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Project Purpose and Objectives
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Purpose Desi gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

Background: 

Aut onomous  dr one del i ver y sys t ems ar e bei ng 
devel oped by and f or  l ar ge or gani zat i ons

Motivation:

Effective: Cur r ent  dr one- t o- pod 
at t achment  met hods  ar e non- s t andar di zed
Functionality: Cur r ent  des i gn sol ut i ons  
of t en hi nder  t he over al l  per f or mance of  
t he dr one’ s  capabi l i t i es
Safety: Cur r ent  dr one car go del i ver y 
met hods  ar e of t en hazar dous

- Straps/Bags 
- Different Source Components

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
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Purpose Desi gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

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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Purpose Desi gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

Concept of Operations
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Purpose Desi gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

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 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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Design Solution
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Purpose Desi gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

System Overview: Baseline System Design

TB2 Pod

DROPS 
System

0.23 m

PRU

CPM

Empty System Mass:
18.5 Kg
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0.16 m

Shell Material: Polycarbonate [1]
Truss Material:   Aluminum [1]

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide:

System Overview: Pod Rack Unit (PRU) Design

Key Features:

Interface : Attached to the UAV

Power Contacts: Power to UAV

Electronics : Controls Latches 

Connection: Connection to Pod

Slot Slopes : Alignment to Pod
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PRU Mass: 3.1 Kg 



Purpose Desi gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

System Overview: Cargo Pod Mount (CPM) Design

Key Feat ur es :

0.13 m

Sl ot  Sl opes :  Al i gnment  of  UAV

El ect r oni cs :  2- Way Tel emet r y 

Power  Cont act s :  Power  t o UAV

Connect i on:  Connect i on t o UAV

I nt er f ace:  At t ached t o t he Pod Shell Material: Polycarbonate [1]
Truss Material:   Aluminum [1]
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System Overview: Connection Animation

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 12



System Overview: Power Animation

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 13



System Overview: Charging Animation

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 14



System Overview: Functional Block Diagram

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 15



Critical Project Elements
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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

Pur pose

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
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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 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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Design Requirements & 
Satisfaction
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CPE 1: Structural Elements 

Structures The PRU and CPM structure can withstand all forces throughout the mission FR 2

PR 2.3 The DROPS system can withstand vertical forces on takeoff due to accelerations of    
25.4 m/s 2 with a FOS greater than 3

PR 2.3 The DROPS system can withstand vertical forces on landing due to accelerations of    
25.4 m/s 2 with a FOS greater than 3

PR 2.3 The DROPS system can withstand lateral forces in flight due to accelerations of         
7 m/s2 with a FOS greater than 3

FR 2 The UAV shall connect to the Pod via the PRU

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 19



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

CPE 1: Critical Mission Elements Modeling

Wi l l  be anal yzi ng t hr ee di f f er ent  phases  of  f l i ght  as  t hey r el at e t o t hi s  CPE

Forces during Mission

Forces on Takeoff

Forces on Landing

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 20

For ces  f r om Per i scope dr one ar e model ed wi t h assumed uni f or m di s t r i but i on us i ng Sol i dwor ks  FEA



CPE 1: CPM Structure - Full Thrust Takeoff

Part Material Yield Str.

Truss 6061- T6 241 MPa

Latch Bolts Alloy Steel 415 MPa

FOSMIN 5.60 Fixed Points

Equally distributed 
F = 607 N Load

PR 2.3 The DROPS system can withstand vertical forces on takeoff due to accelerations of    
25.4 m/s 2 with a FOS greater than 3

Stage of Flight

Finite Element Analysis

Component Details

Factor of Safety Result

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 21



CPE 1: PRU Structure - Full Thrust Takeoff

Part Material Yield Str.

Truss 6061- T6 241 MPa

Latch Bolts Alloy Steel 415 MPa

FOSMIN 6.34 Fixed Points

Equally distributed 
F = 607 N Load

PR 2.3 The DROPS system can withstand vertical forces on takeoff due to accelerations of    
25.4 m/s 2 with a FOS greater than 3

Stage of Flight

Finite Element Analysis

Component Details

Factor of Safety Result

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 22



PR 2.3 The DROPS sys t em can wi t hs t and l at er al  f or ces  i n f l i ght  due t o accel er at i ons  of          
7 m/ s 2 wi t h a FOS gr eat er  t han 3

CPE 1: CPM Structure - Horizontal Accel. 7 m/s 2

Par t Mat er i al Yi el d St r .

Tr uss 6061- T6 241 MPa

Lat ch Bol t s Alloy Steel 415 MPa

FOSMI N 11.21

Fixed Points

Equally distributed 
F = 175 N Load

St age of  Fl i ght

Fi ni t e El ement  Anal ys i s

Component  Det ai l s

Fact or  of  Saf et y Resul t

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 23



PR 2.3 The DROPS sys t em can wi t hs t and l at er al  f or ces  i n f l i ght  due t o accel er at i ons  of          
7 m/ s 2 wi t h a FOS gr eat er  t han 3

CPE 1: PRU Structure - Horizontal Accel. 7 m/s 2

Par t Mat er i al Yi el d St r .

Tr uss 6061- T6 241 MPa

Lat ch Bol t s Alloy Steel 415 MPa

FOSMI N 6.09

Fixed Points

Equally distributed 
F = 175 N Load

St age of  Fl i ght

Fi ni t e El ement  Anal ys i s

Component  Det ai l s

Fact or  of  Saf et y Resul t

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 24



PR 2.3 The DROPS sys t em can wi t hs t and ver t i cal  f or ces  on l andi ng due t o accel er at i ons  of     
25. 4 m/ s 2 wi t h a FOS gr eat er  t han 3

CPE 1: CPM Structure - Landing 0.5 m/s

Par t Mat er i al Yi el d St r .

Tr uss 6061- T6 241 MPa

Lat ch Bol t s Alloy Steel 415 MPa

FOSMI N 4.39

St age of  Fl i ght

Fi ni t e El ement  Anal ys i s

Component  Det ai l s

Fact or  of  Saf et y Resul t

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 25



PR 2.3 The DROPS sys t em can wi t hs t and ver t i cal  f or ces  on l andi ng due t o accel er at i ons  of     
25. 4 m/ s 2 wi t h a FOS gr eat er  t han 3

CPE 1: PRU Structure - Landing 0.5 m/s

Par t Mat er i al Yi el d St r .

