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Project Statement & Motivation REPTAR
Raytheon

REPTAR shall assist in the recovery of a de-orbited 1U Raytheon
Payload. The mission begins once the SmallSat has re-entered the
atmosphere and has reached subsonic velocity. REPTAR shall facilitate
the subsonic deceleration, landing, location determination, and
location transmission portions of the mission.

Recovery of payload enables:
® Lower mission costs by re-using the payload

® Obtain samples collected by payload on-board

Design , Design : Verification & Project
Solution > CPES> Requirements> RISkS> Validation Planning
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1) Launch Mission Concept of Operations 2) Orbit/Standby

REPTAR components survive ‘ REPTAR Components survive on
orbit conditions. Batteries
charged by bus.

launch conditions as payload
attached to a bus.

6) Land and Recovery :
REPTAR protects payload during

ground contact and transmit Legend
location.

REPTAR Solution

5) Deceleration Ilayllleon | _ g | | .IlayllleonSqutionf

Decelerate to subsonic speeds.

4) Re-entry nay'henn

Receive command from bus to
power REPTAR systems. REPTAR
separation from bus. Re-entry

Raytheon
3) De-orbit

Receive command from bus to power
REPTAR systems. Re-entry burn.

completed by Raytheon System.



Descent

Concept of Operations(CONO

After being decelerated to
subsonic speeds, REPTAR

activates atmospheric IReceive Location |

deceleration systems to .
orotect the payload. Recoyery team receives
% |ocation.

Decelerate parliit s a

o Fo st Ta s e /:é':’:' b g
Slows to safe landing speeds
- by deploying a parachute.
. Transmits location during

- descent.

ocation

within launch loading s aal | REPTAR || 2
: , g ‘ i =4 recovery element.
reqUIrementS- : _' ' Z ; " - e "",;‘;__q"", > -:i!_ "

r’, ‘.‘._«,‘,.,.-cg‘/‘__




Driving Design Requirements REPTAR

Raytheon
e
DR 2.1 REPTAR shall be 3U in size REPTAR must conform to industry CubeSat
standards

DR 2.3 REPTAR shall be less than 4 kg in mass REPTAR must conform to industry CubeSat

standards
DR 3.1 REPTAR shall survive an instantaneous REPTAR is expected to protect a 1U payload
G loading of 40 G’s that is designed to MIL-STD-810G standards
DR 4.1 REPTAR shall communicate its location A search team must be able to find and
over a radius greater than or equal recover the 1U Raytheon payload

to 45 miles

Design , Design : Verification & Project
Solution > CPES> Requirements> RISkS> Validation Planning
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Design Solution




Mission Timeline and FBD REPTAR

On-Orbit Standby
Altimeter * Maintain battery charge

Descent

* Triggered by bus signal
 Determine altitude

e Attain GPS lock

Deceleration [3,500 m]
* Triggered by parachute
Launch deployment altitude
Inhibits being reached

Burn Wire Kanthal Coil and * Deploy parachute,

3V3 Reg. Spring Deployer (x5) bottom panel,

Raytheon
Interface

Avionics
3V3 Reg.

Battery

Charger Iridium

uController
Battery

Pack

and side panels.
Transmission

* Triggered by deployments
* Transmit Location

7V4 (BATT) == AVI_3V3
P 12V == GP|O Active REYE

=P BW 3V3 e=p UART Component @ Component
, =P [2C




Parachute Deployment Sequence REPTAR
Raytheon

JW 80 m), 28.95

CDH Initiates Black Powder Ignition (3500 m)

94.5 m/s

Min Chute Deployment Altitude (3020 m)

5.77 m/s

ltitude (2615 m)

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017 REPTAE




Parachute
Housing

Side
Panels

- Avionics
Bay

Raytheon
Payload

GPS
Antenna

10 cm 10 cm Legs

CU AES Senior Projects 2016-2017 : REPTAR CDR
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Iridium
Antenna

REPTAR




Avionics Bay Key Components REPTAR
Raytheon

Altimeter
Bay

Avionics Bay

Main Board

Battery

Iridium
RockBlock
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Total Mass & Volume Budget B4 REPTAR

