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Mission Overview
Steven Hard
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Mission Statement

To embark on a collaborative effort with
academic institutions across the state of
West Virginia for development and
expansion of knowledge and practical
experience In  designing, building,
launching, and operating space payloads
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WV RSC’16 Mission Overview

* Goal: Develop and test several science and engineering
experiments for space operations
* Objectives:
— Capture NIR Earth images from space
— Measure atmospheric pressure and magnetic field of Earth
— Gather redundant flight dynamics data
— Determine attitude in space relative to sun
— Stress test ABS plastic in space

» Port Access: Optics port (1) and atmospheric port (2)
* Benefits SmallSat community

— Develop COTS orientation estimation techniques
— Prove feasibility of 3D printed structural elements
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Top Level Reguirements

Requirement verification Description
. Method P

Camera must be able to view earth’s | Verification | Software verification will determine if
surface and configurable to take the frame rate is successfully
video at 60 fps reconfigured
Minimize distance between WVU- Inspection The physical distance between the
CAM NIR lens and optical port using optical port and the NIR lens will be
linear translation measured and determined if optimal
Need a data collection system to Verification | Software verification and analysis will
store the measurements (in-flight) @ verify this requirement
2 Hz
The system shall survive the Test The system will be subjected to these
vibration characteristics prescribed vibration loads in June during testing
by the RockSat-C program. week.
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Presenter
Presentation Notes
Done
Rocket must reach at least 90 km 
Done


Theory and Concepts: Magnetic Field

*Background

— Known variations of approximately
(~0.2G) in the magnitude of Earth’s
surface magnetic field

*Purpose

— Are there similar variations with
altitude?

— Based on NOAA’s maps, have there
been changes since last mapping?

- What 1s the time scale for variations in earth’s
surface B-field?

* Understanding complicated nature of Earth’s B-field

* Important for understanding the Earth’s dynamo
and how its B-field changes over time
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Theory and Concepts: NIR Vegetation Imaging

*Background
— Pigment in plant leaves
(Chlorophyll§ strongly absorbs

visible light (from 0.4 to 0.7 pm)
for use in photosynthesis.

— Cell structure of the leaves

strongly reflects near-infrared
light (from 0.7 to 1.1 pm)

— The more leaves a plant has, the
more these wavelengths of light
are affected

*Purpose
— Assess the vegetation health along the east coast
— Identify areas of sand or drier vegetation

— Determine if science apparatus is feasible for orbital
mission
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Theory and Concepts: Solar Panel Orientation

*Background

— Solar panel current information
and knowledge of panel geometry

Inecideng Light
can be used to create virtual sun ’,_,,—AH__ Y
AZ=0¢° L FL|
sensor | = NV
— Roughly determine a satellite’s \ ._
sun vector EL = 0°*

I,=I,ocos(AZ)cos(EL)

I, =1BO,,,(AZ — 26,)cos(EL)
where:
AZ = satellite reference solar azimuth
EL = satellite reference solar elevation
0, = half angle between panels
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Theory and Concepts: Charged Particles

e Background

— Yy ray photons have A
between 0.03-0.003 nm

— x-rays have A between 0.2-
0.1 nm

— Geilger counter detects
radiation within 0.1 to 200
mSv/h

— Radiation causes 1onization
1n counter that 1s detected
at anode as voltage

e Purpose

— Quantify radiation and map with change in altitude
— Hopefully detect gamma ray burst
— Evaluate detector for mission uses
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Expected Results: WVU-CAM

« Continuous video throughout entire flight and payload
recovery

 Extraction of “good” images from video data during flight
- Good: visibly distinguishable land mass or NIR source

» EXpect to create a Normalized Difference Vegetation
Index (NDVI) of reflected NIR light intensities (from 0.7 to

1.1 um) for each good image
- Index of plant “greenness” or photosynthetic activity

» Additional payload cameras providing visual indication if
any faults are experienced during flight

RockSat-C 2016 10
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Expected Results: SPACE-8X

 Detect slight deviations in the mapping of Earth’s magnetic field since

NOAA'’s previous mapping in 2015

- Prove that the magnetic field is moving

 Also look to see fluctuations in magnitude of Earth’s magnetic field in

relation to altitude

- 2015 NOA WMM data indicates the total field at 37.85° N 75.4667° W is over
50,600 nT, while at 150 km elevation, this value is about 47,600 nT

Model Used:

WMM2015

Horizonta

2015-10-28 -11.4927°  64.6943° = 21,643.8nT = 21,209.8nT  -4,3124nT = 45776.1nT 50,635.0nT

0000000000

64.6764°

Uncertainty 0.35

Uncertainty 0.3

33333

LLLLL

« Estimate payload attitude using a custom solar panel as sun sensor
- Optimal results would be Sun angle determination to within 1-, acceptable

results to within 3o

« 3D map of flight trajectory and plot of atm pressure and temperature vs.