Tr uss 6061- T6 241 MPa

Lat ch Bol t s Alloy Steel 415 MPa

FOSMI N 4.66

St age of  Fl i ght

Fi ni t e El ement  Anal ys i s

Component  Det ai l s

Fact or  of  Saf et y Resul t

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 26



CPE 1: Structural Elements

Structures The structural components of the PRU,CPM,and Pod structure can withstand 
all forces throughout the mission FR 2

PR 2.3 The DROPS system can withstand vertical forces on takeoff due to accelerations of    
25.4 m/s 2 with a FOS greater than 3

PR 2.3 The DROPS system can withstand vertical forces on landing due to accelerations of    
25.4 m/s 2 with a FOS greater than 3

PR 2.3 The DROPS system can withstand lateral forces in flight due to accelerations of         
7 m/s2 with a FOS greater than 3

FR 2 The UAV shall connect to the Pod via the PRU

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 27



PR 4.2 Ther e shal l  be unr egul at ed,  f unct i oni ng power  di s t r i but i on cabl es  bet ween t he CPM 
bat t er i es  and t he PRU out put  t hat  ar e des i gned t o pass  at  mos t  100 Amps

PR 4. 2 The cont act  pad connect i on sys t em bet ween t he CPM and t he PRU ar e des i gned t o pass  at  
mos t  100 Amps

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 FR 4

FR4 Ther e shal l  be power  pass t hr ough f r om t he POD t hr ough t he PRU out put s

CPE 2: Power Passthrough

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 28



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 FR 4

CPE 2: High- Power Input/Output

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 29



Gauge/Conductor:

Gauge 8 AWG

Material Copper

Strand Config. Hi gh- St r and Rope- Lay

CPE 2: High- Power Wire Specifications

Hi gh- Cur r ent  Det ai l s :
- Wi r es  r at ed t o 124A cont i nuous  cur r ent
- Tes t i ng t o 20A

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

PR 4. 2 Ther e shal l  be unr egul at ed,  f unct i oni ng power  di s t r i but i on cabl es  bet ween t he CPM 
bat t er i es  and t he PRU out put  t hat  ar e des i gned t o pass  at  mos t  100 Amps
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CPE 2: Contact Pad Analysis

Conclusion: Negligible temperature changes and power losses predicted per pad 

PR 4.2 The contact pad connection system between the CPM and the PRU are designed to pass at 
most 100 Amps

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide:

Copper 145 Alloy Specs [4]:

K [W/m*K] 386

𝜌𝜌 [Ohms] 1. 678 * 10- 8

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

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

Pad Model  Resul t s :

Pad Model  Es t i mat i ons :

Constant Voltage [V] 44. 4

Constant Current Per Pad [A] 50
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PR 4.2 Ther e shal l  be unr egul at ed,  f unct i oni ng power  di s t r i but i on cabl es  bet ween t he CPM 
bat t er i es  and t he PRU out put  t hat  ar e des i gned t o pass  at  mos t  100 Amps

PR 4. 2 The cont act  pad connect i on sys t em bet ween t he CPM and t he PRU ar e des i gned t o pass  at  
mos t  100 Amps

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 FR 4

FR4 Ther e shal l  be power  pass t hr ough f r om t he POD t hough t he PRU out put s

CPE 2: Power Passthrough

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 32



Connection & 
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 FR 3, 7

PR 7. 1 The PRU mi cr ocont r ol l er  mus t  make ser i al  connect i on wi t h t he CPM mi cr ocont r ol l er

PR 7. 1 & 
PR 3. 2

The CPM mi cr ocont r ol l er  mus t  send a t r i gger  command t o t he PRU mi cr ocont r ol l er  whi ch 
mus t  r ecei ve & execut e t he command & r et ur n s t at us  of  t he l at ches  t o t he CPM 

mi cr ocont r ol l er

CPE 3: Connection & Control

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

FR3 The UAV shal l  di sconnect  f r om t he Pod vi a t he PRU

FR7 Ther e shal l  be dat a t r ansf er  bet ween t he PRU and t he oper at or
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Latch Status
Ext er nal  power  suppl y

5V l i ne
DI O/ TX/ RX l i ne
3. 3V l i ne

Enabl es  communi cat i on 
bet ween PRU and CPM

CPE 3: PRU Full Circuit Diagram 

Key Feat ur es :

Communi cat i on:  

Cont r ol  & Cam St at us :
Pr ovi de cont r ol  

s i gnal  t o l at ches  and 
measur e cam s t at us

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 34



PR 7.1 The PRU mi cr ocont r ol l er  mus t  make ser i al  connect i on wi t h t he CPM mi cr ocont r ol l er

CPE 3: Data Passthrough Contact Pads 

2 smaller scale contact pads, s i mi l ar  t o 

hi gh power  pass t hr ough pads

Enabl es  dat a and command pass  t hr ough t o 

and f r om user  and PRU mi cr ocont r ol l er

Off - centered t o ensur e ser i al  connection 

is not established when misaligned

Off - centered 
contact pads

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 35



CPE 3: CPM/PRU Communication Solution 

Serial UART communication [6] :

3 required connections : TX, RX, and ground

Common groundbetween MCU’s will be routed 
through the high power passthrough ground 

contact pads

TX/RX routed through off - centered contact pads

Snippet of V&V code using Arduino Serial Library

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 36

PR 7.1 & 
PR 3.2

The CPM microcontroller must send a trigger command to the PRU microcontroller which 
must receive & execute the command & return status of the latches to the CPM 

microcontroller



CPE 3: Latch Functionality 

To Control SouthCo Latch :

“Provide 12V to 24V DC signal for 
a minimum of 50 ms to unlock”

Signal of 5V DC is sufficient 
(Compatible with Arduino outputs)

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide:

PR 7.1 & 
PR 3.2

The CPM microcontroller must send a trigger command to the PRU microcontroller which 
must receive & execute the command & return status of the latches to the CPM 

microcontroller
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CPE 3: Cam Status 

To Receive SouthCo Latch Signal :

1. Provide 5VDC to switch common
2. The switch is closed when the cam 

is closed

Black/Blue wire setup chosen :

Nano DIO pin will receive high signal 
when cam is open (open switch)

Nano DIO pin will receive low signal 
when cam is closed (closed switch)

Above: Latch Status Demonstration

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 38

PR 7.1 & 
PR 3.2

The CPM microcontroller must send a trigger command to the PRU microcontroller which 
must receive & execute the command & return status of the latches to the CPM 

microcontroller



Connection & 
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 FR 3, 7

FR3 The UAV shal l  di sconnect  f r om t he Pod vi a t he PRU.

FR7 Ther e shal l  be dat a t r ansf er  bet ween t he PRU and t he oper at or

CPE 3: Connection & Control

PR 7. 1 The PRU mi cr ocont r ol l er  mus t  make ser i al  connect i on wi t h t he CPM mi cr ocont r ol l er

PR 7. 1 & 
PR 3. 2

The CPM mi cr ocont r ol l er  mus t  send a t r i gger  command t o t he PRU mi cr ocont r ol l er  whi ch 
mus t  r ecei ve & execut e t he command & r et ur n s t at us  of  t he l at ches  t o t he CPM 

mi cr ocont r ol l er

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de: 39



CPE 4: Data Downlink

Data 
Transmission The status of the Cargo Pod shall be transferred to the operator FR 7

PR 7.1 All components selected must have the proper specifications to collect the required data 
at the proper resolutions

PR 7.1 All components selected must have the proper specifications to send the required data to 
the user at the proper data rates

PR 6.1 All components must be powered and integrated properly

FR7 There shall be data transfer between the PRU and the operator

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide: 40



PR 7.1 Al l  component s  sel ect ed mus t  have t he pr oper  speci f i cat i ons  t o col l ect  t he r equi r ed dat a 
at  t he pr oper  r esol ut i ons

CPE 4: Selected Sensor Resolution

Component Component 
Name Resolution Desired Resolution Satisfies 

Requirement?

