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Project Overview

Over vi ew Updat es Schedul e Hi gh- Power I nduct i on Per i scope Budget Sl i de: 3



Slide:

Background: 

Aut onomous  dr one del i ver y sys t ems i n 
devel opment  by

Motivation:

Effective: St andar di ze at t achment  met hods  
acr oss  many dr one pl at f or ms

Functional: Li mi t  det r i ment al  ef f ect  t o 
dr one per f or mance

Safety: Cr eat e saf e and r el i abl e car go 
del i ver y met hods

However ,  no standard exists t hat  al l ows 
one cargo unit t o i nt er f ace wi t h di f f er ent  

UAV t ypes  f r om di f f er ent  manuf act ur er s

- US Military - Amazon Prime Air
- UPS Flight Forward

Background and Motivation

Over vi ew Updat es Schedul e Hi gh- Power I nduct i on Per i scope Budget Sl i de: 4



Slide:

Mission Statement

The Dr one Rechar gi ng Oper at i onal  Payl oad Sys t em (DROPS)ai ms  t o 
s t andar di ze aut onomous  car go del i ver y uni t s  f or  bot h military and 

commercial applications .  Devel opment  of  a docki ng sys t em wi l l  per mi t  
mechanical and electrical connection between class 2 UAVs and power ed 

car go uni t s  while increasing functional range .
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Primary Project Objectives

St r uct ur es Demonst r at e t hat  t he s t r uct ur e of  t he DROPS sys t em wi l l  be abl e t o wi t hs t and 
t he f or ces  on t akeof f ,  i n f l i ght ,  and on l andi ng wi t h t he Pod connect ed

Power  Pass t hr ough

Connect i on & 
Cont r ol

Dat a Tr ansmi ss i on

St r uct ur es Demonst r at e t hat  t he s t r uct ur e of  t he DROPS sys t em wi l l  be abl e t o wi t hs t and 
t he f or ces  on t akeof f ,  i n f l i ght ,  and on l andi ng wi t h t he Pod connect ed

Power  Pass t hr ough Demonst r at e power  t r ans f er  capabi l i t i es  f r om r echar geabl e bat t er i es ,
t hr ough t he DROPS sys t em,  t o a UAV

Connect i on & 
Cont r ol

Dat a Tr ansmi ss i on

St r uct ur es Demonst r at e t hat  t he s t r uct ur e of  t he DROPS sys t em wi l l  be abl e t o wi t hs t and 
t he f or ces  on t akeof f ,  i n f l i ght ,  and on l andi ng wi t h t he Pod connect ed

Power  Pass t hr ough Demonst r at e power  t r ans f er  capabi l i t i es  f r om r echar geabl e bat t er i es ,
t hr ough t he DROPS sys t em,  t o a UAV

Connect i on & 
Cont r ol

Demonst r at e t he abi l i t y t o cont r ol  t he connect i on of  t he DROPS sys t em 
af t er  t he al i gnment  of  UAV

Dat a Tr ansmi ss i on

St r uct ur es Demonst r at e t hat  t he s t r uct ur e of  t he DROPS sys t em wi l l  be abl e t o wi t hs t and 
t he f or ces  on t akeof f ,  i n f l i ght ,  and on l andi ng wi t h t he Pod connect ed

Power  Pass t hr ough Demonst r at e power  t r ans f er  capabi l i t i es  f r om r echar geabl e bat t er i es ,
t hr ough t he DROPS sys t em,  t o a UAV

Connect i on & 
Cont r ol

Demonst r at e t he abi l i t y t o cont r ol  t he connect i on of  t he DROPS sys t em 
af t er  t he al i gnment  of  UAV

Dat a Tr ansmi ss i on Demonst r at e t he abi l i t y t o send t el emet r y bet ween t he DROPS sys t em
and an oper at or  comput er
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Concept of Operations
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Baseline System Design

TB2 Pod

DROPS 
System

0.23 m

PRU

CPMDROPS

TB2 Pod
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System Overview: Functional Block Diagram
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CPE Descr i pt i on Funct i onal  
Requi r ement s Jus t i f i cat i on

St r uct ur es The PRU and CPM st r uct ur e can wi t hs t and al l  
f or ces  t hr oughout  t he mi ss i on 2 The DROPS sys t em needs  t o be abl e t o wi t hs t and al l  r esul t ant  f or ces  of  

t akeof f ,  l andi ng,  and i n f l i ght

Power  Ther e shal l  be power  avai l abl e t o t he UAV 
t hr ough a pass t hr ough f r om t he CPM t o t he PRU

Connect i on & Cont r ol Oper at or s  shal l  be abl e t o send l ock/ unl ock 
commands and r ecei ve t he s t at us  of  l at ches

Dat a Tr ansmi ss i on The s t at us  of  t he Car go Pod shal l  be 
t r ansf er r ed t o t he oper at or

Critical Project Elements

CPE Descr i pt i on Funct i onal  
Requi r ement s Jus t i f i cat i on

St r uct ur es The PRU and CPM st r uct ur e can wi t hs t and al l  
f or ces  t hr oughout  t he mi ss i on

Power  Ther e shal l  be power  avai l abl e t o t he UAV 
t hr ough a pass t hr ough f r om t he CPM t o t he PRU

