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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 orbitto 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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Team Rocket 2016-2017 SCUBEE
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Team Goals:

 Creation of carrier PCB for
Iridium 9523

* |nitial development of Arduino
library

* Testing of NAL A3LA-RS
Iridium module

Results:

« Unableto communicate with
9523 on custom PCB

 Successful communication
with NAL module (handshake)

 Unreliable satellite network
con nection Team Rocket Schematic and PCB
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Team ACOM 2017-2018 R SCUBEE

Team Goals:

 Develop software for the
Raspberry Pitouse the 9523 as
a dial-up modem

 Createaremote servertosend
datato

 TestaZigBee mesh network

* Create andtest fly a prototype
TDRV

Results:

 Unableto establish dial-up
connection

* |nitial ZigBee code written, no
mesh testing

* Single TDRV testin Kibbie
Dome



Deep Space Two SCUBEE
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« Purpose:

« Useatwo part probe modeled asthe DS2 shape to penetrate the surface of Mars to

test the working design for spacecraft landing without a parachute.

 Result:
 Mission declared failure after no
communication with probes could be

established.
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« Possible Reasons for Failure:
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- Radio/probe destruction upon impact o i | W e
(too rough of terrain) . s —

- Batterycharge failure NASA JPL



Iridium Cores Overview

Iri’dﬁ]m® IoT

ble Data connectmty -
Fixed and Mobile Use.

AbsolutelyEvevywhere.

FORM FACTOR

DIMENSIONS

INTERFACES

POWER REQUIREMENTS

POWER CONSUMPTION

OPERATING TEMP RANGE

VIBRATION
AND SHOCK

TYPICAL
APPLICATIONS

DEVELOPMENT KIT AVAILABLE

SERVICES
AVERAGE LATENCY

MAJOR NETWORK AND
REGIONAL CERTIFICTIONS
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Iridium 9602

Board-to-Board

41T x45x13mm

AT + Command

+5V+/-05V

idie 35 mA
Transmit 140 mA
Receive 40 mA

-40°C to +85°C

ENG0068-2-14:2000

EN 60068-2-36:1996

EN60068-2-27:1993
J1455

Personnel and asset tracking,
fleet management, environ-
ment and safety monitoring,

remote automation and control

YES
SBD#™, Irndium Burst®

<20 seconds
per 340 bytes (MO)

FCC, IC, RED, CE, Anatel,
Australia, RoHS, others

Iridium 9603
Board-to-Board

31.5x296x8.Tmm

AT + Command

+5V+/-05V

Idle 34 mA
Transmit 145 mA
Receive 39 mA

-40°C to +85°C

ENG60068-2-14:2009

IEC60068-2-64: 2008

EN60068-2-27: 2009
SAE J1455

Personnel and asset tracking,
fleet management, environ-
ment and safety monitoring,

remote automation and control

YES
SBOA™, Indium Burst®

<20 seconds
per 340 bytes (MO)

FCC, IC, RED, CE, Anatsl,
Australia, RoHS, others

Iridium Core 9523

Board-to-Board

70.44 x 36.04 x 8.9mm (H)

AT + Command

+32Vio+6V

idle 70mA
Transmit 300 mA
Receive T10mA

-30°C to +70°C

ENG00O68-2-14:2009

IEC60068-2-64: 2008

ENG60068-2-27: 2009
SAE J1455
MILSTD 810

Maritime, aviation and
mobile markets

YES

SBD*™, CSD, SMS, RUDICS,
TELEPHONY

<45 seconds for
TKB message (MO and MT)*

FCC, IC, RED, CE, Anatel,
Australia, RoHS, others

Iridium 9522B

Black Box
162 x 81 x28mm
AT + Command, RS 232
Digital/Analogue

+40VDCto +32VDC

Idie 220 mA
Tranamit 800 mA
Receive 800 mA

-30°C to +70°C

EN60068-2-14:2000
EN60068-2-32:1993
EN60068-2-27:1993
EN 60068-2-6:1996
SAE J1455:1994

Maritime, aviation and
maobile markets

N/A

SBDA, CSD, SMS, RUDICS,
TELEPHONY

<45 seconds for
1KB message (MO and MT)*

FCC, IC, RED, CE, Anatel,
Australia, RoHS, others

PDR

2o iridiumy

Everywhere

Iridium Edge™
IP67 rated

130 x80x 30 (H)

RS232 AT command interface
On/Off Control lines

Power Supply (9-32V), SAE
J 1455, Load dump protected
Reverse Polarity Protection

1.6W (peak for
short transmit burst),
Low Power Modes: < 200uA

-40°C to +85°C

SAE J1455
SAE J1555

Asset tracking,
fleet management, environ-
ment and safety monitoring.
remote automation and control

YES
SBD*, Iridium Burst®

<20 seconds
per 340 bytes (MO)

indium® sateliite network
certification, FCC, IC, RED, CE,
Anatel, Australia, RoHS




Iridium 9523 Core Overview

Iridium 9523 consists
of a single PCB with
components mounted
ontop and bottom
sides.