altitude

« Simulation of payload attitude adjustment

« Comparison of COTS IMU performance with high resolution IMU

* Reduction of yield and ultimate stress of ABS plastic

N@s‘.A
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Success Criteria

« Minimum Success Criteria:

— Collect a single remotely captured NIR vegetation image
for NDVI analysis

— Collect visual indication data through entire flight
— Collect IMU and B-field data between Okm and apogee

* Comprehensive Success Criteria:

— Data from all experiments collected throughout entire
flight

— IMU and B-field data is in accordance (< ~10% variance)
with the other subteam data and the NOAA model

— Estimate sun vector to within 3°

— Determine tensile yield stress of ABS plastics 1n space

VAsa RockSat-C 2016 14
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Concept of Operations

H = 115km (T = 2.8 min)

Apogee

H= 75km (T =1.3 min)
Boom extension triggered

H=52km (T = 0.6 min)
End of Orion Burn

H =%5 km (T = 2.3 sec)
Atmospheric Port valve open
H=0km (T =0)
Launch
H =0 km (T = -3 min)
All systems on
Begin data acquisition

RockSat-C 2016
PDR

H =50 km-(=4:5min)
Boom retraction triggered

H=10.5km (T =5.5 min)
Chute deploys

H=1.5km (T =13 min)
Atmospheric Port valve closed

H=0km (T =15 min)
Splashdown




System Overview
Steven Hard
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System Definitions

- SPACE: Student Partnership for Advancement
of Cosmic Exploration

- WVU-CAM: West Virginia University Camera
Experiment

- WVWC-SPACE: West Virginia Wesleyan College
SPACE Experiment

* SU-SPACE: Shepherd University SPACE
Experiment

- MU-SPACE: Marshall University SPACE
Experiment

* WV UTech-SPACE: West Virginia University-
Institute of Technology SPACE Experiment

* PDS: Power Distribution System

« SIS: Structural Integration System

N@%A RockSat-C 2016 17
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System Level Block Diagram: Lower Half

Structural Integration System

Ve

WVWC-SPACE <

SU-SPACE <

MU-SPACE <

T-3 min activation
switch (Wallops)

Power Distribution
System

Data/
Control

Low
Voltage —
3.7V

WVUTech-
SPACE

'

WVU-BOOM
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Presenter
Presentation Notes
Whole system FBD
Fd= flight dynamics
RPE= radio plasma experiment
DE= dust plasma experiment


System Level Block Diagram: Upper Half

Structural Integration System

Ve

FSU-SPACE <

BRCTC-SPACE <

BVCTC-SPACE <

T-3 min activation
switch (Wallops)

Power Distribution
System

WVSU-SPACE <

RockSat-C 2016
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Presenter
Presentation Notes
Whole system FBD
Fd= flight dynamics
RPE= radio plasma experiment
DE= dust plasma experiment


Critical Interfaces

Interface Name

Brief Description

The WVU-CAM subsystem will need
constant power throughout the flight
from the power supply. Also a constant

Potential Solution

WVU-CAM will need to be correctly
wired into the PDS. Also the camera
must utilize the proper communication

WVU-CAM feed to the microprocessor to save all protocol and connection to the
data. microcontroller. Camera must be
positioned viewing optical port
The NIR camera boom of the WVU- NIR camera boom of the WVU-CAM
CAM subsystem will need constant | will need to be correctly wired into the
power throughout the flight from the PDS. Also the microcontroller must
WVU-CAM power supply to its servo motor. Also a utilize the proper communication
control feed is needed to deploy/retract | protocol and connection to the servo
the boom after/before high-g events and motor for control signal.
current overload protection
The SPACE (8x) subsystems will need | SPACE(8x) will need to be correctly
constant power throughout the flight | wired into the PDS. Also the camera
from the power supply. Also a constant | must utilize the proper communication
SPACE (8x) P PRy brop

feed to the microprocessor to save all
data.

protocol and connection to the
microcontroller.

RockSat-C 2016
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FBD — Lower mechanical/system (rough diagram)

Connected to each
other with standoffs

WVUTECH-SPACE
Electronics — controlling sensors & Shepherd-SPACE
data storage Electronics — controlling sensors &

(mounted to stack) data storage
(mounted to stack)

WVWC-SPACE
Electronics — controlling sensors & Marshall-SPACE
data storage Electronics — controlling sensors &
(mounted to plate) data storage
(mounted to Plate)

WVU-CAM
Electronics —

controlling cameras

Mounts to base of

canister
RockSat-C 2016 21

PDR




FBD — Upper mechanical/system (rough diagram)

Connected to each
other with standoffs

Mounts to top of

canister (inverted)

Makrolon plate
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Top View Payload Dimensions

