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ParkinsensSAl

s $50k gift funds
frem Aerespace
Conp.

ParkinsonSAT Pa rk i n SO n S AT

aral s ; . e
5 T MNavigation Safety Flag

_— Mast with internal Antenna

_-_ Payload with GPE and PCsat KITR r'S E n Vi ro n m e n t -al
: sensor satellite data
transpoender

T 8tabilizing pole

A1l components built from
standard PVC pipe plumbing
mateirals.

sensors itemp, salinity, stc) ¢ Satelllte LaunCh
Opportunities - TBD

_—EBattery Pack

¢ This semester,
Preliminary Design
options --= SRR

Lovick



Origimal ErejeciEreposal

Communicate with simple environmental sensors — buoys —
deployed in the Chesapeake Bay or the Gulf Stream.

Relay buoy position/status and telemetry about 2 to 4
times a day back to the Naval Academy.

Including Buoys elsewhere around the world as long as and
iInternet linked ground station was in the footprint.

Serve as a technology demonstrator for USNA auxiliary
payloads such as basic satellite attitude control.

Lovick



EIepPeSEUNVIISSION

Relay data from simple environmental sensors — buoys — in the
Chesapeake Bay or oceans or onshore. Providing position/ status
and telemetry about 2 to 4 times a day to the Internet.

Including Buoys elsewhere around the world as long as Internet
linked ground stations are in the footprint.

Establish this channel/system as a global resource for other such
experiments in the Amateur Satellite Service. Inspire other
schools and universities to participate with additional low cost
satellite transponders and buoy and sensor systems.

Serve as a technology demonstrator for various spacecraft
subsystems including basic attitude control, follow-ons to PCSAT
experiments and other student projects such as the MIDN
sensor.

Support an Ocean Data Telemetry Micresat Link (ODI VL) UHE
transponder for DOD.

Lovick



Fow Cost BUBYASYSIE

¢ Low Cost — $800
¢ Standard plumbing hardware

¢ Off-the-shelf radios/modems

¢ Operates under ECC rules for
Amateur Satellite Service

USNA Buoy

Piggrem
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ViicrorDosimeter @ vilDIN
REqUIrEMERLS

Auxiliary USNA Aerospace Student Project Payload

¢ Size —2.5" x2.5” x 6”
¢+ Weight — .215 kg

¢+ Power — 1W (@ 5v)

Measures radiation dosage in human cell sized
detectors

Vandegriff



@ceanrDatanielenmetny
Micresa Links @RIVIE

+CONOPS: “Internet-Like” Services on Global

SpaceQuest

PRAXIS ..

Concept of Operations

Basis to Support Ocean Platform Menitering
(e.qg., Free-Floating Buoys)

+SPACE SEGMENT:
e Hosted Aboard TacSat-3 and lacSat-4

= Autonomous “Router in the Sky” Allows
User Commanding| and! Telemetry:
Receipt (Peer-to-Peer and
Store/Forward)

= Compatible With Service ARGOS;
=50,000 Bits/Day per Buoy; <0.1
Joule/Bit With Global Access and Position
Determination

= UHF Uplink/Downlink With GMSK
Modulation

ODTML PAYLOAD: SCP
- Multiple UHF Frequencies
- FPGA Controller

+GROUND SEGMENT: Low-Cost Porﬁ/e and
FixeDFMUrshatatiSeg Rientde Virtual
Internet Access \
UHF XCVR
Temperature FPGA
-~ Ground Segment
Power Memor "« In-Theater Downlink to Portable Ground
y Station With Gateway to Internet, OR
TaCSat_4 B US scp _ - ...‘ + Store & Forward to Fixed Ground Stations .

Vandegriff



ONIES@DIIVIIE
Size, Welght and Eower

¢ Size —10” X 10” X 1.8”
+ Weight — 3.7 kg

¢+ Power

Very conservative numbers, and massive design.

Vandegriff



IGIECTV AHARIES

¢ Reguirement Options?
¢ Launch Optieons?

¢ Scale options?

¢ Resource Limitations?