Top side: three
reservoir capacitors,
the RF connector, and
a screening can
covering all remaining
circuits.

Bottom side: a Molex
40-pin multi-way user
Interface connector

p ” o o0 '
X 3@ /RIDIUM SATELLITE LLC
< |||||||I |||||I B B0 N A O OB N
os’:‘é : 125014
IIIIII|I ||II I|||| IIIII |||IIII W
IIIIIIIIIIIIIIlIIllIII|||III|||IIIIII
; N IME/I: 300125060
‘ FCC ID: Q639523
' IC: 4629‘\-952‘?1\ g
N, Assembled in Thailan
"f}' 7 ' Transceiver Model 9523
S SEF R Rk RoHS Compliant / Pb Free

40-way inter-PCB connector

with the following interfaces:

 Digital audio interfaces

 DPL serialasynchronous
control port

* Serialasynchronous interface
for SIM

 Data/Fax port - serial
asynchronous data plus 6
control signals

* GPIO control signals

 Power

N12037

To Contact Iridium Satellite: +1. 480.752.5155
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Existing PCB Analysis

RS-232

GND Header
Header

Iridium 9523
Landing Area

Power ¢ :
Header h_

AnRGBad
it S g
GND, LEDs o . © Ui
Header Nt 7 sk 35
/A> Iriditilm 9523 - i
; D opment Boa 4%
LED Array E ; Dovelch ik
: University of Idaho =
. o e |
NCN4555 """ B0
. 0 ° TILILLE
SIM Level Shifter Po op -l

M e v. LG G
. ‘i E.-{::_..H : |
a =eli &
LT3580 /-P S0
Boost Converter R - 2. ) .
2A ' ™
[ o SIM Card

Holder

SCUBEE

9523 Footprint Test
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Existing PCB Analysis

* Allcomponentsare Iridium
recommended

 What purpose do LEDs serve?

 Whyisthere asix-pinground
header?

 Why does the Iridium not
function?

SCUBEE

PDR
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Existing PCB Analysis SCUBEE
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 PCBisanincomplete copyofthe 9523 Development
Board

* Pin30 (mode select) and GPIO float

* |ridium likely never entered modem mode

[RIDIUM-9523

Team Rocket Schematic

Incomplete
Development Board
Schematic




Existing Software Analysis

Team ROCKET

- Does not collect data
- Uses short-burst data
- Does not log data

+ |nitializes the modem
- Uses CRLF as a command
terminator

- Uses a 340/270 byte buffer
+ Has documentation

Team ACOM

+ Collects data

- Uses short-burst data
+ Logs data

- Does not initialize the modem
+ Uses CR as acommand
terminator

- Does not use a buffer

- Does not have documentation

SCUBEE

PDR

at+sbdwt="test"”
Sent: at+sbdwt="test"
at+sbdwt="test"

OK

at+sbdi

Sent: at+sbdi
at+sbdi

+SBDI: 1, 7, ©, ©, ©, ©

OK
at+sbdwt="moscow, id"

Sent: at+sbdwt="moscow,id”

at+sbdwt="moscow, id"

OK

vat+sbdi

Sent: at+sbdi
at+sbdi
at+sbdi
Sent: at+sbdi

dat

+SBDI: 1, 8, ©, ©, 0, ©

OK

ACOM SBD Test

13



NAL A3LA-RS Analysis SCUBEE
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e Iridium 9523 ‘black box” known to work
 Standard RS-232DB-15viaST3237
* Obviously taken apart several times

Same main components:
 NCN4355
« LT3580

Missing four M1.6-.35 screws holding 9523 to PCB

C-43
Sovo
Elason B

mbled Thaila
T rrrrrrrrrrrr del9523

RoHS Compliant /| Pb Free -
4 g To Contact Iridium Sate [lite: +1.480.752.5155 B

,:?
< $2899-1 REV 2.0
15030082
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Iridium Module
Development