All dimensions in inches




Side View Payload Dimensions: Lower Section

All dimensions in inches
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Side View Payload Dimensions: Upper Section

All dimensions in inches
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Design Overview: RockSat-C 2016 User’ s Guide Compliance

» User' s Guide
Requirements
— Predicted mass: ~13 1lb " oeers Guide
* Lead ballasts to make weight iy
— Predicted volume: Full can

— Activation type: Early
activation
* T-3mins
* One activation only
— Special requests: Ports

* Optical

» Atmospheric (Static &

Dynamic)
VAsa RockSat-C 2016 26
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Design Overview: Shared Can Logistics

- Partners (NASA IV&V Sponsored):

 West Virginia University Team: WVU-CAM

West Virginia Wesleyan College: WVWC- Y
SPACE Y

Shepherd University: SU-SPACE
Marshall University: MU-SPACE

West Virginia University Institute of
Technology: WVUTech-SPACE

Fairmont State University: FSU-SPACE

Bridge Valley Community Technical College:
BVCTC-SPACE

Blue Bridge Community Technical College:
BRCTC-SPACE

West Virginia State University: WVSU-SPACE

RockSat-C 2016 27
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Design Overview: Shared Can Logistics I \\ (/ S

* Plan for collaboration 1NN
—Weekly/Monthly Telecon sessions
—Share designs using Google drive
— Will fit check before June

- Mounting to bottom plate

* Not using a mid-mounting plate

* Ports:
— Optical (WVU & MU)
— Atmospheric (FSU & BRCTC)

N@E‘s[\ RockSat-C 2016 28
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System Operations

T-3min Turn on all Cplle(I:t Open :
systems Vls_ua | Atmospheric
Indication Port Valve
Data
Collect Collect NIR T+1.3min:
SPACE Images Extend boom
Data
T+ Emi T+13 mins:
+4.0Mmin. Close
Splash
Retract boom Atmospheric P
Port Valve
RockSat-C 2016 29

PDR



Subsystem Design
WVU-CAM

Steven Hard
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WVU-CAM: Trade Studies

CPU Raspb Jet Actuator Firgelli  Tritex 1 SPecialty
Sz Beaglebone L L12  TDMOGO ';"g;’;‘j
Cost 10 7 5 Cost 7 5 5
Availability 10 10 6 Availability 10 7 7
Clock Speed 7 7 10 .
Linear Force 8 10 8
A/D o] 8 6
Converters
Speed 9 10 10
Programming 7 7 7
Language
S 10 3 10
Resources 10 5 1
Available
Average: 8.8 7.3 5.8 preteas 8.8 7.0 8.0
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WVU-CAM: Block Diagram

== Ribbon /
i T-3 Mins Early Activation
c Raspberry Pi oWallops) y |
g (SBC)
— Power
16 G%g/:igroSD Data
- Raspberry Pi
—>5 (SBC)
A Digital 16 GB MicroSD
10 Card
Infragram
Webcam
(NIR Cam)
Linear Actuator Motor
(NIR Boom) = Control
Pi-NoIR ler
Camera
(NIR Cam)
Micro Web Micro Web
Camera Camera
(Payload (Payload
Camera) Camera)
RockSat-C 2016 32
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WVU-CAM: Prototyping Plan

|

NIR/RPI

Camera Boom

|

Payload Camera

Positioning

-

(

Structural
Support

J—

Risk/Concern

The actuation of the boom could
potentially run NIR lens into optics port
window if not designed properly

-

The visual indication of payload
functionality may not be collected if the
cameras are not pointing in the optimal
direction

.

~

J

/

Mechanical design lead identified later
than anticipated which could potentially
cause delays in integration

-

\

Action

Build and test boom
configuration to physically
limit boom actuation

J

4 )
Identify key areas of fault
indication and design
camera mounts to focus
lens accordingly

- /

4 )
Work closely with ME lead
to prototype complete
preliminary payload canister
layout prior to CDR

- /

N@Zﬁc‘m
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Subsystem Design
WVWC-SPACE

Andrew Tiffin
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WVWC-SPACE: Trade Studies

Razor Analog Devices Pro Micro Arduino Uno

Cost 9 5 o 9 8
Availability 10 9 Availability 10 10
o | 10 3 "o | 10 10
Size 8 Size 10 3
Reliability 9 10 Ease of set up 7 10
Average: 9.2 7.6 Average: 9.2 8.2
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WVWC-SPACE : Block Diagram

v

T-3 minute early activation

— Power
—— Data
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WVWC-SPACE: Prototyping Plan

Risk/Concern Action
The functionality of the Prototype the OpenLog unit
SD Card unit OpenLog SD card board needs on a bread board to verify
to be verified by CDR functionality
4 ]  We will test the payload
The gyroscope could saturate on a turntable at various
if rocket spin exceeds 5.6 Hz J pin rates, including
\. \. saturation

