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Project Overview



Project Overview

Background:

Autonomous drone delivery systems are

being developed and contracted for

development by many different, large -

scale organizations [1]

US Military [ 2]
Amazon Prime Air
UPS Flight Forward
Wing

Currently, no standard exists to allow
one cargo unit to interface with a
variety of different drone types and

nanufacturers

Overview

Motivation:

Effective:  Current drone-to-pod
attachnent nethods are non-standardized

Functionality:  Current design solutions
often hinder the overall perfornmance of
the drone’s capabilities

Safety: Current drone cargo delivery
net hods are often hazardous

- Straps/Bags
- Different Source Components



Mission Statement

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

Overview



TB2 Mission
Concept of Operations

UAV DOES A PRECISION
LANDING AND POD
ATTACHES TO THE PRU

UAV + POD FLIGHT MISSION

UAV + POD
TAKES OFF

UAV + POD
LANDS

Power

Mission steps

Wireless Data
Transmission

Flight Path

POD UNLOCKS AND
UAV DEPARTS

POD
BATTERY
CHARGING

Cargo

(CPM)

Pod Rack Unit___gp»
(PRU) | | Battery

Pod Mount
CPM —




Baseline System Design

DROPS
System

TB2 Pod
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Pod Rack Unit (PRU) Design

Key Features:

1. Interfaces with and is attached toa UAV
via a bolted connection

2. Provides electrical  connection from the CPM
to the UAV via electrical contacts

3. Allows for alignment of the drone onto the
CPM via the slot slopes

4. Maintains rotary latches to connect to the
CPM latch points

Overview



Cargo Pod Mount (CPM) Design

Key Features:

1. Interfaces with and is attached toa Pod
via a bolted connection

2. Provides electrical  connection from the
Pod’s batteries via metal contacts up to

the UAV
3. Allows for alignment of the drone via the
slot slopes

Housesdata and communication components

Maintains latch points  for the PRU to
connect with

Overview
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TB2 Mission
Concept of Operations Power

Mission steps

Wireless Data
UAV DOES A PRECISION Transmission
LANDING AND POD
ATTACHES TO THE PRU

Flight Path

POD UNLOCKS AND
UAV DEPARTS

POD
BATTERY
CHARGING

«

=4

CPE Description

E1 The UAV shall align itself with the Pod via the PRU

E2 The UAV shall connect to the Pod via the PRU

E3 There shall be power passthrough from the Pod through the PRU and into the UAV
E4

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

Overview
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Critical Feasibility Element: Alignment

Label Statement CPE Requirement Feasible?

The UAVPRU system shall be able to consistently align to the
Alignment CPM given a max centering offset of 0.1 m in the x -y plane and E1 FR 1 ?
20° yaw (z)

20
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&

Minimum slot slope angle © for weight of PRUto overcone static friction
force to passively align itself

N — mgcos(6) = ma,

1. Zero initial velocity

F—mgsin(0) = may, ) )
/ i o 2. Acceleration only due to gravity

N —mgcos(6) =0

= 2F,=f —mgsin(0) =0

= N =mgcos(0)

= f =mgsin(#) = uN

= umgcos(6) = mgsin(6)
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Feasibility: Slot Slopes Material Study

Potential Materials & Coatings

Slope Angle vs. Coeff. of Friction

Theta Coefficient of ¢ Aluminum on Aluminum
Material Name . L. Carbon Fiber layout on Aluminum
[deg.] Friction, u Acrylic on Aluminum

Teflon on Teflon
TECAFORM Acetal on lItself

Alum['num 6061[3] 54 5 1 4 (on 1 t sel f) Acetal on Itself
. 0.23
Carbon Fiber w/ Epoxy [4] 13313 (6w g
. 2 0.4
Acrylic [5] (on Al uninun)
Teflon [3] 2.3 0.04 (on itself)
TECAFORM Acetal [6] 6.89 0.12 (on itself)
11.5 0.2 (on itself)
Feasibility status: Confirmed

There exists a range of materials that can provide a coefficient of friction low enough such
that the slope angle allows the PRU to passively align itself solely with its weight

Alignment
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CPM/PRU Slot Slope Surface Area Analysis

S: Horizontal length of slope
(Defines accuracy requirement)

d: Length of top portion
(Defines stackability)

Top View

23
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CPM/PRU Slot Slope Surface Area Analysis

A i S: Horizontal length of slope
. CRS ) (Defines accuracy requirement)
PRU/CPM Definitions:
d: Length of top portion
i  Bvees o etk b

®-co (Defines stackability)

Top View

Three Scenarios:

(A) S >>d/2 (B) S =d/2 (C) S <<d/2

Pros: - Larger x -y tolerance Pros: - Medium slope area Pros: - GGusually over top
- CG over top unless unalignable - Stackable

Cons: - CG over ledge
- Not stackable Cons: - Smaller S — harder to align Cons: - Small x-y landing tolerance

24
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CPM/PRU Slot Slope Surface Area Analysis

Gven S=d/2 = 107 mm=

. Allowable lateral offset
CPM/PRU Slot Slope Surface Area Analysis 10.7 cm > 10 cm

Assumptions/Constraints: Feasibility status:  Confirmed

- UAV computer vision and lidar systems
have position accuracy of < 10 cm [7]

- CPM width must exceed Pod width to
accommodate connection latches

- This gives CPM width of 2S+D = 44 cm

Lateral allowable offset Sof+/ - 10.7 cm

25
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CPM/PRU Slot Slope Surface Angle Analysis

A N S: Horizontal length of slope
CEE (Defines accuracy requirement)

PRU/CPM Definitions: “

d: Length of top portion
/T | (Defines stackability)

Three Scenarios at
20 degrees yaw:

(A) S >>d/2 (B) S =d/2 (C) S <<d/2

Pros: - Larger x -y tolerance Pros: - Larger torque arm distance Pros: - Larger torque arm distance
- All angles hit CPM corners - Very stackable
Cons: - Smaller torque arm - Stackable

- Not stackable Cons:

Cons: - Smaller x -y tolerance
Alignment

Smaller landing tolerance
Not all angles hit CPM 26




Determine: Maximum heading offset W for torque forces from(PUto PRU that can overcone static
friction force to passively align itself

I. Zero initial velocity Frormat * @ > Firiction * (d/2 + (r — d/2)cos(2¢)

2. Single point contact forces . _
N xsin(f)«a > px N *x(d/2 + (r — d/2)cos(2¢)

Friction @
0° Yaw

CPM Impact Point

27




CPM/PRU Slot Slope Surface Angle Analysis

CPM/PRU Slot Slope Heading Offset Analysis
Assumptions/Constraints:

- Leveled descent (pitch/roll = 0 °)

- UAV computer vision and compasses have
a heading accuracy of <1 ° [7]

- More human or weather error

Coefficient of Necessary Tor que Mx Heading
Friction to Overcone Offset Given S = d/2 = 107 mm,
0.6 54.80 Nn + - 8 degrees o
Allowable heading offset ( W)
0.4 33.07 Nm +/ - 15 degrees 22 = 20
0.2 6. 46 Nn +- 22 degrees Feasibility status: Confirmed

28
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Slot Slopes Concept Test

Proof of Concept Test (10/2/2021)

Manually piloted with computer vision position aid

2.86:1 Drone to Pod weight ratio

45° slope

Testing Characteristics

Alignment

29



Design Feasibility:
Connection



Critical Feasibility Element: Connection

Label Statement CPE Requirement Feasible?