Descent Subsystem 1.23 —  Descentiib et
Landing Subsystem 395 0.41
Avionics Subsystem 518 0.36 | -
Frame 437 4 — Landing: 1.26 cm
Avionics: 3.64 cm
Raytheon Payload 1330 1.00
(Provided and Unchanging)
SYSTEM TOTAL 3063 3.00 Fl‘gythe"” Payload:
cm
‘ SYSTEM MAX 4000 3.00
- - . i Landing: 2.8
Margin 937 iéfg—'—-—w— 4 } anding: 2.8 cm

*All proceeding analysis assumes 4 kg system mass

: Design , Design : Verification & Project
Overview Solution CPES> Requirements> RISkS> Validation Planning
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Critical Project Elements



Critical Project Elements REPTAR
Raytheon

Critical Elements

Descent * Parachute Deployment

Landing * Leg and Side Panel Deployment

Avionics * Deployment Interfacing
* Antennae Pattern
e Altimeter Accuracy

Manufacturing
e Full System Testing

Full System

Design
Solution

Overview

13

Design Risks Verification & Project
Requirements Validation Planning
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Design Requirements



EGSE

Battery

Connected

Power

RBFP
Removed

SEP Switch
Open

Bus Trigger

Regulators

Overview DeS|gn
Solution
15

Launch Inhibit Considerations

REPTAR

® CPE:

Raytheon

® Interfacing to Deployment Mechanisms

® Requirements:

® FR1: REPTAR shall survive launch and
standby phase in space

® FR2: REPTAR shall conform to industry
CubeSat standards

® Concerns:

® None at this time

, Design . Verification

>

Project
Planning
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Altimeter Considerations REPTAR
Raytheon

® CPE:

® Altimeter Accuracy

Avionics ]
® Requirements:

® DR 3.1: REPTAR shall survive an
instantaneous G loading of 40 G’s

Altimeter Bay
® Concerns:

® Errors — Inherent inaccuracies in CDH
subsystem

® Delays — CDH tasks that take time, during
which REPTAR has traveled some distance

, Design : Verification & Project
CPES Requirements RISkS> Validation > Planning

: REPTAR CDR 1/17/2017 Bt

Design
Solution

Overview
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CDH Error Stackup REPTAR

Update Delay  Distance traveled between mm

measurement samples Altimeter Smallest altitude reading
Error resolved by the altimeter

Transmission  Distance traveled during the order of
Delay transmission from Altimeter to millimeters
Microcontroller Calculation Interpolation error in 5.0
: : : Error standard atmosphere
Calculation Distance traveled during a 0.9 looku tablé)s
Delay computation cycle of the flight P
code Total 5.7
Equilibrium  Distance traveled during the 1.3

Delay time taken to equilibrate the
ambient and internal pressures

Parachute  Distance traveled during the 1.0 h — 2 h + h —[13.7
n — — /M
Delay parachute deployment LRI z : delay E error
Total

Overview

17

Design , Design : Verification & Project
Solution > CPES RISkS> VaIidation> Planning
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Key Altitudes REPTAR

Raytheon
Atiudeim] | esrpion | Drver
REPTAR Flight Profile _ _ , _ _ _
30 | ' | 300 TPS Jettison Begin altitude sensing  REPTAR terminal velocity
= = Upper Bound 1275 becomes subsonic
o5 | :: IﬁowethtourE}d | t {250
I EREE e 5900 Upper Bound for Parachute deployment at
ol 1200 parachute deployment  higher altitudes induces
= e T greater than 40 G’s
=, 1172 E
815 1150 2 3513.7 CDH target for Builds in margin from CDH
3
% 1125 § parachute deployment error stackup
o N 1100 3500 Target for parachute Factor of safety for
17 deployment deceleration and
o R A RN R T S 1%° deployments
------------------------------------------ 25
0 | | | 1 . . 0 3050 Lower Bound for Not enough time for
0 S0 100 150 200 250 300 parachute deployment deceleration or

deployments

Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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Key Altitudes REPTAR