Iridium 9523 Module Requirements SCUBEER"
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IR-1.1:  Thelridium 9523 module shall be able to integrate with
the current TES electronics stack

IR-1.2:  Thelridium 9523 module shall act as aninternet
modem to stream data from TES subsystems

IR-1.3:  Thelridium 9523 module shall be able to establish a
reliable linkto a ground-based server

IR-1.4: A ground-based server shall securely store all data

received from the lridium 9523 module for later review
and retrieval



Iridium Power Requirements SCUBEE ;
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Dual voltage supply:
VBAT: 3.2-6VDC, 500mA
VBOOST: 27-32VDC, 1A

VBOOST supplies RF transmit
circuitry
8.3ms pulse every 90ms

Relies on charging ~1000uF of
Aluminum electrolytic capacitors
to supply internal buck converter

Figure 7. Current profile of supply rails.

Capacitors will likely fail in
expected -30-60°C hard vacuum




Boost Regulator Selection

Requirements:
Boost 5VDC to 30VDC 1A

Initial choices:

Max Current | Max Freq Range CAD
Vout Model
Available?
LT1268 7.5A 60V 5-DDPAK
LT1370 D2PAK-7 -40-125°C
Variant

100KHz-1MHz | 36-QFN -40-125°C
LT3959 . 100KHz-1MHz | 36-QFN or | -40-125°C
38-TSSOP-
EP

LT3579 7.5A with 200KHz 20-QFN or
FETs in -2.5MHz 20-TSSOP-
parallel EP

-No EN Pin
-Simple Circuit
-Bare-Bones

500KHz -EN Pin
-Simple Circuit

-Bare-Bones

-Programmable
Frequency

-EN Pin
-Simple Circuit

LT3957|

-EN pin

-PWR status pin
-Simple Circuit
-40-125°C -Fault protection
-Programmable
frequency

-EN pin
-Temperature Output
-Fault warning
-Simple Circuit

- 42V master/slave
switches

LT1268, LT3957 disqualified
LT3579,1370, 3959 simulated
LT3579 Fails

SCUBEE

PDR

LT1370

LT3959 LT3579

i

| LT3579 FAULT

Iridium Current
Pulse
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Boost Regulator Optimization SCUBEE
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LT1370 LT3959

Ar—r—1> step param L 5u 25u 5u

L tran .032

Vin [ 3 1
sw.— 5

u2 | I

oSHDN Y FB—— %)

.
SRA| X
LT1370 yep i ~3.3Cout PULSE(0 .9 .015 0 0 .0083 ,090)

GND Ve | b

=

1000uF

Vin
EN/UVLO INTVcc

u3
Pgood SW 3
Cout2 | |
8§ LY Orive ! € ~ PULSE(0 .9 .015 0 00083 .090)

Rt FBX -
LT3959

i SG_NDGNDK f i l"}?’lﬁ H }llH ‘ ' l !I| J !
T e T T TR TR YO TR

JAran 032
.step param C 10u 25u 5u




SCUBEER™

Results —

LT1370:

6uH-8uH Inductor
900uF minimum
capacitance

IBOOST

| LT3959

LT3959
20uH-25uH Inductor
6uF-13uF capacitance

LT1370

3959 has overall better
performance




| T3959 Verification SCUBEE
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V(n003) idium_idle I(Iridium_link) I(Iridium_rf) I(l_boost)

Current in VBOOST Rail

s Current in VBAT Rail

Figure 7. Current profile of supply rails.
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Iridium 9523 Requirements SCUBEE
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Must Tri-state port pins to prevent latch-up

Must not enable board without first applying
power

Must disable local GPS devices to prevent
damage

Minimum 20cm safe distance from antenna

at full power Analog area Power area
Must have |ldeally solid
solid ground ground plane

Minimum 2s delay between shutdown/boot olane



Iridium Carrier Diagram SCUBEE
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System Power 5VDC

R )
‘ Regulator

IRIDIUM 9523 ; uC  — SL;\frtel =» Configurable Serial Port
| | 5V Power Heer

Switch

1.62 GHz
Iridium to External
Antenna Area

U.FL
Connector Tri-state
Bus
Switch

Level
Shifter

P
:
0
i
i
:
0
i
l
0
!
0
!
-

=3 [ridium RS-232 Port

SIM Voltage |
Shifter A A
; and Card Slot . _ . _
|ridium 9523 Carner Board Iridium Latch-Up Prevention ESD and Signal Level Protection