ParkinsensSAll
Spiral DESIGRPARRIeEEH

REQUIREMENT OPTIONS:

Hemote Data Relay {ocean)
Environmental Sensors {land)
Secondary Payloads

* MIDN

= Attitude Control

* Comms Power levels

RESOURCE LIMITS: e ' FLIGHT OPTIONS:

.~ SERB feedhack
"~ Launch opportunities
- Orhits Available
Link Budgets
Flight Schedule

Risk _
Materials™ |
Flexibility
Lead times

Cost / Funding
Semester Timing

SCALE OPTIONS:

NHumber of Satellites

Humber of Buoys/Sensors
NHumber of Participating Schools
Global Coverage Areas

Buoy Power Budget

Lovick



ParkinsSeRSAN
Link BUudget Isi Knewn

- - ¢ Buoy to Satellite (VHF)
JB parkinsonsaT ParkinsonSAT - Pr(90° el) = -101 dBm

e Pr( O°el) =-117 dBm

% T HNavigation Safety Flag * Satelllte to Buoy (UHF)

o Ma=t with internal Antenna e Pr (900 eI) = -110 dBm

_~Payload with GPE and PCzat MMTR e Pr(20°el) =-117 dBm
Satellite to Buoy (VHF) aux TX

- Pr(90° el) = -101 dBm

e Pr( O°el) =-117 dBm

411 components built from T 3
i e e S e ¢ Satellite to Groundstation (UHF)

mateirals. L Pr (90° eI) = -110 dBm
sensors itemp, salinity, eto) b Pr (20(> el) = -117 dBm

¢ Satellite to Trackingstation (UHF) +8 dB
- Pr (90° el) = -102 dBm
e Pr( O°el) =-117 dBm

__—DBattery Pack

Challenge: All using OMNI antennas RX sensitivity -117

dBm
Vandegriff
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SERSOF BUBN BASElRe

Our RF prototype on Roof

GOES data collection
platform container

Paquette, Robeson
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Calnchr @OpPOHURITES

¢ Free Elyer (commsomit)y - Desired
¢ Attached Payload — OK

¢ Space Shuttle — too low, no life...

e Available Launcher — 5” picosat (minimum system)
= Requires a Propulsion system (H,O, man-safie)

Robeson



S5/ O VAR Saie =epUISIeN

The only practical way to get a student built propulsion
system on board Space Shuttle.

ParkinsonSAT Hz /10> Micro-Thruster

zalar panel
nozzle

:z:p:ar};: dap cartroller

Possible Future

FProject: )
Project...

Determine spacecraft mass then delta-' requirement
Electro guirements, rates, power reguired
Wa ¢ and drive requirements

= separation mechanism (gortex?)
Dezign-Build-Test engineeting model
Final conceptual design




Viission Seale = ChannelNCapaeity,

¢ 1Ime Division Multiple Access
(TDMA)

o Pure ALOHA 18% channel capacity.
= CSMA ALOHA 36% channel capacity (not via sat)
» Slotted ALOHA 36% (uses GPS timing

Lovick



Mission Scale - Recelvers

RX Hitransponder— TX

18% Aloha CR = AR

J69% Slotted
Channel Rate = TDMA Aloha Rate

W

RX
]~ tranzponder H TX

RX

36% Aloha CR = AR
T2% Slotted

Full-duplex, Crossband

RX HiransponderH TX

15% Aloha CR = AR[1-CR)
26% Slotted

N

TiR

i ]~ tranzponder H TX
RX

26% Aloha CR = AR[1-CR)
42% Slotted

Simplex / In-band




VIiISSionrScaler="@pieRS

1595 Aloha

26% Slotted

oy

144% Slotted

CR = AR(1-CR)

Minimum System:
» 32 Buoys/footprint
» 5”7 Picosat

Maximum system:
» 144 Buoys/footprint
» Dual redundant

> 12” Microsat

AT 1200 BAUD

(2 x if 2 RX at
9600)

Lovick



ViissionrSealer— BUey IDEMOBUERNICS

lobal coverage for 3000 km radius footprints. One footprint is about 5% of area.

Owerall global average dutycycle is about 20%.

Theoretical capacity: 2880 Expected capacity: 720
144/5% 144/20%

Lovick



Architecture

ParkinsonSAT Functional Block Diagram

28 hhz PSE
Linear RX

145 25 hHz
WHF R, 435 275 Aldeq

LUHF THA Hyhrd |
144 47 WHz |
YwHF R% A 3600 | i 144,523 MHz Hlde

fuice ru1.:..j|u|.§!...+. WHF THC Phazinig 19" whips
|
MIDN HCPURADCS

145 825 MHz |
VHF R,

437 975
THE-B UHF T*B

BB

144 .47 hiHz
WHF RXA

401 hiHz ODThL 401 MHz
LIHF Fx HPOMDER LIHF T

Vandegriff



SmallfSatelliterStruciuraliN@piens

¢ Primary factor Is selar panel sizing
+ Next iIs Antenna reguirements
¢ Separation System

