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Key Milestones: Schedule

Assumption: Launch NET May 2006

RAFT Kickoff

RAFT USNA SRR

RAFT PDR

RAFT Phase 0/1 Safety
RAFT Phase 2 Safety
RAFT CDR

RAFT Flight Unit Testing
RAFT Phase 3 Safety
RAFT Delivery/Install
RAFT Flight (STS-116)

Apr 04
Sep 04
19 Nov 04
16 Dec 04
10 Feb 05
23 Feb 05
Jan 05
Feb 06
Apr 06
Oct 06 '
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So Many CUBEsats

30 to 50 in Construction How to Track them???

.. JJAIAA/USU
|Small Sat
| Conference

30% of
papers were
for PICO,

NANO and
CUBEsats

All smaller
than 10 cm

Pea-POD A
3 Cesat Lanhe
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Mission Statement

+ To provide the Navy Space Surveillance (NSSS) radar fence
with a means to determine the bounds of a constellation of
PicoSats otherwise undetectable by the radar fence

+ To enable NSSS to independently calibrate their transmit
and receive beams using signals from RAFT.

+ This must be accomplished with two PicoSats, one that will
actively transmit and receive, and one with a passively
augmented radar cross-section.

+ Additionally, RAFT will provide experimental communications
transponders for the Navy Military Affiliate Radio System,
the United States Naval Academy’s Yard Patrol crafts, and
the Amateur Satellite Service.
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NSSS Radar Fence
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RAFT1 Mission Architecture
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MARScom Mission Architecture
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Military Affiliate Radio System

The Mission of the MARS system is to:

» Provide auxiliary communications for military, federal and local
disaster management officials

» Assist in effecting communications under emergency conditions.

» Handle morale and quasi-official communications traffic for
members of the Armed Forces and authorized U.S. Government
civilian personnel

» Provide routine operations in support of MARSGRAMS and ...
contacts between service personnel and their families back home
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Yard Patrol Craft Application

YP COMMS
EQUIPMENT
The Yard Patrol Craft Tactical UHF
(uplink])
103" length = Harris HF Xcvr
Crew of about 25 [dowenlink)
Cluantity 20

Unigue UHF AM Uplink and HE SSB downlink
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RAFT1 and

MARScom

5” Cubes

3 Antennas
Each

Identical
Mechanical

Jan 2006

RAFT1 Satellite

Downlink:

Uplinks:

145825 AX 25 Packet

WHF B whip
249 hiHz whip

=
\

155ep 2004

294 MHz linear PSK-31

A PCsat style

Solar Panels

5" cubes

145825 MHz Audio with both
AR 25 Packet and PSH-31 zignals

IIHF whip

:x AW

9

29 MHz whip

WHF wehip

ﬁsm

shyle Solar
Panels

MARScom

WHF TH wehip

Power Budget:

1 Watt arbit average DT power

Link Budgei:
10W LUHF AR xmitr Voice uplinks
Cownlink to any HF receiver
Cmni Antennas for ground user

Channels:
LIHF Ak uplink

YHF Fil uplink
HF S5B daownlink

hittp M ew usna edu/~bruningal craft/RAF Ts3.qif
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Constellation Operation of USNA Satellites

— — ——

e NS
ARISS \‘x _. PCSAT?
s I

+ Cammon YHFAHF, WHF/UHF, UHFAYHF
LIS, + Global connectivity

+ Owerthe Honzon links

+ 2. Jord hops exended range
+ loint operations (4 x b or 24 passes per day)
+ Continuity of service

WEB4APR http:Swaw 2w uzna edwd~braningalcraft fUSH A at s it
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Pass Geometry

ne-way Doppler Audio Spectragram

-5kHz +5kHz

Approaching Crossing Receeding

Radar Fence
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Raft]l Block Diagram

RAFT1 Radar Fence Transponder

text-ta-speach Receiver

experment

YHF antenna
Doppler tane
HF wire 5t +5 KHz T
Antenna _ ®
— 94 MHzZ > ET;_EI;-EF - *HF Fhi “MTE LR
P5k-31 receiver T i tar e e
—= lothr TCAL e _______Y} irtenna
WvHF Fhd B THE : MN555 Radar Ecpenment :
J zi7mz Rx !
. Direct Conwersion Tx |
|

e e e e e e e e e e e e e e e e e e o =

Rttp: S 2w usna edui~braningafcratti2 17 pndr gif
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MARScom Block Diagram

MARScom Voice Transponder

YHF/UHF dipole

4\ PEP 142 wavelength
YP receiver linear amp T end fed dipole
L LIHF AR
282- | R #1
ﬁ;ﬁz SSB Exciter
I “HF F Il 24-27 MHz
146 MHz ki command
hMARS
Feceiver Sy Stem
§ chnls KPC-3+
telemetry =—x THC
Features