The functionality of the Prototype the micro
microcontroller board

needs to be verified by board ona bregd bqard
CDR to verify functionality

RockSat-C 2016 37
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Subsystem Design
SU-SPACE

Rachelle Huff
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SU-SPACE: Trade Studies

Arduino  Arduino  Net burner Pro Magnetometers  Honeywell HMC5883L
uController "y, Uno MOD52  Micro
Availability 10 7 5 10 Availability 8 10
Cost 10 7 5 o) Cost 8 10
Clock Speed 8 8 10 8 Familiarity 10 8
A/D Size ®] 10
Converters 10 10 10 10
Accuracy 10 9]
Familiarity 9 10 3 10
Average: °] 94
Size 10 5 6 10
Average: 95 783 6.5 95 Using only a few methods
to compare of two different
magnetometers

Using various methods to compare
different microcontroller boards

N@@?A RockSat-C 2016 39
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SU-SPACE: Trade Studies (cont.)

IMU’s 1’22'080 Adafruit  Razor 1’23'087 GY-85 Teg"epnesr(‘;":‘s”e MPE?Z%SAZ TMP36 TMP102
Availability 8 10 10 4 9 Availability 8 10 9
Cost 7 10 7 S 10 Cost 8 10 9
Familiarity 9 8 10 o 8 Familiarity 8 10 8
Size 6 9 8 5 10 Size 9 10 9
Accuracy | 10 9 7 10 7 Accuracy 9 8 10
DOF 4 10 9 10 9 Range 8 10 7
Average: | 7.3 9.3 85 | 7.6 | 8.83 Average: 6.6 9.6 8.6
Using a variety of methods to Comparing different temperature
compare different IMU’s, including sensors to determine the most
the two used in the experiment effective one
-TMP36 appears best but lacks a
filter
NE;;A RockSat-C 2016 40
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SU-SPACE: Block Diagram

Honeywell Adafruit IMU 10
Magnetomete DOF T3
r
T _‘ T l T GND(Wallops)
<€ . e
Razor IMU > Arduino Mini Power
<« -
H l r’ IW | Ground
) TempY Power
Micro SD
Card OpenlLog Senso Data
(— [

RockSat-C 2016
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SU-SPACE: Prototyping Plan

e The following is what we will test between now and CDR to mitigate risks

Risk/Concern Action

[ Razor IMU

(" Perform various tests to )
confirm both can
communicate

Concern with using both
IMU’s since they both use

Serial .
\_ simultaneously )
( The functionality of the Prototype the micro
Pro Micro microcontroller board needs board on a bread board
L to be verified by CDR to verify functionality

42



Subsystem Design
MU-SPACE

Nicole George
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®
MU-SPACE: Trade Studies

pController Raspberry Pi 2 BeagleBone Adafruit 10-DOF
Model B Black ADIS16300 IMU Breakout -
ADOE L3GD20H +
Cost 10 9 7 (4DoF) LSM303 +
BMP180
Availability 10 10 10
Cost 1 10
Clock Speed 2 10 10
Availability 10 10
A/D 10 6 10
Converters Accuracy 5 8
Programmin 6 9 4 Average: 5.3 9.3
g Language
Average: 7.6 8.8 8.2
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Presenter
Presentation Notes
Similar prices and availabilities
Arduino’s clock speed is significantly less than Raspberry Pi and BeagleBone. Need a faster clock speed.
A/D converters pre-installed in Arduino and BeagleBone
Pi lacks A/D converters
They are easy to buy and install.
Some members of MU-SPACE know programming languages of Arduino and BeagleBone. BeagleBone is a bit too complex for team
Majority know how to code better in Python which the Raspberry Pi uses
Raspberry Pi 2 Model B is best decision



MU-SPACE: Block Diagram

IMU

Real Time Clock

Panel

T-3min

Raspberry Pi 2

Model B

Micro SD Card

Power

Current Amplifier

RockSat-C 2016
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Power
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MU-SPACE: Prototyping Plan

Risk/Concern Action

[ Razor IMU

(" Perform various tests )
to confirm both can
communicate
\ __Simultaneously )

Concern with using both
IMU'’s since they both use
Serial

( The functionality of the Prototype the micro

. microcontroller board
needs to be verified by board qn a bre"?‘d bqard
to verify functionality

CDR

RockSat-C 2016 46
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Subsystem Design
WVUT-SPACE

Scott Browning
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.
WVUT-SPACE: Trade Studies

HController  XMega ATMega 32 L
Cost 8 10
Availability 10 10
Clock Speed 10 5
A/D Converters o) 5
Programming 8 8
Language
Average: o] 7.6
RockSat-C 2016 48

PDR


Presenter
Presentation Notes
Several types of strain gauge sensors were researched that can correlate with the Arduino system. This has been narrowed down to the Load Sensor Disc TAS606 module and the Load Sensor Straight Bar TAL220 module.