Connect i on & Cont r ol Oper at or s  shal l  be abl e t o send l ock/ unl ock 
commands and r ecei ve t he s t at us  of  l at ches

Dat a Tr ansmi ss i on The s t at us  of  t he Car go Pod shal l  be 
t r ansf er r ed t o t he oper at or

CPE Descr i pt i on Funct i onal  
Requi r ement s Jus t i f i cat i on

St r uct ur es The PRU and CPM st r uct ur e can wi t hs t and al l  
f or ces  t hr oughout  t he mi ss i on 2 The DROPS sys t em needs  t o be abl e t o wi t hs t and al l  r esul t ant  f or ces  of  

t akeof f ,  l andi ng,  and i n f l i ght

Power  Ther e shal l  be power  avai l abl e t o t he UAV 
t hr ough a pass t hr ough f r om t he CPM t o t he PRU 4 The cus t omer  woul d l i ke t hat  DROPS can demonst r at e t hi s  pr oof  of  concept ;  

suppl yi ng power  t o ext end t he dr one’ s  r ange vi a addi t i onal  bat t er y power

Connect i on & Cont r ol Oper at or s  shal l  be abl e t o send l ock/ unl ock 
commands and r ecei ve t he s t at us  of  l at ches 3, 7 Sendi ng commands t o di sconnect  f r om t he Pod and knowi ng l at ch s t at us  i s  

r equi r ed f or  Pod del i ver y

Dat a Tr ansmi ss i on The s t at us  of  t he Car go Pod shal l  be 
t r ansf er r ed t o t he oper at or 7 The s t at us  of  t he bat t er i es ,  car go,  l at ches ,  and Pod mus t  be known f or  

sys t em moni t or i ng and f or  f ut ur e aut onomous des i gn goal s

CPE Descr i pt i on Funct i onal  
Requi r ement s Jus t i f i cat i on

St r uct ur es The PRU and CPM st r uct ur e can wi t hs t and al l  
f or ces  t hr oughout  t he mi ss i on 2 The DROPS sys t em needs  t o be abl e t o wi t hs t and al l  r esul t ant  f or ces  of  

t akeof f ,  l andi ng,  and i n f l i ght

Power  Ther e shal l  be power  avai l abl e t o t he UAV 
t hr ough a pass t hr ough f r om t he CPM t o t he PRU 4 The cus t omer  woul d l i ke t hat  DROPS can demonst r at e t hi s  pr oof  of  concept ;  

suppl yi ng power  t o ext end t he dr one’ s  r ange vi a addi t i onal  bat t er y power

Connect i on & Cont r ol Oper at or s  shal l  be abl e t o send l ock/ unl ock 
commands and r ecei ve t he s t at us  of  l at ches 3, 7 Sendi ng commands t o di sconnect  f r om t he Pod and knowi ng l at ch s t at us  i s  

r equi r ed f or  Pod del i ver y

Dat a Tr ansmi ss i on The s t at us  of  t he Car go Pod shal l  be 
t r ansf er r ed t o t he oper at or

CPE Descr i pt i on Funct i onal  
Requi r ement s Jus t i f i cat i on

St r uct ur es The PRU and CPM st r uct ur e can wi t hs t and al l  
f or ces  t hr oughout  t he mi ss i on 2 The DROPS sys t em needs  t o be abl e t o wi t hs t and al l  r esul t ant  f or ces  of  

t akeof f ,  l andi ng,  and i n f l i ght

Power  Ther e shal l  be power  avai l abl e t o t he UAV 
t hr ough a pass t hr ough f r om t he CPM t o t he PRU 4 The cus t omer  woul d l i ke t hat  DROPS can demonst r at e t hi s  pr oof  of  concept ;  

suppl yi ng power  t o ext end t he dr one’ s  r ange vi a addi t i onal  bat t er y power

Connect i on & Cont r ol Oper at or s  shal l  be abl e t o send l ock/ unl ock 
commands and r ecei ve t he s t at us  of  l at ches

Dat a Tr ansmi ss i on The s t at us  of  t he Car go Pod shal l  be 
t r ansf er r ed t o t he oper at or
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http://drive.google.com/file/d/1pbSOIy8ZaZBDgJxQjjR6Q2PFHSCZCwGl/view


Slide:

Design Updates
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Major Changes from CDR 

GUI  Changed t o Two- Way Communi cat i on

Shel l  Ri bs  f or  St i f f ness

CPM El ect r oni cs  RF Shi el di ng

PRU Shel l  Bumper s

PRUCPM

PRU
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Test Scheduling
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Spring 2022 Schedule

Procurement

Pod Prototype 
Delivered

IntegrationManufacturing Testing

Critical Path
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Spring 2022 Schedule

Procurement

Pod Prototype 
Delivered

IntegrationManufacturing Testing

Critical Path
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Spring 2022 Schedule

Procurement

Pod Prototype 
Delivered

IntegrationManufacturing Testing

Critical Path
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Testing Schedule

Progress

Data Downlink 1/22

Induction 1/24

Connection 2/5

High Power 2/7

IRISS Drone 2/9

Latch Command 2/25
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Test Readiness
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Testing Summary