Raytheon
REPTAR Flight Profile REPTAR Flight Profile
30 T T T T T 300 36 T T T T T T T T T T 100
= = Parachute Deployment with Margin
- = Upper Bound 1275 L ]
- - Lower Bound Parachute Deployment 90
257 - - Parachute Deployment|  |250 180
1225 3.551 ]
170
20 1200
— 'a' — | E
3 e £ “E
) > ) >
15 1150 = 3.5 50 =
E s 2 g
101 1100
___________________________ 130
175 3451 T
120
5r 50
........................ .‘----:::::::::—:%;;:;;;25 110
0 | | | | | O | | | 1 | | | | | | O
0 50 100 150 200 250 300 158.2 1584 158.6 158.8 159 159.2 1594 1596 159.8 160
Time [s] Time [s]

Overview
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Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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Overview

20

Parachute Deployment REPTAR

Raytheon
Parachute

Housing

® CPE:
® Parachute Deployment
® Antenna Pattern

® Manufacturing

® Requirements:

® DR 3.1: REPTAR shall survive an
instantaneous G loading of 40 G’s

® Concerns:

® Black powder ignition provides sufficient
pressure to break thin aluminum plate

Design
Solution

, Design : Verification & Project
> CPES RISkS> Validation > Planning
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Overview

21

CDR Parachute Deployment

REPTAR

Thin

Aluminum

Plate

Descent

Parachute =———

Thermal
Wadding

Ejection / |

Canister

Design
Solution

\

Raytheon

-~ SmallSat
Rail

- U-Bolt
.———"————————

Bottom Plate

, Design . Verification

>

Project
Planning
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Black Powder Ignition Test REPTAR

I- ' * Computer Model Raytheon

e 20 PSI
* 0.3 g Black Powder
18 G’s on REPTAR from Ignition
* 34 G’s from Parachute Inflation
* 5.5 m/s Landing Velocity
e Results
 Recorded Pressure: 24 PSI
e Sources of Error
* Mols of Air
* |gnition Temperature
e Conclusion
* 20% Deviation from Computer Model

Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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Landing Legs REPTAR

* CPE: Raytheon

® Base Leg Deployment and Locking

® Requirements:

Lalllealll , ® DR 3.1: REPTAR shall survive an

"""""" Landing instantaneous G loading of 40 G’s
System Legs

® Concerns:

® Buckling of legs upon impact

G-Loading w/o | G-Loading | Max Allowable
Legs w/Legs G-Loading

Overview

23

Design CPE’s Design Ricks Verification & Project
Solution Requirements Validation Planning
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2.8 cm‘

Landing Base Plate Deployment REPTAR

Raytheon
® Prior to deployment, the base
Kanthal Coil | ¢g plate will be held to the system
Slotted Pin by 10 Ib-test nylon

_ ® Power will be sent to each

IR

i

: | Kanthal coil to cut the line with
' —H heat for deployment

Nylon J === Landing Base Legs

Bottom Plate Torsion Spring

Overview

24

Design CPE's Design Risks Verification & Project
Solution Requirements Validation Planning
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Landing Legs REPTAR

Raytheon

® Legs deploy as pairs instead of four
individual legs

® Legs deploy utilizing torsion springs

® Moment due to drag: 8.3 x 103 N-m

Overview

25

Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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Landing Leg Locking REPTAR

Spring Raytheon

Housing

Compression
Spring

Torsion

Spring 0.82 cm

Legs

_ | Slotted Pin

Design , Des : Verification & Project
Solution > CPES RISkS> Validation > Planning

Overview )
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Aluminum Foam Test REPTAR

Alumi F St Strai nay'heon
4000 [ uminum Foam Stress Strain * Performed in the Instron Laboratory 158 ¢m
3500 | in the ITLL
3000 | * 51.94 % Compression
2500 | e 4.72 % Error in predicted energy
= absorption
— 2000
LL ——
1500
1000 — Predicted
—Experiment
0 5% Error 1.77 cmf —
* at widest
0 point

0 0.005 0.01 0.015 0.02 0.025 0.03
Displacement [m]

Overview
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Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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Landing Side Panels REPTAR

Raytheon

Landing Side

® Side Panel Deployment and Locking

=1

® Requirements

® DR 3.1: REPTAR shall survive an
instantaneous G loading of 40 G’s

® Concerns

® Orientation of side panels

Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017 REPTAR

Overview

28




l' Side Panel Operation REPTAR

Raytheon

® Following deployment, the side
panel inserts into the center foam
structure of the system

® Acts as energy absorber, like the
legs

29\\ CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017




Landing Side Panel Deployments REPTAR

Raytheon
® Prior to deployment, side panels will be held to each other by 10 |b-test nylon

® Cut the same way as the bottom plate, releasing the side panels
Side Kanthal

Panel  Top View C°!