GPS NEO- 6m 2. 5 m 3 m Yes

Voltage Divider N/ A 3. 2 mV 0. 5 V Yes

Cargo Sensor US- 100 Bi nar y Yes / No Bi nar y Yes / No Yes
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PR 7.1 Al l  component s  sel ect ed mus t  have t he pr oper  speci f i cat i ons  t o send t he r equi r ed dat a t o 
t he user  at  t he pr oper  dat a r at es

CPE 4: Component Selection- XBee Capability

Vi n Nomi nal 2. 1- 3. 6 VDC

Maxi mum Cur r ent  Dr aw 290 mA

Dat a Rat e 10 kbs

Out door  Li ne of  
Si ght  Range Up t o 9 mi l es

Performance Specs. of XBP9B- DPST- 001

Ar dui no Vout 3. 3 VDC

Maxi mum Ar dui no 
Cur r ent  Out 800 mA

Expect ed Tel emet r y 
Dat a Rat e 0. 64 kbs

Requi r ed Li nk Range 1 Mi l e Li ne of  
Si ght

Required Specifications
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CPE 4: - Electronic Interface (CPM)

CPM Circuit Interface Diagram 

PR 6.1 All components must be powered and integrated properly
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Component Operating Voltage Max Current Draw Max Power 
Consumption

XBee 3 Pro 3.3 V 290 mA 0.957 W

NEO- 6M GPS Module 3.3 V 45 mA 0.1485 W

HC- SR04 Sonar Sensor 3.3 V 2 mA 0.0066 W

Arduino Due 12 V 200 mA 2.4 W

Total N/A 537 mA 3.51 W

PR 6.1 All components must be powered and integrated properly
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CPE 4: Power Consumption of Components - CPM

44



Input Voltage 38.4 V - 50.4 V

Output Power 3.51 W

Efficiency 85%

Power Loss 0.28 W

Voltage Drop 38.4 V - 50.4 V

Resistance (Total) 16 kOhm

Power Loss 0.124 W

LTC3637 Converter [2]Voltage Divider

PR 6.1 All components must be powered and integrated properly
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CPE 4: CPM Power Losses
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Total Power Loss: 0.404 W



Battery 
Characteristics Values

Operating Voltage 44.4 V

Capacity 16000 mAh

Watt hours at 44.4 V 710.4 Wh

Total CPM Power 
Consumption

4.25 W

Estimated CPM Run Time

167.15 h

PR 6.1 All components must be powered and integrated properly
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CPE 4: CPM Total Power 
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FR7 Ther e shal l  be dat a t r ansf er  bet ween t he PRU and t he oper at or

CPE 4: CPM Takeaway 
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Due Max 
Cur r ent  Out 800 mA > 337 mA

Component  
Max Cur r ent  

Dr aw

Due Vol t age 
Out 3. 3 V > 2. 1- 3. 6 V Component  

VCC r ange

Radi o Dat a 
Rat e 10 kbs > 0. 60 kbs Expect ed 

Dat a Rat e

Out door  
Li ne of  

Si ght  Range
Up t o 9 mi l es > 1 mi l e

Max 
Requi r ed 

Range

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 FR 7



Project Risks
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Risk Metrics

Tolerable Serious Egregious

Risk Category Description

Tolerable Marginal Impact To Project Success

Serious Considerable Impact To Project Success

Egregious Detrimental Impact To Project Success

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide:

Categorized 43 project risks into the table on the right.
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Risk Table

Tag Risk Mitigation

INDUC
Induction Charger 
and Metal Cargo 

Interaction

SHOCK CPM Pad Shock 
Danger

COMMS Communication To 
UAV Unavailable

TRUSS Truss Support 
Structure Failure

UCCOLL UAV and CPM/Pod 
System Collision

Tolerable Serious Egregious

INDUC

COMMS

UCCOL

SHOCK

TRUSS

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide:

Only induction charge batteries 
when non- metal cargo or no cargo 

exists in the cargo pod

Implement electrical breaker to 
prevent high - power flow until 

required

INDUC

COMMS

UCCOL

SHOCK

TRUSS

50

Use weather rated antenna; 
maintain LOS if possible; 

increase gain if LOS not possible

Add rubber feet on bottom of Pod; 
mandate maximum descent speed of 

0.5 m/s or less; 
implement landing pad

Mandate slow approach speeds; 
operate in calm weather 



Pre vs. Post Mitigation Risks

Pre- Mitigation Risks

Subgroup Tolerable Serious Egregious

Connection & Alignment 0 12 3

Power & Charging 3 9 4

Data & Electronics 1 3 1

Safety & Financials 0 3 4

Totals 4 28 11

Significant shift in the overall risk of the project post - mitigation

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide:

Post- Mitigation Risks

Subgroup Tolerable Serious Egregious

Connection & Alignment

Power & Charging

Data & Electronics

Safety & Financials

Totals

9 6 0

10 5 1

3 2 0

4 3 0

26 16 1
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Verification and Validation
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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

Periscope Thrust -
to - Weight Ratio 

Specs

Expected 
forces/accelerations

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

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:

UAV Fl i ght  Tes t

St r ai n Gauge Pl acement

Act ual  
f or ces / def or mat i on
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Test 1: Heavy Lift UAV Test

Goals 1. Fly the Pod with the drone and detach with remote operator
2. Dress rehearsal for Army event (AEWE)

Models verified CPM FEA, PRU FEA (landing)

Data Collected

3 axis acceleration data
Expected Values: < 25.4 m/s^2 vertical, 7 m/s^2 lateral

Strain gauge data
Expected Values at selected strain gauge location: 

7.01 e - 2 mm (PRU), 1.35e- 2 mm (CPM)
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Facilities 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
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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 :
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Test 2: High Power System Test

Test Circuit Modeling Results:

Est. Voltage at Input: 44 V
Test Current Desired:     20- 25 A
Total Resistance Required:  2 Ohm
Resistor Power Rating:      300 W
Resistor Rating Tolerance: 5- 10 %
Est. Dissipation Per Unit:  242 W
Safety Margin:      < 50 W / 20 %

Goal Test the system can supply 22 Amps of current at the PRU terminal cables.

Models verified 1. Power pass through layout (Battery Input/Output and Pads)
2. Power and temperature losses with contact pads

Data Collected

Electrical Current through the High Power System (Expected: ~22 A)

Voltage differential at PRU end (Expected: ~44 V)

Copper PADs temperature (Expected: Room Temperature, Delta T << 1C)
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Test 2: High Power System Test

Facilities N200 Projects Space

Steps

1. Measure/Record PADS temperature 
2. Connect testing circuit to PRU
3. Place PRU on CPM and turn power on
4. Measure/Record Current and Voltage
5. Turn power off, remove PRU 
6. Measure/Record PADs temperature 

Requirements FR 4, performance level 2
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Finance/Power Lead
Si d Ar or a

Mat er i al s  Engi neer
Mi a Abouhamad

Cont act  Engi neer
Dani el  Gut i er r ez

Manuf act ur i ng Eng.  
Raf ael  Fi guer oa

Char gi ng Engi neer
Ben Capel ot o

Test  Engi neer
Car ol i ne Di xon

Ci r cui t s / RF Engi neer
I an Chakr abor t y

I nt er nal  Bui l d Eng.
Domi ni c Dougher t y

Connect i on/ Al i gn Lead
Al ex Kar as

Downl i nk/ El ect r oni cs  Lead
Josh Schmi t z

Syst ems Engi neer
Nat e Kuczun

Pr oj ect  Manager
Cody Wat son

Team Structure

Customer
Hank Scot t

Advisor
Dr .  Jade Mor t on
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Work Breakdown

Deliverables

PDD

CDD

PDR

CDR

Fall Report

AIAA Paper

TRR

AEWE

Systems

Requirements

Critical Project 
Elements

Material Downselection

Verification Methods

Risk Analysis

Subsystem Integration 
Plan

AEWE Prototype

Connection & 
Alignment

Requirements

Design Concept

Component Downslection

Friction & Stress 
Estimates

CAD

Stress Analysis (FEA)

