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Presentation Overview % =

1. Project Overview Dominic Dougherty

2. Design Updates Ben Capeloto

3. Schedule Updates Ben Capeloto

4. Test Readiness
a. High-Power Test Caroline Dixon
b. Induction Charging Test Danny Gutierrez Mendoza
c. Periscope Drone Test Mia Abouhamadilex Karas

5. Budget Alex Karas
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Background and Motivation

Background: Motivation:
Aut ononous drone delivery systens in Effective:  Standardize attachnent nethods
devel opnent by across nmany drone platforns

- US Military - Amazon Prime Air

- UPS Flight Forward Functional: Limt detrinental effect to

drone per fornance
Hbwever, no standard exists that allows
one cargo unit to interface with different Safety: Geate safe and reliable cargo
UAV types fromdifferent nanufacturers delivery nethods
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Mission Statement % i

The Drone Recharging (perational Payload System (DROPShins to
standardi ze autononous cargo delivery units for both military and
commercial applications . Devel opnent of a docking systemwill permt
mechanical and electrical connection between class 2 UAVs and powvered
cargo units While increasing functional range

Schedul ¢ Slide: 5



Primary Project Objectives

Demonstrate that the structure of the DR(PS systemw 1l be able to withstand

SIS e the forces on takeoff, in flight, and on landing with the Pod connected

Denonstrate power transfer capabilities fromrechargeable batteries,

Power Passt hrough through the DRCPS system to a UAV

Connection & Denonstrate the ability to control the connection of the DROPS system
Control after the alignnent of UAV

Denonstrate the ability to send telenetry bet ween the DROPS system

Data Transm ssion
and an operator conputer

Schedul ¢ Slide: 6
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FLIGHT MISSION

Power
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Mission steps
Wireless Data ,))

(PRU)

Cargo Pod
Mount
(CPM)

TB2 Mission
Concept of Operations
Pod Rack Unit —* [—l

1

Battery

= Cargo
Pod

PILOT LANDS UAV ON POD

CHARGE BATTERY

UAV + POD LANDS

POD DISCONNECTS
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Baseline System Design
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Critical Project Elements
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Power

- DROPS
Mission steps ~ ———»
Wireless Data ,))

Pod Rack Unit —>
Batte
PRU) attery

Cargo Pod
Mount
(CPM)

. Funct i onal C o .
CPE Description P pemt 6 Justification
St TS The PRU and (PMstructure can withstand all 2 The DRCPS systemneeds to be able to withstand all resultant forces of
forces throughout the mission takeoff, landing, and in flight
Pover There shall be power available to the TAV 4 The custoner would like that DRCPS can denonstrate this proof of concept;
through a passthrough fromthe (PMto the PRU suppl ying power to extend the drone’s range via additional battery power
Gonnection & Gont rol Cperators shall be able to send 1ock/unlock 37 Sendi ng commands to disconnect fromthe Pod and knowing latch status is
commands and receive the status of latches ’ required for Pod delivery
. The status of the Cargo Pod shall be
Data Transmission 7
transferred to the operator

The status of the batteries, cargo, latches, and Pod must be known for
systemnonitoring and for future autononous design goals
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http://drive.google.com/file/d/1pbSOIy8ZaZBDgJxQjjR6Q2PFHSCZCwGl/view

Design Updates
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Major Changes from CDR @I’T

QJ (hanged to Two- Wy Communi cation (PMElectronics RF Shielding

493

“ Latch 1: Full Latch 2: Open

Latch 3: Open Latch 4: Door
13:40:26

Fire Latch Command

Shell Ribs for Stiffness
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Test Scheduling
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DROPS Gantt Chart i o —
e e [ P — Procurement  Manufacturing Integration

PRU Structure Full Design
CPM and PRU Mass Audit GFan .‘
PRU Component Manufacturing
PRU structure + Shell integration CT'L t l Cal Path
PRU Full Integration

PRU Fully Integrated

CPM Component Manufacturing
CPM Structure + Shell Integration
CPM Full Integration

CPM Fully Integrated

] Cannection &

Testing

Data Downlink
User Interface
Microcontroller Code
PRU & CPM Microcontroller Connection