All connection components are capable of a safety factor
Connection equal or greater than 3 against structural failure in all E2 FR 2 ?
phases of flight

31
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Electrically actuated
Very high load capabilities
Sinple, conpact, and lightwei ght

Provides all-directional stability
Mny steel options (shear capable)
Less weight conpared to other nethods

Connection



= FPE’I’,L({ICII[VI(,X = n
1. =5
Ghrax 255N = (1+5)
2. W,y=55Ibs=255N = FperLatchyyyy = ————————
3. I:max, allowable — 5800 N
4. n =4 (number of latches)
5. All force on Latches
6. Torque effect negligible < Fax.aliowable
Mx Latch Tensile 5800 N
Load (1304 1bs)
Under 5G load, FOS = 75.38
Mx Release 800N
Tensile Load (180 1bs)
Feasibility status: Confirmed
I:Per, Latch
Average Mchani cal B3 o ST IN
. (3.21 - 8.34
Override Force %)
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£ ST N B 5= CH DS =

R<198|uired Diameter vs. Experienced G-forces

Gpax =5

VW,q =551Ibs =255 N

Tux = 470 Mpa (4140 G-M Steel) [10]
n = 4 (nunber of latches)

Al force transferred to striker bolts
Striker bolt nount can handle inpulse
Latches in single shear

Torque effect negligible

=
E
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o

Uhder 5Gload, FOS =88
Feasibility status: Confirmed

4% (Wpoa +Wpoa * G fiight)

nx 7% Tpayx

n*x 7 * Tpgx

Connection

K%



20F!equired Diameter vs. Distance to Stop

Vimpact = 0.7 m/s

W stem = 250 Ibs = 1,112 N

Tux = 470 MPa (4140 G-M Steel)

n = 4 (nunber of latches)

Al KE transferred to striker bolts
Striker bolt nount can handle inpulse
Latches in single shear

Torque effect negligible

PNAUL B LN
—
(@)}

(63}

Very lowinpulse as d -> 0 mm

Qg for FOSof3 =0.66 mm

€
E,
8
®
E
o
(|
+ 10
©
=
w
o
&
=
o
o}
o

Need some sort of damping fo increase impulse : 0.4 o 016 08

Feasibility status: Stop Distance [mm]

impact

2% (Wpoa * V2 )

Tt g % Ad * Ty * 1

FOS*2*(VVPOa’*V'2 )

impact

g x Ad * Ty * 1
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Gl

Vi =0.7 nds

npact

Wsiem = 250 1bs = 1,112 N
n = 4 (nunber of danpers)
Al KE transferred to danpers

Assum ng nodel ed
k = 333.3 kKN/m

dstop, new — 6.46 mm

Connection

Load (kN)

=]

RECT-RB1105

Deflection (mm)

‘/VP od * ‘/2

impact




Required Shaft Diameter [mm] vs. Distance to Stop [mm]

N
o

(o]

()]

14

Vlmpact =0.7m/s

ystem = 250 Ibs = 1,112 N
n =4 (number of dampers)
All KE transferred to dampers

PN~
)

[e+]

(o)}

Assuming modeled d,, e, = 6.46 mm
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Assuming use of RECFRB1105 damper

FOS =40 3 4

Stop Distance [mm]

Feasibility status: Confirmed
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Design Feasibility:
Power



Critical Feasibility Element: Power & Charging

outputs with less than 5% [12] total system path losses

Label Statement CPE Requirement Feasible?
Pod battery capacity shall be maximized given Pod size
Power constraints as to provide the most available power to PRU E3 FR 4 ?

39




Overall Power Requirements (High Power Path)

Justification of Feasibility:
- Pad battery selection rationale
- Mximumcapacity that fits in Pod nose
- 3 mn discharge rate
- 12S common voltage for UAW
- Mximzing high-pover availability at PRU
out put (Anbiguous UAV charging requirenents)
- Residential power grid recommends less than
3-5%total losses frombreaker boxes to
furthest outlets [13]
- king power grid as efficient benchnark

Imporitant Notes

Overall Power Efficiency Summary:

Batteries x2 Combined Voltage
Mxanp 16000mdh 6S [ 14] 44.4 Volts
Combined Current Combined Power Out
320 Aaps Nominal ~ 14.21 kW

Prelimnary power loss nodeling

Total power loses: ~ 359 W

Total percent loss: ~ 2.52%
Feasibility status: Confirmed

- Main concern regarding high-power transfer feasibility from  Pod bafteries fo PRU outout
- Noft responsible for high -power PRU oulput to UAV batteries (drone manufacturer)
- Smaller power connections (such as low amp sensors)  hoft a critical concern at this stage

Alignment

40



Material Specs:

Wire/Connector Material

Copper

Wire Type

Stranded [15]

Wire Gauge

4 AWG

Resistivity @ 20 °C

1.68e-8 Ohram [16]

Temperature Coefficient

0.00386 / °C [17]

Model Background (High Power Path)

Model Limitations:
Did not factor insulation types/braiding into

wire resistance

Neglecting voltage/current losses per section
- Maximizing continuous power per step
therefore maximizing resistance

Model Comparison:

General Equations:

L
R()Zﬁ?(z)

Ryire = R()(_l +a(T - T()))

R('mm =

1 1

SN

2rn 2r

Online Wire Resistance Table [18]

Resistance (4 Gauge)

8.94e-4 Ohm/m

Power Loss

389 W

Online Wire Resistance Calculator [19]

Resistance (4 Gauge)

8.31e-4 Ohm/m

Power Loss

362 W

41



it

(C t U In)
Wire Length ~ Om

(Po t |

ut)

v Lergthoe 2050

@F.

Resistance 3 | 1.62e-3 Ohm
Power Loss 3 | 166 W

Resistance 2 | 5.25¢-5 Dhm
Power Loss 2 | 5.38 W

Resistance 1 | 1.82e-3 Ohm
Power Loss 1 | 18T W

Totals:
Resistance | 3.50e-3 Ohm
Power Lass | 359 W
Percent Loss| 252 %

Est. Length of 4 -gauge Wire:
Est. Weight of Wires:

Large Connector Radius:

Small Connector Radius:
Number of Large Connectors:
Number of Small Connectors:

Est. Temperature:

4.25m

1.5 |bs

2cm

5 mm

18

25 °C
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Feasibility: Power Passthrough Layout

It is the most simple solution to:

1. Shorting risk
2. Power loss due to connection
misalignment

Spring Loaded Pads - Custom Design

How feasible is it to maintain/establish
connection?

The pads are geometrically placed in such
a way that they will physically connect as
long as there is a CPM -PRU connection.