« UHF AM receiver makes MARScom compatible with ALL older UHF transmitters

« Summed dual Uplinks allow near full-duplex waice between Metcontral and User
without AGC power sharing or carrier hetrodyne

 Command receiver allows control of all three modes

http A ew .usna.edus~bruninga/mars/marsAponder? .gif
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RAFT Lifetime Estimate

Educational Use Only
Satellite-RAFT - 14 Sep 2004 11:33:22
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RAFT

Deployment

Velocity of pair:
1.8 m/s

Velocity of RAFT:
2.6 m/s

Velocity of MARScom:

1.2 m/s
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RAF

UHF antennas are also
push pins to §.5 inches

Paint of lazt attachment
spring acceleration

Door open. RAFT released
SSPL zpring acceleration

—

3

s

1B

L B
Fre-deploy

6

i

T
=
j::'

.

Wr="m="p

Deployment Strategy

At this poirt the tvwo 4' lenogths
of nitenal whip antenna wire
continues to unspool o 12 foot
sepatation when the magnets
sepatate with a reproducible
=mall farce.

End of MARS com zpring accelleration

51 residual
spring forie
End of SSPL spring accelleration
welro

-,

‘ T

T‘-.-"m

(T e—

! rezidual

: spring force
J o T b
Fuoint where
52 begins

Mr iz mass of RAFT

krm iz mass of MARS com

Mr iz d kg
Mmiz 3kg
Project: RAFT Title:  Antenna Deploy
Engineer: Date: 7 Dec 2005
USHA Satellite Lab Dwegy No:
Weh: | btp: ity e usna edui~bruningasficrafttRAF Tantsprings 4 oif




Low Friction Track Separation Test
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Mechanical Design
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Using “IDEAS” CAD Modeling
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Assembly Plan

]
s
LID
[ ! 300 LBs
| -
x40 NMIECHANICAL & FASTENERS
[N g
‘g‘ﬁ 4 -lz‘g—‘% - - Two equal 3/8" sides (pocketed to 116"
LTI
l-*g [ 112 — Two equal 1/4" Top/Bottoms (pocketed to 116"
2+ 4 444 = Held under 900 LBs peak compressive load
= Aszsures:

II

! « Captive screws

. « o lateral fastener failure modes
« o Launcher faillure modes

]
LAUNCHER

T\ %

1 900 LBs
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Solar Panel Design on 5 Sides

on PCB panel

Covered with Clear
Teflon Coating

1.5 Watt panel

Mechanically rugged
for rain/hail/birds

PCsat Flight
Heritage
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Multi-Function Top Panel

VHF Antenna
holes

— Pockets for other
satellite antennas
and Sep Switch
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RAFT1
Internal

Diagram

Top

S

View
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Battery Cell __|
Containment

120 | B

=

LAUMCHER:
FRE-LOAD

SIDE —__

1.64"

001" Nent

| Antenna Hole Spacing 4.37 in |

| Diagonal spacing is 6.18 in

| —

i
Zolar Panel

ckets —\\s SRR S

Ant pécket

& Sep SW
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RAFT
Internal

Diagram

Corner
Detail

Jan 2006

~olar Panel

Pockets —ul HEE

| 340" -
Corner Detail
. Whip antenna and
040 i sep springs
| Berillium copper spring board edge
/ clamp soldered to angle hracket
0.30

., /A
1M1 6th" Brazs
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RAFT
SEP-Switch

Corner
Detail

Antenna Sleeve sep

Jan 2006
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Side Panel

crozs section

150
depth

0o
A5
A
A5

420 by 4.40
Solar Panel
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280
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) i
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A26
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Custom Side Panel
for Antenna Crank and GSE Connector

250 A50
- depth
|.22IZI| | \L
a3 NEr|EE
A28
25 T
020 =—
150
depth
£
o]
]
]
c 2527yl 523" rgq
2 =
b ]
o
7]
]
i
)
O
Artenna winder
access hale
[
GSE part
4.20
B 2 x 38 Troun
60
depth
020 —
A6
a0
Am
50
depth 4.40 [
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Ballast for
RAFT1

Jan 2006

RAFT

23w1 5wt 3

1.7 cuin ——p——=

LEAD Ballast Plan

4% TX ——-

3
i
Al

)

SxBxd 5
1.8 cuin
A25x1 4x4 5 =
A cuin 1
5
| ]
Total Possible: 325 RAFT Estirmate 2901 g Design: 227
323 Required Ballast 1100 g 227
Ll Flight Goal 4000 g 340
340 340
150 1134
150
1630 grams
Project: | RAFT Title: Ballast Plan
Dwg No: Midn: Fobeson Date: 30 Moy 2003
Web: Wiy ey Usna.edul~bruningalcrattRAF Thallast GIF USHA Satellite Lab Engineer: bruninga