Electronics
Electronics Mass Audit
Charging Circuit
Sensors & Connection Circuit
Circuit Integration
Circuits & Wires Fully Integrated

y3nd 1091311)

Power Mass Audit ) Power Mass Audit

Battery Mounts
Wire Harnesses

PRU & CPM Contacts Manufacturing
Power Integration

Power Fully Integrated

Testing
1 Mile Data Test
Trickle Charge Test
Microcontroller Latch Test
Full Charge Test

| S e Critical Path

Full Software/RF Test
Drone Alignment Test Pl‘OfOfype
PRU Latch Actuation Test

Flight Test elivered

Failure Dependent Retest

Project Deliverables
Pod Prototype w

AEWE Fort Benning
Finalized Budget Finalized Budget
4018 Final Report
AIAA Conference Paper
AIAA Abstract Due
AlAA Conference Paper Due
TRR Slides L D
TRR
Symposium Presentation & Poster
AES Symposium
Spring Final Review Slides.
Spring Final Review
Final Project Repo

Firal Project Repart n.{.‘

e Budget

11 Mile Data Test

4018 Final Report
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DROPS Gantt Chart i o — >
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CPM Fully Integrated
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Trickle Charge Test
Microcontroller Latch Test
Full Charge Test
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Drone Alignment Test Pl‘OfOfype
PRU Latch Actuation Test

Flight Test elivered

Failure Dependent Retest

Project Deliverables
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DROPS TRR Schedule

Data Downlink Radio TestJ | Data Downlink Radio Test
Test Procedure | Test Procedure Prog ress

Perform Test T Perform Test

Induction Charging Test J | Induction Charging Test .
Test Procedure | Test Procedure Data DOWﬂlInk 1/22
Perform Test mm—f v orm es

Manual Connection Test J | Manual Conneqtion Test .
Integrate CPM/PRU = ] 51 integrate CPMIPRU Induction 1/24
Test Procedure I Test Procedure
Perform Test _J Perform Test

High Power System Test J | High Power Syptem Test Connection 2/5

Design/Manufacture Load Circuit Design/Manufacture Load Circuit

Test Procedure I Test Proccduri’
Perform Test Perfgly Tect ngh Power 2/7

IRISS Drone Test | IRISS Drone Test
Test Procedure | Test Procedure
Design/Manufacture Drone/PRU Interf... I Design/Manufadture Drone/PRU Interface
Perform Test Perform Test IRISS Drone 2/9

Latch Command Test I | Latch Command
Test Procedure I | Test Procddure
Integrate Latch Circuit Integrate Latch Circuit
Perform Test Perform Test

Latch Command 2/25

Periscope/Survice UAV Test Periscope/Survice UAV Test |

Manufacture/integrate Test PRUs Manufacture/integrate Test PRUs
Deliver Test PRUs to Periscope/Survice Deliver Test PRUs to PenscopeiSumch

Periscope/Survice Performs Test Periscopd/Survice Performs Test [N ]
Transport DROPS to AEWE Transport DROPS to AEWE NN |
Flight Demo Flight Demo NN

e Budget



Test Readiness
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Test Name Testing Level Models Verified Relevant CPE Requirement Focus
Data Downlink Radio Component N/A Data Downlink 7
Test
Induction Charging Test Subsystem Extrapolation Model Power Passthrough 5
Manua_l Connect_|on lite Subsystem N/a Alignment, Connection 1,2
Disconnection
High Power System Test Subsystem PowerLF;‘ z;sosl}?rough Power Passthrough 4

Periscope Drone Test ‘

System ‘

PRU and and CPM
FEA

Structures, Connection

3,6,7
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High- Power Test
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Test Name Testing Level

Models Verified

Relevant CPE

Requirements Closed

High Power System Test Subsystem

Power Passthrough Layout

Power Passthrough

4

Verify 20-25 Anps of current
successfully flows through entire powver
passt hr ough