43




Feasibility: Power Contact Methods

ption

Spring loaded
pads

Fixed contact
pads

Smth
Connect ors

Pros

Superi or
connection
quality

Mnufacturing

sinplicity

No
nmanufacturing

Cons

Mnufacturing

Risk of power
interruptions
due to
nanufacturing
inperfections

Costs,
waiting
tines,
logistics

Alignment

Which One Is More Feasible?

Spring loaded pads
Custom team design

Why?

Very Lenient Design Constraints In
Terms Of:

- Temperature
- Needed contact area
- Power Loss

Avoids relying on external sources
Reduces cost
Does not interfere with POD

alignment and connection

44



Spring - loaded custom design EEESEREREEM o . g g o
Why? t=2 mm

Simple to manufacture

No need to depend on external
suppliers

Powerloss <1 W
Temperature change < 1 C

Feasibilily status: Confirmed
What is our design goal?
Mnimze pover loss
-  Mnimze Resistance

- Mximze Area
- Mnim ze Thickness

45
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Design Feasibility:
Electronics/Data

46



Label Statement CPE Requirement Feasible?

The CPM is capable of transmitting critical Pod telemetry
Data over a distance of one mile at 1 Hz with a resolution of 3m, = FR 7 ?
3A,0.5V

UAV
UAV with PRU PILOT

and Pod

Elec./Data
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Link Budget - Component Data Output

The following data will be sampled and sent to the user at 1 Hz

Location GPS Module
Cargo Status Ultrasonic Distance Sensor
Battery Health Current Sensor & Voltage Divider to ADC
Connection Continuity Test via Arduino Due
Status

48
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Link Budget - Component Data Output

Data outputs will be sampled at the following rates:

Component Max Sample Rate Bits per Sample
GPS (via UART) 5Hz 656
Cargo Bay Sensor (ADC) 1MHz 32
Voltage Sensor (ADC) 1MHz 12
Current Sensor (ADC) 1MHz 12
Connection Sensor (ADC) 1MHz 12
Total N/A

Alignment Elec./Data
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Link Budget - Baud Rate Capabilities

Baud Rate The rate at which data can be transferred through a
communication channel

Total bits per message 724 bits (Baud)
Maximum Baud rate of Arduino 115200 Baud [20]
Maximum Baud rate of Radio 921600 Baud [21]

Since the max baud rates for both the Arduino Due and Xbee 3 are
greater than the bits per message, our design is feasible

Feasibility status: Confirmed

50
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CPM Microcontroller Selection

The Arduino Due has a clock speed of 84 MHz [20] and
the following pins available for use which is more
than what is required to manage our data streams

Required Pins Available Pins Feasible

Serial Pins 2 12

Anal og Pins 4 54

51
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12- bit ADC from the Arduino Due: 4096 voltage levels

Voltage Range from Due pins: 0 - 3.3V

r

V V..
. - M.r Tramn
Resolution = AV = — o

sl

r

33-0V V

Resolution = >~~~ = 0.00805 E

52
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Resolution Feasibility

In order to calculate the resolution, we need to multiply the resolution
from the previous slide with the data sheet spec

Component Number of Bins Range Measured| Resolution Deswgd Feasible
Resolution
Qi 4096 0-400 A 0.0977 A 3A
Sensor '
Voltage 4096 38- 504V 0.00303 V 0.5V
Position Reported Desired .
Conponent Uhcertainty Precision Resol ution LG

0.001 degrees
@S 2.5 m (lat & 1long) S|

53
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XBee Pro 3 Feasibility

DataSheet Specifications [21]

- Range: 2 miles

- Power Consumption: 135 mA @ 3.3V

- Frequency: 2.4 GHz
- Data Rate: 250 Kbps

Required XBee 3 Capability
Range 1 mile 2 miles
Data Rate 724 bps 250 Kbps (Default)

Elec./Data

Feasible?
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Feasibility: Conclusions

Label Statement CPE Requirement Feasible?
Alignment The UAVPRU system is capablle of aligning to the CPM XVIthIn E1 FR 1
max centering offset of 0.1 min x -y plane and 20 ° yaw (z)

All connection components are capable of a safety factor
Connection equal or greater than 3 against structural failure in all E2 FR 2
phases of flight

Pod battery capacity shall be maximized given Pod size
Power constraints as to provide the most available power to PRU E3 FR 4
outputs with less than 5% total system path losses

The CPM is capable of transmitting critical Pod telemetry
Data over a distance of one mile at 1 Hz with a resolution of E4 FR7
3m,3A, 05V

56
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Feasibility: Quick Finances (Thus Far)

Conn/ Ali gn Subsystem $0 Conn/ Ali gn Subsystem $950 Conn/ Ali gn Subsystem $1050
Duta Subsystem $10 Duta Subsystem $395 Duta Subsystem $100
Pover Subsystem $1140 Pover Subsystem $85 Pover Subsystem $55

Pod Tot al $1150 CPM Tot al $1430 PRU Tot al $1,205
Conn/ Ali gn Subsystem $2000
ata Subsystem $505
Power Subsystem $1280
Mrgin 20%
Project Total $4542

Takeaway DROPS has a projected cost below the baseline budget of $5000 with multiple

potential funding opportunities fromexternal sources (TR, L3 Harris, (Aenair) in case of
future alterations

Alignment Elec./Data
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Future Work

Alignment:
1. lterate on geometry to ensure no latch interference during alignment
2. Downselect materials for CPM and PRU slopes
Connection:
1. Downselect materials for the Pod to ensure striker bolt connection feasible
2. Downselect materials for the feet dampers
3. Ensure rotary latches are able to be remotely controlled
Power/Charging:
1. Contact pad materials/coating and spring design finalization
2. Ground to Pod induction finalization (mag. field, shield, Pod material)
3. Custom wire specs: braiding, Y junction, jackets (For Glenair)
Electronics/Data:
1. Look into custom PCB board manufacturing
2. Design housing for electrical components inside CPM
3. More detailed work into wiring and power distribution

59
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Connection

Downselect materials for Pod
Downselect materials for feet dampers
Full component selection (connection)
Alignment

Refine PRU/CPM geometry
Downselect materials for CPM slopes
Downselect materials for PRU slopes
Rotary latch test for remote operation
PRU and CPM full CAD complete
Power and Charging

Finalize contact pad materials
Finalize contact pad coating

Finalize spring design
Determine GTP mag field
Determine GTP charging shield
Downselect pod bottom material for GTP charging
Finalize custom harnessing specs
Electronics and Data
Custom PCB design

Housing design for CPM electronics
Finalize power distribution

Finalize component selection
Testing

Test Procedures

Facilities scheduling
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Mission CONOPS: Step 1

Mission steps

Wireless Data
Transmission

Flight Path Uﬂmanned
Aerial Vehicle Avionics

(UAV)
Pod Rack Unit _—"" Cargo Pod
(PRU) Mount (CPM)

Functional : G
Z wirement Description
Requirement -
The UAV shall align itself with the Pod via the PRU Requﬂ‘ement G‘J"‘O‘Up