Tolerance Modeling

Assemble Truss Frames

Data & 
Electronics

Requirements

Circuit Design

Component 
Downselection

Short Range 
Communication

UI Design

Latch Actuation

Long Range 
Communication

Sensor Integration

Power

Requirements

Battery System Design

Component 
Downselection

Load Circuit Design

Contact Pad Design

Material & Spring 
Selection

Load Circuit Safety

Manufacturing

Manufacturing Drawings

Manufacturer 
Solicitations

Shop Training

Manufacturing Plan

Manufacturer Selection

Build Parts

Assemble Structural 
Frame

Testing

Test Plan

Component Level 
Testing

Data Downlink Testing

Power Testing

C&A Testing

Full System Test

Flight Test

AEWE

SFR

Final Report

Integrate slopes & 
structure

Connection mounting

In ProgressComplete Future Work

Key
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Spring 2022 Gantt Schedule

Procurement

Pod Prototype 
Delivered

IntegrationManufacturing Testing

Critical Path
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Major Test Details

Test Name
Scheduling Risks & Resolution

Location
Anticipated 

Date Hazards/Challenges Resolution

High Power System Test N200 Projects Space 1/30
Electrical Shock, 

Resistive Heating, Fire
Safety procedures, non - conductive 

gloves, resistor cages

Data Downlink Radio Test US 36 Overlook 1/29
Antenna Range, 

High Noise in Data 

Larger antenna option, 
shielded/twisted wiring, faraday 

cage, sensors close to Due

IRISS Drone Test RECUV Indoor Flight 
Space 2/10

UAV Piloting Certifications, 
Logistical Delays, Weather

Part 107 Certification, file 
flight plan with CU, backup dates

Periscope Drone Test Periscope Facility 2/20
Logistical Delays, 
UAV Availability

Backup UAV options
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Financial Summary

CURRENT PROJECT TOTAL
$3685.31

Connection/Alignment
Item Cost

SouthCo Latches 360
Polycarbonate 250
Aluminum Spars 200

Power/Charging
Item Cost

Maxamps Batteries 1140
Wibotic Receiver 850

High- Power Resistors 75

Data/Electronics
Item Cost

Xbee Radios 103
Arduino Due 40
Xbee Dongle 26

Most Expensive Items 
Per Subteam:

Budget Uncertainties:

Potential Item Cost
3D Printer for PRU/CPM 1300

PRU/CPM Material 400

Wibotic Induction Transmitter 1550
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Thank You!
Questions?
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CPE’s
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CPE backup links
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CPE 1 & 2 Derivation

CPE 3 & 4 Derivation

System Mass Budget

Max Cg Offset
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CPE 1 Derivation

Mission critical activities above drive the 
design of structures to withstand resulting 

forces

FR4 and FR6 drive the necessity for power 
passthrough in the entire system: some 

systems cannot operate without power being 
distributed.

FR1 The UAV shall align itself with the Pod 
via the PRU.

FR2 The UAV shall connect to the Pod via the 
PRU.

FR3 The UAV shall disconnect from the Pod via 
the PRU.

FR8 The CPM shall be designed to enable 
stackable Pod unit.

FR9
The design of the PRU shall allow for the 

UAV to takeoff and land with the PRU 
without being connected to Pod 

FR4 There shall be power passthrough from the 
POD though the PRU outputs

The PRU and CPM structure can withstand 
all forces throughout the mission

There shall be power available to the UAV 
through a passthrough from the CPM to the 

PRU

CPE 2 Derivation

74
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CPE 3 Derivation

Sending commands to connect/disconnect from 
the Pod is essential to mission success and 

must be relayed to operator

FR3 The UAV shall disconnect from 
the Pod via the PRU.

FR7 There shall be data transfer 
between the PRU and the operator

Operators shall be able to send 
lock/unlock commands and receive the 

status of latches

The status of the Cargo Pod shall be 
transferred to the operator

FR7 There shall be data transfer 
between the PRU and the operator

FR7 is driven by the need for the user to know 
status of onboard batteries, location of Pod, 
cargo status, and latch status for monitoring 
of system and future autonomous design goals

CPE 4 Derivation

75
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System Mass Budget

CPM Mass (Kg) QTY

Battery 1.99 2

Structure 1.73 1

Slope Cover 0.79 1

Electronics 0.54 1

Other 1.17 1

PRU Mass (Kg) QTY

Structure 1.53 1

Latches 1.16 4

Slot Slope Cover 1.12 1

Other 0.254 1

Total 8.21 Kg Total 4.06 Kg

Of the 25 Kg UAV Payload → 12. 73 Kg r emai ni ng f or  car go + pod
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Max CG Offset

Information from Periscope:

- The combined CG of the PRU/CPM/Pod/Pod 
batteries can be a specified distance away 
from the original aircraft CG location based 
on current weight estimates and information 
provided by Periscope

- Currently, the bottom of the pod is 0.38 m 
away → Wi t hi n t ol er ance
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PRU

CPM

Pod

UAV

Of f set  l i mi t

Pod + 
DROPS
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Alignment & Structures
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Alignment backup links

79

Mission Elements Force Calcs

Bolt Mounting Calcs

CPM Structure - Resting Landing

PRU - Resting Landing

Striker bolt - Landing

Rubber feet

Proof of Concept

Surface Area Slot Slopes

Slot Slopes Material Study

Manufacturing Options

Feasibility: Slot Slopes

Alignment Review

Weatherproofing

CPM to Pod Bolt trade study

CPM to Pod Connection

CPM to Pod bolt analysis
Back to Backup 
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Critical Mission Elements - Force Calculations

The forces during these flights were calculated in the following ways:

Landing:

Takeoff:

PRU + Drone

The force upon landing with the full system is by far the largest, so this is what to use for the 
maximum force in FEA and other calculations.

80

2255 N
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Striker Bolt Mounting 

E1 All structural components will be designed to withstand all forces 
throughout the mission without yielding to a reasonable FOS.

Striker bolt mounting calculations

t need

r bolt

For FOS = 3
t tot /2

81
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CPM Structure - Resting Landing Force

Total Load: NDA

Truss: 6061- T6

Striker 
Bolts: Alloy Steel

FOSMIN 25.52

82
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PRU Structure - Resting Landing Force

Total 
Load:

NDA

Truss: 6061- T6

Latch 
Bolts:

Alloy 
Steel

FOSMIN 18.13

83
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Striker Bolt FEA - Landing 0.5m/s d=5mm

Part Material Yield 
Strength

Latch 
Bolts

Alloy 
Steel

415 MPa 
[8]

FOSMIN 7.68
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Landing Rubber Feet Analysis (Cody)

For reasons of protecting DROPS’ Non - Disclosure Agreements, 
we are unable to discuss details on the details on the 

forces expected on the pod damping feet.
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Small Scale Proof of Concept

Connection & Control Demonstrate the ability to control the connection of the DROPS system after the 
alignment of UAV

86
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CPM/PRU Slot Slope Surface Area Analysis

87

Top View

S: Horizontal length of slope
(Defines accuracy requirement)

d: Length of top portion
(Defines stackability)

s
s

d
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Secondary Alignment/Autonomy Update

Autonomy will no longer be considered for the scope of our project, but will be 
considered in design decisions for future applications. Human operators and pilots 

will be utilized our demonstrations/tests.

