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Project Objectives SCUBEE 3
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Objective MIS-1

 The projectshall develop the hardware module and software package required to
achieve alive network connection from a cube satellite in low earth orbit to a
remote ground-based server using the Iridium Core 9523 satellite communication

module

Objective MIS-2
 The project shall further develop and optimize the Tube Deployable Reentry Vehicle

(TDRV), athree-stage reentry vehicle launched from an orbital payload at the Von

Karman altitude
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Review of Proposed Improvements SCUBEE
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Replace felt material Mount GPS and Iridium

with high strength - - Antennastoendcapin
conductive nylon ‘ ‘ addition to drop
descent arrestorto SYANN mechanism

improve GPS signal ' |
quality. Integrate FM
APRS antennainto
struts. Shorten struts
to reduce drag

Replace 3-D printed
body with machined
tube; scale largerto
allow more room for
customization

Replace rail-
mounted end cap
with threaded end
cap

Introduce threaded
Reconstruct interior nose cap with

to accept transparent lens
configurable | |

electronics tray




Descent Arrestor SCUBEE
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- Pinand hard stop approximated as fixed cantilever end

Factor of Safety

144 881 Ib-In

- Maximum shear and moment calculated for respective stresses

- Factor of safety calculated from stresses and yield strength



Descent Arrestor SCUBEE
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Shear and Moment

Shear Diagram Moment Diagram
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Descent Arrestor

Bending Stress

Variable Equation
Drag Force (Fd) given
Force on Member (F) Fd/8
Dist. Load (w) F perin
Length of Strut (L) given
Width of Strut (b) given
Height of Strut (h) given
Area of Strut (A) b*h

Max Moment (M) (W*LA2)/2
Moment of Inertia (I) b*h*3/12
Dist to NA (yc) h/2

Max Bending Stress

(Sigma) M*yc/I
Yield Strength (YS) given

Factor of Safety (FS) YS/Sigma

Value Unit
15.5Lbf
1.95Lbf
1.951bf/in

12.19In

0.25In

0.38In
0.095In"2
144 .88119751bf-In
0.001143167in"4

0.191n

24079.97742Psi
35000Psi
1.453489735DIim

VETMRELCENEVED

Max Bending Stress

=24079.98 psi

Yield Strength =35000 psi
Factor of Safety =1.45

Bending is primary factor




Descent Arrestor
Pin Double Shear Stress

Variable
Diameter of Pin (D)

Force on Member

Shear Stress (tau)
Yield Strength (YS)

Factor of Safety (FS)

Pin Double Shear

Equation
given

given
4*F/(2*pi*D"2)
given

YS/tau

Value

Unit

0.19In

23.77Lbf

419.2Psi

35000Psi

83.5Dim

SCUBEE

DDR

VETMRELCENEVES

Max Shear Stress
= 419.2 psi

Yield Strength =35000 psi
Factor of Safety =83.5

Shearis minor factor



Model Overview - Nose Cone & SCUBEE 3

DDR

Main Assembly
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Model Overview - Body SCUBEE
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Model Overview - Strut Ring SCUBEE %
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Manufacturing Plan SCUBEER*
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 Order
* Main Body
* Strutt Ring
 Struts
* NoseCone
* Endcap



Design Validation Plan

MECH-2.1.1

MECH-2 2 .1

MECH-2.3.1

MECH-2.3.3

MECH-2 .3 4

MECH-2 3.5

MECH-2.3.6

MECH-2 4 1

TORV shall fit within a 12:x12x30 inch
launcher in collapsed position

The TDRY shall be connected to the
weather balloon via mounting in a tube
release mechanism

TORW midlevel drop will take place above
100 feet

TDRV midlevel drops will take place in safe
environment such as a bridge over a river
to ensure mimimal risk to property as
failzafe

Descent arrestors will deploy upon drop

TDRV descent velocity shall not exceed 25
mph during drop test

Drop tests shall be done in non vertical
angles to ensure ability of arrestors to
safely deploy from non-ideal angles

TDRVY shall su
and correct offset orientation 20 times
consectively in low level drop tests before
moving to mid level drop tests

TDRV shall contain a delayed release
parachute descent arrestor mechanism

] R I.-. 'RE I.-. - I I l-| -~ I o BT Y .—l -I-' e

SCUBEE

Prototype drawing file will be drawn to meet
required specifications. Physical protoype
shal be measured at local extrema to
ensure dimesnion specifications are met.
An arresting cable shall connectthe TDRV
to the release tube. The cable will connect
via a mounted platter and linear actuator.