Connection and Alignment
Power and Charging
There shall be regulated power to operate the PRU mechanisms Da t a D oW r]_l i Ilk
Design Constraints
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Mission CONOPS: Step 2

Mission steps

Wireless Data
Transmission

Flight Path Uﬂmanned
Aerial Vehicle Avionics

(UAV)
Pod Rack Unit _—"" Cargo Pod
(PRU) Mount (CPM)

nctional
Requirement

Connection and Alignment
Power and Charging

There shall be regulated power to operate the PRU mechanisms Da t a D OW r]_l i Ilk

Design Constraints

FR 6
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Mission CONOPS: Step 3

nctional
Requirement

Overview

UAV + POD FLIGHT MISSION

Power
Mission steps

Wireless Data
Transmission

Flight Path

Unmanned )
Aerial Vehicle Avionics

(UAV)
Pod Rack Unit _—"" Cargo Pod
(PRU) Mount (CPM)

Connection and Alignment
Power and Charging
Data Downlink
Design Constraints
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Mission CONOPS: Step 4 & 5

Mission steps

Wireless Data
Transmission

Flight Path

Functional |
Regquirement
FR 1

shall be a GPS unit within the Pod

The design of the PRU shall allow for the UAV to takeoff and land with or without thc
PRU being connected to Pod

Overview

Unmanned )
Aerial Vehicle Avionics

(UAV)
Pod Rack Unit _—"" Cargo Pod
(PRU) Mount (CPM)

Connection and Alignment
Power and Charging
Data Downlink
Design Constraints
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Mission CONOPS: Step 6

Mission steps

Wireless Data
Transmission

Flight Path Uﬂmanned
Aerial Vehicle - Avionics
(UAV)
Cargo Pod

Pod Rack Unit g
(PRU) Mount (CPM)

Functional Requirement Description

Regquirement

"FR 1 The UAV shall align itself with the Pod via the PRU

The UAV shall connect to the Pod via the PRU
AT T Connection and Alignment
e Power and Charging
Data Downlink
Design Constraints
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Connection and Alignment CONOPS

DROPS
Concept of Operations

Unmanned

Aerial Vehicle

(UAV)

Pod Rack Unit

(PRU)

Battery

Avionics

Cargo Pod
Mount (CPM)

¥~ Cargo Pod

Power

Wireless
Data

Mission
steps

Flight
Path

UAV DOES PRECISION
APPROACH TO
POSITION OVER POD

UAV LOWERS ONTO

POD

PRU ALIGNS UAV ONTO
THE CPM

PRU CONNECTS TO
THE CFM

POWER IS
TRANSFERRED FROM
THE POD TO THE UAV

THROUGH THE PRU
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Functional Requirements

Functional
Requirement

Requirement Description

FR 1

The UAV shall align itself with the Pod via the PRU

FR 2

The UAV shall connect to the Pod via the PRU

FR 3

The UAV shall disconnect from the Pod via the PRU

FR 4

There shall be power passthrough from the Pod through the PRU and into the UAV

FR 5

There shall be power passthrough between an external power source and the Pod through
some TBD external transmission path

FR 6

There shall be regulated power to operate the PRU mechanisms

FR 7

There shall be data transfer between the Cargo Pod Mount and the operator

FR 8

There shall be a GPS unit within the Pod

FR 9

PRU interface shall be designed to enable stackable Pod units

FR 10

The design of the PRU shall allow for the UAV to takeoff and land with or without the
PRU being connected to Pod

Requirement Group
Connection and Alignment
Power and Charging
Data Downlink
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Critical Feasibility Elements

Label Statement CPE Requirement
Alignment The UAV-PRU system is capable of aligning to the CPM within max E1 FR 1
centering offset of 10 cm in x-y plane and 20° yaw (z)
Connection All connection components are capable of a safety factor equal or E2 FR 2
greater than 3 against structural failure in all phases of flight
Power Pod battery capacity shall be maximized given Pod size constraints E3 FR 4
as to provide the most available power to PRU outputs with less
than 5% total system path losses
Data The CPM is capable of transmitting critical Pod telemetry at least a E4 FR7
mile range at 1 Hz with a resolution of 3m, 3A, 0.5V
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Connection Decision Matrix

Connection Decision Matrix

Categories

Familiarity

Estimated Weight

Avaibility

Integrability

Max Allowable
Distance to Function

Weight

0.05

0.15

0.2

0.2

0.3

Solenoid
Operated Locks

25

Servo Operated
Turnstile

Rock Climbing
Cam

J hooks

Paneling Clips
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Proper

Metric Bolts - Coarse Threads
Minimum Ultimate Tensile Load
) Nominal
Thrézad PIIPCH Stress Area
(mm) (mm,

The [Il[liI'IBBI'i_FIIl l?ﬂ!ﬂﬂ}l{
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Connection Update: Solenoid — R4 EM Solution

Solenoid Operator Locks: R4 EM Electronic Rotary Latches:

Latching/Connection Sensor
Striker Bolt Instead of Slots
SouthCo Partnership & CAD
Simpler Mounting Ability

- Simplistic Design from Trades

- Increased Risk On Takeoff and Landing
-  Less Power Draw

- PRU Support Size Increased

www.southco.com/rd-em
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PRU/UAV Mounting

Working with 2 UAV Companies to Interface With

- Volanci and Periscope

- Still awaiting NDA to be approved and obtain
access to CAD models, similar to Pod
Mounting decisions, DROPS will continue to

be agnostic but allow for simple bolted
design.
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Properties Annealed 4140 Cr-Mo
Steel
ThMax 470 MPa
= 190 GPa
Max Latch Tensile Load 5800 N
(Direction 1) (1304 Ibs)
Max Release Tensile 800N
Load (Direction 1) (180 Ibs)
Average Mechanical 14.3-37.1N

Override Force
(Direction 2)

(3.21-8.34 Ibs)
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Installation
Panel Preparation

Striker center line

15.6 +1.2 (614 +.046) —f=—y
Panel cutout center line ~ +—s| 1 |«—14 (.55) Minimum
15.6 £0.5 (.614 +.020) ; .
| Striker center line

1/4-20 thread 07.2(.283)
M6 thread #6.9(272)
Thru hole @76 (300

Mounting holes <}
(see table)

Operation
See page 34 for operating instructions

Accessories

Striker Bolt or Cast Striker
See page 35

2.5+0.1(.098 +.004)
r4.[) (.16) Minimum

T

42.5+0.2
(1.673 +.008)

118 +02

(.709 +.008)

Cable Mounting Kit
See page 35
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QAE]X = 5

Woq =55 1bs =255 N

I:max, allowable = 5800 N

n = 4 (number of latches)

All force transferred to Latches
Torque effect negligible

PHCIR-N SRR

Under 5G load, FOS = 75.38
Feasibility status: Confirmed

Max Latch Tensile 5800 N
Load (Direction 1) (1304 Ibs)
Max Release Tensile 800N
Load (Direction 1) (180 Ibs)
Average Mechanical 14.3 - 371N
Override Force (3.21 - 8.34 Ibs)
(Direction 2)