Disc TAS606:
Can translate more pressure into electrical signal
Greater cost

Load Sensor Straight Bar Tal220:
Larger in size and would require plates to apply force against while the disc could handle the tensile specimen.




WVUT-SPACE: Block Diagram

V4

Adafruit IMU Sensor
3D Gyroscope

3D Magnetometer
3D Accelerometer

T-3 Early Activation
Switch

Strain Gauge
Disc TAS606

':5 Microcontroller
O Arduino MINI

» Flash Memory

RockSat-C 2016
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WV UTech-SPACE: Prototyping Plan

TAS 606 Strain
Gage

Arduino MINI

MicroController

If this is used; finding room
to mount the tensile
specimen around it could be
a significant challenge

Lack of experience in coding
may cause complications in
programming the
MicroController

RockSat-C 2016

Model in SolidWorks and

test parameters of plates

to verify it fits in canister
slot

Consult electrical
professor and/or research
coding online
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Subsystem Design
FSU-SPACE

David Vasquez
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)
FSU-SPACE: Trade Studies

Controller : Parallax Tri-Axial :
u Arduino ¢ ara I? Acoslero  Adafruit  ADXL375/
ropelier A LSM303 377
— 10 T meter
Availability 10 10 - 10 10
Availability 10
Clock Speed 5 10 Acceleration 0 10
Range
Math 5 10 Conforms to 10 10
0 lines 8 10 Constraits
PrLogramming 10 10 Average: Unacceptable 10
anguage
Average: 8 10
RockSat-C 2016 52
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Presentation Notes
Experiment is designed around Arduino. However, the Parallax Propeller, with its 32-bit math, enormously faster clock speed, built-in trig functions, etc., would be a viable alternative in the unlikely event that it is found, through prototyping, that the Arduino cannot handle the many calculations quickly enough to produce viable results.



FSU: Block Diagram

Atmospheric
Port

// _ ‘,ﬁ

Legend
Tri-Axial Magnetometer,
Acceleromet MC_U and -
er Arl\(jll'mo Barometric Power
ADXL3XX A Adafruit
Tube
Possible
Sensor or I‘IERNIETICALLY
Mechanical
e SEALED CIRCUIT
measure qgin BOARD
RockSat-C 2016 53
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FSU-SPACE: Prototyping Plan

Risk/Concern

Concern about the speed of
the gyro with respect to the

Gyro

)

——/

Magnetometer

Program,
accelerometer,
and gyro.

Hermetic seal
of circuit box

N(T;SA

speed of the rocket’s reported
spin has been expressed.

( There is concern about

whether the magnetometer will
be affected by the surrounding
circuits and the canister itself.

The ability of the circuit to

differentiate and separate
L out spin is crucial.

Action
( Prototype a gyro circuit and )
time its performance on a
turntable of known high speed
\ (at least 6Hz) y

Construct simulated canisters
out of metal cans (ferrous and
non-) and surround sensor
with distractors, test.

( The seal must hold under

Lvibration, stress, and high
g’s.

J
)
Prototype the circuit on a
turntable, then on a turntable
in motion
\_ J

[Prototype the sealed box,\
subject it to high stress

RockSat-C 2016

and depressurization
aboard faculty-operated
\_ aircraft.
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Subsystem Design
BRCTC-SPACE

Ronald Willis
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Arduino
Type

Mini

Uno

Due

Micro

Pro

Nano

Mega 2560

Processor

ATmega328
P

ATmega328
P

ATSAM3X8E

ATmega32U
4

ATmegal68
ATmega328
P

ATmegal68
ATmega328
P

ATmega2560

Operating/Input
Voltage

5V/79V
8

5V/7-12V
8

3.3V/7-12V
10

5V/7-12V
8

3.3V/3.35-12V
5V/5-12V
10/8

5V/79V
8

5V/7-12V
8

CPU
Speed

16 MHz

16 MHz

84 MHz
10

16 MHz

8 MHz
16 MHz
6/8

16 MHz

16 MHz

BRCTC-SPACE: Trade Studies

Digital

IO/PWM

14/6
7

14/6

54/12

20/7

14/6

14/6

54/15
10

RockSat-C 2016

Cost
Range

$10-20

$25

$50

$15-20

$15

$7-11
10

$9-35

Size
Inches

0.7X1.3

27X21
10

3.99 X 2.09
8

1.88 X 0.7
8

2.05X2.10
10

0.7 X1.77
8

3.99 X 2.09
8

Overall

8

8
8.6

8

8.2/
8.2

8.2

8.4
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BRCTC-SPACE: Trade Studies (cont.)