¢+ Attitude Control reguirements

Koeppel



SelarEanel OpIeRS

¢ Avallable Area
s Efficiency

¢ Cost

¢ Attitude

¢+ Bus Voltage

Koeppel



SO/arCElNOPLoNS

$500 / Watt
EMCOR University Cells

PCsat Panel $20 / Watt




FESat Selal e
Panel Data

All Sides

285EP2002

2INOV2
Begining of life: 2-10 OCT2001
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Event Count
Koeppel



Emeor Unversi CelINOplons

6 cell 12v set
4 cell 8V set

Koeppel



ParkinsensSAll

Shape / size Constraints

Rhombicuboctahedron

Vandegriff




Shape

5in Cube
7in Cube
9in Cube

Hexagonal

Octagonal

Rombicub
octahedron

ParkinsSensSAl

Shape / Size Constraints

Min Surface

Solar Max Power Power Volume Area
Panels (W) (W) (in"3) (in"2)

6 3.49 2.03 125 150

12 4.06 @ 204

24 T4 8.13 29 486

9 6.10 1.67 208.8 252

12 8.13 2.45 273.5 314

18 9.15 7.78 1061 18

Vandegriff



ParkinsenSAll

Straw-man Optiens

7.5" Best Fit (minimum) Internals

Discrete
sizes

6" High Efficiency Option

SENSOr
and
Artenns

Ares

Vandegriff



PankinsSonsSA)

Straw-man Designs

Sun Pointing

10" Option with 12 volt Bus
10Watts $5000 W 6 = $30 .000

Vandegriff



Sun Pointing ParkinSOHSAT

12"l iz i) O EUll" System [Design

w
8.4 volts, ¢

Vandegriff



g e e e

i

»Full capacity mission
transponders

»ODTML Transponder
»MIDN Payload
»ADCS advantage

i)



ParkinsensAll

Internal Stack

»Full capacity mission
transponders

»ODTML Transponder
»MIDN Payload
»ADCS advantage

Vandegriff



ParkinsonSA T
B - Tray

TED 1 Watt @ 5 volts

waz 25 x 9" x B

|©"©"©"©"©”©| - Control Board

e @  Interface Board Bl > 2 VHF receivers

* Yoice Module

* PSK-31 Receiver EE >1 or 2 XMTRS
Bl > MIDN Payload

»Support Boards

" i i e e HiE HpE i HaE "
Lo B B w8 B w5 I B8 w5 A M

T




TX=RX Tiray.

[REPrESENAtVE
Ay DESIgNS

Layout favors +Z

maximum moment of inertia

TNC / Battery Tray

Koeppel



Geographic | Magnetic 4

~— N, Sun Peinting Attitude
g Control System

-
iy, -

.\‘. o -\‘-
s\
A
i it AR T Attitude Vector
PR Ay,
Jr v L
. o

& coordinate to Telemetry

Reduces solar panel cost, $54,000 to $9000.
Pointing requirements are relaxed +/- 40 deg
Attitude sensing via solar currents is sufficient

Table derived magnetic field data

RSOSSN LS5

High precision vector math not required

Paquette



Sun Peinting Attitude
Controel System

v' Pointing requirements are relaxed +/- 40 deg

v" High precision vector math not required

12O Sl P v A Power Available vs. Satellite Angle Required

T T : T T T T
Mavdimum Pow:‘\\ Power Goal

21 W
Theta = 22 degrees
Phi = 20 degrees

Z

EMCOR (Top)
Panel 181 W

Minimum Power

B L L L L L L L I T I L

Percentage of Full Power Available

{5 Sides)
PCSat 7T5W
Panel per side

Paquette




=lellel \V/eeio)r

Magnetic Field Components at 76 Degrees YWest
T T T
Radial
Theta

Phi
hagnitude

Field Strength (gauss)

|
0
Latitude (deg)

Paquette



“~Geographic | Magnetic 4
. nerth | noth -

. Vi2gReuclieraue
e IREQUIrEment

Worst Case Disturbance Torques:
*Gravity Gradient (~balanced MOI from RAFT model)
T, =3"p/(2*r3)*[1 -1, [*sin(2*0) T,=6.3010> N-m = 0 N-m
*Solar Radiation
‘T,=F*(CC,) W/ F=FJC*AJ(1+q)"cos(i) T4,=1.03"10" N-m
*Aerodynamic Drag (Assumed 500 km)
°T,=1/2*p*Cy*A™V2*(C ,-C,) T,=1.48"106 N-m
*Total Disturbance Torque
*T,=1.58"106 N-m
Dipole Needed to Cancel Torques (weakest Earth field at 500 km):
-D=T9/B B=0.31*104T D=0.051 A-m?