Visual Alignment System: Planck 
Aerosystems

- Primary consideration for visual 
alignment system in combination with 
UAV control

- Alignment tolerance will be based on 
this system capability

88
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Slot Slopes Material Study
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Manufacturing Options

Polycarbonate

Pros:

- 0.31 COF
- Modification Ability
- 3D Printing
- Impact Resistance (9500 psi)
- Minimal Attenuation

Cons:

- Possibility for material expansion
- Less scratch hardness
- Cost to manufacture in small 

quantities

Self - Manufacturing (G10/Hybrid)

Pros:

- 0.275 COF
- Access to sheets of material
- Tensile Strength
- Minimal Attenuation
- Less cost

Cons:

- More complex manufacturing for team
- Possibility of Fracturing
- Increased Weight
- Lower tolerances in alignment error

90
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Feasibility: Slot Slopes Material Study

91

Determine: Minimum slot slope angle Ө f or  wei ght  of  PRU t o over come s t at i c f r i ct i on 
f or ce t o pass i vel y al i gn i t sel f

For  PC 𝜇𝜇 = 0. 31 |  Ө > 17 degr ees
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Alignment Review

- Passive Alignment as UAV descends 
vertically

- Allows for centering offset of 10cm
- Allows for yaw offset of 20 degrees
- Provides sufficient space for 

electronics/power outside of Pod
- Stackable surface
- Truss structure for square slopes provides 

more rigidity

Square Slotted Slopes Design Friction Reevaluation

- Momentum of UAV/PRU system will allow 
for more significant tolerance within 
centering/yaw offset

- Overcoming the static friction models 
completed in PDR

- Professor advice about COF
- The COF is just as important as the 

scratchability of the material which 
would cause friction to play more of a 
role

92
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Weatherproofing

CPM/Pod

- Electronics will be sealed by CPM 
slot slope design

- Any imperfections will be filled with 
epoxy for extra protection

- Planning for occasional human 
maintenance to ensure no foreign 
debris

PRU/UAV
- Currently, PRU system is more exposed 

than CPM system due to inverse design

- Working on design alongside with UAV 
mount to minimize weather effects

- Solutions include layered 
cover/protection wrap

- Human maintenance is also encouraged 
in design

93
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4x M6 bolts in square pattern bolted through CPM Spars, CPM bottom plate, into threaded aluminum on Pod 

Loads :
- 5G ver t i cal  l oad 

- 55l bs  = 25Kg*5*9. 81 = 1227 N
- 5G shear  l oad

- 55l bs  = 25Kg*5*9. 81 = 1227 N * 3 FOS 
Mat h:
FOS_t  = F_max_T/ ( 1227/ 4)  = 1980/ 306. 75,  3200/ 306. 75,  4520/ 306. 75 = 6. 45,  10. 43,  14. 74 - > al l  f eas i bl e!
FOS_s  = F_max_s / ( 1227/ 4)  = 1680/ 306. 75,  2730/ 306. 75,  3860/ 306. 75 = 5. 48,  8. 90,  12. 58 - > al l  f eas i bl e!

CPM to Pod bolt trade study 

Bol t  Type F max_T ( N) F max_shear  ( N) FOS_t FOS_s

M4 1980 1680 6. 45 5. 48

M5 3200 2730 10. 43 8. 90

M6 4520 3860 14. 74 12. 58
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CPM to Pod connection

4x M6 bolts in square pattern bolted through CPM Spars, CPM bottom plate, 
into threaded aluminum on Pod 

Loads:
- 5G vertical load 

- 55lbs = 25Kg*5*9.81 = 1227 N * 3 FOS = 3678.75 N / 4x bolts = 920 
N/bolt < M6 4.6 class bolts proof load = 4520 N → f eas i bl e   

- 5G shear  l oad
- 55l bs  = 25Kg*5*9. 81 = 1227 N * 3 FOS = 3678. 75 N /  4x bol t s  = 920 

N/ bol t   < M6 4. 6 cl ass  bol t s  t hr ead i n shear  = 3860 N → f eas i bl e

30 x 21. 5 cm
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CPM to Pod Bolt Analysis/Decisions [tension/tearthrough] 

Max force on bolts (from PDR,Cody’s analysis): 10.5 kN

Modeled as ½ ar ea of  t he M8 bol t  pr essi ng down i nt o mat er i al :  1. 25*10^- 4 
m̂ 2

Tot al  f or ce:  251. 297 MPa/ bol t

POSSIBLE MATERIALS:
Yield 

Strength/3
Area 

necessary
Area minus 
minimum

Length necessary above 
the bolt fixture

Aluminum T6061-6 8.03E+07 2.81E-05 2.12E-05 5.30E-03
Easy-to-Machine 416 

Stainless Steel 9.17E+07 2.46E-05 1.77E-05 4.43E-03
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Connection Backup Slides
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Connection Backup Links
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Primary Project Objective - Structure

Connection & Control - Latches

How to Command Latches

Mounting Methods

Connection CONOPS

Power and Info Passthrough
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Outer Sloped Structure: 
Aids in alignment

Provides cover for internal components
Manufactured with polycarbonate material

CPM Structures & Alignment Design

Structures Demonstrate the structure of the DROPS system will be able to withstand forces in landing, 
alignment, flight, and takeoff

CPM Inner Truss Structure: 
Supports weight of drone

Withstands forces during takeoff & 
landing 

Manufactured with 1 cm thick aluminum 
material
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PRU Structures & Alignment Design

Inverted Sloped Structure:
Aids in alignment

Provides space for internal components
Manufactured with polycarbonate material

PRU Truss Structure:
Withstands forces during takeoff & 

landing 
Manufactured with 1 cm thick 

aluminum material

Structures Demonstrate the structure of the DROPS system will be able to withstand forces in landing, 
alignment, flight, and takeoff
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Connection & Control

SouthCo Electromechanical Rotary Latch [R4 - EM- 72- 161]

- Delayed Relock: Locked/Unlocked Control
- Latch Status Communication Protocol
- Sealed Electronics for Outdoor Applications

SouthCo Rotary Latch Striker Bolt [R4 - 90- 121- 10]

- Simple M8 Striker Bolt for Latch Attachment
- SouthCo Latch Compatible
- Sufficient Thread Length
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Latch Information

- Side- trigger easier to access but leaves wires 
exposed to damage, not as ideal as rear trigger … 
but in stock and quick responses of industry 
(lesson learned)

- Latch status only available; door status would 
require larger magnetic bolt

- No extrusion on latch means PRU is seated lower 
onto CPM

- Minimal force to close latch (4kg)
- Power draw of 12V, control draw of 5V (confirmed)
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How to Command Latches

For SouthCo Delayed Relock model 
electronic latch:

1) Command sent to CPM from GUI

2) CPM Arduino Due communicates 
via UART to PRU Arduino Nano

3) Arduino Nano sends control 
signal to each latch

- Latches remain unlocked for as 
long as control signal is high 
(minimum 20 ms)

- Latches lock after control 
signal is low (minimum 50 ms)
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PR 7.2 The CPM mi cr ocont r ol l er  mus t  measur e & r et ur n t he s t at us  of  al l  4 l at ches  t o t he Due 
wi t hi n 1 second 

CPE 3: Communication Timing 

Wor s t  case scenar i o f or  t i mi ng:

Read ei t her  command + r espond wi t h an er r or  message [ 3]

Det er mi ned vi a t es t i ng:

1. Readi ng a command t akes  ~400 µS + 5 mS t i meout  [ 7]
2. Sendi ng an er r or  r esponse t akes  ~500 µS
3. Toggl i ng a pi n t akes  4 µS