SSPL4410 LAUNCHER: Preload and

Launch Loads

NEA DEVICE

For SSPL4410 with MEPSI:

LATCHROD

LATCH

* PICOSAT massm=1.6 kg =3.51Ibs

BACK COVER

* Preload >{24 gx3.5Ibs =84 Ibs }

DOOR

PICOSAT

PUSHER

MAINSPRING

N w s oo |~ o ]|o©
ST I I e N e e e N

PRELOAD BLOCK

i

DESCRIPTION

Q
2

PARTS LIST

For SSPL5510 with RAFT:
* PICOSAT mass m =7 kg = 15.4 Ibs
* Preload >{24 gx15.4Ibs =370 Ibs }

* FRONT PICOSAT NOT SHOWN BUT IS IDENTICAL TO REAR PICOSAT AND

 F =500 Ib max preload + 24 g x 15.4 Ib ~ 870 Ibs

REPRESENTED WITH HIDDEN LINES dit: THE AEROSPACE
credit: CORPORATION

Jan 2006
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Side Panel Buckling Analysis

Buckhing Analysis for RAFT Side Panel

Step 1:
Define Constants, material is T6-6061 Aluminum

E = .4, non-dimensional coefficient for panel that i1s simply supported on 3 sides, and free on one

E = 10000 ksi, Young s WModulus

Step 2-

For this analvsis, the wall was assumed to have a thickness equal to the average of all cross-

sections
Determine average thickness, length and cross-sectional area

*1 75+ 225*%2 25+ 25* 5
T = 1*1. + 24 522 +.2 = _1792X" | average thickness

L= 457 length

A = 1792%4 5 = B0O64 sq.in.. cross-sectional aomea

Step 3:

Find critical stress for aluminum T6-6061 sheet, stress where buckling occurs
e z f- - z o

For— X = E = %J — 410000000 =/ %J — 5136.1psi . critical stress
i i

Step 4

Find Critical Load
Poer=Fcr * A =5136.1 * . B064 = 4140.99 1b, critical load

Step 5:
Compare to Load of 1800 1bsF (the sum of the two 900 lbsF dyvnamic loads)

4140.99/1800 = 2.3, Therefore there 1s a safety factor greater than 2.

Jan 2006 RAFT Ph-111 Safety Review
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Structure Displacements

RAFT1 Displacements

tiny peak=s at corners are
artifacts of point loads

0.1* wall thickness

RAFT Ph-111 Safety Review
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Depressurization Rate

043

040 K
033 \

/\/ .040 hole
/ Gives 2:1 margin

025 / for
/ \ depressurization

RATE OF CARGO BAY DEPRESSURIZATION (PSI/SECOMDY

020 / \

015

040 N
For 2 Liters, a 0.040 inch diameter
hole achieved 1.12 PSlis.
Far RAFT, this gives better than

0as factor of 2 margin.

0an

0 10 cl 3l 40 Rl el 7l B0 20 100

TIME FROM LIFT-OFF (SECOWDS)
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Battery Box

[T R (]
o=y =
SE
1| |&——1.00" I 1.00" | 1.00" | 1o —— skeletal - =T
'@ '@' '@' *E} '@ VIEW ﬁ
r--—-—-r-—m=—-—m=—"""""-"""""""""""""""""""-""="-==-=- =1
|
! (L ' 6 cells
| : g0
e | annz| went
J| I = gortex
|
: TOP View |
| |
| &
____________________________________________ -
@ @ P & & | =
4 50
| Durette Gold L
ab=orber —

Batteries: Sanyo "AA" size KR-1100AAU |
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RAFT Final Velocity
PR 26 mis
A AL
i n 1

I LT
W "
N ol
4k = F
[ o 4
tenna
pen sprng
300 MHz LHF 5200/ 57"
Al four WHF and UHF whip 11.5 H 148 MHz VHF 1" free

- wehips are spring losded loaded whip 11 5" 33" solid
e a l a tl O l | with & spring constant of 4+ 27 MHz wire 1 wwasted
0.38 bF (1.5total) over 9.5 artenna 45"

P S

475 inches of antenna

rod iz compressed into the A v
® baze of each antenna. up E
ta an extra 4.75 inches for -
the remainder of the K ®
antenna can be stowed N et e
inzide the opposite 5 L]
spacecraft with ancther spring [ g 1
for the maximum deployiments Separation time to 2

showvn, 26 MHz wire &'in 2 zeconds
antenna 45"

Each spacecraft haz two
whigps and one long 4" wire \7
antenna. These wire
antennaz unspool from a disk
and at full length zeparate
from each ather with a
constant and repeatable
zeparation force hetween the
v magnets. X 145 MHz YHF