IMU Type  DOF Power Size Cost Gyro Magne Accel Therm Baro Overall
Requirement

9 DOF- 9 3.5-16VvDC 28mm X $74.95 Yes Yes Yes No No 7 3
Razor IMU 8 10 41mm 9 10 10 10 0 0
Spark Fun 9
10 DOF 10 3or5Vv 23mm X $29.95 Yes Yes Yes Yes Yes 9 8
MU 10 8 38mm x 3mm ) 10 10 10 10 10
Breakout
10

Adafruit
11 DOF 11 3.3V 32mm X $119.00 Yes Yes Yes No Yes 8 2
SPHIMU = 9 23mm 8 10 10 10 0 10
(Custom) 9
All in One 11 3.3V 55mm x $134.99 Yes Yes Yes No Yes 7 9
11 DOF 16mm '

10 10 0 10
IMU board e ¢ 7 ! 10
(Custom)
Ultra 11 3.3V 23mm X $99.00 Yes Yes Yes No Yes 8 4
Small 11 16mm '
DOE IMU 8 9 0 8.5 10 10 10 0 10
(Custom)
NE;;A RockSat-C 2016 57

2

PDR



BRCTC-SPACE: Block Diagram

Wallops Power

Arduino Board

Redundant INMU with:
Gyroscope
Magnetometer

Data Storage Unit Accelerometer

Primary IMU

RockSat-C 2016
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BRCTC-SPACE: Prototyping Plan

Risk/Concern Action
( Concern about stack 4 _ _ A
strength and overall Conduct a Vibration
structural integrity of the test
current design. L ' D

4 Cause different )

Concern that the Redundancy dlll\s/lrsptlons in the primary
will fail if the primary fails. operation to gauge
the redundancies
\_ effectiveness. Y,
C (- )
oncern about the heat Test the boards for
generated from the excessive heat and if
connections. necessary provide heat
ﬁ g sinks. y,
/" Concern about the
enclosure not being airtight [ Test the enclosure for )
and secure and concern possible air leaks and test
about the shut off valve not programs forgutomatic
\_ working. Y, . Closure of the valve.

RockSat-C 2016 59
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Subsystem Design
BVCTC-SPACE

Jonathan Stollings
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)
BVCTC-SPACE: Trade Studies

uController A:ﬁ')“i

Intel Galileo Arduino Uno
Mini
I 10 ) 10
Avalilability 10 10 10
Form Factor 8 1 6
Programming o] 8 o)
Language
Average: 9.2 6 8.75
)
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Presenter
Presentation Notes
Plan to use components received as part of initial project package: 
Arduino Mini, Razer IMU, LSM303 Magnetometer, OpenLog.
Prefer Arduino family - ECET program already familiar with programming and operation of Arduino microcontrollers
Arduino Mini offers smaller size and more secure mechanical connections (solder vs. pin)



BVCTC-SPACE: Block Diagram

3
Razer IMU J

L

Activation
(T-3 Min)

(=]

Arduino
Mini

o

>

LSM303
Magnetomete

j

y

e

MicroSD
Memory
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BVCTC-SPACE: Prototyping Plan

Risk/Concern Action
. 4 -
Loss of connections to Test-fit components and
Arduino sensors/memory will result in check resilience under
failure vibration; examine
\_ Securing MicroSD card )

Y )

Sensors

Team must be able to Pre-test using
retrieve/interpret findings magnetometer readout
correctly for location-finding
] Persistent concerns about Work with Mechanical
[ Housing J dimension/weight team to refine design
requirements requirements
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Subsystem Design
WVSU-SPACE

Brandi Bricker
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WVSU-SPACE: Trade Studies

Price 7 8
Cost oy
_ Sensitivity 8 6
Computation 8
Power Walttage 6 7
Size 3 v Size 7 7
Wattage 7 8 SEIlE 8 8
: Rate
Programming 9 8 .
| Weight 6
Weight 8 ! Average 7
Sample Rate 8 7
/O 9 8
Average 9 8
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Presentation Notes
ATmega 2560 and 328 are both programmable with Arduino IDE. 
2560 has higher wattage and costs $10, but features more I/O pins and power while being smaller in size
Pursuant to space and time demands, either microcontroller can be used for the payload
Both sensor have similar performance, but the MS2610 has a greater sensitivity range of 0.1 to 10 ppm.