- (PMand PRU lhits

- Hgh Power Resistor Grcuit
- Non-(Contact Thernoneter

- Mltineter/Alligator (ips
- Fan and Qove

- Personnel Safety Equipnent

Engine Test Cell

22-24 Volts
Masured at Resistor Termnals

Multimeter
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High Power System Test - Methods & Results

S
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Methods

- 10 mnute current pull

- Resistor voltage drop neasurenent

-  Mnitoring tenperature of resistors
- (hnis lawto calculate current pull

Assumptions

- (Constant resistance with tenperature change
- Results based on values at test start

Results :

Voltage Drop 1 Resistor [V] 22.8 +/- 0.1
Voltage Drop 2x Batteries [V] 47.5 +/- 0.2
Total Circuit Resistance [Ohm] 2.3 +- 0.1

Current Draw [A] = 47.5/2.35

Schedul ¢ e Sl de: 24,



High- Power Test Risk Reduction %

Reduced Risk To Personnel: Current only pulled when PRU and (PMare
stacked. All netallic conponents covered properly to avoid shorting.

Reduced Risk To FR Failure : Current pulled successfully which validated
requirenent. Power values net required values.

Reduced Risk To Future Project Failures : Proves preliminary drone
povwer capability through DROPS system for future iterations.

Schedul ¢ e Sl de: 25
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Induction Charging Test
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Test Name Testing Level Models Verified

Relevant CPE Requirement Closed

Induction Charging Test Subsystem Regression Model

Power 5

12 hour charging tine requirenent,
System Verification

Discharge curve regression

-  Whbotics Induction Transmitter
-  POD Induction-Battery system
- Safety Equipnent

- Imta Recording Devices

Engine Test Cell

Voltage [V]

<12h Charging Tine

Power Integration, 12h Test

Battery Discharge Profile

50 60

Percentage [%]

SR



45 mnute induction charge session
2 mnute cell voltage neasurenents
Voltage data fitted to the battery
discharge curve by the nanufacturer
Mnimimrate verification

Gurrent 1s constant
Efficiency is constant

11.51 h £13 mn
2.5 A
74%

5 A

Battery Percentage

@

2

OPERAT
W °"'41°

o
Wass,s a0

Cells Voltage

30
Time [min]

Extrapelation Medel [Percentage]

-300 -200

Time [min]
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Induction Test Risk Reduction %

Reduced Risk To Personnel: Battery failure odds reduced fromtesting
charging system

Reduced Risk To FR Failure : Induction system can successfully charge
batteries to sponsor specifications, FR closed.

Reduced Risk To Future Project Failures : Induction systemcan be
integrated to future Pods successfully. Future drone charging procedures
wll pose less danger of nalfunction.
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Test Name Testing Level Models Verified Relevant CPE Requirements Closed

Periscope Drone Test System FEA at key areas, Structures, Connection 22,23
Alignment, & Control
Connection

Test the full systemstructural and connection
functionality with full size drone

‘ Verify our calculated factor of safety for our UAV with Installed PRU
integrated system

UAV Operator
Console
- Full systemstructure W latches Strain
- Qaneras (3)
- (Conpass/ Accel eronet er

- Strain Gauges
- Wreless DAQ Installed CPM  Accelerometer

Periscope Facility near Wshington, DC




Periscope Drone - Methods & Results
Methods

-  Mltiple flight scenarios of taking off and landing with the Pod attached to the drone

Assumptions

- The forces are equally distributed between the Striker bolts and connections

(PM Gauge Location — landing PRU Gauge Location - landing

Schedul ¢ Sl de: 33



Periscope Drone Test - CPM Model

Expected Results :

Takeoff
W expect the strain values to not exceed:
CPM Gauge~ -105.1 pstrain @takeoff
CPM Gauge~ 164.4 pstrain @l anding
Landi ng

Takeof f

Landi ng

(PMgauge location
Schedul e
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Periscope Drone Test - PRU Model
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Takeof f Expected Results:

W expect the strain values to not exceed:

PRU Gauge~ 63.5 pstrain @takeoff

Landing  pRy Gauge~ -126.8 pstrain @landing

1.925e-04
1.732e-04
1.540e-04
1.347e-04
1.155e-04
9.624e-05

Takeof f

ORKS Educational Product. Eor |

Landi ng

Schedul ¢
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Strain Gauge |

Wheatstone
Bridge
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Data Storage