F loaded whip11.5"

217 MHz UHF
wehip 11.3"

Top Wiew ) i

¢ © Jky S Final Yelocity
i W 1.2 mfs

MARScom

Project: | RAFT Title: Simplified Whips

Jan 2006 RAF Engineer:{ EBrunings Date: & Dec 2005

eh: pdfseseny ey LSng edui~brunings craft/antpland oi ellite La w No:
Web hitp: iy du~bruningss craftiantpland gif USHA Satellite Lab Dwg N




RAFT Antenna Springs

RAFT Spring Antennas and

Cther satellite
zeparation switch

Separation Spring Assembly

Contact Point when extended

Antenna Rod 14 6th" brass rod extending 5 4"
from corner of 50" cube satelite. Tunedto
145525, and another to 300 MHZz.

l/ﬂ insulating dizk

zoldered ——
(top and battom)

tatching /_,./"“ .

cricuit

coaxto XMTR or RCYE T

loading coil .
far matching . \
Spring Tube soldered
to battom of board
Project: | RAFT Title: ANT Assy
Engineer:| Bruninga Date: 10 Mov 2005
USHA Satellite Lab Dwi Ho:
Weh: hittp: Shoesaene By Usna edui~bruninoalicratt RAF Tart 855 4 oif |

Jan 2006
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Antenna Buckling Analysis

Step 1

Define Constants, matenal 1s Brass Alloy 360 Free-machiming

E=14100 ksi1, Young' s Modulus

alep 20

For this analysis, the antenna was calculated with 1757 in lengilh. This is because at the oulset
the antenna rod will not buckle since it will be encased by the tubing. Therefore, 1t was
determined that the worse case scenario for buckling would be when the antenna 1s exposed
1.75”. The mazamum force seen i1s 3.4 lbs, which is more than will be seen at the point that
1.727 of antenna 18 exposed since the force wall taper off

L=175",length
de= 1/16", diameter

Step 3
Find rmmoment of inertia of rod

+
gt 7 (%]
I=Z - = 7.5E-7 in*
64 64
=tep 4
Find Cntical L.oad

P _EI.:?:" _ 14100000* 71.5E-7

- 3408 ibsy

Lk 1.75°
Step 5

case 1

3.4 LhsF
r-0"

case 2

| OO,

Compare to Load of 3. 4 lbsf(the maxmmum load seen on the ancenna’

3408 /34 = 10.02, Therefore there i1z a safety factor greater than 10 ]

Jan 2006
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1.7 LbsF

1.75"

case 3

0 LbsF
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Long-Wire Antenna

Expanded View

019" Mitinal Wire
Tatal lendgth 46"

7 lurns
zingle layer
3" diameter

| "7 ——

0017 thick Copper clad

e

= A JLminum
cantainment ring

019 dia

[~ &lurminum spool

OE2" thick

3"

RAFT Ph-111 Safety Review
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RAFT Panels and Connectors

[ads)

[
To p

Temp-
Temp+
+i Solar Panel

RAFT1
Panels and v
Connectors (F=—/" IS

217 audio

1T 40 RE
Temp+
Temp- ||
GHDO .

e s Bottom

RE fadio

-¥ Solar Panel
Temp+

Termp- -Z Solar Panel ——Panel—
GHD GHD b} L

CTRL B
R3B1 PTT
Temp-
I GMD
RXD
e +5h H
+W power i
B1 Panel 4 connected i
= +¢ Solar Panel Y audic i
5 B+ Tad audio )
B - ano i
QL GHDO GHDO H
=ignOTR
I=al
Ibat
ILoad
Sw-tlm
D e
R4B2 =¥ 1] REINT
™ GHD
A GSE PSK Panel
B2 Panel M
- Solar Panel :"'85"'"
ﬂ " B2 v . 5‘3‘3
EZ -W
w, [ GHD 1 OO0 Oda

T TT7T7T

All connectors go here
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Interface Board

PSK-10 Transceiver Board
retaining only the Receiver portions

LhA
1448
SAGED2

]

1

= = =

7

N

LZ

2

SRE0Z

(Y
W

circuits etc...