TDRV will be dropped from kibbie dome
camera stand to determine stability of
deployment of descent arrestors

The devils canyon bridge will provide
adaquate height for practical testing

Fins wall inflate automatically under
adaquate air pressure and density

Fluids analysis software will be used to
determine coefficient of drag to a
reasonable precision before physical
protoype is constructed

Launch tube will be place at odd angles
during bridge tests to simulate non-uniform
balloon conditions
Tests will take place dropping the protoype
with minimal electronics to record velocity.
Drops will be done from an elevated
platform

Tests will be conducted to mimick altitmeter
readings to test functionality of drag chute

Once tube parameters are given, the

[ I SRR S I.-. - :.—. Lot Y I.-. - " ot .—l e 'FI- —

DDR
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TDRV
Electrical Design



Block Diagram Version 2.0

Legend

Battery Supply
5VDC

GPIO
Serial Bus

I12C Bus

Daughterboard

Discrete Component

TDRV Actuators

Actuator Drivers and |
Feedback

SCUBEE

PWM /10

EN, GPS Flag
3.3V UART

7.4V LiPo 5V 3A Switching
Battery Regulator

TES Bus
SOBB-PASK-2{LF)(SN)

Iridium Power Match Iridium
Molex 0436500200 Board Pinoul

TDRV Controller Board

Version 2.0 SCUBEE

Teensy 3.5
ARM 32B
120MHz

Copernicus I MPL3115A2
Module Altimeter
GPS-11858

lGPS Antenna

16
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HX1 Radiometrix FM Antenna

APRS Radio 300mW m—i>
144 .39 MHz

MPU-6050
IMU with
Digital Motion
Processor



Component Research

Teensy 3.5

> - —
i )
. Y

| Vs & QP - ‘_-
e e
. .

MPL3115A2

SCUBEE
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Copernicus II Module(GPS-11858)

| ©Trimble
63530-00
(LR T

SIN:1136023435

o

®

[ AERRA)
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Component Research Continued SCUBEE
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LM1085 (Voltage Regulator) HX1 Radiometrix

Tes Bus




Current Schematic SCUBEE
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TEENSY 3
L12-R Connector ORXIMOSI1 IN
ZPWM 3.3V
3CANO-TXSCL2PWM
ACANO-RXSDAZPWM GND
5PWM
Yellow 6PWM
TRX3PWM
8TX3PWM
GRXZPWM
10TX2PWM
11MOS10
12MISO0
13SCKOLED
14A0PWM RADIOMETRIX-HX1
15A1
7.4V 1642
. 17A3PWM XD
Lipo Battery 18A4SDA0 A22DAC1
GND 2 19A55CLO A21DACO (A%
e 1 20A6PWM
21ATPWM VCC
22A8PWM
23A9PWM | EN

31A12RX4
32A13TX45CK1
33A14TX5
34A15RX5 REGNDZ
35A16PWM RFGND2
36A17PWM RFQUT ~s

37A185CLLPWM RFOUT <

38A19SDA1PWM RFGND FM Antenna Connetor
39420 RFGND

GPS ANTENNA
(®

Molex 0436500200
1 U3 GPS-11858

: T v oo | . MPU-6050
RFIN RESERVEDT p- > SC MPL31 1 5A2 -
GND RESERVEDE - ;
LNA TXD-B
VBAT TXD-A
OFEN RESERVEDS
SHORT RXD-A
RESERVEDL RXD-B
RESERVEDZ PPS
XRESET RESERVEDA
vee RESERVED3
GND XSTANDEY
GND GND

| SOLDEHJUMTMCE

N DVZE W GND
o owy

. = TDRV SCHEMATIC REV: 1.0
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Company: Sheet: 1/1
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Timeline SCUBEE
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Expectant Result
Prehmmary Schematic 1s Completed

Smmulation and Correct

2019/2/26 _ Complete Final Schematic

2019/3/5 Snapshot day 3 PCB Board Design

2019/3/20 - PCB Board Test
2019/3/22 - Order Components

N R R

_ Make TDRYV Board

_ Connect with Other Parts
2019/4/26 Design EXPO _




SCUBEER®

Validation Plan Overview T

* Preliminary schematicis confirmed
 Most of components are selected

* Orderinglinks of selected components are
confirmed
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Iridium 9523
Development



Block Diagram Version 2.0

Legend

5VDC - TES Bus

5 VDC - Switched

8 VDC - TES Battery
8 VDC - Switched
30 VvDC

3.3VDC

Iridium Data Port - 8 bits
Iridium SIM Port - 5 bits
Iridium GPIO

SAMD21 GPIO
SAMD21 Debug/Prg Port

Daughterboard

Discrete Component

Connector

Boost converter now fed by TES battery

External Antenna EN, PGD POWER ENTRY
ot ey i -I 8VDC, 5A
i I o 8VDC
1| SMA LT3959 Boost Circuit 8vDC BTS500601 i Mo:f';(3 .
Connector| | icro-Fit 3.