Paquette



ViagnetchliorqueNeolls

NI Torque Lab Experiment

ﬁw 200 turns #30

y i |

¥ = 42 Ohms, 200 mA
= 1.3 Amp * M?
= 1.4 kg

Results in 5 deg / sec

Suggests for ParkinsonSAT
= 200 turns #30

= 4 Amp * M?

= 14 kg

= Results in 1.5 deg / sec

Using 10% dutycycle pulsing still gives 10 dB margin

Paquette



Preliminary Mass Budget

Part

Structure

Side Panel

PCSAT Solar Panel
Top/Bottom Panel
EMCOR Solar Panel
Mounting Tray
Battery Box

Comms

VHF RX
Linear RX
VHF TX

UHF TX
Voice Module
TNC

Mass (g)

696
7
796
24
669
354

/8
78
80
80
10
204

Quantity

4
25
2
24
6
1

N = N = DN

Total (g)

2787
1940
1592
S7
4015
354

313
/8
80

161
10

409

Vandegriff



Preliminary Mass Budget (cont)

Payloads Viass (@) @QUERDLY, Tojizl] (ef)

MiDn 529 1 SYAY)
ODTML Transponder 3700 1 3700
ADCS

x-coll 127 1 127
y-coil 127 1 127
z-coll 110 1 110
CPU 62 1 62
Power

Battery 23 36 856

Overall Total 17.3 kg

Vandegriff



Preliminary Required Power Budget

Current Duty Avg
(mA) Cycle (mA)

Current Duty JA\Y/s|

VHF FM TX1 500  15% 75 (MA) Cycle  (mA)
VHF FM TX2 500 15% 75 With MiDn only 119 100% 119
VHF FM RX1 30 100% 30 20% Reserve

VHF FM RX2 30 100% 30 (tot)

VHF FM RX3 30 100% 30 Avg(mA)

VHF FM RX4 30 100% 30

TNC1 30 100% 40

TNG2 30 100% 40 With MiDn and

A with 119 100% 119
MIDn/ODTME :?;lecln_nder 1488 100% 1488

20% R
0% Reserve 20% Reserve

(tot)

Avg (mA)

Avg (mA)

Vandegriff



ParkinsenSANF BalER/ANESTS

UBA4 Rezults File, Capacity: 1.0025h0.

Tap

Panels

=icle

Panels

Time (hours)

oystem 1 of 2

For a typical COMM orbit
at 500 miles, satellite
will require 630 mANh.
Based on 20% DoD this
requires either 27 AA’s,
12 C’'s or 7 D cell
NiCads.

Dual Voltage Bus for best
efficiency / simplicity

Koeppel



FalnCher SERAAUGHNPDEVICES

NEA 90101 Nonexplosive
[oble/Rod Releose Mechanism

Cubesat
Launcher

[N mochined
\Wed

\ﬂl Fosteners ore Stointess Steel 10-32 Bolfs

wione wosher Inof shown)
ond one nut

USNA Launch Vehicle Interface
(single Wedge ~Configurafion)

Robeson



CRUNDESIGN

Adding CPU toe basic PCSAT type design for:

- Collect and transmit whole orbit data telemetry
- Event scheduler

- Data logger

- Attitude control system
- Store and Forward

Includes...
-Serial port, 9600 or 1200 baud
-8-bit parallel 1/O
-5 or more analog inputs

Development Board CPU Module

Piggrem



Pretolype LY DESIFN

¢ Design aspects similar te

Spacecrafit:
o Power System (EPS) (low-power & efficiency)
o Communications System (link budget)

e Sensor System (collaborating with Oceanography)
e Telemetry System
e Antenna System (antenna patterns)

¢ Structure
e Collaborating with Hydro Lalb

Piggrem



SERsprBUBY Easeline

* Naval Academy Student Project *

*If free-floating, do nat disturb.
*If 1d, mave ta
d advise bruning
*If later than 30 Moy :
and advise above.