This space available for all of the BAFT interface circuits,
connectors, Yoice module, power control and conditioning

it i

175" |

25"

Jan 2006 RAFT Ph-111 Safety Review
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Raft]l Electronics Systems

RAFT1 Radar Fence Transponder

YHF antenna

_ Doppler tone
HF wire Sto+5 KH? T
Antenna = X
— 294 MHz EI-:I.IIIlIEnelrn_Er —4 WHF Fi XMTHR HTR
Fok-31 recerer
audio tarx IIHF
— totir TCac antenna
r—-—=—=—--=-"-"=-"=-"=-"=-"=-"=-—-"=-"=-=-"=—- i |
N555 Radar Experment |
\HF FM RX THC : Sar Sepenme .
[ 217 Mhz !
L [irect Conwersion |
text-to-speach : Receiver |
experment | |
: I

http S 2w usna . edui~bruningafecratts2 1 xpndrs gif
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EPS and Solar Power Budget

FPOWER STRUCTURE

System Loop
Solar Array s ™ N
d Avverage Power s ", Discharge o = W stem Bus
] Charge
Batteries

Computing average solar power for a cube satellite
taking weighted average of all 26 possible
orientations.

This analysis is for an ISS orbit with a maximum
eclipse of 39% with a 25% efficient solar cell.

Jan 2006 RAFT Ph-111 Safety Review

Dire side 1 fall smewr
ik aides

|

One edge 1 full wiewr
Twelve edzes

Ctie corter i full smew

Eight Corners
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SCss=Solar Cell Efficiency

X.=Eclipse path efficiency

l;=Elements of Inherent Degradation

L=BusLoad

a=Sun Angle

PgoL=SCg*lg*SolarConstant

n=number of exposed cells

P=PgoL*sin(a)

A=area of one cell

Piotalavg=PavgltPavg2+P 43

t=exposure multiple

Ptota=P*n*A

tiota=total number of exposures

X=t/tiotal

T4=Time in Daylight

Pavg=Protal™

Te=Time in Eclipse

L= (P totalav g*xe*Xd*Td)/(Te*Xd+ Td*xe)

Solar Power Budget

Conclusion: The PCsat

Xq=Daylight path efficiency

SCet (%) 25 25 25
lq 0.77 0.77 0.77
SolarConstant 1367 1367 1367
PsoL (W/m?) 263.15 263.15 263.15
a (deg) 90 45 33
P (W/m?) 263.15 186.07 143.32
n 4 8 12
A (m?) 0.0028 0.0028 0.0028
Piotal (W) 2.95 4.17 4.82
t 6 12 8
total 26 26 26
X 1/4 1/2 1/3
Pavg w) 0.6801 1.9237 1.4817
Ptotalavg (W) 2.08
Ty 0.61
Te 0.39
Xe 0.65
Xq 0.85
L (W) 0.96

panels per side of the
satellite and a 39% eclipse
time, an average available
bus load of 0.96 watts will
be available to the
spacecraft.
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RAFT1 Required Power Budget

Current (mA)| Normal |Awg (mA)|] PSK-31 | Awg (mA)] STBY | Awg (mA)
VHF FM TX 500.00 2% 10.00 10% 50.00 1% 5.00
UHF FM RX 30.00 100% 30.00 100% 30.00 100% 30.00
TNC 15.00 100% 15.00 100% 15.00 100% 15.00
Down Converter 50.00 0% 0.00 10% 0.05 0% 0.00
29 MHz RX 50.00 0% 0.00 10% 0.05 0% 0.00
20% Reserve 9.00 9.00 9.00 9.00
Avrg (MA) 64.00 104.10 59.00
Normal Use | PSK-31 STBY | Available :
AVIg(MA) 64.00 10410 | 5000 |11azss7| !/hole Orbit Average
System (Volts) 8.40 8.40 8.40 8.4 1090 Depth of Discharge
Awvrg (Watts) 0.5376 0.87444 | 0.4956 0.96

Jan 2006
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MARScom Required Power

Budget

Current (mA) Normal Current (mA)| YPSATCOM | Current (mA)
VHF FM RX 30.00 100% 30.00 100% 30.00
UHF AM RX 30.00 0% 0.00 100% 30.00
SSB Exciter 50.00 8.34% 4.17 8.34% 4.17
1W Linear PA 100.00 8.34% 8.34 8.34% 8.34
Decoder 10.00 100% 10.00 100% 10.00
20% Reserve 8.00 8.00 8.00
Awvrg (mA) 60.51 90.51
Normal Use | YPSATCOM Avalible
Awvrg (mA) 60.51 90.51 114.2857143
System (Volts) 8.40 8.40 8.4
Awvrg (Watts) 0.51 0.76 0.96

Jan 2006
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Power System

RAFT 812V Power System
* 01, B2 1100 maH MiCd
* Peak load cuments S00 mas . 12 7 to 15 W
*lire Size 24
J_" R7
= PTT 23 ZNIBET b=d40
sy | = B2 1k
7] et | = 0oy 122to 148w | 1
E m E 5. 250 mA ) "L 114
| PTC fus :
Rl * FTC fuse
180 _ D1 [ 1o ma g% Bus LEDS ol
. el E ¥ gttt G5E charged
=olar Bus curment R | test port
=4 F 3.6v sensor Ok Failzafe ctriB J:.
PTT inputs 3.0k R¥ = onfot,
THC D5 & o A | '
RIT 3-'3%—@ Z1-74 8 55u [ el M
Z shunt regulation
2
Speech E,mk 0,35y 1H5214 'J" + - -
~ 020w THA738 ATT ATT ATT

+ Battery B1 iz 6 cellz NiCd feeding 7.2-3.4 unregulated bus to the TMC and Receiver.

