 00 15 07 00 00 5b 0a 2e ff 0c ff

05 ff fe ff ff 00 07 00 07 ff fc 00 16 ff bb 00 51 00 19 40 00 fc 3c 62 

CricketID: BABE

TimeStamp (s): 5398.378

PacketNumber: 5383

Pressure (kPa): 0.091

OnBrdTemp (° C): 26.06     Temp1 (° C): -24.4    Temp2 (° C): -25.1

Accel (G): -0.002, -0.001, 0.007    Gyro (Deg/s): 0.07, -0.04, 0.22

Mag (uT): -10.346, 12.146, 3.749    Light (lux): 0.00    Bat (V): 3.26

Temp1 is the thermocouple on the solar panel and Temp2 is the one 

embedded in the Teflon nose.

Phonesat GPS
Iridium metadata:

MOMSN>1268 MTMSN>0    

session_time>1488832376552 lat>0.07239 lon>72.99772

Onboard GPS data: time: 1488831732 (Mon Mar 6 12:22:12 

PST 2017) px: 3736540.5672 py: 4480193.2322 pz: -

3455134.8574 vx: -

2187.0305 vy: 5348.8718 vz: 4570.3105

Initial Data from TES/PS show ñIT WORKSò

VWSM-òCricketò 

V GPS

V Health Data

TES5 Health Data



ESM/Exo-Brake Current Status

TES-5 is in a ónose-downô orientation

At -90deg (from ódesignô horizontal flight 0deg), 

the link margin for óup-link is compromised a 

further  -10dB (on top of -7dB for downlink 

baseline).

Number of packets/day is slowly increasing, 

suggesting that the link will improve ï

permitting a successful uplink.

Note: TES -4 had 25/25 uplink packets received 

(completely unique in the nano -sat community) 

in 28 days.

Current

óNose-downô

Desired 

(ódesignô; ónose-forwardô)

Trending