Focusing on Landing Side Panels

Nylon

CU AES Senior Projects 2016-2017 : REPTAR CDR




l' Landing Side Panel Deployment and Locking REPTAR
Raytheon

® Side panels deployed by torsion springs

® Drag force calculations: 0.012 N-m to be
overcome by springs during deployment (7 cm
long panel)

® Side panels locked by torque provided by torsion
springs and offset of side panels from walls

The material properties of aluminum allow for
proper orientation

Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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Antenna Considerations REPTAR

Raytheon
GPS ® CPE:
Antenna
® Antenna Performance
Iridium ® Requirements:
Antenna

® DR 4.1: REPTAR shall communicate its
location over a radius greater than or equal
to 45 miles

® Concerns:
® Antenna Pattern inside REPTAR Structure

® Location of Iridium Communication
Satellites relative to REPTAR

Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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., Descent Iridium Antenna Pattern Performance REPTAR

REPTAR in Descent

2500
3
— 2000
()
O
c
8
N
3 1500
c
9
© 1000
E
e —E-Plane
g 500 - —H-Plane
O =—Max Sat. Range
—Mln Sat Range

-100 -80 -60 -40 -20 O 20 40 60
Angle from Boresight [Degrees]

Iridium Parameter Power [dBm]
1

Transmitted Power

Minimum Receive Sensitivity

80 100

32.0
-127.6

33 “ CU AES Senior Projects 2016-2017 : REPTAR CDR

Raytheon
Boresight
-90 +90
Degrees Degrees

To Ground




Landed Iridium Antenna Pattern Performance REPTAR

Raytheon
4000 REPTAR after Landing
. —E-Plane
£ =—=H-Plane
= —Max Sat. Range
§ 3000 —Min Sat. Range [T
g E-Plane
o
c 2000 '900
i)
3 H-Plane
s
E 1000 +900
o)
O
0

-100  -80 -60 -40 -20 0 20 40 60 80 100
Angle from Boresight [Degrees]

Iridium Parameter | Power [dBm]
l

Transmitted Power 32.0

Minimum Receive Sensitivity -127.6 +90° -9Q°
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Iridium Orbit Path REPTAR

Raytheon

STK Descent Model (1km Elevation) © Iridium Orbit:
4 Hour Period ® 100 Hour Orbital Period
® 86 Active Satellites

® 100% Earth Antenna Coverage

EPTAR o ~
| @ ¥ It = ® STK Model in Descent:
A S L \“‘g, - ,,_.\ " g R SR
' l?q ' E .‘L]u ® 100% Coverage

l
I-
<o

’

DE WITH (;;\. MTAS “ FTRIAL N ® STK Model after Landing

® Worst Case: 10 Minute Passes with
2 Minute Spacing

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017




Overview
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Avionics Deployment Considerations REPTAR

Black Powder * CPE: L
Charge ® Avionics Interface
® Requirements:
Bottom Panel ® DR 3.1: REPTAR shall survive an

instantaneous G loading of 40 G’s

® DR 4.1: REPTAR shall communicate its
location over a radius greater than or

Side Panel Burn equal to 45 miles

Wire (x4) ® Concerns
® Physical Interface and Sensors

Burn Wire

® Power Budget

Iridium
Active

® Avionics Thermal Budget

Solution

Design CPE’s D§S|gn Ricks Verlf{catlpn & PFOJG.C’[
Requirements Validation Planning
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Deployment Triggering and Monitoring REPTAR
Raytheon

Bottom Burn Wire #1 Panel Deployer Power Monitor

3V3 D
P6

GND |I'GND g
P

HOT J._i_l

IPL1-102-01-L-S

LR14

U7

SENSE+ SCL
SENSE-  SDAI
VDD SDAO

ALERT

M1l

111

ADIN

INTVee
PAD ADR] |—=
GND ADRO

LTC2945TUD#PBF

® FET Controlled Burn Wire Interface ® Power Monitor capable of
Connector to AWG 14 Wire “snapshotting” 1 second periods and
(29 Amp. Max) determining power transfer.