Tot al  t i me r equi r ed:  5 mS + 0. 4 mS + 0. 5 mS ~= 6 mS << 1 second

Pur pose Des i gn Sol . CPE’ s Requi r ement s Ri sks Ver i f i cat i on Pl anni ng Sl i de:104
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Latch Pin Layout and Control
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Latch - Cam Status Circuit
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Mounting Methods

CPM to POD Mounting

4 Fixed M4 Bolts Pattern from CPM to Pod 
in square pattern

920N (Max Experience Load) 
< 4520N (Max Spec Load)

PRU to UAV Mounting (Dom)

Visual of PRU to UAV mounting plate

Adaptable Mounting Plate based on UAV 
Design with M4 Bolts
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PRU to UAV Mounting
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Connection CONOPS
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PWM & Information Passthrough (PIP)

- PRU to CPM passive 
connection for data 
transfer

- Uses PWM signals to 
communicate between 
two microcontrollers

- Used to check 
landing, latching, 
and activating power 
passthrough
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PR 7.1 & 
PR 3. 2

The CPM mi cr ocont r ol l er  mus t  send a t r i gger  command t o t he PRU mi cr ocont r ol l er  whi ch mus t  
r ecei ve & execut e t he command & r et ur n s t at us  of  t he l at ches  t o t he CPM mi cr ocont r ol l er

CPE 3: PRU to CPM Communication 

Command: Description: Action:

“L”
Command t hat  

t el l s  Nano t o 
l ock t he cam

Set s  cont r ol  DI O pi n 
hi gh

“U”
Command t hat  

t el l s  Nano t o 
unl ock t he cam

Set s  cont r ol  DI O pi n 
l ow

Response: Description: Action:

“L”
Response f r om Nano conf i r mi ng ALL 4 

l at ches  ar e cur r ent l y l ocked when 
commanded t o be l ocked

Wr i t e s t r i ng “L” t o 
ser i al  t r ansmi t  por t

“U”
Response f r om Nano conf i r mi ng ALL 4 
l at ches  ar e cur r ent l y unl ocked when 

commanded t o be unl ocked

Wr i t e s t r i ng “U” t o 
ser i al  t r ansmi t  por t

“LERR”
Response f r om Nano s t at i ng t he one or  

mor e l at ches  r emai n l ocked when 
commanded t o be unl ocked

Wr i t e s t r i ng “LERR” 
t o ser i al  t r ansmi t  

por t

“UERR”
Response f r om Nano s t at i ng t he one or  

mor e l at ches  r emai n unl ocked when 
commanded t o be l ocked

Wr i t e s t r i ng “UERR” 
t o ser i al  t r ansmi t  

por t
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PRU to CPM UART RS- 232 Communication
Full - duplex serial coms

● Li s t  of  commands
○ “Lat ch”

■ Command sent  f r om GUI - > CPM - > PRUt o t el l  t he Ar dui no Nano t o send high signal t o al l  4 
l at ches

○ “Unl at ch”
■ Command sent  f r om GUI - > CPM - > PRUt o t el l  t he Ar dui no Nano t o send low signal t o al l  4 

l at ches
● Li s t  of  St at us  Repl i es

○ “Locked”
■ Si gnal  sent  f r om PRU - > CPM - > GUI t o t el l  t he user  t hat  t he l at ches  ar e al l  closed and 

locked
○ “Unl ocked”

■ Si gnal  sent  f r om PRU - > CPM - > GUI t o t el l  t he user  t hat  t he l at ches  ar e al l  open and 
unlocked

○ “UERR” 
■ Ther e was  an error unlocking all latches - one or  mor e l at ches  ar e s t i l l  sendi ng a “l ocked” 

s i gnal
○ “LERR”

■ Ther e was  an error locking all latches - one or  mor e l at ches  ar e s t i l l  sendi ng an 
“unl ocked” s i gnal

111

Back to Backup 
Slide Org Page



Power Backup Slides
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Power Backup Links
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High Power Input/Output

Contact Mechanism

Copper Material Study

Induction Charging (117 - 120)

Induction Charging - Material 
Heating

Bottom of Pod Material Study

High power connector y - junction
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High- Power Input/Output

Important Note : Out of project scope to simultaneously test battery induction charging 
and battery discharging to load circuit.

(High - Power Wiring Diagram) (High - Power Circuit Diagram)
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High- Power Contact Mechanism 

Power Passthrough Simulate power transfer from rechargeable batteries, through the DROPS system, to a UAV
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High- Power Contact Mechanism 

Part Material Source/Manufacturing

PAD Mount PLA Plastic 3D-Printed

Copper PAD Copper Alloy Machining

Ring Terminal Copper Alloy Commercially Available

Power Passthrough Demonstrate power transfer from rechargeable batteries, through the DROPS system, to a UAV
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Copper Material Study

- Copper 145 (Machine Grade): Manu 
rating: 85, k: 355, elec con: 0.539

- Copper 17510 (Beryllium Cu): Manu 
rating: 80, k: 207, elec con: 0.281

- Copper Tungsten (Elkonite): Manu 
rating: 70, K: 260, elec con: 0.648

- After trading and consulting with 
Cameron (ITTL Engineer): 

Copper 145 was decided due to ease of 
machining, weight constraints, and 
conductivity
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Induction Charging

Receiver Coil

Onboard Charger

118
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Induction Charging

Receiver Coil

Onboard Charger

Connection Wire
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Induction Charging

Receiver Coil
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Induction Charging

121
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Induction Charging

- Components
- Receiver Coil
- OC- 251 Charger
- 12awg Cables

- Specs
- Current - 6.5 Amps
- Max Voltage - 58.4 Volts
- Max Charge Power - 250 Watts
- Weight - 362 grams

- High frequency fields induce AC charge in 
receiver coil that is passed through to the OC -
251 Onboard Charger

- Charger rectifies and converts AC power to 
desired DC output

- Digital Board on charger communicates with 
transmitter to provide safe charging

- Charger outputs 38.4 - 50.4V at 6.5A with max 
power of 250W
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Key Assumptions:

1. Onl y eddy cur r ent  power  heat i ng

2. Fr equency of  magnet i c f i el d 

appr oxi mat el y 6 MHz

3. Ski n ef f ect  equat i on used f or  

penet r at i on dept h

4. Si mpl i f i ed i nduced cur r ent

Power Heat Model:

Current Model:

I  = I nduced Cur r ent  ( A)
I 0 = Sur f ace Cur r ent  ( A)

z = di s t ance bel ow sur f ace ( m)
δ = penet r at i on dept h ( m)
ρ = r es i s t i vi t y ( Ω m)
μ = Per meabi l i t y ( H/ m)

F = f r equency ( Hz)

Induction Charging: Material Heating
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Bottom of Pod Material Selection
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- Rat ed f or  6- 12 Gauge
- 50A l i mi t
- $12. 99/ pack of  4 pai r s

High- Power Connector/Y- Junction Specifications

Connectors: Y- Junction:

- 3 r i ng t er mi nal s
- Cr i mp t o each wi r e l ead
- Bol t / nut  at t achment  at  j unct i on
- Not  pur chas i ng 3- way wi r e spl i ce 

( r i ng t er mi nal s  can ser ve same 
pur pose)
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Electronics/Data Backup 
Slides

126

Back to Backup 
Slide Org Page



Electronics/Data backup links

127

Data Downlink FBD

Data Downlink Hardware

Data Acquisition Flowchart

Command Packet Flowchart

Serial Connection Flowchart

PRU Flowchart

UI

GUI Mockup

XBee API Packet Definition

PRU Component Integration

PRU Circuit Diagram

CPM Component Integration

CPM Circuit Diagram

Radio/Antenna Specs

Voltage Divider

Buck Converter

RF Protection
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FBD - Data Downlink

Heading 1 Heading 2

128
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Hardware Details - Data Downlink

Hardware Component Product Name Mass (grams)

Cargo Bay Sensor US - 100 Ultrasonic 
Distance Sensor 5

GPS NEO-6P 9.8

Micro-controller (CPM) Arduino Due 36 

Micro-controller (PRU) Arduino Nano 7

Radio XBee S3B (900 MHz) 3
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Part 1: Data Acquisition

- The Arduino will query the sensors at 1 Hz 
for the three sets of data that will be sent

- Location, Battery Voltage, and Cargo Bay 
Status

- The Arduino Due will also be looking for a 
message from the ground station radio

- This message will be to command the latches 
to open or close 
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Part 2: Command Packet Present?