Test Name Testing Level Models Verified Relevant CPE Requirement Focus

Data Downlink Radio 
Test Component N/A Data Downlink 7

Induction Charging Test Subsystem Extrapolation Model Power Passthrough 5

Manual Connection and 
Disconnection Subsystem N/a Alignment, Connection 1, 2

High Power System Test Subsystem Power Passthrough 
Layout Power Passthrough 4

IRISS Drone Test System CAD offset, alignment 
tolerances Alignment, Connection 1, 2

Latch Command Test Subsystem Timing model Connection 2

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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System Overview: Power Animation

Over vi ew Updat es Schedul e Hi gh- Power I nduct i on Per i scope Budget Sl i de: 22



Slide:

High Power System Test [Completed]

Motivation: Ver i f y 20- 25 Amps of  cur r ent  
successf ul l y f l ows t hr ough ent i r e power  
pass t hr ough

Equipment:

- CPM and PRU Uni t s
- Hi gh Power  Resi s t or  Ci r cui t
- Non- Cont act  Ther momet er
- Mul t i met er / Al l i gat or  Cl i ps
- Fan and Gl ove
- Per sonnel  Saf et y Equi pment  

Location: Engi ne Tes t  Cel l

Expected Results: 22- 24 Vol t s  
Measur ed at  Res i s t or  Ter mi nal s

Test Name Testing Level Models Verified Relevant CPE Requirements Closed

High Power System Test Subsystem Power Passthrough Layout Power Passthrough 4
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High Power System Test - Methods & Results
Methods:

- 10 mi nut e cur r ent  pul l  
- Res i s t or  vol t age dr op measur ement
- Moni t or i ng t emper at ur e of  r es i s t or s
- Ohm’ s  l aw t o cal cul at e cur r ent  pul l

Assumptions:

- Cons t ant  r es i s t ance wi t h t emper at ur e change
- Resul t s  based on val ues  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 ~ 20. 6 +/ - 0. 3

(Test Layout) (Resistor Temp.)

(Battery Voltage) (Resistor Voltage)

(Circuit Resistance)
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High- Power Test Risk Reduction

Reduced Risk To Personnel:  Cur r ent  onl y pul l ed when PRU and CPM ar e 
s t acked.  Al l  met al l i c component s  cover ed pr oper l y t o avoi d shor t i ng.

Reduced Risk To FR Failure :  Cur r ent  pul l ed success f ul l y whi ch val i dat ed 
r equi r ement .  Power  val ues  met  r equi r ed val ues .

Reduced Risk To Future Project Failures :  Pr oves  pr el i mi nar y dr one 
power  capabi l i t y t hr ough DROPS sys t em f or  f ut ur e i t er at i ons .

Over vi ew Updat es Schedul e Hi gh- Power I nduct i on Per i scope Budget Sl i de: 25



Slide:

Induction Charging Test
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Induction Charging Animation
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Induction Charging Test [Completed] 

Motivation: 12 hour  char gi ng t i me r equi r ement ,  
Sys t em Ver i f i cat i on

Testing Model: Di schar ge cur ve r egr ess i on 

Equipment:

- Wi bot i cs  I nduct i on Tr ansmi t t er  
- POD I nduct i on- Bat t er y sys t em 
- Saf et y Equi pment  
- Dat a Recor di ng Devi ces

Location: Engi ne Tes t  Cel l

Expected Results: <12h Char gi ng Ti me

Alternative Methods: Power  I nt egr at i on,  12h Tes t

Test Name Testing Level Models Verified Relevant CPE Requirement Closed

Induction Charging Test Subsystem Regression Model Power 5
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Induction Charging Test - Methods & Results
Methods:

- 45 mi nut e i nduct i on char ge sess i on
- 2 mi nut e cel l  vol t age measur ement s
- Vol t age dat a f i t t ed t o t he bat t er y 

di schar ge cur ve by t he manuf act ur er
- Mi ni mum r at e ver i f i cat i on

Assumptions:

- Cur r ent  i s  cons t ant  
- Ef f i ci ency i s  cons t ant

Results:

Best Estimate: 11. 51 h ± 13 mi n

Current Used: 2. 5 A

Charging Efficiency: 74% 

Maximum Charging Current: 5 A 
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Induction Test Risk Reduction

Reduced Risk To Personnel:  Bat t er y f ai l ur e odds  r educed f r om t es t i ng 
char gi ng sys t em.

Reduced Risk To FR Failure :  I nduct i on sys t em can success f ul l y char ge 
bat t er i es  t o sponsor  speci f i cat i ons ,  FR cl osed.  