Design , Design : Verification & Project
Solution > CPES RISkS> Validation Planning
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Battery and Regulator Statistics REPTAR

Raytheon
Pack 2 Panasonic Parameter 3V3 Avionics 12V Deployer
Configuration NCR18650BF cells in Deplover
series Efficiency 80% 93% 92%
Max Current 1.2 A 8A 10 A
' 1 12 12

Pack Voltage 7.2V (3.6V per cell) Junction 00 ¢ > ¢ 0¢

Temperature
Max 10 A Max
DIEEETEE Part Number ~ MCP1632 LTC1775 LTC3786
Internal 154 mOhm (77
Resistance mOhm per cell)
Capacity 3350 mAHr

38\\ CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017 Sl




Battery and Regulator Performance REPTAR

Regulator and Battery Performance over Flight

— | . l 100
<< ] -—3V3 Deployer
55000 i Bottom Side Panel — 12V Deployer | 909 =
S Panel > — _’ —3\/3 Avionics -~ e,
© Depl " ‘7 Deployment - State of Charge L
= B eploymen — | S
58;4000 Iridium 99.8 g
. 2
£ 3000 Black Trar\smlssmn loo7
= Powder Active A =
52090 Charge i | 09.6 &
H Lab]
= Trigger S
D 1000 + 99.5 5
3
0 ' 09 .4
0 50 100 150 200 250

o Flight Time from Activation [Sec]

Max Rated Current Draw [mA] Max Modelled Current Draw [mA]

3V3 Avionics 1,200 920
3V3 Burn Wire 8,000 5,560
12V Black Powder 10,000 4,670




-

Battery and Regulator Performance REPTAR

Power Dissipation over Flight

— 7 | | ) |
= ——
— Bottom ) - 3\/3 Avionics
45 6 P | Side Panel —3V3 Deployer|_
= Depl t — Battery
=5 eploymen i
(] . g
O, L Iridium ]
= . .
o Black Transmission
U .
L37 Powder Active A .
@ ol Charge { \_
(=) Trigger
S 1 |
=
(]
D— 0 | |

0 50 100 150 200 250

o Flight Time from Activation [Sec]

Max Rated Junction Temp. [C] Max Modelled Junction Temp. [C]

3V3 Avionics 125 85
3V3 Burn Wire 125 100
12V Black Powder 125 120
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M, Risk Introduction REPTAR
Raytheon

Very Low - No effect on cost or schedule
o -
3
3
Schedule slip > 3 weeks
High a Cost slip > S500
‘ . (60%-80%) Some requirements not met

Verzl Higho Project failure, most requirements
(80%-100%) not met

Design Verification & Project
Requirements Validation Planning

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017

Schedule slip < 1 week

Low Cost slip < $200

(20%-40%)

Schedule slip < 3 weeks

Moderate Cost slip < S500

(40%-60%)

Design
Solution




Pre-Mitigation Risk Assessment REPTAR

Rs loeapton

RD1: Black Powder Ignition
RD2: Insufficient Top Break
RL1: Bottom Leg Locking
RL2: Side Panels Orientation
RA1: Antennae Failure

RA2: Regulator / Battery Overdraw

Black Powder fails to ignite properly

Top fails to allow chute to properly eject from canister
Bottom legs fail to lock after deployment

Side panels do not properly orient before ground impact
Antennae do not send or receive data properly

Regulator or Battery overheat and fail due to current overdraw

Severity
3

RD1

RD2,RL1,RL2

5 (Very High)
'§ 4 (High)
% 3 (Moderate)
= |2 (Low)

43 1 (Very Low)




Post-Mitigation Risk Assessment REPTAR

RD1: Black Powder Ignition
RD2: Insufficient Top Break
RL1: Bottom Leg Locking
RL2: Side Panels Orientation
RA1: Antennae Failure

RA2: Regulator / Battery Overdraw

Packing BP canister, testing

Perforation in top plate, Increase black powder, Testing
Compression springs lock a slotted pin

Torsion springs that exceed expected Drag Force
Antenna placement on the deck has been optimized

All regulators include heat sinks and expanded ground planes

Severity
3

RD1

RD2,RL1,RL2

5 (Very High)
'§ 4 (High)
% 3 (Moderate)
= |2 (Low)

44 1 (Very Low)