* Zolar panels provide 260 m& at 5.5 voltz, &bout 110 ma, peak iz available to charge B1 and B2 via D1 and @1,

+ 21 iz hiased o110 m& trickle charge rate via R30S during charging. YWhen PTT goes low, DE pullz @1 OFF via B4,
+ Excess solar povver above 8§55 iz shurted via 21-24 leaving about 25 ma to each string

« For TX, Z481 and E7 turn QM 2 and @3 connecting B1/82 in series to provide 12 to 14.2 valtz to the XMTE.

* The R1-C1 time constant and Zener 24 azsures that both @1 and G2 will not be on at the zame time.

* Charging efficiency iz 91% of normal, dizcharge efficiency iz 98% of normal.
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Simplified Power System

pi | | pa P P4 Mote: The 0.7% drops acrozs D1 and @1 equals the lower voltage of the TX battery
=0 no cross charding is normally possible. The design is double fault tolerant.
o5 [ s If a cell failz-zhart, then crozs charge current i limited o a safe 0.2C rate by
21 acting in & constant current mode, and the PTC fuse.
¥ ¥FErwwrw 8 Bus 1 1.4 PTC fuse
G5E charges
190 mApeak 28 Solar Bus zep J S !_» 53 _,_J.,_. test part
260 mA sy total =0 O
B :L =+
. T.2t0 = 100 =
Charging 100| 84w = mA |
mAdi1a E o1 250 ma& PTC fuse
FTC fuze v 110 mAconstant cument
ON

Zee Charge Safety Document:  Ritp: Saeasny ewe wzna edul~bruningaicrattRAF Tohargesafety txd

.t

J_i a00 mﬁ'l'.}r{ Curment
P [p2| |Pa| |P4 —= B2 ON o
02 B0 1Zite 148y | 1
P || PS T
¥ ¥ ¥w ww ON &% Blus
sep o=+ B0 to 120 ma
Zolar Bus e e m
Bl =
. 7210 =
Transmit T pe—
4% duty cycle E:? H,:Afuge
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Operations Safety Features

All Transmitter circuits time-out to OFF

P1]|P2||P3||P4
1m Heartheat 3m Fuse far
ane-shot
Hitgh- Telemetry 1m Lowesy  external short
Shurt one-zshot dropout
| T f]l' G5E charge!

=olar Bus o J:. test port
g Bus R¥ FE:E;EIE on/off

H21? WO e PSE3
box Ry
,J, J T, J T T

PTT ATT PTT

pealt
’I\_[
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G3E Port

THaudio

RX audia =
+2% Bus [# i ﬁ
RXD . o —
THD z
e — |
OC J2 237 J1a1 34
TNC KPC3+  [LiRes
L CTRL-B
J2 Telemetry circuits v,
AHD GHD AM1  ANZ  AME ANS
L R TR R S L
100k . thermister
Bt
24k < Bus Current Ik

“olts

Saolar
Currernt

THC Fail Safe Reset Circuit

2 mins

THH 2

R1z2
220k

R13
100k

+Hh .
R11 1M 555 (bottom wiew’)
Ri4 8o GHNOA
Tdisz trig?2 |
2.2k Ethres out 3 —l +£4in
a1 Jetrl resetd THC
Cii l
E 100uF

Speech Failzafe 3 min One-shot circuit

Y
555 Timer Chi R
. % |_ d §1nnk
: 8Wec  GNDA mpl
Tdisc ftrig2
Gthres outd | 1 J1-8
Sctrl  resetd Win
CH . -2
1 DDuE 1: (bottom wigw’) 133

Connected LED on THC

Jan 2006

J2-2 +Bv

CTRL-B

THC output

Current Sensors

tim AN
out

zign bit
to OTR

PSK-31 Switch

+HY _‘:F#"
R38 || F T— PSE-31
RCWE
C3g -

2800 Hz User PSK-31 Pilot Tone Enable Circuit

PSEH
Rxaudio

10uF 1uF
C33 Caz

MESEY tone decoder chip

1 C3
2 Cz
Input

out

R1

GHND 7
R1C16

]
5 Q R 8.3k

T =]