Arduino Uno ||
|

Resistance Change
Voltage

Digital Signal

- Clock Signal

Strain Data

+. 1 pstrain accuracy
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Strain DAQ System Benchtop Testing
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.
F|n|Shed. Reading: @.2microstrain c

Reading: 1.@microstrain c

POSitiVG Strain Reading: 3.4microstrain c
. . Reading: 6.8microstrain c
1. (Gauge Resistance: Red-Wite: 352, Red-Black: fReading: 8. omicrostrain ¢

Reading: 11.7microstrain

1 . Reading: 17.2microstrai
352, Wite-Black:2 cosrg: 37 amcrosren
. Reading: 33.6microstrain

2. Weatstone Bridge Wltage: ~1.6 nV at zero Reading: 37_4microstrain
R Reading: 38.7microstrain

strain s F
Reading: 38.1microstrain

Reading: 36.8microstrain

ding: 35.1mi i

hand — Success Reading: 33, Bmicrostrain

Reading: 25.9microstrain

Reading: 38.7microstrain
3. Signal verification via HX711: bend bar w Reading: 38.0microstrain
4. Qlibration run 1 - Tension testing

: 1.1microstrain ca’

N t St . ing: -0.2microstrain c

H . ing: -4.7microstrain c
ACtlon Items. ega ve rain | ing: -11.1microstrain .
ing: -13.9microstrain

: =17.2microstrain

: -23.3microstrain .

(Galibration run 2 - Full range testing ng: _27.amicrostrain |

: -29.6microstrain

Send data to/fromMcro SD Card Reader Reading: —s1.omicrostrain |

Readingf —30.4m-ﬁ.cr‘ostra1:.n .

Save strain data to Mcro SD Card Reader R [y
[ ] Reading: -33.5microst

Full systemtest to verify sitting FEA Reading: -35.3microstrain

Reading: -36.7microstrain

Reading: -37.7microstrain
Reading: -36.4microstrain

Sl e (i
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EXAMPLE:

MS test stopped at ~4.12 kN
Run ‘givestrain.mi with 4121 as the
input (in Newtons)
3. (btain desired mcrostrain value
Check reading -> only ~1% error!
5. If desired, change calibration

slightly to obtain correct value

Instron
Force

N —

>

Command Window
>> givestrainl4lzl)

ans = Predicted
208.9843 Value

f15>>‘

Reading: 206.8microstrain calibration_factor: 1300.00

Reading: 206.8microstrain calibration_factor: 1300.00

. Reading: 206.8microstrain calibration_factor: 1300.00
ATdUIﬂO Reading: 206.8microstrain calibration_factor: 1300.060

Reading: 206.8microstrain calibration_factor: 1300.00
Reading: 206.8microstrain calibration_factor: 1300.00
n Reading: 206.8microstrain calibration_factor: 1300.00
thchandfiReading: 206 .7microstrain calibration_factor: 130@.00
‘‘lReading: 2@6.8microstrain calibration_factor: 1300.00
2adi 2 icrostrain calibration factor: 1300.09

vecs

inexamy
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Periscope Test Risk Reduction %

Reduced Risk To Personnel: Mchanical failure of structures and
projectile danger risk reduced due to accurate strain data.

Reduced Risk To FR Failure : Miltiple connection/disconnection tests
with success will reduce risk of latch failure in alignnent and takeoff.

Reduced Risk To Future Project Failures  : Reduced risk of being
unable to adapt to various drone designs and architecture for flight and

physical connection.