Version 1.0 SCUBEE NOT FOR FLIGHT

Microcontroller provides configurable communication interface and
performs modem setup, translation, and shut down tasks

Initial testing shall be conducted using a Raspberry Piconnected to the
Iridium RS-232 port, then code will be ported to the uC



Iridium Carrier Diagram SCUBEE
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Legend External Antenna | | POWER ENTRY
R — 5VDC, 7.5A
' '
| : :
wmsm 5 \VVDC - TES Bus I — | EN, PGD |
;| SMA : LT3959 Boost Circuit Mic':"::g% i
. C .
== w= 5VDC - Switched I pRRGHLT ' 2 pos rt anglel
. Eamg ‘ |
N i . @
N .
3.3VDC ol LCR .
N 1 | Z-match IRI D I UM 9523 Iridium 5VDC » BTS500601
i i 3ovpcfl "YYM e ssssssssssEEmEsw
mess |ridium Data Port - 8 bits 1 . PWR I S TR S MCP1826T
N l 105 LED = . .................................... J rl 3.3V Linear Reg
& a0 . — in . s s
s |ridium SIM Port - 5 bits 1 : U e » S SRS R EesNeNs :  Enable PWR, TX Active/Z
. g | UFL U.FL =1 — 1 SHON |, IRIDIUM DATA PORT
+ Iridium GPIO [ ) gy Connkctor "—I TXB0108 f. PGD - TXB0108 RS-232 TTL ST A e |
1 _W'I_NCMSSS 8-bit level shift 8-bit level shift  E———— 8 os ver‘taig:IS
m— SAMD21 GPIO - - - o orbe SIM Level w/ESD 2 wlESD po
, shifter ' 4 OE
- Full RX = 0 == W— Configurable SERIAL DATA PORT
— SAMD21 Debua/Pra Port Iridium to Board RF Coax ety A U 1 OE OE g
g'rrg Warning [l 4 J'f 30 I " SAMD21 SERCOM Port TxB0108  WUARTI2C.SPL_|  JST PA Series
! T TR : : 9 pos right angle
I — . Z'TBRA&I&L 3 8-bit level shift | pgp, 1 Active, RST. | et L
D hterboard " Mode select - % X Actve RST . W/ESD 2
augnterpoar Full RX impaF RST 5 ; ~ JST PA Series
| 5 pos rt angle
- PWR SW SIM Card Holder g?; - —— SHDN - Discrete TVS - g
: I l——. EXTERNAL
Discrete Component ,‘ LED POWER CONTROL, RST, & GPS FLAG
DAR;M 'Programming Safe to
ebug 'or Host Micro unplug
Connector Header | USB | IrPower en
: | : SW

Iridium 9523 Carrier Board Details
Version 1.0 SCUBEE NOT FOR FLIGHT

Flight Modifications:
* Directiridium port connection and associated components, LEDs, and configuration
switches/jumpersto be removed

 Dataand External control ports shall be combinedto a single 9-pin connector
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Date: 12/5/2018 10:36 PM ’ Sheet: 1/3
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Power and Communication SCUBEE i

PDR

Power Supply:

« 5VDC

« 7TAPeak Consumption

 Dualvoltage feed would reduce
current consumption

Communication:

« 3.3/5VTTL RS-2329-wire

« 3.3/5VSPI, 12C, Serial

 TTL signals for additional
control

* Special considerations needed

if 2C/SMBus desired




Iridium Antenna

The Iridium 9523 should be
connected to a certified Iridium-
band antenna with the following
antenna connector characteristics:

General RF Parameters

PARAMETER VALUE

Maximum Gain 3 dBic

Mominal Impedance
Polarnization FRight Hand Circular (RHCP)

Antenna Characteristics

PARAMETER VALUE

Freguency Range 1616 MHz to 1626.5 MHz
Duplexing Method TDD {Time Domain Duplex)

Multiplexing Method TDMA/FDMA

SCUBEE

PDR

IAA.01.121111 M1621HCT-EXT M1621HCT-P-UFL

Price($) 25.86 56.97 Waiting for
quotation

Size(mm) 40.5*38%12.3 52.2*36 33*13.2

Frequency(MHz) 1616-1626.5 1616-1626 1616-1626

Peak Gain(dBic) lacking 1 2.8

Efficiency lacking 90% 60%

Weight(grams) lacking 52 30




Iridium Software SCUBEE &

PDR

Project Goal Remaining Tasks

+ Collects data - Does not collect data
+ Uses data streaming - Does not send data