I ! Boost B L ,3 2 pos horizontal

' PWR 2
o : i il 5VDC
SR | IRIDIUM 9523
N 1 | Z-match ffidiiif 5vDC BTS500601 |
- i 30vVDC s .Illlllllllllllll5v16APMIC R
iz : | 1 LED 0 G N VS o MCP1826T | 3.3VDC

I : Sgazlgr Sessssmssssmmmas Enable PWR, TX Active 2 Rkl

; IREEE ! U.FL e

I R CQegtor _I_ TXB0108 PGD - TXB0108 RS-232 TTL

I _IS'M == NCN4555 8-bit level shift 8bit lovel shift
- - - = SIM Level W/ESD 2 WESD
- shifter T E
Iridium to Board RF Coax Warnng Il et ” OE dE
LED SAMD21 SERCOM Port TXB0104
I . ARM 0+ 1 4-bit level shift
"2 Mode select ) e 32B 48MHz e > w/ESD
deidi [ETpER SIM Card Holder 2
PR o Qiee RST > SHDN - Discrete TVS
BTN | g SYSPWR
LED
[')A‘T)M Programming Safe to
eader USB Ir Power LED
SW

Iridium 9523 Carrier Board Details
Version 2.0 SCUBEE NOT FOR FLIGHT

Addition of boost converter PMIC

SCUBEE

DDR

IRIDIUM DATA PORT

Molex .1" 70400
9 pos vertical

UART
. JST PA Series
TX Active

6 pos rt angle

Integration of data and logic power supply into one connector

Removed external reset, interface is now 3.3/5V configurable UART

TES INTERFACE:
POWER CONTROL, GPS FLAG, UART, 5VDC, GND



Revised Boost Converter

Simulation Model

tran .021

Cout [Cout1|Cout2|Cout3
4.7p T4.74 T4.7H 2

SCUBEE

3959 Vout

IRIDIUM_RF

PULSE(0.9.010 0 0.0083 .090)

Original Input Current 6.3A RMS
New Input Current 3.8ARMS
Original Qutput Ripple 0.15V
New Qutput Ripple 0.10V

DDR

Increased Inductor from 22uH
to 47uH to compensate for
voltage increase

Swapped from Tantalum to
Tantalum-Polymer capacitors
toreduce ESR and ripple
Reduced ESR allows for more
capacitance

Modeled |0 signals



Revised Boost Converter SCUBEE
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Simulation sults

‘(“ _

W | i H\W (i

fffffffffffffffffffff atteryVoltageRange est: 6.8-8VDC

|

Simulation verifies design specifications will be met

DriverIC LT3959
Specification | Minimum | Nominal | Maximum
Input Voltage 6.8VDC 71.4VDC 8VDC

Output Voltage 27VDC 30VDC 32VDC
900 mA 1000 mA




SCUBEE

Revised Boost Converter g
ldeal Operation

| V(3959 _vout) V(enable)

____________________________ Enablegoeshlgh
' : - Converter energlzes 2 |
Output capautors charge
Pgood goes low when output

voltage IS W|th|n reqmrements

Enable Slgnal - Red

Pgood Slgnal




Carrier Board Schematic SCUBEE
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1

TTLE Iridium Carrier

Document Author: REV:

Avery Brock 1

Date: 2/1/2019 11:20 PM ‘ Sheet: 1/3




Carrier Board schematic  SCUBEL
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HTEE Iridium Carrier

Document Author: REV:

Avery Brock 1

Date: 2/1/2019 11:20 PM ‘ Sheet: 2/3




Carrier Board schematic  SCUBEL
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HTEE Iridium Carrier

Document Author: REV:

Avery Brock 1

Date: 2/1/2019 11:20 PM ‘ Sheet: 3/3
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Carrier Board Layou