Schedul ¢ Sl de: 30



Testing Milestones and Requirements

Test Name Relevant Milestone
Radio Test Functional Radios and Software
Induction Integrated batteries, functional induction charging
Chargin, system .
gng Success | Requirements
. Test circuit built, high power wiring integrated into Level Closed
High Power = IC)PM ? 8
] T7%
Manual Mnufactured and assenbled (PM PRU and Pod
Connection structures i 50%
Part 107 cert, operational remote latching system 3 33%
IRISS Drone integrated PRU and (PM
Latch Command Full latch command system operational
, DROPS shipped to Periscope, integration with
Periscope Drone Periscope, strain gauge system
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Budget
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Financial Update

Subsystem Breakdown

Margin
0.6%

Data/Elec. 7
11.3%

Testing - Related
Purchases:

Connection/Alignment | Cost

OPERATIG,
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S R Future Purchases (Sponsor):
Strain Gauge Resistors $70
High Power A Strain Guuges $50 ltem Cost
e | | [ Gatsawmas |
3d Printing Mterial $200
Power/Charging Cost Any BExtra Itens N A
Component Breakdown Hgh Pover Resistors $100
(F:.asl;?oin | . 2!’:32 Resi st or 'G rcuit $20
OTHER i Mterials
lpome adsnd | | CURRENT PROJECT TOTA
- Data/Electronics Cost $4967. 70
1522.8825 Fuses/ Breakers $20
Ant enne $20
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Inta Downlink Test

Mnual Connection and Alignnent

IRISS Drone Test

Latch Command Test

Periscope Ixrone Test

Strain Ihta

Strain DAD System Calibration
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Data Downlink Radio Test
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rquient, Systriat '
Testing Mydel: Packets dropped over tine
Rationale: Reliability of communication
link between latches/sensors and GU
(ground station)

Equi pnent :

e Two laptops

o Two XBee radios w (BB dongle
Location: US-36 Scenic Overl ook

Expected Results: 5 packets dropped per
test




Data Downlink Radio Test

Mt hods:
e Send 100 data packets at 1 mle
apart
Assunptions:

e (dear line of sight between
radi os

Results: Zero dropped packets over
the three tests

&% Radio Range Test

Radio Range Test

Digitesh AT

Range Test

|
; l.

- Local RSSI - Percentage

Local: -63 dBm

- Methods and Results ==

Success [%]

OPERATIG,
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Configuration
Range Testtype:  Cluste

Packet payload:

Fx timeout (ms): 1

Number of packe

oop infinitely
Packets sent

100

Packets received

Start Range Test




Manual Connection &
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Manual Connection & Alignment Test

Mtivation: Align and connect/disconnect the PRUto the (PMvia a
manual operation by hand

Rationale: Proves alignnent and connection capability with
physically controlled PRU and 1ifting capability

Equi pnent :

e Structurally conplete (PMand PRU (1atches i1ncluded)
o 2x4 Wod Planks with C clanps
e (aneras

Location: Senior Projects Wrkspace

Expected Results: Ability to align and connect with sufficient
force to close latches after nanual alignnent




Manual Connection and Alignment Demo

CDR Simulation

Mnual Aignnent & Connection of PRU (PMSystem Key Infornation

- Binary Msual Verification of CAD simulation - Munting to 2x4s

- Requirenent ## Confirned for subsystem - Post-conpletion of structural and
- Predecesor for drone alignnent testing latching elenents

- Both connection, lift, and
di sconnection

Slide: 52



Induction Test Risk Reduction %

Reduced Risk To Personnel: Secure latching nechanisns of latches to
striker bolts reduces risk of unexpected disconnection and falling
Pod/ CPM

Reduced Risk To FR Failure : Repeated alignnent success reduces risk of
drone alignnent failure tolerances

Reduced Risk To Future Project Failures : Distributed weight of 2x4
reduce risk of various drones being able to align and connect.
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Manual Connection and Alignment Demo
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IRISS Drone Test
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IRISS Drone Test

Test Name Testing Level Models Verified Relevant CPE Requirements Closed
IRISS Drone Test System CAD offset, alignment | Alignment, Connection 1,2
tolerances

Mtivation: Align and connect/disconnect the PRUto the (PMvia a
renote operator.

Rationale: Proves system functionality aside from picking up Pod.