+ Logs data

+ |nitializes the modem
+ Uses CR as a command
terminator

+ Uses a 128 byte buffer
+ Has documentation - Does not have documentation
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TDRV
Development



Previous Testing

Background:

« Previous testing of TDRV designs consisted of a singular drop
test

« Experiments such asdroppingthe TDRV from the University of
ldaho Kibbie Dome not only tested the capability of electrical
components surviving impact, but validated the use of descent

arrestors indrag force braking

Results:

« Results showed promising criteria for slowing the TDRV, but
lacked adequate stabilization upon descent. Future TDRV
arrestors will be modified to further stabilize the return trip.

SCUBEE

PDR

31




Planned TDRV Improvements SCUBEE
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Replace felt material Mount GPS and Iridium

with high strength Antennasto endcapin
conductive nylon “ e addition to drop
descent arrestor to RN\ | mechanism

improve GPS signal N e
quality. Integrate FM
APRS antennainto
struts. Shorten struts
toreduce 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

| | B Introduce threaded
Reconstruct interior nose cap with

to accept ' , transparent lens
configurable |

electronics tray




Planned TDRV Improvements SCUBEE
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e Nose Cap
o Nose will be separated from body to allow for
access to GoPro camera.
o Cap will be threaded on outer edge for secure
fitting to primary TDRV body.

e Descent Arrestors

o Current arrestors provide too much drag with
little stability.

o Arrestors will be shortened for smaller drag
surface area.

o Angle of attack will be increased by allowing
further arrestor deployment before hard stop is
Initiated on connecting bracket.

Questions:
e Preferred material for TDRV shell construction?
e Finalized accepted dimensions of TDRV?



Current TDRV CAD SCUBEER*
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Threaded female end cap without
modification for antennae

Threaded female
end strut ring

Threaded male end main body

Threaded female end main body

Threaded male end nose cap




Current TDRV CAD SCUBEE
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Flow Assembly.SLDASM |[Drag free fall 120 mph [Default

Averaged Value | Minimum Value Progress [%] |Use In Convergence
GG Force (Y) 1 [Ibf] -50.368345|  -45.17135361 -50.368345|  -39.35048364 5.134318356| 5.746248661
Equation Goal1  |[Ibfl | -0.035847535]  -0.032148797| -0.035847535|  -0.028006039 0.003654134| 0.004089649

Iterations | |: 81

Ana'ysls Intervat: 31 * Thefirst spreadsheet represented
iterations ACOM ran to determine
Cd = 0.035847533; . C < d

Weight =

Terminal velocity
v = sqrt(2*w/(Cd*rho*A)) 556.7357317 in/s
31.6 mph

 The secondspreadsheet was atest
ourteamranto familiarize ourselves

| | |
GoalName __[Unit [Valve __|Averaged Value Progress [%] _[Use In Convergence with the SolidWorks testin rotocol
GG Force (X) 1 [Ibf] -18.07204481 -18.50522451|  -19.02152156 18.07204481 0.949476745| 3.309087256

C_d 0.006042074 -0.0061869| -0.006359515| -0.006042074| @~ 100]yes | 0.000317441] 0.001106336

Iterations | |: 40

Analysis interval: 20




TDRV Descent Methods SCUBEE i
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» Jpossible descent modes for future TDRV
* Shelldesign with delayed opening of descent arrestor fins
 Descentarrestorsthat immediately deploy

 Descentarrestors along with a parachute deployed at lower altitude



TDRV Controller Diagram SCUBEE
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TDRYV Actuators

Legend

PWM /10

Battery Supply Actuator Drivers —I
S VG | | | HX1 Radiometrix | FM Antenna

. — APRS Radio 300mW —>
Teensy 3.5
GPIO S A ARM 32B 144.39 MHz
: 120MHz |
Serial Bus | |

7.4V LiPo 5V 10A Switching |
12C Bus Battery Regulator

MPU-6050

Venus 638 MPL3115A2 IMU with

Daughterboard v Iridium Supply
GPS Module Altimeter Digital Motion

Discrete Component Processor

Iridium UART
lGPS Antenna

TDRYV Controller Board

Version 1.0 SCUBEE

Dual-design allows for use in TDRV and TDRV drop device
Drop device omits large regulator and IMU
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Next Steps
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SCUBEE Schedule