T 13
::jg ,J, ,J., 4 e
o047 i =

Raz 33k 20K

R34

g PTT

15k

I C31 047 uF

RF2T Failsafe 1 min One-shot circuit

LY g—
R21 % 55 Timer Chip ¢ RZ3
470k 100k
SWec GNDA
7dizc trig2 _.I 1
cz Ethrez out3 | RF17
100uF == | Jctrl  reset 4 RHI0S
(bottom wisw Rad |
CTRL-ATHE autput EAsY PTT
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Battery Tests

Battery Cold Test Time Line (60 C)

Initial Test Coolto - 60C | Warm to Test |Discharge| Chargein Test
Charge Inspect Ambient | |Inspect Vacuum Inspect
——
14y .25 __‘-\_\] 14y
- Yot
257 o Volts
Violts Temp Temp

-B0C Pres

16 Hrs 2Hrz 20 Hrs 10 Hr= IHr= 3 Hr= 21 Hrs 2Hrz

»No mass change, no leakage
»Worst case 10% loss of capacity
»Design Capacity has a 4 to 20 overdesign factor
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PCsat Solar Panel I-V Curve

. RN
h | T charge | Angle
\\\ ——Amps @ 0
\ \\;\ Amps @ 20
, ™~ N

discharged

i

9
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Frequency Coordination

@ RAFT1 ITU Request Form submitted.
« TX: 145.825 MHz, 2 Watt, 20 KHz B/W FM
e RX:28.120 — 28.124 MHz PSK-31 Receiver
 RX: 145825 MHz AX.25 FM
e 216.98 MHz NSSS transponder

® MARScom DD 1494 submitted.
e 148.375-148.975 MHz VHF cmd/user uplink
e 24-29 MHz Downlink

* 300 MHz UHF YP Craft Uplink Whip
o

Jan 2006 RAFT Ph-111 Safety Review
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Radiation Hazard = None

Antennas Compressed, Shorted, Shielded and Sep-SW OFF

Deployed and Active
11 V/m

Pre-Separation
0.11 V/m

Jan 2006

Calibration Test

14 wave
monapale
antenna |
: —1
| .=
4 iy . .
RAFTT e o8 |t OO
C— O ' ved
) , received power
. FH EH -
J L -20 oBm
1 meter
Shielding Test
RAFT2
# shorted (high wswr) | —
» faraday shialded '| =
LA Py O A
C— O ' e
! . received povwer
A - 60 +i- & dBm
—_—

@ue Shielding = 40 dB +/-6 dB
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Questions?

RAFT Ph-111 Safety Review

54



Backup Slides

aaaaaaa RAFT Ph-111 Safety Review



Inadvertant Currents in Full Sun Exposure

‘ =0 no ctozs charging iz normally possible. The design iz double fault tolerant.
o || ps If & cell failz-zhort then cross charge current is limited to & zafe 0.2C rate by
2 21 acting in & constant current mode, and the PTC fuse.
* + 1.1 A PTC fuse
i

aY Bus
C‘j—' G5E charges

190 mApeak e3a Solar Bus J S test port
260 mA s total = 5 D1 A
A ="

Charging S

1.1 A
PTC fuse

2480 maA PTC fuse

il

Ju 110 mA constant cument

ON

+ Cannot AMT even in full un without main battery (needs 500 mA, anly 130 mA avail)
+ Light leaks in launcher are anly 1.25 sa” (out of 25 29" or only 15 mA

+ Indefinite float rating of batteries iz 35 mA (factor of 2 =safety)

* Waste heat is only D12V compared to solar heat gain of aver 40%Y

=ee Charge Safety Document.  bittp: ey ey uzna edul~bruningaicrattRAF TechargeSafety T

Jan 2006 RAFT Ph-111 Safety Review
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MARScom Lifetime Estimate

Educational Use Cnly
Satelite-MARScom - 14 Sep 2004 11:31:12

180
0.0009
170
0.0008
160
0.0007
150
140 010006
4.9 Months
0.0005
120
0.0004
10
00003
100
2 0002
a0
00001
10
" o
1 Dec: 2005 12:00:00.00 13 Feb 2006 16:50:33.02 29 Apr 2006 O1:41:08.05
Time (UTC3)
Height of Apoges (nm)
== Hgight of Perigee (nm)
— Eccentricity
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SSPL4410 LAUNCHER: Operation

No separation until
after both picosats
clear launcher

THE AEROSPACE
CORPORATION

1. NEA DEVICE ACTUATES
2. LATCH ROD SLIDES FORWARD

4. PICOSATs EJECT

3. DOOR SWINGS OPEN AND LATCHES

Door in open,
— latched, landing
position

W
2

NOTE: Top Cover
and Latchtrain Cover
not shown in this view

Jan 2006
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Mass Budget (kg)