Post-Mitigation Risk Assessment REPTAR
Risk  |Mitigaon

RD1: Black Powder Ignition Packing BP canister, testing

RD2: Insufficient Top Break Perforation in top plate, Increase black powder, Testing
RL1: Bottom Leg Fails to Lock Compression springs lock a slotted pin

RL2: Side Panels Fail to Orient Torsion springs that exceed expected Drag Force

RA1: Antennae Failure Antenna placement on the deck has been optimized

RA2: Regulator / Battery Overdraw All regulators include heat sinks and expanded ground planes

Severity

3
5 (Very High)
'§ 4 (High)
% 3 (Moderate)
= |2 (Low) RA1 RL2
45 1 (Very Low) RD1,RD2,RL1




Verification and Validation



DR 1.5 Launch Survivability Vibration Test REPTAR
Raytheon

Motivation:
e Acquire data on mode shapes
e Validate launch survival environment

Logistics:

Facility: ITLL Vibration Table

Tentative Week: 03/20/17 - 03/24/17

LabView: Currently exists (Spacecraft Control LabView)

Vibration Profile of Delta IV:

Axis Frequency (Hz) Acceptance Test Levels Sweep Rate
Thrust S5to62 1.27 em (0.5 in) double amplitude| 4 oclaves/min

6.2 to 100 1.0 g (zero to peak)
Lateral 5to 100 0.7 g (zero to peak) 4 oclaves/min

Figure 3-54. Sinusoidal Vibration Acceptance Test Levels

Design , Design : Verification &
Solution > CPES> Requirements> RISkS

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017 CEPTAL.

Project
Planning

Overview
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Launch Survivability Vibration Test REPTAR

Raytheon
Mountin
Dimensions 14”x4”x4” 16“x16” 5
Weight 10lbs 25lbs(vertical), LabView1
50lbs(horizontal)
Frequency 5-100Hz 0-200Hz LabView?2

Sweep

 Modal Sweep: Frequency Sweep of 5-100Hz with a loading of 0.25G (Safety

Factor of 4)
* Post test assessment: Compare frequency response from Sine sweep with 0.25G

and 1G
* Failure Criteria: 2+10% modal shift indicative of structural failure/alteration

Design , Design : Verification &
Solution > CPES> Requirements> RISkS

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017

Project
Planning

Overview
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Full System Drop Test REPTAR
® Motivation: Raytheon

® System level validation

® Acquire data for system G-loading model validation.

® Tentative onboard sensors : Accelerometer, 2 cameras (for visual data)
® Logistics:

® Company Name: SkyDive Colorado, Fremont County Airport, Canon City, CO.
http://skydiveco.com/

® POC — Nate Morgan, and Mat Clark (owner).
® Tentative Week: April 1st week (04/03/17-04/07/17)
® Cost: $200-300

Project

Design , Design : Verification &
Solution > CPES> Requirements> RISkS Planning

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017 CEPTAL.
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http://skydiveco.com/

Drop Test Measurement Equipment REPTAR

Raytheon
YOI (el o [IC=IO  Accelerometer and ADC Statistics
ICEL G oI  « +/- 200 G Range

(ADXL345) * 0.1 G Accuracy
* 3.3KHz Update Rate

Pi Battery
(ZILU Remote)

ADC Battery Statistics

SCELGINAEE[GN © 4400 mAhr Capacity
(ADS1015) * 2 Hour Expected Lifespan in Test

Raspberry
Pi 2

Pi Camera
, 8 Megapixels
REPTAR Pi Camera [x2] + 3280 x 2464 Resolution
(Camera Board v2) * 25mm x 23mm x 9mm

Interface

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017 GErtAk. \




Full System Drop Test REPTAR

100 Comparison of Actual Descent to Test Drop Raytheon
I I T I I I |
) — Actual Flight
| —Test Drop ~
system will be within 5 m/s
£ 60L | of terminal velocity
= ® Drop zone location is in
§ 40 1 ] altitude range of UTTR
20l | ® Minimum altitude drop
a test can be used to
. | | | | | | minimize wind drift
4.5 4 3.5 3 2.5 2 1.5 1
Altitude (km)

CU AES Senior Projects 2016-2017 : REPTAR CDR 1/17/2017




Full System Drop Test: FAA Regulations REPTAR
Raytheon

www.ecfr.gov

e-CFR data is current as of November 14, 2016
Title 14 — Chapter | — Subchapter F — Part 91 — Subpart A — §91.15

Browse Previous | Browse Mext

Title 14: Aeronautics and Space
PART 91—GENERAL OPERATING AND FLIGHT RULES
Subpart A—General

§91.15 Dropping objects.