Reduced Risk To Future Project Failures :  I nduct i on sys t em can be 
i nt egr at ed t o f ut ur e Pods  success f ul l y.  Fut ur e dr one char gi ng pr ocedur es  
wi l l  pose l ess  danger  of  mal f unct i on.
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Periscope Drone Test
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Periscope Drone Test

Periscope Drone Test System FEA at key areas, 
Alignment, 
Connection

Structures, Connection 
& Control

2.2, 2.3

Test Name Testing Level Models Verified Relevant CPE Requirements Closed

Motivation: Tes t  t he f ul l  sys t em s t r uct ur al  and connect i on 
f unct i onal i t y wi t h f ul l  s i ze dr one

Rationale: Ver i f y our  cal cul at ed f act or  of  saf et y f or  our  
i nt egr at ed sys t em 

Equipment:

- Ful l  sys t em s t r uct ur e w/  l at ches
- Camer as  ( 3)
- Compass / Accel er omet er  
- St r ai n Gauges
- Wi r el ess  DAQ

Location: Per i scope Faci l i t y near  Washi ngt on,  DC
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Periscope Drone - Methods & Results
Methods:

- Mul t i pl e f l i ght  scenar i os  of  t aki ng of f  and l andi ng wi t h t he Pod at t ached t o t he dr one

Assumptions:

- The f or ces  ar e equal l y di s t r i but ed bet ween t he St r i ker  bol t s  and connect i ons

PRU Gauge Locat i on - l andi ngCPM Gauge Locat i on – l andi ng
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Periscope Drone Test - CPM Model

CPM gauge l ocat i on

Takeof f

Landi ng

Takeof f

Landi ng

Expected Results :

We expect  t he s t r ai n val ues  t o not  exceed:

CPM Gauge:  ~ - 105. 1 μs t r ai n @ t akeof f

CPM Gauge:  ~ 164. 4 μs t r ai n @ l andi ng 

Over vi ew Updat es Schedul e Hi gh- Power I nduct i on Per i scope Budget Sl i de: 34



Slide:

Periscope Drone Test - PRU Model

Takeof f

Landi ng

Takeof f

Landi ng

Expect ed Resul t s :

We expect  t he s t r ai n val ues  t o not  exceed:

PRU Gauge:  ~ 63. 5  μs t r ai n @ t akeof f

PRU Gauge:  ~ - 126. 8 μs t r ai n @ l andi ng
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Strain Data Acquisition System FBD

±. 1 μs t r ai n accur acy 
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Strain DAQ System Benchtop Testing

Finished:

1. Gauge Res i s t ance:  Red- Whi t e:  352,  Red- Bl ack:  
352,  Whi t e- Bl ack: 2

2. Wheat s t one Br i dge Vol t age:  ~1. 6 mV at  zer o 
s t r ai n

3. Si gnal  ver i f i cat i on vi a HX711:  bend bar  w/  
hand → Success

4. Cal i br at i on r un 1 - Tens i on t es t i ng

Action Items:

1. Cal i br at i on r un 2 - Ful l  r ange t es t i ng
2. Send dat a t o/ f r om Mi cr o SD Car d Reader
3. Save s t r ai n dat a t o Mi cr o SD Car d Reader
4. Ful l  sys t em t es t  t o ver i f y s i t t i ng FEA

37Over vi ew Schedul e Tes t  Readi ness Budget Sl i de:  37

Positive Strain

Negative Strain

Over vi ew Schedul e Tes t  Readi ness Budget



Slide:

Strain DAQ System Calibration - > Checking 
Calibration/Results

EXAMPLE:
1. MTS t es t  s t opped at  ~4. 12 kN
2. Run ‘ gi ves t r ai n. m’  wi t h 4121 as  t he 

i nput  ( i n Newt ons)
3. Obt ai n des i r ed mi cr os t r ai n val ue
4. Check r eadi ng - > onl y ~1% error!
5. I f  des i r ed,  change cal i br at i on 

s l i ght l y t o obt ai n cor r ect  val ue

Arduino

Predicted 
Value

Instron 
Force
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Periscope Test Risk Reduction

Reduced Risk To Personnel:  Mechani cal  f ai l ur e of  s t r uct ur es  and 
pr oj ect i l e danger  r i sk r educed due t o accur at e s t r ai n dat a.     

Reduced Risk To FR Failure :  Mul t i pl e connect i on/ di sconnect i on t es t s  
wi t h success  wi l l  r educe r i sk of  l at ch f ai l ur e i n al i gnment  and t akeof f .

Reduced Risk To Future Project Failures :  Reduced r i sk of  bei ng 
unabl e t o adapt  t o var i ous  dr one des i gns  and ar chi t ect ur e f or  f l i ght  and 
phys i cal  connect i on.
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Testing Milestones and Requirements 

Success 
Level

Requirements 
Closed

1 77%

2 50%

3 33%

Test Name Relevant Milestone

Radio Test Funct i onal  Radi os  and Sof t war e

Induction 
Charging

I nt egr at ed bat t er i es ,  f unct i onal  i nduct i on char gi ng 
sys t em

High Power
Tes t  ci r cui t  bui l t ,  hi gh power  wi r i ng i nt egr at ed i nt o 

CPM

Manual 
Connection

Manuf act ur ed and assembl ed CPM,  PRU and Pod 
s t r uct ur es

IRISS Drone
Par t  107 cer t ,  oper at i onal  r emot e l at chi ng sys t em,  

i nt egr at ed PRU and CPM

Latch Command Ful l  l at ch command sys t em oper at i onal

Periscope Drone
DROPS shi pped t o Per i scope,  i nt egr at i on wi t h 

Per i scope,  s t r ai n gauge sys t em 
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Budget
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Financial Update

CURRENT PROJECT TOTA
$4967. 70

Testing - Related
Purchases:

Connection/Alignment Cost
FAA Par t  107 Exam Cost $170

St r ai n Gauge Resi s t or s $70

St r ai n Gauges $50

I RI SS Dr one Mount i ng 
Pl at e/ Har dwar e $25

Power/Charging Cost
Hi gh Power  Resi s t or s $100

Resi s t or  Ci r cui t  
Mat er i al s $20

Li po Bags  and Sand $15

Data/Electronics Cost
Fuses / Br eaker s $20

Ant enne $20

Future Purchases (Sponsor):

Item Cost
Tr uss  St ock f or  PRU/ CPM 

Uni t s  2 and 3 $750

3d Pr i nt i ng Mat er i al $200

Any Ext r a I t ems N/ A

Over vi ew Updat es Schedul e Hi gh- Power I nduct i on Per i scope Budget Sl i de: 42



Slide:

Acknowledgements

Customer & Faculty Advisor: 
Hank Scot t  & Dr .  Jade Mor t on

Special Thanks:  
Mi chael  Rhodes ,  Dr .  Al i r eza Doos t an,  Dr .  Ni chol as  Rai nvi l l e,  

Mat t  Rhode,  Nat han Coyl e,  Zach Kl aus ,  Dr .  Xi nzhao Chu,
Dr .  Kat hr yn Wi ngat e,  Dr .  Jean Kos t er ,  Chr i s t opher  Roseman,  

Bobby Hodgki nson,  Tr udy Schwar t z,  Kat i eRae Wi l l i amson,  
Josh Mel l i n,  Har r i son Bour ne,  St eve Tayl or

TRR Reviewer: 
Emma Mar kovi ch



Slide:

Thank You!
Questions?
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Backup Slides

46

Dat a Downl i nk Tes t  

Manual  Connect i on and Al i gnment  

I RI SS Dr one Tes t  

Lat ch Command Tes t

Per i scope Dr one Tes t  

St r ai n Dat a 

St r ai n DAQ Sys t em Cal i br at i on

V&V

Test i ng Summar y 
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Data Downlink Test
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Data Downlink Radio Test

Mot i vat i on: 1 mi l e separ at i on bet ween XBee 
r equi r ement ,  Sys t ems  Ver i f i cat i on

Tes t i ng Model : Packet s  dr opped over  t i me 
Rat i onal e:  Rel i abi l i t y of  communi cat i on 
l i nk bet ween l at ches / sensor s  and GUI  
( gr ound s t at i on)

Equi pment :  
● Two l apt ops
● Two XBee r adi os  w/  USB dongl e

Locat i on: US- 36 Sceni c Over l ook

Expect ed Resul t s : 5 packet s  dr opped per  
t es t

48Sl i de:  48

Test Name Testing Level Models Verified Relevant CPE Requirement Closed

Data Downlink Radio 
Test

Component N/A Data Downlink 7
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Data Downlink Radio Test - Methods and Results

Met hods :
● Send 100 dat a packet s  at  1 mi l e 

apar t
Assumpt i ons :

● Cl ear  l i ne of  s i ght  bet ween 
r adi os  

Resul t s : Zer o dr opped packet s  over  
t he t hr ee t es t s
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Manual Connection & 
Alignment Test
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Manual Connection & Alignment Test

51

Manual Connection & 
Alignment Test

Subsystem CAD offset, 
Alignment tolerances

Alignment, Connection 1, 2

Test Name Testing Level Models Verified Relevant CPE Requirements Closed

Mot i vat i on: Al i gn and connect / di sconnect  t he PRU t o t he CPM vi a a 
manual  oper at i on by hand

Rat i onal e: Pr oves  al i gnment  and connect i on capabi l i t y wi t h 
phys i cal l y cont r ol l ed PRU and l i f t i ng capabi l i t y

Equi pment :  

● St r uct ur al l y compl et e CPM and PRU ( l at ches  i ncl uded)
● 2x4 Wood Pl anks  wi t h C cl amps
● Camer as  

Locat i on: Seni or  Pr oj ect s  Wor kspace

Expect ed Resul t s : Abi l i t y t o al i gn and connect  wi t h suf f i ci ent  
f or ce t o cl ose l at ches  af t er  manual  al i gnment

Sl i de:  51
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Manual Connection and Alignment Demo

52

Manual  Al i gnment  & Connect i on of  PRU/ CPM Sys t em

- Bi nar y Vi sual  Ver i f i cat i on of  CAD s i mul at i on
- Requi r ement  ## Conf i r med f or  subsys t em
- Pr edecesor  f or  dr one al i gnment  t es t i ng

Key I nf or mat i on

- Mount i ng t o 2x4s
- Pos t - compl et i on of  s t r uct ur al  and 

l at chi ng el ement s
- Bot h connect i on,  l i f t ,  and 

di sconnect i on

CDR - Simulation Actual Testing

Sl i de:  52 
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Induction Test Risk Reduction

Reduced Risk To Personnel:  Secur e l at chi ng mechani sms  of  l at ches  t o 
s t r i ker  bol t s  r educes  r i sk of  unexpect ed di sconnect i on and f al l i ng 
Pod/ CPM

Reduced Risk To FR Failure :   Repeat ed al i gnment  success  r educes  r i sk of  
dr one al i gnment  f ai l ur e t ol er ances

Reduced Risk To Future Project Failures :  Di s t r i but ed wei ght  of  2x4 
r educe r i sk of  var i ous  dr ones  bei ng abl e t o al i gn and connect .  