RAFT1

Component Mass (kg) |Comments
Spool w/ HF Antenna 0.0536|Estimate
VHF Antenna 0.0046 |Estimate
UHF Antenna 0.0046|Estimate
PSK-10 Board 0.1215(Includes Interface
TNC Board 0.1409(Actual
Interface Board O|Estimated in PSK-10
Transmitter Board 0.0941(Actual
Receiver Board 0.083|Actual
Battery Boxes (2) 0.0406|Actual
AA Batteries (11) 0.2607|Actual
B1 Panel 0.138|Estimate
B2 Panel 0.138|Estimate
Transmitter Panel 0.138|Estimate
Receiver Panel 0.138|Estimate
Bottom Panel 0.138|Estimate
Top Panel 0.138|Estimate
PCSat Solar Panels (5) 0.3255|Actual
TOTAL 1.9571
Max Allowed 4

Jan 2006

MARScom
Component Mass (kg)|{Comments

VHF FM RCVR 0.094|Estimate
VHF AM RCVR 0.094|Estimate
SSB Exciter 0.1|Estimate
1W Linear PA 0.04|Estimate
Splitter 0.04|Estimate
Decoder 0.04|Estimate
Batteries 0.168|Estimate
Ant/Spring combo 0.3|Estimate
20% Reservwe 0.1752|Estimate
1/4" Aluminum 1.5|Estimate
Total 2.5512

Max Allowed 3

Will ballast for
RAFT
59
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VHF EZNEC Plots

Jan 2006
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RAFT1 Magnetic Attitude
Control

4 M Use Cursor, HOME and PAGE keys to change vieuw
THD)
ACT

L ooking West D23
40 deg N Latitude 2123

desd

s120 2200 22830 2360 2494y Z0Z0 26268 2Wel ZEB4) 2020300 383 31y
Scale 8
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Post Cold Test Battery Condition
(No Leakage)

Jan 2006 RAFT Ph-111 Safety Review
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-60 °C Battery Tests

Sealifor -

Triple walled chamber

30 Hour test @ -6

RAFT Ph-111 Safety Review
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-60 °C Battery Test: Thermal

Conditions
Q \\ y -
=T

Jan 2006 RAFT Ph-111 Safety Review
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Post -60 °C Charge Temp in

Vacuum

0 \

0.00 5.00 10.00 15.00 20.00
Time (hr)

Jan 2006 RAFT Ph-111 Safety Review
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0.45

0.40 -

0.35

Current (A)
© O
N w
(6 o

o
)
o

o
[HEN
a1

0.10

0.05

0.00
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Post Cold Test Discharge

Cuarrent
N~
0 50 100 150 200
Time (min)
RAFT Ph-111 Safety Review
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05 T

0.45 |

0.35 |

0.05 |
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PCsat P-V Curve

Power vs. Voltage

03
0.25 |

0.2+

/

\

Full
charge

0.1+

%ischarged

—e— Power @ O
Power @ 20
—*— Power @ 30
—+— Power @ 40
—— Power @ 50
Power @ 60

=
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Dead Battery Charge Efficiency

Battery Charge Voltage
8.60
8.40 e
! g q
|
2% of Peak Power point on PCSat panels
- sl
|
L

8.20

i

g 8.00
7.80 fi
7.60

Peak Power point of PCSat panels
L
7.40
0 50 100 150 200 250 300 350 400 450 500
Time {min)
Jan 2006
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Dead Battery Recovery Test

Battery Charge Current

Driven by PCSat Cells IV Curve
140

120 7

Qémﬁﬂ charge au:cuimulaticmE insun (1 152 rinf-‘xifo;r 50 rﬁin)
80 _33mAH dischargs in aclipse (50 ma for 40 min)
B0 mAH net charge gain in standby

Current (mA)

60

40

20

o 50 100 150 200 250 300 350 400 450 500
Time (min}
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Shuttle Safety Requirements

+ Fracture Control Plan Captive & Redundant

+ Fastener integrity Captive & Redundant

¢ Structural model of RAFT Ideas model,
Buckling

+ Venting analysis Done. 0.04 “

¢ Simple mechanisms Antennas

+ Materials / Outgassing COTS, Replace Electrolytics

¢ Conformal coat PC boards Yes

+ Wire sizing and fusing #24, fuse 1 amp

+ Radiation hazard Below 0.1v/m

+ Battery safety Yes

¢ Shock and vibration Yes
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Battery Safety Requirements

Must have circuit interrupters in ground leg

Inner surface and terminals coated with insulating
materials

Physically constrained from movement and allowed to vent
Absorbent materials used to fill void spaces

Battery storage temperature limits are -30°C to +50°C
Prevent short circuits and operate below MFR’s max
Thermal analysis under load and no-load

Battery must meet vibration and shock resistance stds
Must survive single failure without inducing hazards

Match cells for voltage, capacity, and charge retention
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