.
WVSU-SPACE: Trade Studies

Price 8 6
Size 8 6
Accuracy 7 9
Wattage 8 8
Weight 8 6
Sensitivity 7 9
Sample 8 9
Rate

Average 8 8

RockSat-C 2016 66

PDR


Presenter
Presentation Notes
FSG-001 is designed for use with smartphones and features a compact, affordable, low power design that measure radiation in the desired range of 0.1 ~ 200 mSv/h



WVSU-SPACE: Block Diagram

| 1
PWR Telm.
Ozonemeter MS2610 Wallop Wallop
Geiger Counter
FSGO01
4 N\
Multi-sensor LSM303 MCU
ATmega 2560
Electet MAX4466 \ /
I Power
Control
Connection
- w—d
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WVSU-SPACE: Prototyping Plan

Geiger
Counter

Ozone
Meter

Temperat
ure
Sensor

EPS

Requires
calibration and
appropriate
exposure

Needs
calibration and
proper
mounting

Must be
exposed to
ambient
conditions

Hardware and
software
validation

Shielded, Calibrated prototype
inaccurate with mounting simulation
readings

Bad
exposure,
inaccurate
data

Surface Temperature
temperatu measurement
re sensing experiments

Non- Soft prototype and
functional testing

payload
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Subsystem Design
Risks

Steven Hard
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®
Risks:

Mission objectives are not met IF:

R1: WVU-CAM.RSK.1 — Linear actuator boom causes
damage to the NIR camera lens

R2: WVU-CAM.RSK.2 — USB connections on the Raspberry
Pi CPU vibrate excessively during launch causing temporary
or permanent loss of device from Linux OS

R3: WVU-CAM.RSK.3 — Optical port and the linear actuator
are not properly aligned causing the optimal view angle of the
NIR/Rpi cameras to be decreased or lost

R4: WVWC-Space.RSK.1-- Mission objectives are not met IF
microcontroller fails in-flight

R5: SU-SPACE.RSK.1 - Mission objectives are not met IF any
part becomes disconnected, especially power

R6: MU-Space.RSK.4- Insufficient discrimination of solar cell
currents 1 2 3 4 5
R7: WVUTech-SPACE.RSK.1 - Mission objectives are not met
IF the tensile apparatus breaks during flight.

R8: FSU-SPACE.RSK.2/BRCTC-SPACE.RSK.1 - Most mission objectives ARE met IF
circuit’'s hermetic seal does not hold

R9: WVSU-SPACE.RSK. 1- Mission fails IF Geiger counter is not calibrated and properly
mounted

RockSat-C 2016 70
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Presenter
Presentation Notes
Mitigation Plan
R1: Physically constrain the maximum stroke of linear actuator by mounting and inspecting dimensions of travel after mounting
R2: Stake USB connections into USB port of CPU using either solder or silicon RTV and verify software operations during vibrations testing
R3: Create an accurate CAD model of payload assembly and build in room for adjustment if necessary…double check final dimensions of lower section payload assembly
R4: To prevent microcontroller from failing during flight, many test flights will be performed
R5: Shield the components, check components before flight, include LEDs and switches for testing purposes, and perform vibe tests on the payload before the launch
R6: Testing under a full Sun
R7: Design apparatus to withstand high g-forces experienced during launch
R8: Circuit box will be prototyped and tested under harsh conditions
R9: Perform multiple calibrations and check against a working Geiger counter…thoroughly inspect mounting of Geiger counter




Project Management Plan
Steven Hard
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Organizational Chart

Integration
Engineer
Greg Lusk

Mechanical
Engineer
i

Steven Hard
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Scott Browning
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Team Contact Matrix

Institution Team Member Email Address
NASA IVV Steven Hard (Project Lead) Steven.L.Hard@nasa.gov
Dimitris Vassiliadis (Advisor) Dimitris.Vassiliadis@mail.wvu.edu
Greg Lusk (Integration Lead) grglusk@gmail.com
WVU Vida Golubovic (Review Coordinator) vidarocksatc@gmail.com
Abigail Ida (Team Lead) abigailida2@gmail.com
Josh Waggoner jdwaggoner@mix.wvu.edu
Josh Hiett hiett js@wvwc.edu
Farshid Zabihian (Advisor) Farshid.Zabihian@mail.wvu.edu
Yadi Eslami (Advisor) Yadollah.EslamiAmirabadi@mail.wvu.edu
WVU Tech Scotty Browning (Team Lead) wsbrowning@mix.wvu.edu
Robert Leibel rsleibel@mix.wvu.edu
Wade (Conrad) Lacey wlacey@mix.wvu.edu
Roger Targosky ritargosky@mix.wvu.edu
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Team Contact Matrix (cont.)

Jon Saken (Advisor) saken@marshall.edu

Nicole George (Team Lead) george94@marshall.edu
Marshall lan Perry perry410@marshall.edu

Paige Yankey yankey@marshall.edu

Lenina Jones jones958@marshall.edu

Dylan Buskirk buskirk16@marshall.edu
WVWC Tracey Delaney (Advisor) delaney t@wvwec.edu

Tiffin, Andrew (Team Lead) tiffin_a@wvwc.edu

Ralph Wojtowicz (Advisor) rwojtowi@shepherd.edu
Shepherd Rachelle Huff (Team Lead) rhuff02@rams.shepherd.edu

Andy Shtanko (SE Lead) igvasya@gmail.com

Marek Krasnansky (Advisor) mkrasnansky@wvstateu.edu

Brandi Bricker (Team Lead) bbricker@wvstateu.edu
WVSU Saira Rizwan B

Alnairouz Katrib akatrib@wyvstateu.edu

Umer Rizman urizwan@wvstateu.edu

D.J. Smith
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Team Contact Matrix (cont.)