- The Arduino will be constantly looking for a 
command packet from the ground station radio

- There will be two situations, either there 
is a command or there isn’t

- If a command is present we will decode the 
packet determine what actions need to be 
taken
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Part 3: Serial Connection Present?

- Electrical connection between the CPM 
Arduino and PRU Arduino is determined by 
checking serial connection

- If there is no serial connection, no 
communication between PRU and CPM occurs
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PRU FLowchart

- PRU Arduino will be waiting for serial 
connection to CPM Arduino

- After connection occurs, PRU Arduino will 
send latch status, and be able to receive 
the latch command from the CPM
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PRU FLowchart

- The PRU Arduino will read the command packet 
from the CPM

- If the command is latch we will set the latch 
pins to low

- If the command is unlatch we will set the 
latch pins to high
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Serial Connection
Serial Connection:

- The PRU Arduino will read the command 
packet from the CPM

- If the command is latch we will 
set the latch pins to low

- If the command is unlatch we will 
set the latch pins to high

- Python Algorithms dictate serial 
connection, connect to local Xbee via 
user defined serial port and baud rate

- Xbee is defined as ‘Local’ and API 
operating mode

- User inputs are taken from a boot GUI 
and the connection is tested before 
proceeding

- Display if connection is achieved 
or loop back for new inputs
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UI

- UI opens once serial connection 
is established, remains open 
with loop on a timer to check 
for user inputs

- User has button to send latch command 
to serial port

- If a command single is being sent to 
the serial port that is done before 
receiving data

- Data received is read from the 
serial port in API format

- If checksum is not valid frame is not 
read

- Otherwise start bit is found then 
data frame is accessed and read one 
byte at a time and passed to display 
functions that alter data format and 
print to GUI
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GUI Mockup
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XBee API Packet Definition

7E Packet Length Frame Type Frame ID Destinatio
n

Latch Status

ChecksumDATAOptions

DATA

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

Connection StatusBattery VoltageGPS Data

8B4B2B50B

65B

- Total Packet Size: 80B (640b)
- Minimum Packet Rate: 1Hz
- UART Default Data Rate: 9600 Baud

Cargo Status

1B
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PRU Component Integration - Dom

- Chosen MCU: Arduino Nano
- 4 latches

- One 12V- 24V @ <= 5mA line for 
control signal per latch (digital)

- One 12V- 24V @ negligible current 
for latch status signal per latch 
(digital)

- Each latch must have a boost 
converter between Nano and control 
signal line

- Each latch must have a buck 
converter between Nano and latch 
status line

- Use full duplex serial 
communication between PRU and 
CPM MCU’s with TX/RX pins

- Power from done (hopefully)
- 6- 20V to Nano via micro - usb
- 12- 24V @ 1A max for each 

latch
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CPM Component Integration 

- Chosen MCU: Arduino Due
- GPS: NEO- 6M

- Requires 3.3V
- Communicates w/ UART

- Cargo Bay Sensor: HC- SR04 Sonar 
Sensor

- Requires 3.3V
- Communicates w/ UART

- Voltage Sensor: Voltage Divider
- Using a pair of resistors, we 

will create a voltage output 
that can be taken in the Due’s 
ADC

- Arduino Due will be powered by 
on board battery

- One buck converter will 
be used to drop voltage 
to 12V
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CPM - Circuit Diagram
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Radio/Antenna Specs
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Voltage Divider

- 10 bit ADC with 0 - 3.3V 
range

- 0.0032 V/bit

143

R1 R2 R3

Power Dissipated 
(Watts)

0.1498 1E-4 0.0095

Resistor Value 
(Ohms)

15,000 10-150 950

Current (Amps) 0.0032 0.0032 0.0032
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Buck Converter - LTC3637

- Voltage In: 44.4V
- Expected Efficiency: 85%
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RF Protection

- Faraday Cage
- Protect the Arduino Due from noise

- Twisted, Shielded Wire 
- Prevent noise emanating from voltage divider
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Risk Analysis Backup 
Slides

146

Back to Backup 
Slide Org Page



Risk Analysis Backup Links
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Risk Table - Egregious Stuff

Risk Analysis - Connection and 
Alignment

Risk Analysis - Power and 
Charging 

Risk Analysis - Data and 
Electronics

Risk Analysis - Safety and 
Financials
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Risk Table
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Risk Analysis: Connection and Alignment
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Risk Analysis Scoring: Connection and Alignment

150

Pre

Post
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Risk Analysis: Power and Charging pt.1
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Risk Analysis Scoring: Power and Charging pt.1
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Pre

Post

Back to Backup 
Slid  O  P



Risk Analysis: Power and Charging pt. 2
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Risk Analysis Scoring: Power and Charging pt. 2
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Pre

Post
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Risk Analysis: Data and Electronics
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Risk Analysis Scoring: Data and Electronics
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Pre

Post
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Risk Analysis: Safety and Financials
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Risk Analysis Scoring: Safety and Financials
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Pre

Post
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Verification and 
Validation Backup Slides
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Verification and Validation Links

160

4 Drones

Data Downlink Radio Test

Latch Command Test

IRISS Drone Test

Induction Charging Test

Connection and Disconnection 
Demo

High Power Test: Additional Info

Requirements

List of Predictive Models
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UAV TESTING AIRCRAFT

161

Periscope MK4 - Payload 27 kg

DJI M600 - Payload 6 kg

Freefly Alta X - Payload 16 kg

DJI S900 - Payload 3 kg Back to Backup 
Slide Org Page



Additional Testing: Data Downlink Radio Test

Goal Transmit data from CPM to the ground station at a range of at least 1 mile.