Equi pnent :

DT S900 Drone + PRU
Pod + (PM

Mter sticks (2)
Ganeras (3)

Conpass

[Location: ASPEN Lab

Fxpected Results: Ability to align and connect with up to 10 cm
offset in x or y, and up to 20 deg in yaw

Slide: 56



IRISS Drone Test

Mt hods:

e Test alignnent at various offsets in x
direction up to 10 cm

e Test alignnent at various offsets iny
direction up to 10 cm

o Test alignnent at various offsets in yaw up
to 20 degrees

Assunptions:

@ (nly one direction varied at a tine
e Wight distribution simlar to Periscope
drone in order to close latches

Results:
e Successfully aligned, connected,
disconnected, and flew away

e [rone capabilities disappointing

o Affected control
e Not all test cases were successful

o Yawoffset only to 10 degrees
e Further day of testing to be scheduled
e Processing drone state data




Latch Command Test




Latch Command Test

Latch Command Test Subsystem Timing model Connection

Mtivation: Need to unlatch fromcargo pod after conpleting delivery

Testing Mbdel: Timng between sent latch command and latch status
verification

Rational: Verify latches will open and send latch status over XBee radios
within required tine

Equi pnent ;

e PRU

e (PMand Pod

e [aptop W running QU
[ocation: N200 Projects Room

Expected Results: SOVETH NG
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Latch Command Test

Verify that the GI, (PM and PRU
(nal communi cate and execute commands within
1 second tine constraint

G to PRU Imta Passthrough Flowchart

Mdels verified and tining model

Tine to receive/send data, tine to

Inta Collected
execute command

Facilities Lab Benchtop, Qutdoor testing area

1. Geate serial connection between
two Arduinos (MNano & [ue)

2. Send latch command from GU
t hrough (PMnicrocontroller to PRU

St eps m crocontroller

3. Verify lock on latch opens and
closes

4. Verify response from Nano

5. Track tine taken to conplete

Requirenent s FR 3, perfornance level 2

Laptop wi/

GUI

Data Pads

rduino
— Xbee 3 Xbee 3 Ardumo Due O | T

Test setup
Test Equipment
Arduino 2
Latch 1
Breadboard 1
XBEE Radios 2
Laptop 1




Latch Command Test [In Progress] @

Test Name Testing Level Models Verified Relevant CPE Requirement Closed

Mtivation: Verify that the Ql, (PM and PRU
Data Pads

communi cate and execute commands within 1 second [——
tine constraint Laptop w/ T Arduino
GUI — Xbee 3 Xbee 3 Arduino Due __ O] Nano

Testing Mbdel: Data Passthrough Flowchart, Latch

Command Ti m ng nodel

Equi pnent :

Power Passthrough

e Xbee 3 Pro x2

® Arduino Due and Nano _ o
° Lapt op with QU Latch 1: Full Latch 2: Open
-

location: N200, outdoor area
Latch 3: Open Latch 4: Door
Expected Results: Latch commanded and statuses 194620

returned within 1 second
Fire Latch Command
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rort | [ ecTRomecHanicaL |

| ELECTRONICS |

l MECHANICAL |

Battery Power

Regulated Power

Wireless

Data s—
Comms
Mechanical iy

DROPS FUNCTIONAL
BLOCK DIAGRAM

CARGO POD MOUNT

XBee API Packet

POD RACK
UNIT

Serial C

Serial Communication

A
Jommunication

A

Y

PRU MICRO
CONTROLLER

A

Control
Signals and
Latch Status

CPM MICRO
CONTROLLER

SENSORS

LAPTOP
RECEIVER

ORONE Rec,,.
%,
s,




Latch Command Test- Timing Model

e Al data interfaces will be tested and tined individually to profile
the 1npact of commanding and nonitoring the latches to the overall
runtine of the scripts then summed to get a total

e Afterwards, a full test 1s conducted, tined, and conpared to the

1ndi vidual tests

A to Xbee to | Xbee to | Due to Nano to | Nano to | Due to Xbee to | Xbee to Tota|
XBEE Xbee Due Nano Lat ches | Due Xbee Xbee Qa
+ ADC




Latch Command Test- Methods

e (urrent Status - Mlestones Reached

o Imta successfully transferred fromQJ to
latches but not yet tined

o (ode to tine commands individually and in
total being inplenented currently

o (Current one-way latch command occurs in
under a second

o Teamexpects a negligible status return
tine conpared to 1 second goal

e Full latch command test to be perforned
Wdnesday, Feb 16th
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Latch Command Test- Packet Definition