PROJECT TITLE

PROJECT MANAGER

Scheduled Time
- Event Date
WBS NUMBER TASK TITLE
1.1 Team Formation
1.11 Team Contract
1.2 Project definition and intial requirements
1.21 Preliminary Reguirements Document
1.3 Project Wikipage development
1.31 Project Wikipage finalization - Fall
1.3.2 Project Wikipage finalization - Spring
1.5 Preliminary Design Review
1.51 Presentation Creation
1.6 Snapshot 1
1.6.1 Poster Creation
162 Portfolio Update
1.7 Snapshot 2
1.71 Poster Creation
1.7.2 Portfolio Update
1.8 Detailed Design Review
1.8.1 Presentation Creation
1.9 Snapshot 3
1.9 Poster Creation
192 Portfolio Update
1.10. NASA AMES Trip
1.11 EXPO
1111 Poster Creation
1.11.2 Portfolio Finalization
2.1 Iridium Testbed Development
211 System Block Diagram
2.1.2 Component Sefection
213 Schematic Creation
214 PCEB Layout
215 PCB Creation
216 PCB Assembly
217 Software Development
218 Testing
2.2 TDRYV Controller Development
221 Systemn Biock Diagram
222 Component Selection
223 Schematic Creation
224 PCB Layout
225 PCB Creation
226 PCB Assembly
227 Software Development
228 Testing
3.1 Library Development -- Raspberry Pi
3.11 Modem Initialization
3.1.2 Network Stack / TCP/IP Communication
313 Data Collection / Logging
3.2 Library Development -- Microcontroller
3.21 Port from RPi to Microcontroller
3.22 Modem Initialization
323 Network Stack / TCP/IP Communication
324 Data Collection / Logging
4.1 Background resesarch
4.2 Background resesarch
4.2 Get Prototype Specifics
43 3D Model Body Prototype Excluding Tray
4.4 Fabrication of Prototype Body
4.4 Testing Prototype Rev 1
45 Design and Construction of Rev 2
4.6 Testing Prototype Rev 2
4.7 Prepare for Baloon Launch

TASK OWNER

TEAM

TEAM

Hunter B

TEAM

TEAM

TEAM

TEAM

TEAM

TEAM
TEAM

Avery/¥Yi

Avery/Yi

Hunter B

Hunter B

Hunter K

Tim

Hunter K
Hunter K / Tim
Hunter K / Tim
Hunter K/ Tim

Hunter K / Tim
Hunter K / Tim

Hunter K / Tim

Past-Due Work

- Late Modification

START DATE

9/18/18
9/18/18
9/18/18
9/19/18

10/23/18

11/19/18
11/19/18
10/9/18
10/1/18
10/2/18
11/30/18
11/26/18
1127118

1/28/19

3/5/19

2118119

2/19119
4/18/19
4/26/19

411118

10/1/18
10/22/18
11/5/18
11/6/18

1/14/19

1/21/19
2/11/19
10/1/18
10/22/18

10/22/18
11/12/18
12/3/18

9/10/18
9/10/18
10/1/18
11/19/18
12/10/18
1/7/19
1/29/19

2/25/19

3/18/19

END DATE

9/24/18
10/6/18
10/27/18
10/28/18

12/6/18
12/6/18
10/9/18
10/9/18
10/16/18
11/30/18
11/30/18
11/30/18
2/9/19

3/1/19

11/25/18

2110119
4/21/19
3/1119
11/25/18
11/25/18
1/13/19
1127/19
2117119
2124/19

3125119

4/15/19

2/10/19
2/10/19
2/10/19
2/10/19
4/21/19
4/24/19
4/21/19
4/21/19
4/2119

10/1/18
10/1/18
11/19/18
12/10/18
12/31/18
1729/19
2j25/19

3/18/19

4/22/19

PCT OF TASK

DURATION COMPLETE

o
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100%
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50%
0 50%
50%
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w
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w

w
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W
o

N
~

108
88
67
168

450

452

COMPANY NAME

DATE

2018

2019

September October

November

December

January

Febuary

March

April

May

10/1 | 10/8 [10/15 |10/22 [ 10729

11/5 Iulu |n/19 11/26

12/3 [12/10[12/17 ]12./24

12/51[ 1/7 |1/14 I 1/21 |1/28

2/a lz/u l2/18 Iz/zs

3/4 l 3/

11 l 3/18 ] 3/25

an | asm | s a2 |as

sts |s/13

B | o710 | 5117 | 9724
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