Fair,ratch = Wpod + Wroa * G flight

) "'1"![’:..1:2’ + "1"'Ff’:.!zf * G flight
= Fper,Latch = %

_ Wproa * (1 + G fiigns)

= FPL‘-‘?‘J_LN(.':"I =
n

. H".r 0d * t l + (-; H I g ht Max :l

= F Per,Latchyax — n

255N = (1 +5)
4

= FPEI‘J_{H‘(.'/I,-1-;‘-1_‘- =

= Ff‘c-‘r,f_un.':‘u.-_f“_‘. =37IN < Fn‘m.{,aH.-_m‘ah!c’ = 5800N

FPer, Latch
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RSO R Gl oF =

Gax =5

V¥oq = 55 Ibs = 255 N

Tux = 470 MPa (4140 G-M Steel)

n = 4 (nunber of latches)

Al force transferred to striker bolts
Striker bolt nount can handle inpulse
Latches in single shear

Torque effect negligible

Uhder 5Gload, FOS =88
Feasibility status: Confirmed

= |Mpypd = —
o
o

= Weod + Wpod *

o
o

"= Wroa + Wroa * G fligh

F
Yy

F
A=n

=T
=T -
n* (pif4)d-

[4+ (Wpoq + Wy

n+mT+1

EX | “'}’

'od

A pProne

B “lf-‘mj + “Ip.-,d' * (;_r'."f:-:f'rr

€
£
&
[
£
T
a
=
©
<
7]
o
o
=
o
Q
©

Required Shaft Diameter [mm] vs. Experienced G-forces [Gs]
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=07 m/s Required Shaft Diameter [mm] vs. Distance to Stop [mm]

Vlmpact

W stem = 250 Ibs =
1,112 N

Tux = 470 MPa
(4140 G-M Steel)
n = 4 (nunber of

I at ches)

Al KE transferred
to striker bolts
Striker bolt nount
can handle inpulse
Latches in single
shear

Torque effect
negligible

<2 -
o N

Required Shaft Diameter [mm]
©

Very low inpulse as d -> 0 mm
d, for FOSof3 =0.66 mm

Need some sort of damping fo
increase impulse

Feasibility status: A 1 15

Stop Distance [mm]




ufo?ﬂ’ =Mpod * 8
m

\

Vimpact = 0.7 m/s

W stem = 250 Ibs = 1,112 N
n = 4 (number of dampers) Foot
All KE transferred to dampers Dampers

S COPNIES

.

Assuming modeled k = 333.3 AN/m RECT-RB1105 ‘ | sk = d?

=6.46 mm 2

O.lstop, new ]
impact

Load (kN)
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- Ability to confirm successful connection
- Ability to transfer power to system reliably
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Alignment Decision Matrix

Alignment Decision Matrix

Max Allowable

Categories Familiarity Estimated Weight Avaibility Integrability Distance to Function

Weight 0.05 : 0.15 0.2 0.2 0.3

Camera/Visual
Feedback

Slot Slopes

Vice-Style Wedge
Grips

Conic Spikes

Electromagnet
Orientation

Suction/Venturi
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(1) (2) ©))

Alignment Cases
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Feasibility: Additional Feedback Alignment

Visual Alignment System

- QR/APRIL Tags on CPM Flat Surface with Down-facing camera on PRU
- Sending visual data to UAV manufacturer for initial centering OR Planck Ace System

Important:

This system will not be
fully implemented in this
year’'s requirements;
however will be designated
space and power
placeholders.
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CG Feasibility: External Structures

Pod Rack lhit: Cargo Pod Mount:
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FEM Analysis on CPM capability to withstand the load of striker bolts

von Mises (N/m~2)

5.846e+08

. 5.261e+08

. 4.676e+08

- 4.092e+08

- 3.507e+08

. 2.923e+08

. 2338e+08

- 1.754e+08

. 1.169e+08

5.846e+07

1.830e+03

Yield strength 4140 Steel -
470MPa = 4.7*10%(8) N/m*2

Max 3.51 * 107(8) N/m"2

Load = 10.5 kN per striker bolt
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Weight Feasibility

Pod Rack Unit: Cargo Pod Mount:
Physical Structure 1.67 Kg Physical Structure 0.67 Kg
Conn/Align Subsystem 1.80 Kg Conn/Align Subsystem 2.33 Kg
Data Subsystem 0.15Kg Data Subsystem 0.70Kg
Power Subsystem 1.0 Kg Power Subsystem 0.85 Kg
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Feasibility: Pod Battery Charging

Ground to Pod Charging Decision Matrix

How Robust against PR eTIIanatar
Categories Availability Integratability Operator Involvement | Pod Design Impact Cost explosion/fire/ Efficiency
elements Total

Wireless Induction 7
Pad Charging
Conta‘:t Charg J __—___
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Regulated UAV Power
Out
BB Volts
BB Amps

Distribution Board

EVi12Vv

PRU Power In

LAV 1O

H

Boost Converter ‘

Microcontroller
8 Volts
1A

CC Volts to 96 Volts ‘

Latching Mechanism
24 Volts
2A

Total Power Draw: 58.4 Watts

Full subsystem verification impeded by NDAs
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Power Consumption Analysis

- The data downlink subsystem will be powered by the
Pod’s internal batteries

- The GPS, sonar, and radio module will be powered
by a 3.3V line that will be provided by a buck
converted line from the battery

- The Arduino Due will be powered by a 12V line that
will be provided by a second buck converted line
from the battery
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Power Consumption of Components- CPM

Component Operating Voltage Max Current Draw Max Power
Consumption
XBee 3 Pro 3.3V 135 mA 0.4455 W
NEO-6M GPS Module 3.6V 45 mA 0.162 W
HC-SR04 Sonar 5V 15 mA 0.075 W
Sensor
Microcontroller 7-12V 200 mA 0.03812 W
Current Sensor 12V <5mA 0.060 W
Total 400 mA 0.7266W
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GPS Selection

- We are required to provide the location of
the Pod and this will be accomplished by
using a NEO-6M GPS module

Update rate of location: 1 HZ (5 Hz max)
Horizontal Accuracy: 2.5m

Time To First -Fix (TTFF): under 1s
Operating Voltage: 2.7 -3.6V @ 45mA
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Here are complete specifications:

Receiver Type 50 channels, GPS L1{1575.42Mhz)
Horizontal Position Accuracy 2.5m

Mavigation Update Rate THZ (5Hz maximum)

Capture Time Cool start: 27sHot start: 1s
MNavigation Sensitivity -1617dBEBm

Communication Protocol NMEA, UBX Binary, RTCM

Serial Baud Rate 4800-230400 (defaul 2600)
Operating Temperature -40°C ~ 85°C

Operating Voltage 2.7V ~ 3.6V

Operating Current 45mA
Backup

TXD/RXD Impedance 5100 Slides Links
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It is required to know the
operating voltage and current of
the battery at any given time.
The current will be measured

with an ATO Current Sensor
- Current Measuring Range:0 - 400A DC
- Output Signal: 0 - 5V DC
- Power Supply: 12V DC