53Sl i de:  53 
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Manual Connection and Alignment Demo
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IRISS Drone Test
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IRISS Drone Test

56

IRISS Drone Test System CAD offset, alignment 
tolerances

Alignment, Connection 1, 2

Test Name Testing Level Models Verified Relevant CPE Requirements Closed

Mot i vat i on: Al i gn and connect / di sconnect  t he PRU t o t he CPM vi a a 
r emot e oper at or .

Rat i onal e: Pr oves  sys t em f unct i onal i t y as i de f r om pi cki ng up Pod.

Equi pment :  

● DJI  S900 Dr one + PRU
● Pod + CPM
● Met er  s t i cks  ( 2)
● Camer as  ( 3)
● Compass  

Locat i on: ASPEN Lab

Expect ed Resul t s : Abi l i t y t o al i gn and connect  wi t h up t o 10 cm 
of f set  i n x or  y,  and up t o 20 deg i n yaw

Sl i de:  56
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IRISS Drone Test

57Sl i de:  57

Met hods :  

● Tes t  al i gnment  at  var i ous  of f set s  i n x 
di r ect i on up t o 10 cm

● Tes t  al i gnment  at  var i ous  of f set s  i n y 
di r ect i on up t o 10 cm

● Tes t  al i gnment  at  var i ous  of f set s  i n yaw up 
t o 20 degr ees

Assumpt i ons :

● Onl y one di r ect i on var i ed at  a t i me
● Wei ght  di s t r i but i on s i mi l ar  t o Per i scope 

dr one i n or der  t o cl ose l at ches

Resul t s :  
● Successf ul l y al i gned,  connect ed,  

di sconnect ed,  and f l ew away
● Dr one capabi l i t i es  di sappoi nt i ng

○ Af f ect ed cont r ol  
● Not  al l  t es t  cases  wer e successf ul

○ Yaw of f set  onl y t o 10 degr ees
● Fur t her  day of  t es t i ng t o be schedul ed
● Pr ocess i ng dr one s t at e dat a
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Latch Command Test
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Latch Command Test

Mot i vat i on: Need t o unl at ch f r om car go pod af t er  compl et i ng del i ver y

Tes t i ng Model : Ti mi ng bet ween sent  l at ch command and l at ch s t at us  
ver i f i cat i on
Rat i onal :   Ver i f y l at ches  wi l l  open and send l at ch s t at us  over  XBee r adi os  
wi t hi n r equi r ed t i me

Equi pment :  
● PRU
● CPM and Pod
● Lapt op w/  r unni ng GUI  

Locat i on: N200 Pr oj ect s  Room

Expect ed Resul t s : SOMETHI NG
59Sl i de:  59

Latch Command Test Subsystem Timing model Connection 2

Test Name Testing Level Models Verified Relevant CPE Requirement Closed
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Latch Command Test

Test setup

Goal
Ver i f y t hat  t he GUI ,  CPM,  and PRU 

communi cat e and execut e commands  wi t hi n 
1 second t i me cons t r ai nt

Model s  ver i f i ed GUI  t o PRU Dat a Pass t hr ough Fl owchar t  
and t i mi ng model

Dat a Col l ect ed Ti me t o r ecei ve/ send dat a,  t i me t o 
execut e command

Faci l i t i es  Lab Bencht op,  Out door  t es t i ng ar ea

St eps

1. Cr eat e ser i al  connect i on bet ween 
t wo Ar dui nos  ( Nano & Due)

2. Send l at ch command f r om GUI  
t hr ough CPM mi cr ocont r ol l er  t o PRU 
mi cr ocont r ol l er

3. Ver i f y l ock on l at ch opens  and 
cl oses

4. Ver i f y r esponse f r om Nano
5. Tr ack t i me t aken t o compl et e

Requi r ement s FR 3,  per f or mance l evel  2

Arduino 2

Latch 1

Breadboard 1

XBEE Radios 2

Laptop 1

Test Equipment
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Latch Command Test [In Progress]

Mot i vat i on: Ver i f y t hat  t he GUI ,  CPM,  and PRU 
communi cat e and execut e commands  wi t hi n 1 second 
t i me cons t r ai nt

Tes t i ng Model : Dat a Pass t hr ough Fl owchar t ,  Lat ch 
Command Ti mi ng model

Equi pment :  

● Xbee 3 Pr o x2
● Ar dui no Due and Nano
● Lapt op wi t h GUI  

Locat i on: N200,  out door  ar ea

Expect ed Resul t s : Lat ch commanded and s t at uses  
r et ur ned wi t hi n 1 second

61Sl i de:  61

Test Name Testing Level Models Verified Relevant CPE Requirement Closed

Latch Command Test Subsystem Data Passthrough 
Flowchart

Data Downlink 2
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Latch Command Test - Data Passthrough Flowchart

62Sl i de:  62

XBee API Packet

Serial Communication

Serial Communication

Control 
Signals and 
Latch Status



Slide:

Latch Command Test - Timing Model

63Sl i de:  63

GUI  t o 
XBEE

Xbee t o 
Xbee

Xbee t o 
Due

Due t o 
Nano

Nano t o 
Lat ches  
+ ADC

Nano t o 
Due

Due t o 
Xbee

Xbee t o 
Xbee

Xbee t o 
GUI

Total

XXX ms ~0 XXX ms XXX ms XXX ms XXX ms XXX ms ~0 XXX ms XXX ms

● Al l  dat a i nt er f aces  wi l l  be t es t ed and t i med i ndi vi dual l y t o pr of i l e 
t he i mpact  of  commandi ng and moni t or i ng t he l at ches  t o t he over al l  
r unt i me of  t he scr i pt s  t hen summed t o get  a t ot al

● Af t er war ds ,  a f ul l  t es t  i s  conduct ed,  t i med,  and compar ed t o t he 
i ndi vi dual  t es t s



Slide:

● Cur r ent  St at us  - Mi l es t ones  Reached
○ Dat a success f ul l y t r ans f er r ed f r om GUI  t o 

l at ches  but  not  yet  t i med
○ Code t o t i me commands  i ndi vi dual l y and i n 

t ot al  bei ng i mpl ement ed cur r ent l y
○ Cur r ent  one- way l at ch command occur s  i n 

under  a second
○ Team expect s  a negl i gi bl e s t at us  r et ur n 

t i me compar ed t o 1 second goal
● Ful l  l at ch command t es t  t o be per f or med 

Wednesday,  Feb 16t h

64

Latch Command Test - Methods
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Latch Command Test - Packet Definition

7E Packet  Lengt h Fr ame Type Fr ame I D Des t i nat i o
n

Lat ch St at us

ChecksumDATAOpt i ons

DATA

2B 1B 1B 8B 1B 1B

Connect i on St at usBat t er y Vol t ageGPS Dat a

8B4B2B50B

65B

- Tot al  Packet  Si ze:  80B ( 640b)
- Mi ni mum Packet  Rat e:  1Hz
- UART Def aul t  Dat a Rat e:  9600 Baud

Car go St at us

1B

65

Back to Backup 
Slide Org Page
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GUI
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Periscope Drone Test

67Sl i de:  67



Slide:

Periscope Drone Test - Model strain direction

68Sl i de:  68

PRU St r ai n Di r ect i on Compar i son

Gauge Locat i on
Gauge Locat i on

CPM St r ai n Di r ect i on Compar i son
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Strain Data Acquisition System

69Sl i de:  69

Vol t age di f f er ence ( V_g)Res i s t ance Change

Exci t at i on Vol t age Exci t at i on Vol t age

Vol t age

Need t o ver i f y each of  t hese 
s t eps !  - > bencht op t es t i ng
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Arduino Code Structure

70Sl i de:  70

When pi n i s  pul l ed 
1 - > 30 second t i me del ay
2 - > zer os  t he s t r ai n gauges
3 - > wr i t es  s t r ai n dat a t o Mi cr o SD Car d

When pi n i s  not  pul l ed
1 - > t i me l oop
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Total 1st Calibration Run

71Sl i de:  71

St r ai n Val ues  vs  DAQ Readi ng FEA f or  Al umi num Bar  f or  St r ai n Cor r ect i on
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Strain Gauge Application SOP - backup slide

1. Use 120- gr i t  sandpaper  and t hen subsequent l y 1000- gr i t  sandpaper  on 
pl ace t o be gauged

2. Next ,  cl ean sur f ace us i ng i sopr opanol  us i ng l i nt - f r ee cot t on pads  
unt i l  t he cot t on pads  come up cl ean

3. Next ,  appl y M- pr ep condi t i oner  A wi t h l i nt - f r ee cot t on pads  unt i l  
t he pads  come up cl ean.  I mmedi at el y appl y M- pr ep neut r al i zer  B and 
r emove wi t h l i nt - f r ee cot t on pad.

4. Appl y gaugi ng t ape t o ar ea and penci l  i n cr osshead f or  gauge.  Li ne 
up gauge,  appl y i sopr opanol  t o bot h t he gauge under s i de and t he 
gaugi ng sur f ace.  Wai t  t o dr y,  t hen appl y smal l  amount  of  CA gl ue and 
pr ess  down f or  ~3 mi nut es .

5. Appl y f l ux t o gauge pads .  Then,  sol der  wi r es  us i ng MM- br and sol der  
on t he l owes t  t emper at ur e set t i ng.
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Strain DAQ System Calibration

73Sl i de:  73

I ns t r ument at i on:
Gauge DAQ sys t em
Al umi num sampl e wi t h gauge at t ached
I ns t r on 50 kN Uni ver sal  Tes t i ng Machi ne
5 kN Load Cel l
Get f or ce. m
Get s t r ai n. m

1. Add 5 kN l oad cel l  and det ach 50 kN l oad cel l
2. Load al umi num sampl e i nt o UTM
3. Set  dz/ dt  t o 0. 010 mm/ s
4. Pr ess  r eset  but t on t o get  cont r ol  back t o comput er
5. Run Ar dui no code ‘ Dr ops_GaugeDAQ_Cal i br at i on. i no’
6. St op UTM ar ound 1 kN of  f or ce
7. Run Mat l ab code ‘ get s t r ai n. m’
8. Send ‘ +’  or  ‘ - ’  t o ser i al  moni t or  as  needed t o 

i ncr ease/ decr ease cal i br at i on f act or  unt i l  gage r eadi ng 
mat ches  code