No pilot in command of a civil aircraft may allow any object to be dropped from that aircraft in flight that creates a
hazard to persons or property. However, this section does not prohibit the dropping of any object if reasonable precautions
are taken to avoid injury or damage to persons or property.

|

Design , Design : Verification & Project
Solution > CPES> Requirements> RISkS Planning
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Organizational Chart REPTAR

Raytheon
Project Manager
Aaron McCusker
Testing Lead Systems Lead Financial Lead Manufacturing Lead
Himanshi Singhal Lee Huynh Dustin Fishelman Kevin Faggiano

Technical
Leads

C&DH Lead COM & EPS Lead Landing Lead Descent Lead Modeling Lead
Nathan Yeo Will Sear Calvin Buechler Cody Gondek Craig Wenkheimer

Overview
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Design , Design : Verification & Project :
Solution > CPES> Requirements> RISkS> Validation Planning s
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Work Breakdown Structure REPTAR
Raytheon

REPTAR

Deliverables

Descent Landing Avionics

Antennae Pattern
Models

Force and Impact
Models

I \
|
_[
_[

Aerodynamic and

Foam Structure
Force Models

Chute
Deployment

Order Material Order Parts CDH Timing

-

1

J

Antennae Field
Test
Avionics “Day in
the Life”

Descent
Subsystem Drop

Board Schematic
Creation

Order
Components

Aluminum Parts

G J

p———— 11

Chute Cylinder

-
-

J
J

Black Powder

. ) Mounting Devices
Mass Calibration &

J

Chute Attachment |
to Frame

G

J

Deployment
Devices

PCB Rev A

J

.
.

J

Landing

PCB Rev B
Subsystem Impact

p———

.
.

J

Key

Completed

[ Future Work ]

Vibration Test

\

/

Final Drop Test

REPTAR
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Cost Plan REPTAR
Raytheon

Parachute (x3) S510
Fiberglass Tubing $130
Ejection Canister (x5) $100
Aluminum Sheets $190
Side Panel Manufacturing S600
Aluminum Foam S400
Iridium RockBlock2+ $250
Populated Boards S300
Circuit Board Revisions (x3) $200
Aircraft Rental S250
Shipping and Other S470
Total $3,400
Maximum $5,000

56 Margin $1,600 4




Test Plan

Pre-Semester (Dec 1 —Jan 16) Epoxy Testing, Landing Deployment Mechanism Testing

Weeks 1 — 2 (Jan 16 —Jan 29) Avionics Rev A Bringup, Parachute Drop Test

Weeks 3 —4 (Jan 30 — Feb 12)

Weeks 5 -6 (Feb 13 — Feb 26)

Weeks 7 — 8 (Feb 27 — Mar 12)

Chute Attachment Load Testing, Field Testing, Chute
Deployment w/ Compressed Air

Chute Deployment w/ Black Powder, Avionics Rev B
Bringup,Foam Impact Testing

Landing Subsystem Drop Test, Avionics "Day in the Life",
Chute inflation testing

Weeks 9 — 10 (Mar 13 — Mar 26) Vibration Test

Weeks 11 — 13 (Apr 3 —Apr 23)  Full System Drop Test

Overview

57

REPTAR

N [ T

MSR - Feb 6

TRR — Mar 6

Last Machining Day —
Mar 24

SFR — Apr 24

Design , Design : Verification & Project :
Solution > CPES> Requirements> RISkS> Validation Planning :
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Gantt REPTAR
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Obtain Parts REPTAR

Raytheon
Dec11-Dec 1716 Dec18-Dec 24116 Dec25-Dec 3116 Jan1-Jan7'17 Jan8-Jan 1417 Jan 15-Jan 2117 Jan 22 -Jan 2817
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Obtain Copper Foam Légs
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Obtain Epoxy fanprinis
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Gantt Chart
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Subsystem Manufacturing REPTAR
Raytheon
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