Piggrem



Energizer 6V
Lantern Battery
(No. 529)

Component

Garmin GPS-18

Transmitter

BBy EeWerEldgel

Voltage
V)

Current
(mA)

110

500

* 2 batteries required to get 12v BOL and 7v EOL

Resistance

Q)

110

Time On
(min/hr)

0.2

Current
(mA)

54.55

Required
Energy.
(mAm/h)

24240)

100

Time On

(h)

2.4

Reguired
Energy.

(mAh/Day)

88

40

Capacity

(mAh/day)

130.91

lotal
Energy.

(mAh/Day)

128

Published
Battery.
Capactity.
QW)

26

Published
Battery.
Capactiity’
(Ah)

26

Battery Life

(days)

199

Battery: Life

(days)

208

Piggrem, Koeppel



BBy EewerBUdget

ParkinsonSAT Buoy Battery
Energizer No. 529 Alkaline 6V

Load: 110 ohms

Schedule: 100 millisec [ sec
24 hours [ day

™~

RS

S

Operating Range

1,000 2 000 2000 4,001 5,000
Service, Hours

Piggrem, Koeppel



SUGY EOFICHNMING
DESIAN
Prescribed Timing Reguirements for Bay Mission

« GPS - 1.4 minutes on every 23.4 minutes
* Transmits every 10 minutes
« TNC — 11 seconds on every 11 minutes

Prescribed Timing Reqguirements for Ocean Mission

 TNC — 22 seconds on every 2.9 minute:
* GPS - 1.4 minutes every 46.9 minutes

e Transmits every 2.9 minutes

Lovick



SUGY LogichNminaNEardware
IRtEgratoen
¢+ Astable Operating 555 Timer (Clock lnput)
¢ 54HCA4040 12-Stage Binary Ripple Counter
¢ Iriple 3-Input Positive Nand Gate Chip
¢ Quadruple 2-Input Positive Nand Gate Chip

54HC4040 Ch|p Quatdruple - gz—]
| 2nput Positive [ j:@ @ ]
el n (0
| ]
I bl S]]

555 Timer

Triple 3-Input
Positive Nand
Gates (10)

Lovick



10 Channel Telemetrv Multiplexer for the KPC -3

10 Analog Inputs T4LV4053H
Triple 2 Ch nmltiplexers

Bat Voltage
To—an

AR
A1

2 100K

WG HO:

SUGY,
lelemetny

Battery Volts
Air Temp
Water Temp

Sun luminosity

are composed of & 1M4148 Diodes

Conductivity
Flooding

Paquette



ParkinsonSA T Thermister
@alivratienr@unRve

Raft Temperature Data from Heat Chamber and Freezer

y = 0.000012523x - 0.004136641%° + 0.804651759x - 38 263489069

-

R*=0.999493040

Temp (deg C’

Paquette



BUGY ARIERRAND

1/2 wave radiator

SWR of Buoy 2meter JPely Antenna

1/4 wave matching section

short tuning section

50 Ohm coax

radio connector

Paquette



March 30t — April 8t
(“Test of Opportunity’™)

ParkinsenSAll
2 Qaijen
MICHEAIRaVILY,
Sepanatieriliest

Robeson



cubesat
separation
system



FEB

MAR

sSummer | Fall 2006

Spring 07 | Summer

RF Prototype testing

*—b

Prototype Buoy Design

data collection

Requirements definition

FF system

Fower sy

Trades\
|

Build 0/5 maodel

/5 Sep device design
construction

ADCE —— SER

ZernG
flight test

Integrate-test RAFT
m 25
—

RAFT Yihe test
25 3

RAFT Docs
B —

Phase lll Zafety
18

Zero-5

35—5 test report

AMNOE thermal
tests at WREL

—

MARS ®MTR tuning

midterm Navy SERB
L ]

LoD SERB

Preliminary
Design  PDR
L

Detail
Design CDR

PCSATZ By,
Clperations -

*PCl1e

Eva  Dock Dock Dock
- ™ - *

BLILD

INTEGRATE
TEST

DELNVER
.

FLIGHT
.







¢ PCSat2 Operations

Daily Antenna
Pointing

Low Power Shutdown
Soyuz Docking

EVA’S

SUItSAT deployment

PCSATZ is a suitcase, opened on
orhit to expose materials :
o space

USHA Telemetry & - I}
Comm System

¢ &
-~ S}

=

&
& L

® L
!