DATA

— I — — i — — i — — e — —

- Total Packet Size: 80B (640b)
- Mnimum Packet Rate: 1Hz

- UART Default Imta Rate: 9600 Baud _
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# DROPS GUI V2

3

Battery Voltage

Power Passthrough

Cargo Bay

Latch Status

Latch 1: Full

OPERATIG,
S a,

S,

»,
&/

RONE R,

o Chg,
€

Wasys avO”

Latch 2: Open

Timestamp

15:46:26

Latch 3: Open

Latch 4: Door

Fire Latch Command
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Periscope Drone Test




Periscope Drone Test - Model strain direction

| Gauge Location
(Gauge Location

(PMStrain Direction Conparison PRU Strain Drection Conparison
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Need to verify each of these
steps! -> benchtop testing

o iiiiiTe

{ a “[:]
& [T )
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S8 Strain Data

g! > -
CHHELE -
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Arduino Code Structure

Wien pin is pulled

I -> 30 second tine delay

2 -> zeros the strain gauges

3 ->wites strain data to Mcro SD Card

Wien pin is not pulled
I ->tine loop
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Calibration Session 1 - Final Run
ESTRN

1.077e-04

1.015e-04

- 9.532e-05

_ 8914e-05
_ 8.295e-05
| 7.677e-05

X 108.991

Y913
_ 7.058e-05

£
®
£
k7]
<]
g
L2
£

Element: 3817 = 6.440e-05
Element: 3882

X, Y, Z Location:|-3.21, -29.5, 10.8 mm 5.821-05
X, Y, Z Location:| -1.56, -33.2, 10.8 mm le

Value: 8.970e-05

Value: 8.978e-05 5.203e-05
4.585e-05

&

Element: 4416

Element: 4328
X, Y, Z Location: | -5.05, -78.5, 10.8 mm

Value: 7.608e-05 N
100 120 €

3 A
Time (s) 3

Strain Values vs DAQ Reading FEA for Al um num Bar for Strain Correction




Strain Gauge Application SOP - backup slide

1. Use 120-grit sandpaper and then subsequently 1000-grit sandpaper on
place to be gauged

2. Next, clean surface using isopropanol using lint-free cotton pads
until the cotton pads cone up clean

3. Next, apply Mprep conditioner Awith lint-free cotton pads until
the pads cone up clean. Immediately apply Mprep neutralizer B and
renove with lint-free cotton pad.

4. Apply gauging tape to area and pencil in crosshead for gauge. Line
up gauge, apply i1sopropanol to both the gauge underside and the
gauging surface. Wit to dry, then apply small anount of CA glue and
press down for ~3 mnutes.

5. Aply flux to gauge pads. Then, solder wires using MMbrand sol der
on the lowest tenperature setting.

Slide: 72



Strain DAQ System Calibration

Instrunentation:

Gauge DAQ system

Alumnumsanple with gauge attached
Instron 50 kN Uhiversal Testing Mchine
5 kN Load Cell

Getforce. m

Getstrain. m

s R R

Add 5 kN 1load cell and detach 50 kN 1oad cell

Load alum numsanple into UM

Set dz/dt to 0.010 nmd s

Press reset button to get control back to conputer
Run Arduino code ‘Ixops GaugeDAQ (alibration.ino’
Stop UIMaround 1 kN of force

Run Mitlab code ‘getstrain. ni

Send ‘+ or ‘-’ to serial nonitor as needed to
increase/decrease calibration factor until gage reading
nat ches code

Repeat every ~0.5 kNuntil 4.5 kN
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Verification and Validation
(From CDR)




OPERATI,
» a, B

S

Testing Summary

ORONE Rec,.
8
AR
Waisys ad®

Test Name Relevant CPE Relevant FR
Periscope Drone L 3.6.7
Test and Control ' I

High Power 4
System Test
IRISS Drone
TeSt 1 ’ 2
Data Downlink Data 7
Radio Test ——p Transmission
Latch Command Communication 2
Test and Control
Induction
Charging Test
Manual Connection
and Disconnection 1 ’ 2
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Test 1: Heavy Lift UAV Test - Model Details