=
==
==
==
=
=
=
=
S
=

Full PCB

PCB Top Layers
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SCUBEE

Carrier Board 2-D Renders Fom
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O o L) W - =3 T IRIDIUM ENABLE —L e
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T == St i 16
[ ] [ ] [ ] [ ] F\‘.l.. L ImE E¥ TES Bus:
22 test points, 15 LEDs, 6 configuration jumpers e S LA
TP12g | .:: .RE;I . R§-232 Header: 3.3V TTL RS-232

$X1599 12C Bus Expander
ST 2 LT RONEL 5525 33y A nerat
rm3.3

I

I
00000000 . #:000  Os= =2k -
R [=] ﬂg

@

*m un

v =
= ] R9

RTS

NING: HIGH-POWER RF TRANSMITTER '® &
0

WA
DO PERATE IN PROXIMTY OF GPS DEVICES.

NOT



Carrier Board
3-D Renders
SCUBEE
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o

A ‘Af{"‘
[

ToXavsarings

=71

2 IR SIM
e ; i * v Engineering [

oGl Capstone 201 R

& 3
= > : Team SCUBEE :
“Iridium 9523 Carrier Board -
ver Brock

RS A
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= s O ; 2 gcgcﬂzi:rduino M8 [;n%atisblz
= T - gyDe ~5A
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- 330r5Y TTL UART
3 3,3-5Y Master Enable
RS-232 Header: 33




Support and Testing Boards SCUBEE
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Iridium 9523 Simulator TES Bus USB Adapter

Designed to test power supplies and |0 before TES Bus break-out to provide 5VDC supply and
use of actual module, 9523 form factor PCB convert UART to USB for PC debugging

Q0

olole)

QOO0 QOO0

z
v

QQ

. . M|*
§ L




Support and Testing Board Layouts SCUBEE
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Iridium 9523 Simulator

TES Bus USB Adapter
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Support and Testing Boards SCUBEE
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2-D Renders

Iridium 9523 Simulator TES Bus USB Adapter
713x38mm 52x30mm

5V TEST ] T U1 R3 R4 (3
O EENE
GPS FLAG or !
] ow HE m_ RX — — EHBE
> o Farta = = USB TX
Om .E% m m GPS mER2= —a H |
ey 0y B uNy . v mEtS = 'mn
- o = — — -
& |!1I 3“;:::7 @ APely 5V to TEST o) “m m 45V = =
to enable FET |_| GND oIl .
c2II GND O “H B “H 0 SCUBEE
+38V oPlal:e resistor across Fl F3
TEST LOAD terminals o N | B B 2019
(I
B R6 aX* = -
o 3 2| 6 « BIIEE == BII- l
z N z . 45 Zlo POWER: | | DATA: |
v B > . R6 RS
° mr1 @ INPUT TEST L . L .
« W 53 ENABLE
= . =™
2 & =] MODE
> FULL RF
o W R2 m =
B ~ Y GND Engineerin
S m in 8 ONLY USE 2] Capstone 2015 X
: To  TTTES 3.3V INPUT . o - O RX
w e
= v : RF ACTIVE S
= m A Team SCUBEE O EN
| E g 3.3V O +5V
=L 0 GND
UART TEST TES Bus USB Adapter Board
R Designed by Avery Brock
. ﬁ - FT232-based USB to TTL UART converter o
= (1]
D ; E 0.5A MAX 1.5A MAX (@)
o -«
s - B DATA POWER O




Support and Testing Boards SCUBEE
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3-D Renders

Iridium 9523 Simulator TES Bus USB Adapter




Assembly and Testing Process

* Allparts, PCBs, and assembly materials have

arrived - ready to build

* Build support PCBs first to facilitate carrier PCB
testing

 Begin by populating carrier power supplies and
LEDs

 Populate boost converter

 Populate SAMD21and burn Arduino bootloader

 Populate Iridium support components

* Fullytest with Iridium simulator before mounting

9523

SCUBEE

DDR




Flight Block Diagram Version 2.0 SCUBEE
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Legend