Debra Hemler (Advisor)

Deb.Hemler@fairmontstate.edu

Donald Trisel (Advisor)

Donald.Trisel@fairmontstate.edu

David Vazquez (Team Lead)

dvazquezl@studentsfairmontstate.onmicroso

ft.com

Jeffrey Reynolds

jeffreynolds1597 @gmail.com

Alfonso Balsera

alfonso.balsera@hotmail.com

Isaac Lambert

isaac.howard.lambert@gmail.com

FSU Dustin Winski dustinwinski@gmail.com

Tyler Davis tdavis24 @students.fairmontstate.edu
. Isenger@students.fairmontstate.edu
Levi Senger
Jacob Clarkson clarksond4l@gmail.com
Mahbubur Rahman spacescientist99@gmail.com
David Klug klugdavid10@gmail.com
David Teets (Advisor) dteets@blueridgectc.edu
Ronald Willis (Team Lead) rwillil2@my.blueridgectc.edu
Walter Willis wwilli07 @my.blueridgectc.edu
Nickolas Miller NMILLEO3@my.blueridgectc.edu
Eric Arsenault EARSENO1@my.blueridgectc.edu
BRCTC Robert Hopkin RHOPKIO1@my.blueridgectc.edu

Conner Snook CSNOOKO1@my.blueridgectc.edu
David Wells DWELLS02@my.blueridgectc.edu

John Jr. Post:

JPOSTO1@my.blueridgectc.edu

Hunter Demers

HDEMERO1@my.blueridgectc.edu

James Talbott

JTALBO02@my.blueridgectc.edu

Joe Bickett:

LBICKETT@blueridgectc.edu
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Team Contact Matrix (cont.)

Shahed Mustafa (Advisor)

Shahed.Mustafa@bridgevalley.edu

Richard Hall (Advisor)

Richard.Hall@bridgevalley.edu

Jonathan Stolling (Team Lead)

Stollings2@my.bridgevalley.edu

Greg Hawk (ME Lead)

ghawk@mix.wvu.edu

James Brogen (EE Lead)

jbrogan@my.bridgevalley.edu

David Whittington (SE Lead)

whittington2@my.bridgevalley.edu

BVCTC
Greg Adams gadams@my.bridgevalley.edu
Alan Blush alantblush@hotmail.com
Adam Bowen abowen2@my.bridgevalley.edu
Justin Dial jdial@my.bridgevalley.edu
Chris Inding cinding@my.bridgevalley.edu
Zachery Tygrett ztygrett@my.bridgevalley.edu
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Schedule

* Major Milestones
CDR (12/8/2015)
Prototype high risk items (11/20/2015)
Flight award announcement (1/16/2016)
Procure remaining components (1/18/2016)
Design PCBs (Week of 2/1/2016)
SIT (Week of 2/15/2016)
ISTR (Week of 3/28/2016)
Receive canister (Week of 4/11/2016)
FMSR (Week of 5/2/2016)
Deliver preliminary check-in document (Week before 6/6/2016)
LRR (Week of 6/6/2016)
Travel to Wallops (6/16/2016)
Launch (6/23/16)*
— * Tentative, no guarantee — small chance launch could get cancelled due to

eather or other unforeseen delays
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Budget

Last
WYV RSC16 Payload
Item Supplier Estimated, Specific Cost | Number Required |Toal Cost Notes
Supplies for payload
construction Various $1,500.00 7| $10,500.00|7 Teams
14 Rooms @ 2 per
Travel Space Grant $1,105.00 14| $15,470.00|room
25 travelers plus 4
Per Diem Space Grant $400.00 25| $10,000.00]|eat for free
25 travelers plus 4
Registration Space Grant $70.00 25| $1,750.00(register for free
3installment
Launch Charge RockSat-C $13,000.00 1| $13,000.00|payments
Arduino-minipro DigiKey $25.00 1 $25.00(Marshall Payload
Total (ho margin): $50,745.00
Total (w/margin): $63,431.25
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Team Availability Matrix

WV-SPACE
Fall 2015 RS-C Team Availability Matrix
PLEASE USE MOJUNTAIN TIME ZONE T|MES
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Conclusion

- Begin prototyping critical interfaces and
risk 1items

- Finalize design layout
- Issues, concerns, any questions
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