The voltage will be measured by
creating a voltage divider that
can be sent to the arduino ADC
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ATO-CURTS-DJIA

Measuring

AC 0-10A

range

4-20mA, 0-20mA,

QOutput signal

1-5V, 0-56V

DC 24V, DC 12V, AC

Power supply 520V

Accuracy 0.5%

Isolation

3KVIB0HZ/ Tmin

voltage
Offset voltage
Temperature
drift
Frequency
bandwidth
Current

consumption

2

Voltage output: 5mA,

current output: 6V

Load capacity

Photoelectr

lation:

15ps, modulation

Response time

and demodulation: =

150ms

Overload

10 times nominal input

capacity
Work

temperature

-10~+7

Hole diameter Mo hole

DIN rail and screw

Installation L
fixation

ATO-CURTS-DJIB
AC 0-150A

4-20mA, 0-20mA, 1-5V,
0-5v

DC 24V, DC 12V, AC
220V, AC 110V

20~50KHz

mA

Voltage output: 5mA,

current output: 6V

30 times nominal input

-10~+70°C

4mm, 8mm, 12mm,
15mm
DIN rail and screw

fixation

ATO-CURTS-DJIC

AC 0-400A

4-20mA, 0-20mA, 1-5V,

0-5v
DC 24V, DC 12V, AC
oV, AC 110V
o

3KV/B0HZ 1 min
10mV

100PP)

20~50KHz

5mA

Voltage output: 5mA,
current output: 6V

30 times nominal input

-10~+

22mm

DIN rail and

fixation

ATO-CURTS-DJID
A

4-20mA, 0-20mA,
1-5V, 0-5V

4V, DC 12V
220V, AC 110V
0.5%F.S.

3KV

00PPN

20~50KHz

EmA

Voltage output: 5mA,

current output: 6V

30 times nominal input

-10~+7

35mm, 45mm, 55mm,
72mm
DIM rail and

fixation
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We are required to determine

whether or not the cargo bay has

an item in it and will accomplish

this by using a Sparkfun SEN -15569

ultrasonic distance sensor
- Range Distance: 2 - 4m
- Measuring Angle: 15 °
- Operating Voltage: 5V @ 15mA
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Wire connecting direct as following:

5V Supply

Trigger Pulse Input
Echo Pulse Output

0V Ground

Electric Parameter

Working Voltage

DC3SV

‘Working Current
Working Frequency

15mA

40Hz

Max Range

4m

Min Range

2em

MeasuringAngle

15 degree

Trigger Input Signal

10uS TTL pulse

Echo Output Signal

Dimension

Input TTL lever signal and

proportion

| 45¥20*15mm

the
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Tech specs

MICROCONTROLLER

OPERATING VOLTAGE

INPUT VOLTAGE (RECOMMENDED)

INPUT VOLTAGE (LIMITS)

DIGITAL /O PINS

ANALOG INPUT PINS

ANALOG OUTPUT PINS

TOTAL DC OUTPUT CURRENT ON ALL I/O LINES

DC CURRENT FOR 3.3V PIN

DC CURRENT FOR 5V PIN

FLASH MEMORY

SRAM

CLOCK SPEED

LENGTH

WIDTH

WEIGHT

130 mA

800 m

800 mA

2 KB all available for the user applications

96 KB (two banl KB and 32KB)

84 MHz
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Performance specifications

The following table describes the performance specifications for the devices.

Indoor/urban range Up to 60 m (200 ft) Up to 90 m (300 ft)
Outdoor RF line-of-sight range Up to 1200 m (4000 ft) Up to 3200 m (2 mi)
RF Transmit power output (maximum) 6.3 MW (+8 dBm) 79 mW (+19 dBm)
BLE power output 6.3 mW (+8 dBm) 6.3 MW (+8 dBm)
RF data 250,000 b

Receiver sensitivity -103 dBm

Range figure estimates are based on free-air terrain with limited sources of interference. Actual
range will vary based on transmitting power, orientation of transmit and receiver, height of
transmitting antenna, height of receiving antenna, weather conditio interference sources in the

in between r iver and transmitter, including indc d outdoor structures such as
trees, buildings, hill nd mountains.

Power requirements

The following tab scribes the power requirements for the XBee 3 RF Module.

Specifcaion ————xbees xaee 3-rr0

Adjustable power

Supply voltage

Operating current (transmit, typical) 3 135 mA @ +3.3V, +19 dBm
Operating current (recei typical) 17 ma

Power-down current, typical 2 pA
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KILOVAC LEV200 Series Contactor With 1 Form X
ntacts Rated 500+ Amps, 12-900Vdc

Product Facts Performance Data

m Designed to be the lowest Contact Arrange
cost sealed contactor in the Contacts — :
industry with its current Rated Operating Voltage —
rating (500+A carry, 2000A
interrupt at 320Vdc)

Available with bottom or
side mounting — not
position sensitive

Optional auxiliary contact
for easy monitoring of
power contact position

Hermetically sealed —

intrinsically safe, operates

in explosive/harsh

environments with no h . - - Mechanical Life — 0
undqtlon or contamination Contact Arrangement, Auxiliary
of coils or contacts, Contacts — 1 TN
including long periods of ] Aux. Contact Current, Max. —
non-operation . 24 B 12

Typical applications include . .

battery switching and Ordering Information

backup, DC voltage power

control, circuit protection Typical Part Number p LEV200 A 4

and safely

Versatile coil/power
connections

Designed and built in
accordance to AIAG 059000

m RoHS compliant

Shock, 11ms 1/2 Sine, Peak,
Operating —
Eihr_alinn;s_ina, 80-2000Hz.,
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It is required to know when the PRU

is connected to the CPM and this we .

be accomplished by using a relay to
send a small electrical signal to an
arduino

GND Arduina

This is incorporated into the
electrical rotary latches SV Age
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Link Budget - Arduino Pin Allocation

Data will be transmitted via UART communication to the radio

Component Max Sample Rate Arduino Pin(s) Used
GPS (via UART) 5Hz 0,1 (Serial 0 pins)
Cargo Bay Sensor (ADC) 1MHz A0 (Analog 0)
Voltage Sensor (ADC) 1MHz A1 (Analog 0)
Current Sensor (ADC) 1MHz A2 (Analog 0)
Connection Sensor (ADC) 1MHz A3 (Analog 0)
XBee Radio (via UART) N/A 18,19 (Serial 1 pins)
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Feasibility: Electronics/Data - CPM

Justification of XBee Pro 3:
- RF Module selection rationale
- Doesn'’t rely on a 3rd party signal
- Significantly cheaper to maintain a continuous data stream
- Capable of meeting FR 7 requirements with a reasonable margin
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PCB Antenna Analysis

Requirement: The user should be
able to receive the data
regardless of where they are
oriented relative to the CPM

The radiation pattern of a PCB
antenna is omnidirectional which
makes our design feasible

Feasibility status: Confirmed
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Common Commercial Drone Battery Specifications

Lithium-polymer batteries:
Manufacturer 1 (per battery):

7S, 22 Ah, 40C battery -> 569.8Wh available
Manufacturer 2 (per battery):

12S, 16 Ah, 20C battery -> 710.4Wh available

Similar battery voltages and capacities should be used to provide sufficient power.