9. Repeat  ever y ~0. 5 kN unt i l  4. 5 kN
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Verification and Validation 
(From CDR)
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Testing Summary

Test Name Relevant CPE Relevant FR

Periscope Drone 
Test

High Power 
System Test

Data Downlink 
Radio Test

Latch Command 
Test

IRISS Drone 
Test

Induction 
Charging Test

Manual Connection 
and Disconnection

Structures, 
Communication, 

and Control

Power

Data 
Transmission

Communication 
and Control

Structures

Power

Structures

3,6,7

4

7

2

1, 2

5

1, 2
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Test 1: Heavy Lift UAV Test - Model Details

Per i scope Thr us t -
t o- Wei ght  Rat i o 

Specs

Expect ed 
f or ces / accel er at i ons

FEA Model i ng → St r ess  
concent r at i ons / def or mat i on

UAV Fl i ght  Tes t

St r ai n Gauge Pl acement

Act ual  
f or ces / def or mat i on

7676Sl i de:  76
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Test 1: Heavy Lift UAV Test

Goal s 1.  Fl y t he Pod wi t h t he dr one and det ach wi t h r emot e oper at or
2.  Dr ess  r ehear sal  f or  Ar my event  ( AEWE)

Model s  ver i f i ed CPM FEA,  PRU FEA ( l andi ng)

Dat a Col l ect ed

3 axi s  accel er at i on dat a
Expect ed Val ues:  < 25. 4 m/ s^2 ver t i cal ,  7 m/ s^2 l at er al

St r ai n gauge dat a
Expect ed Val ues  at  sel ect ed s t r ai n gauge l ocat i on:  

7. 01 e- 2 mm ( PRU) ,  1. 35e- 2 mm ( CPM)

7777Sl i de:  77
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Faci l i t i es Per i scope f aci l i t y

St eps

1.  Pod manual l y connect ed t o dr one
2.  Dr one f l ys  wi t h Pod r ecor di ng accel .  and s t r ai n dat a
3.  Dr one l ands
4.  Pod r emot el y det ached
5.  Dr one f l i es  away

Requi r ement s  Cl osed FR 4,  l evel  2 and 3 per f or mance r equi r ement s

Test 1: Heavy Lift UAV Test
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Pad Power  Loss  Equat i ons :

Pad Temper at ur e Change Equat i on:

Copper  145 Al l oy Specs :

K [W/m*K] 386

𝜌𝜌 [Ohms] 1. 678 * 10- 8

Vol t age and Cur r ent :

Constant Voltage [V] 44. 4

Constant Current Per Pad [A] 50

Power Loss Per Pad [W] 1. 13 * 10- 4

Temp. Increase Per Pad [K] 7. 88 * 10- 7

Pad Model  Resul t s :

Test 2: High Power System Test - Model Details

7979Sl i de:  79
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Test 2: High Power System Test

Tes t  Ci r cui t  Model i ng Resul t s :

Es t .  Vol t age at  I nput :  44 V
Tes t  Cur r ent  Des i r ed:      20- 25 A
Tot al  Res i s t ance Requi r ed:   2 Ohm
Resi s t or  Power  Rat i ng:       300 W
Resi s t or  Rat i ng Tol er ance:  5- 10 %
Est .  Di ss i pat i on Per  Uni t :   242 W
Saf et y Mar gi n:       < 50 W 
/ 20 %

Goal Tes t  t he sys t em can suppl y 22 Amps  of  cur r ent  at  t he PRU t er mi nal  cabl es .

Model s  ver i f i ed 1. Power  pass  t hr ough l ayout  ( Bat t er y I nput / Out put  and Pads)
2. Power  and t emper at ur e l osses  wi t h cont act  pads

Dat a Col l ect ed

El ect r i cal  Cur r ent  t hr ough t he Hi gh Power  Sys t em ( Expect ed:  ~22 A)

Vol t age di f f er ent i al  at  PRU end ( Expect ed:  ~44 V)

Copper  PADs t emper at ur e ( Expect ed:  Room Temper at ur e,  Del t a T << 1C)

CPM PRU

8080Sl i de:  80
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Test 2: High Power System Test

Faci l i t i es N200 Pr oj ect s  Space

St eps

1.  Measur e/ Recor d PADS t emper at ur e 
2.  Connect  t es t i ng ci r cui t  t o PRU
3.  Pl ace PRU on CPM and t ur n power  on
4.  Measur e/ Recor d Cur r ent  and Vol t age
5.  Tur n power  of f ,  r emove PRU 
6.  Measur e/ Recor d PADs t emper at ur e 

Requi r ement s FR 4,  per f or mance l evel  2
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Small Scale Testing 
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Induction Charging 
Test 
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Battery Charging/Discharging

- Test Plan: Induction Charging Test
- Materials: 

- 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?

Testing Setup:

8484Slide: 84



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. 

x7
x6

ON

OFF

Testing CONOPS

OFF
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Detailed induction test details
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Detailed induction test details
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Detailed induction test details
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Detailed induction test details
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