External Antenna POWER ENTRY
N — 8VDC, 5A

5VDC - TES Bus

5 VDC - Switched

8 VDC - TES Battery
8 VDC - Switched
30 VvDC

3.3VDC

LT3959 Boost Circuit 8VDC BTS500601 Molex

8V 16A PMIC Micro-th 30
2 pos horizontal

5vDC

RF 1.62 GHz

IRIDIUM 9523 | 5VDC BTS500601
30VDC pgEEEEEEEEENEEEEEESN
5V 16A PMIC MCP1826T | 3.3vDC

40 Pin 3.3V Linear Reg
B """ CSREERERERE :  Enable PWR, TXActive 2
U.FL :

Connector e I TXB0108
' SIM Bus I NCN4555 8-bit level shift

SIM Level w/ESD

Iridium Data Port - 8 bits
Iridium SIM Port - 5 bits
Iridium GPIO

| | shifter
Iridium to Board RF Coax 38 i OE
I SAMD21 SERCOM Port TXB0104
Full RX Modem Mode ARM 0+

. 4-bit level shift i
PWR Set @ Set . 32B 48MHz W/ESD TX Active | JST PA Series

SAMD21 GPIO
SAMD21 Debug/Prg Port

Ir 29 TX Active 6 pos rt angle

2
SIM Card Holder SHDN - Discrete TVS
SYS PWR

LED TES INTERFACE:

Daughterboard POWER CONTROL, GPS FLAG, UART, 5VDC, GND

Programming SISO

Micro USB “EE';Q
Discrete Component

[I Connector

Iridium 9523 TES Module Details

Version 2.0 SCUBEE FLIGHT MODULE

« Removal of mode switches and jumpers

« Removal of debug LEDs to conserve power
* Elimination of RS-232 port breakout

« PCBwillbe of TES form factor



Review of Software Design SCUBEEQR"
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1. Configure modem

2. CallIridium

3.Setup PPP connection with Iridium

4. Negotiate IP address using PPP

5. Create network stack using IP address

6. Pipe data between modem and either stdio (rev0) or tdrv (revi)



Software Library Development SCUBEEQR“
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 Revision 0 (Computer) « Revision 1 (Microcontroller)
« Configures Modem « Pipes Data
o Calls ISP
 Pipes data « No configuration
« No calling
« No PPP connection « No PPP conenction

« No network stack « No network stack



iy

NAL Module USB Cable Rebuild SCUBEE
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Existing Cable New Cable
 Noshielding * Shielding and strain relief
* Nostrainrelief  Power and RF active LEDs

* Onlythree-wire RS-232 * Full 9-wire RS-232



NAL Module Testing

» Revision 0

« Able to communicate with
modem

. Able to dial out (with difficulty)

« Not able to send data

SCUBEE

Progress:

* Successfully established

after determining antenna

requires ground plane

e Revision]
« Not yet tested

« wvdial (3rd-party library)
o Detects modem
o Refuses to communicate with modem

DDR

connection to Iridium Network




Software Development Plan SCUBEER*“
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Now

-rev0: Work on PPP connection
Snapshot 3

- rev0: Work on network stack
- rev0: Final testing

- revl: Portto microcontroller

- revl: Final testing

Expo



Project Budget SCUBEE
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Project Budget

Project: MASA Ames-Suborbital Flight Communication
Last Updated
Total Spent Actual

Expense ltems

Ilridium['z}

PCB Carrier Board

PCB part(Carrier Board)
3 Test PCB

PCB part (9523 Test PCB)

Test Simulation PCB

L

I

PCB part|Test Simulation PCB)
LiPo battery

- I I
5]
=R E=0k=

e
W e

LW |
i
oo

Flight Cantrol

GPS and Iridium Antenna

s

Iridium Final Test Module
PCB
PI’{.E- part

i

TDRV(*2)
|PCB
_I-’LI!- part

|Launch(He]
|Pa rachute fabric
_{Zum:iur.h'-.rr.1 fabric

Svolt linear actuator

:Trauel (4)

Flight({4)

lll-:.-n'-l[ 2 or 3rooms, 2 night)
-l‘:{'1[1TFI| Cars

.F'r-r Diems

Mileage

_{H‘I'ln."r

Spent

_Muscaw High School(51000) we can get from last semester
L [3)
l.-"i. duine Uno
Raspberry Pi 3
tery Connector
erometer
Key 5

Membrane

Case P|d1v~”"l Plates)
Relay Plate(Pi Plates)
Shipping Fee|Pi Plates)

Supplies Sent from Ames

|Assembly Bits

Totals 5 4,103 S (a,103)

Exeass
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Key Events

* NASA AmesTrip 4/17-4/20/19

 Bring any project materials to facilitate joint testing

* Proposed Publications
* IPPW Conference
 [IEEENAECON Conference
* University of Idaho Engineering Expo
* University of ldaho Undergraduate Research
Symposium

» Seattle Times Article - Ul Sponsored
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