While military-approved batteries would be ideal, there seems to be almost no standard LiPo
battery available with military approval.
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Specifications of Batteries TB2 Could Acquire

Manufacturer Type Viin = Vinax Viom Weight Volume Capacity Discharge Rate
Maxamps - 12s LiPo 36-50.4 V 444V 3.972 kg 1821.6 cm?3 16Ah 20C
Maxamps - 6s LiPo 18-25.2V 222V 1.992 kg 910.8 cm3 16 Ah 20C
Maxamps - 7s LiPo 21-29.4V 259V 2.950 kg 1314.4 cm3 22 Ah 40C

Bren Tronics Li-lon 24-33.0V LSRR 1.4 kg 19.523 cm3 9.9 Ah 1.01C

EaglePicher Li-lon 2541V 41V 810g 867.66 cm? 17 Ah 1176 C
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Considered Battery Efficiencies

Manufacturer Type Total Energy Energy Density Specific Energy | Max Continuous Discharge
Maxamps - 12s LiPo 710.4Wh Wh/kg 0.389Wh/cm?3 320A
Maxamps - 6s LiPo 355.2Wh Wh/kg 0.389Wh/cm3 320A
Maxamps - 7s LiPo 569.8Wh 193.15Wh/kg 0.433Wh/cm3 880A
Bren Tronics Li-lon 285.12Wh 203.65Wh/kg 0.328Wh/cm?3 2000 A
EaglePicher Li-lon 69.7Wh 80Wh/kg 0.213Wh/cm?3 10A
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Battery Charge Times

Manufacturer | Total Energy Charging Rating Max Charge Power

Maxamps - 12s 710.4Wh 5C 3552 W

Maxamps - 7s 569.8Wh 5C 2849 W

Discharge Rates

Battery Total Energy | Discharge Rating | Max Power % of C rating

Maxamps - 12s

Maxamps - 6s

Maxamps - 7s

Bren Tronics

EaglePicher
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Available Battery Housing Volume in Pod

Length = 40.6 cm, Height = 21.0cm, Depth = 7.633cm

Battery Length (cm) Height (cm) Depth (cm) Redesign Required?

Cost and Connection Availability

Battery Connection Availability




Feasibility: Pod Battery Charging

Requirements:

Fr 5: There Shall Be Power Passthrough Between An External Power Source And
The Pod Through Some Tbd External Transmission Path

Pr 5.1: The Pod Shall Have An Unregulated Power Passthrough To A Power
Distribution System To Allow For Charging Of The Internal Batteries.

Pr 5.2: The Pod Shall Have A Regulated Power Passthrough To A Power
Distribution System To Allow For Charging Of The Internal Batteries.
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Induction Charging Principles

Transmitter Receiver
- Power source . :
. LC Bridge - Repel\(er Coil
- Transmitter coil - Shle!d.lng
- Shielding - Rectifier
- Smoothing Capacitor

Transmitter (Tx) Receivir ‘Fux,

Battezzato - Wireless Battery Charging Backup 124
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What chargers are available, what are their specs?

ONBOARD CHARGERS OE110 0C210 0E251 0C262 ST | OC262 WP OE301
LiPO, Lilon, S [LiPO, Lilon, S |LiPO, Lilon, S |LiPO, Lilon, S [LiPO, Lilon, s [LiPO, Lilon, S
Battery LA LA LA LA LA LA
Compatibility LiFePO4,NMH,N LiFePO4,NMH,N LiFePO4,NMH, N LiFePO4,NMH, N LiFePO4,NMH,N LiFePO4,NMH, N
CAD CAD CAD CAD CAD CAD
Max Charging
5 10 12 12 12 30
Current (A)
Max Charging Power
90 125 250 300 300 300
(W)
Voltage (V) 7.92 - 301 | 12.03- 36 | 8.0 - 584 8.0 - 58.4 8.0 - 58.4 8.0 - 58.4
Weight (w/

: 101 162 293 580 630 540

inclosure) (g)

Cooling Method Active Active Active Passive Passive Active
Length (mm) 66.65 80.63 100 105.5 105.5 118
Width (mm) 75 108.85 138 145.5 145.5 181.4
Height (mm) 35 36.3 42 33.5 43.5 52.5
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Feasibility: Pod Battery Charging

INDUCTION CHARGING FEASIBILITY

e Can induction charging provide the necessary power?

e \What physical constraints do the transmitter and receiver coils have?

e How will the material between the transmitter and receiver affect power?

e Will the induction system create heating that affects the Pod?

e Will the induction system interfere with other instruments in the Pod/CPM?

e How will the weight of the components affect the Pod and UAV?

e How will mounting the receiver system affect the structural integrity of the
POD?
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Feasibility: Pod Battery Charging

INDUCTION CHARGING FEASIBILITY

e What physical constraints do the transmitter and receiver coils have?

e How will mounting the receiver system affect the structural integrity of the
POD?

Backup 127
Slides Links



Feasibility: Pod Battery Charging

INDUCTION CHARGING FEASIBILITY

e Can induction charging provide the necessary power?

e \What physical constraints do the transmitter and receiver coils have?

e How will the material between the transmitter and receiver affect power?

e Will the induction system create heating that affects the Pod?

e Will the induction system interfere with other instruments in the Pod/CPM?
e How will the weight of the components affect the Pod and UAV?

e How will mounting the receiver system affect the structural integrity of the
POD?
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Induction Charging Assumptions

Battery

e Mx (apacity: 22,000
mth (22Ah) - MaxAmps
/S

e Mx VWltage: 44.4 Volts
- MaxAmps 128

Rationale

e [argest (Capacity and
Voltage fromavailable
batteries

e WII provide upper
bound estinates
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Induction Charging: Power

Key Assumptions Analysis
1. Vg =444V

2. Gy = 22,000 mAh (22Ah) VCha,rgErﬂ.fm S VBatt S VCha,rgErﬂ.fm

3. Charging at max charger

current
4. Simplified Time to Charge 1" ="T1ime to Charge
Feasibility: Cf
Time to charge is not e Batt
requirement but preferred faster T H ours

ICha*rger

Charger voltage range must
include V ;4
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Induction Charging: Power

ONBOARD CHARGERS 0110 0€c210 0€C251 0€C262- ST | 0OC262 WP 0EC301
Voltage (V)
Max Charging
5 10 12 12 12 30
Current (A)
Time To Charge
4.4 2.2 1.83 1.83 1.83 0.73
(Hours)
Feasibility:
Feasible!