Models verified Telemetry Range, Data Rate, Link Budget, Baud Rate Capabilities

Data Collected
Signal Power [dBm] at varying ranges

Expected maximum value: XX dBm 9 miles
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Facilities US 36 sceni c over l ook

St eps

1.  Load a pr emade t es t  f i l e wi t h packet s  t o oper at or ’ s  devi ce
2.  Ver i f y t her e i s  a di s t ance of  1 mi l e bet ween t he t wo r adi os  
3.  Send dat a f or  30 mi nut es  at  1 Hz
4.  Measur e s i gnal  power  and success  per cent age
5.  Repeat  f or  r anges  up t o 9 mi l es

Requi r ement s  Cl osed FR 7,  per f or mance l evel s  1 and 2

Additional Testing: Data Downlink Radio Test
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Additional Testing: Latch Command Test

Goal Check that CPM can send latch command 
signal to the PRU

Models verified PRU to CPM Data Passthrough Flowchart

Data Collected Time to receive/send data

Facilities Lab Benchtop

Steps

1. Create Rx and Tx connection 
between two Arduinos (Nano & Due)

2. Send latch command through CPM 
Microcontroller (Due)

3. Verify shackle on latch opens and 
closes

Requirements FR 3, performance level 2

Test setup

Arduino (2)

Latch (1)

Breadboard (1)

Jumper wires (yes)
Test Equipment

164

Back to Backup 
Slide Org Page



Additional Testing: Latch Command Test - Latch

Electronics lab power supply 
used to command latch as 

simulated Nano
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Additional Testing: Latch Command Test - Nano

- Simulated commands 
from Due sent via 
RealTerm software

- Measured time to 
execute

- Received command and 
response is displayed 
in RealTerm but not 
included in timing 

Purpose Design Sol. CPE’s Requirements Risks Verification Planning Slide:166
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A UAV wi t h i ns t al l ed PRU

B UAV oper at or  consol e

C Pod wi t h i ns t al l ed CPM

D Met er  s t i ck ( 4)

E Devi ces  wi t h phot o and vi deo ( 3)

F Camer a s t ands  ( 3)

G Compass

Test Equipment

Test setup

Additional Testing: IRISS Drone Test
Goal See i f  dr one and pod can al i gn,  l at ch,  and 

unl at ch wi t h a r emot e oper at or

Model s  ver i f i ed Al i gnment  t ol er ances ,  mat er i al s  sel ect i on,  
l at ch/ bol t  i nt er f er ence anal ys i s

Dat a Col l ect ed

X,  Y,  and yaw al i gnment  val ues
Max expect ed x:  10 cm
Max expect ed y:  10 cm
Max expect ed yaw:  20 degr ees

Faci l i t i es Out door  f i el d

St eps

1. Dr one pi l ot ed t o Pod
2. Thr ee al i gnment  cases  t es t ed
3. Remot e l at chi ng
4. Remot e unl at chi ng
5. Dr one pi l ot ed away f r om Pod

Requi r ement s  
Cl osed

FR 1,  l evel  2 per f or mance
FR 6,  l evel  1 per f or mance
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Additional Testing: IRISS Drone Test

10 cm of f set  i n x and y 20 degr ee of f set  i n yaw

Test cases:
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A WI BOTI CS t r ansmi t t er  uni t

B WI BOTI CS r ecei ver  uni t  

C POD 

- Goal: Pr ove i nduct i on char gi ng vi a i nduct i on 
- Steps:

- Set  up WI BOTI CS char gi ng devi ce 
- Pl ace POD on t op of  t r ansmi t t er  ant enna
- Read Tr ansmi t t er  di spl ay 
- Measur e/ Recor d Vol t age 
- Wai t  1h 
- Measur e/ Recor d Vol t age
- Use anal ys i s  sof t war e t o val i dat e model

- Models:
- Mat er i al s  sel ect i on s t udy f or  Pod bot t om
- I nduct i on char gi ng ext r apol at i on model

- Data Collected:
- Tr ansmi t t er  “Char gi ng” di spl ay
- Fi r s t  Vol t age 
- Second Vol t age 

- Location: N200
- Closed FR:

- Level  2 and 3 per f or mance r equi r ement s  of  FR 5 

Additional Testing: Induction Charging Test
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Additional Testing: Manual Connection and 
Disconnection Demo

Test setup

A Pod with installed CPM

B Cargo simulation weights

C Weight restraining device

G Camera stand

D Drone simulation device

E PRU with installed SouthCO latches

F Device with photo and video 
capability

- Goal: Make sure that latches connecting PRU to 
CPM work with physical operator input.

- Steps:
- Operator places PRU on CPM
- Operator closes latches 
- Operators pick up PRU, CPM, and Pod
- Operator opens latches

- Data collected:
- Photo and video

- Models verified: 
- Slot slope angle vs coefficient of friction
- latch/bolt interference study

- Location: N200 projects space
- Closed FRs: 1, 2, 3, 8
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High Power System Test: Safety

Concern Electric shock 

Rationale 

44 V and a human electric resistance 
1200 Ohm can result in a current of more 
than .03 Amps DC through the human body. 
0.03 Amps or higher implies a risk of 
“human starting to not being able to let 
go”

Solution Operators will use non conductive gloves 
during the test

Concern Fire

Rationale 

Lithium Polymer batteries (LiPo’s) are 
likely to start fires under not ideal 
operating conditions such as mishandling 
or shorts. LiPo batteries are self 
oxidizing so a LiPo fire cannot be put 
out with water. 

Solution 

There will be a bucket of sand in case 
of fire. LiPo’s will be handled with 
extreme caution and the circuits will be 
verified prior to testing.

Concern Resistive Heating

Rationale Resistors will dissipate heat when 
pulling 20 amps through the system

Solution 

Operators will follow specific 
procedures, use gloves, and cages will 
be installed around the resisters to 
avoid direct contact.
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- TE vs .  Di gi key Model s
- Same r es i s t ance and power  

di ss i pat i on
- 5% vs .  10% r es i s t ance t ol er ance
- Newer  vs .  ol der  t echnol ogy

High Power System Test: Load Circuit Layout

High- Power Resistors: Testing Set Up Notes:

- Ver t i cal  vs .  hor i zont al  mount
- Fan r equi r ed
- Wi l l  i ns t al l  cage/ cover  s i mi l ar  

t o a space heat er
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High Power System Test: Equipment

Gloves
Ammeter

Laser Thermometer

Voltmeter

ResistorResistor Circuit 173
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Requirements: Connection and Alignment

174

Back to Backup 
Slide Org Page



Requirements: Power Pass Through
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Requirements: Data Downlink

Requirements: Design Constraints
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List of Predictive Models 

Connection and alignment
- Slot slopes angle vs coefficient of friction
- Latch loading capabilities
- Materials selection study
- Alignment tolerances
- CPM to Pod bolt analysis
- Latch/bolt interference study

177

Integrated System
- Surface area analysis: s and d determination
- Offset angle study
- Surface angle analysis
- Latch loading capabilities
- Minimum shaft diameter (flight)
- Minimum shaft diameter (impact)

- Rubber feet dampers study
- Materials selection study
- CPM structure on landing (CAD FEA)
- CPM structure with maneuvering thrust (CAD FEA)- CPM structure with resting landing force (CAD FEA)

Data Downlink
- Component data output

- Link budget
- Baud rate capabilities (default 9600)

- Max: 115200 (Arduino) & 921600 
(Radio)

- Resolution frequency- range/data rate

Power Subsystem
- Power loss modeling

- High power path model background
- Power pass through layout (Battery Input/Output and 

Pads)
- Power and temperature losses with contact pads
- Materials selection study for pads
- Induction charging modeling- High power load layout and circuit
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Progression of Product

Proof of Concept/Testing Product Proven achievement and integration of primary project 
objectives & controlled testing environment

Minimal Viable Product/Army Demonstration Completion of above and additional demonstration of 
requirements to CU and TB2

Future Commercial Applications Consideration of team design to accommodate for future 
designs (autonomy, secondary alignment, etc)

Army 
Demonstration 

Product
Minimal Viable 

Product Future 
Commercial 

Applications

Proof of 
Concept/Testing 

Product

Preliminary 
Manufactured 

Product

Critical 
Design
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