Periscope Thrust- Expected FEA Mdeling — Stress
to- Wight Ratio —> | forces/accelerations - concentrations/defornation
Specs

/

Actual
forces/defornation

N

UAV Flight Test —
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1. Fly the Pod with the drone and detach with renote operator

Gerlle 2. Dress rehearsal for Arny event (AEWE)

Mdels verified CPMFEA PRU FEA (1anding)

Expected Val ues: < 25.4 mis?2 vertical, 7 mis*2 | ateral
Inta (Collected

Expected Values at selected strain gauge location:
7.01 e-2 nm (PRU), 1.35e-2 nm (CPM
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Test 1: Heavy Lift UAV Test

Facilities Periscope facility

1. Pod nanually connected to drone
2. Drone flys with Pod recording accel. and strain data
St eps 3. Drone lands
4. Pod remotely detached
5. Drone flies away
Requirenents (osed FR 4, level 2 and 3 perfornance requirenents

UAV with Installed PRU

UAV Operator
Console

Pod with
Installed CPM Accelerometer
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K [W/m*K] 386 pt

R Pad — —;
wh
p [Ohms] 1.678 * 108
Vbre p = I+ Rpyy
Constant Voltage [V] e Pross =1 * ':444 - 1"":'_)4*‘:':':;7 }
Constant Current Per Pad [A] 50

Power Loss Per Pad [W] 1.13 * 104 t

T('.',"um,ge = PLoss

whk

Temp. Increase Per Pad [K] 7.88 * 1077




Test 2: High Power System Test

(oal

Test the systemcan supply 22 Anps of current at the PRU termnal cables.

Mbydels verified

Power and tenperature losses with contact pads

Power pass through layout (Battery Input/Qutput and Pads)

Inta Collected

Electrical Current through the H gh Power System (Expected: ~22 A)
Voltage differential at PRU end (Expected: ~44 V)
Copper PAx tenperature (Expected: Room Tenperature, Delta T << 10

Test Grcuit Mbdeling Results:

Est. Voltage at Input:
Test Current Desired:

Total Resistance Required:

Resistor Power Rating:

Resistor Rating Tol erance:
Est. Dissipation Per lhit:

Safety Mrgin:

44V
20-25 A
2 Ohm
300 W
510 %
242 W
<50W

~120%
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Facilities N200 Projects Space

Masure/ Record PALS tenperature
Connect testing circuit to PRU
Place PRU on (PMand turn power on
Masure/Record Current and Voltage
Turn power off, renove PRU
Masure/Record PAD» tenperature

St eps

=N E s RO

Requirenent s FR 4, performance level 2

Voltmeter

/ A t \
_ mmeter \
Laser '

Thermometer \

Non-Conductive Gloves

Resistor Circuit
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Small Scale Testing




Induction Charging
Test




Battery Charging/Discharging

- Test Plan: Induction Charging Test
L Matefials: Testing Setup:

- Wibotics Charging System
- Voltmeter
- Battery
- Glenair Wires
- Ring joints

- Safety Checklist:

- High Power circuit inspected
- LiPo Bag ready
- LiPo Fire bucket ready

- Date: 1/22/2021

- Location for this test

- N200 not great per email yesterday
- Engine test cell good location?




Induction Charging Test - Procedures Overview

- Connect the onboard charger to the batteries and receiver coil.

- Connect the transmitter coil to the wall transmitter and plug to
the wall power outlet.

- Measure the starting battery voltage and record it.

- Turn power on and wait for 10 minutes. Repeat measurement until
one hour has passed. There should be a total of 7 measurements.

- End of the test. Turn power off. Disconnect everything.
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ta Collected
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0O Data Collected
Estimated Discharge Curve 0  Data Collected

Q

Estimated Discharge Curve

Time [min]

<
E
1}]
£
[

4' _T_—___T————;_,__—-,—-——_I__—_‘—___r_
38 : 60 80

36 340 20 4 : Percent [%]
Voltage [V] * Percent [%]
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