Rest of analysis done with 0C  -251
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Induction Charging: Power

Max Max Max
ONBOARD CHARGERG Y | Charaing | ing | Voltage |Weight (g) | S99 | Lenath fiviin (mm)|  HeiINt
omp. Current Method (mm) (mm)
Power (W) (W
(A)
LiPO,
Lilon, S
0€251 LA 12 250 58.4 293 Active 100 138 42
LiFePO4,NI
H,NiCAD
Feasibility:
Feasible!
Rest of analysis done with 0C  -251
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Feasibility: Pod Battery Charging

INDUCTION CHARGING FEASIBILITY

e Can induction charging provide the necessary power?

e \What physical constraints do the transmitter and receiver coils have?

e How will the material between the transmitter and receiver affect power?

e Will the induction system create heating that affects the Pod?

e Will the induction system interfere with other instruments in the Pod/CPM?

e How will the weight of the components affect the Pod and UAV?

e How will mounting the receiver system affect the structural integrity of the
POD?

Backup 133
Slides Links



Induction Charging: Field strength through Pod

Key Assumptions

1. Transmitter and receiver designed for
free space

2. Magnetic Flux Density linearly
proportional to permeability

3. Material between transmitter and
receiver separation 0.4 cm max

4. Transmitter and receiver provide full

power within 0.4 cm (Wibotic)

Feasibility:

Relative Permeability must be
1+/-0.05 for field to remain 95%
effective

Analysis

Magnetic Flux Density of field
between transmitter and receiver
determines charging strength

B = Magnetic Flux Density (H 24/m)
M = Permeability (H/m)
K= 4n x 107 (Hm
M= Field Strength (H

B=u-M

Relative Perneability = p/
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Induction Charging: Field strength through Pod

Key Assumptions Analysis

1. Transmitter and receiver designed for (@), > 1
free space

2. Magnetic Flux Density linearly
proportional to permeability

3. Material between transmitter and
receiver separation 0.4 cm max

4. Transmitter and receiver provide full

power within 0.4 cm (Wibotic)

Relative permeability close to 1
allows for field to pass through

Feasibility:

Relative Permeability must be
1+/-0.05 for field to remain 95%
effective

Backup 135
Slides Links



Induction Charging: Field strength through Pod

Analysis :

e Receiver nmay be designed as an
exterior conponent on the Pod
allowing fields to travel through
free space

e Transmtter/Receiver commonly
built in ABS Plastic housings that

allow for strong field

Feasibility:

[f designed as an external
conponent or naterial of Pod has
correct perneability
Feasible!

Common Materials

Relative
Mdi um Perneability
(M)
Ar 1. 00000037
Al uni num 1. 000022
Copper 0. 999834
Stainless
St eel 1.003 - 7
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Feasibility: Pod Battery Charging

INDUCTION CHARGING FEASIBILITY

e Can induction charging provide the necessary power?

e \What physical constraints do the transmitter and receiver coils have?

e How will the material between the transmitter and receiver affect power?

e Will the induction system create heating that affects the Pod?

e Will the induction system interfere with other instruments in the Pod/CPM?

e How will the weight of the components affect the Pod and UAV?

e How will mounting the receiver system affect the structural integrity of the
POD?
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Induction Charging: Material Heating

Key Assumptions

1. Only eddy current loss heating

2. Frequency of magnetic field
approximately 6 MHz

3. Skin effect equation used for
penetration depth

4. Simplified induced current

Analysis

Induced eddy current causes
heating in materials

Skin effect measures
distribution of density of
current below surface

Density concentrated near
surface increases effective
resistance

Higher resistance creates more
heat
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Induction Charging: Material Heating

Key Assumptions Analysis

1. Only eddy current loss heating | = Induced Current (A)
| , = Surface Current (A)
z = distance below surface (m)
d = penetration depth (m
p =resistivity (Qm

2. Frequency of magnetic field
approximately 6 MHz

3. Skin effect equation used for

penetration depth n = Perneabili ty (H/ II)
4. Simplified induced current F = frequency (He)
Feasibility: I - I _Tz
With extreme frequencies of
induction system resistivity p
must be very high to avoid 5 — -

heatin
° T f
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Induction Charging: Material Heating

Key Assumptions

Common Materials

1. Only eddy current loss heating
2. Frequency of magnetic field

approximately 6 MHz

3. Skin effect equation used for

penetration depth

4. Simplified induced current

Feasibility:

Material must match permeability and

resistivity requirements, impossible
with metals

Must be polycarbonate, acrylic, or

Nedi um Resistivity
(p)
Ar lel5s
Rubber lel3
Al um num 2.65e-8
Stainless
St eel 6. 9e-7

ceramic but...
Feasible!

Backup 140
Slides Links



Feasibility: Pod Battery Charging

INDUCTION CHARGING FEASIBILITY

e Can induction charging provide the necessary power?

e \What physical constraints do the transmitter and receiver coils have?

e How will the material between the transmitter and receiver affect power?

e Will the induction system create heating that affects the Pod?

e Will the induction system interfere with other instruments in the Pod/CPM?

e How will the weight of the components affect the Pod and UAV?

e How will mounting the receiver system affect the structural integrity of the
POD?
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Induction Charging: Shielding

Key Assumptions Analysis

1. Pod consists of free space between Magnetic Flux D enS|tly of field from
induction
receiver and components
B = Magnetic Flux Density (H 2%/m)
M = Permeability (H/m)

placed between receiver and free o= 4m x 107 (Hm
N = nunber of turns in the wire (constant)

a = coil radium (constant)
x = distance fromwre (displacenent)

Feasibility: I =current

B=u-M

2. Thin layer of material can be

space

Magnetic Flux Density must be

0.005%_ of freg space density at NI a2
transmitter coil to not affect B = — 3
components 2(x% + a?)?

Relative Perneability =
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Induction Charging: Shielding

Analysis :

1.  Commercial solutions have built in
shielding or smart transmitters that
scale field

2. Many materials made for shielding have
permeability in excess of what is
required

3. Distance from transmitter will not matter

with sufficient shielding

Feasibility:

Using commercial or manufactured
shielding

Feasible!

Common Materials

Rel ative
Mdi um Perneability
(Ho)
Ar 1. 00000037
Ferrite 16- 640
Pernal 1 oy 100, 000
Mt gl ass 1, 000, 000
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Feasibility: Pod Battery Charging

INDUCTION CHARGING FEASIBILITY

e Can induction charging provide the necessary power?

e \What physical constraints do the transmitter and receiver coils have?

e How will the material between the transmitter and receiver affect power?

e Will the induction system create heating that affects the Pod?

e Will the induction system interfere with other instruments in the Pod/CPM?
e How will the weight of the components affect the Pod and UAV?

e How will mounting the receiver system affect the structural integrity of the

POD?

Backup 144
Slides Links



Induction Charging: Weight

Key Assumptions

® (nly receiver coil and and onboard
charger integrated into pods

e Munting nechanisns will be snall
screws

e (onnections will be nade with
short wires

e [AVIifting capacity 22-55 lbs

Feasibility:

512 grans = 1. 12877 lbs
5.13%of lifting capacity

Not 1deal but ...
Feasible!

Weight Analysis
Conponent Wight (g)
Char ger 293
Recei ver 69
Mbunt 1 ng 50
Screws
Connection
Wres =100
TOTAL 512
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