


MISSION STATEMENT

RAMROD will utilize an autonomous UAS and self-contained
sensor payload to localize Radio Frequency Interference and
Emerging Threat sources in a GPS-denied environment 1o allow

civiian and military GNSS endeavors to continue without
disruption.







Aconym: _______________|Meaning: ____________

AGC Automatic Gain Control

ET Emerging Threat

FAA Federal Aviation Administration
GNC Guidance Navigation and Control
GNSS Global Navigation Satellite System

GPS Global Positioning System

IMU Inertial Measurement Unit

INS Inertial Navigation System
MCU Microcontroller

PDOA Power Difference of Arrival
PPD Personal Privacy Device

RFI Radio Frequency Interference
UAS Unmanned Aerial System
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BACKGROUND

Personal Privacy Devices and Emerging Threat
Devices (spoofers) are becoming a more common
Issue In military and commercial settings

Utilizing a UAS is the most efficient method tor
localizing these RFI sources

Flying a UAS In GPS denied conditions is problematic
due to most autopilots reliance on GPS
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Maintain autonomous flight while in a Use PDOA to determine GPS denied

simulated GPS denied environment for conditions and use an Inertial

an extended period of fime Navigation System to estimate UAS
location and orientation

Develop a UAS platform capable of Choose and modify a UAS platform
maintaining flight in a GPS denied that can maintain flight for at least
environment while supporting all RF 60 minutes

measuring equipment

Self-powered sensor payload that can  Rigid structure containing RFI
monitor, store and transmit RFI signal measuring equipment that will fit
data while interfaced with the UAS inside the payload bay of the UAS
platform
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FR 1.0

ENTS

Description

The UAS shall have a flight time of 60 minutes

FR 2.0

The UAS shall fly in maximum winds of 30km/hr

FR 3.0

The UAS shall fly in a GPS denied environment for a
distance of up to 2 km and a time of 200 seconds

FR 4.0

The UAS shall support all flight hardware and
insfrumentation

FR 5.0

The UAS and its testing shall adhere to FAA and CU Boulder
regulations

FR 6.0

The UAS shall be capable of flying the operational payload

FR 7.0

The system shall fly autonomously given a pre-programmed
flight plan ;
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Functional
Requirement

Description

The system shall have the abillity to switch between the
GPS and GPS-denied flight modes within 1 second of RFI
detection

The system shall transmit data for all six degrees of
freedom

The system shall create a profile of RF signal power

The payload components shall be in a stable self-
contained structure

The payload shall have the ability o measure and localize
an RFl source in GPS denied environments
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GPS band
power -N
>1 dBm?

Sample GPS and
Inertial Sensors

Ignore GPS signal
Fly straight/level
using inertial sensors

GPS band
power
>1 dBm?

No

Turn GPS back on
Compare/coordinate
with flight plan

ArduPilot

Continue along pre- i
programmed flight Fllght

path Software

RAMROD
Flight
Software
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UAS Flight Data: Legend:
Power Measurements
& D Hardware Component
Location Data
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Output
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MATLAB
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Predicted RFI
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*IMU axes aligned to UAS body
frame

f = specific force measured by
accelerometers

w = angular velocity measured by

gyroscopes
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GPS Denied Flight
Mode Initiated

IMU

GPS Data Measurements

*used for initial
conditions in first

estimation only
Angular velocity, Specific force

Extended Kalman

Filter

Estimated 3D State

Legend:
External input

Hardware component
Software component
Output

Altimeter, Pitot
Tube, Compass
Measurements

Altitude, Airspeed, Heading
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OPERATIONAL PAYLOAD

NT1065

Design Drivers

« Measures an RFl power source
on mulfiple GPS bands

What can it do?

« NTI1065 takes RF power
readings

» Interface for external antenna

» Filters raw data

« Sends data to a processor

What must be done:

 Board must be redesigned to
have internal splitting.

20
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Battery

Battery

Battery Payload
Autopilot

ESC
Payload Autopilot

Top View
500 mm

Requirement
FR 4: The UAS shall support all flight hardware and instrumentation

FR é: The UAS shall be capable of storing the operational payload

Feasibility

feasible /
feasible /
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Assumptions

E =63 min (inc. 5% buffer)

Worst-case headwind is 10 m/s

Steady, level flight throughout

Battery discharge depth is 80%

Overall system efficiency is 85%
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Endurance vs. Battery Weight and Velocity

NOT
63 Minute Endurance Feasible
Requirement

20
10 15

Velocity V [m/s]
Battery Weight Wb [N]

25

Endurance E [min]

Endurance vs. Battery Weight and Airspeed w/ 10 m/s headwind

63 minute flight time

'ﬁﬂ“/"‘f_".‘fﬂ'——-?

NOT
Feasible

20
Airspeed V [m/s]

0

Battery Weight Wb [N]
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Talon Airframe

Battery

Baseline
Design

Payload

Evidence of
Feasibility

Additional 537
Hardware

RECUV Talon Mass
RAMRQOD Talon Mass w/ Same Battery 3,332 9

Studies
FR 1: The UAS shall support all flight hardware and instrumentation .
PP J feasible «

TOTAL

FR 2: The UAS shall fly in maximum winds of 30 km/hr (8 m/s) feasible /
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R: Distance from transmitter to
receiver

Pr: Power Received

Pt: Power Transmitted

Gt: Transmitter Antenna Gain
Gr: Receiver Antenna Gain

A : Signal Wavelength

RFI source wi

Environment Losses

Transmitter Receiver
Pt Pr
Gt Gr
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Project Monte Carlo Simulation of Source Location
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required accuracy of 40
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Horizontal Position Errors - HG1120CA50

DEL

0x = 24.0m
dy = 26.1m

ror < 40m

feasible /




October 2017 November 2017 December 2017

PDR Preparation |6 m w0 20222 252 27/ 1237467 8 o0/ n|6/u s 68|20 2250562200126 1]slo][n 6 56
PDR Due K . / Legend \
Payload Structural Design &\\\\\\\\\\\\ — Crifical Path

UAS Power System Design . Design Margin

UAS C&DH System Design L - UAS Subsystem
MicroZed Data Processing Breakdown 1 L D Payload Subsystem
Autopilot GPS Code Modification C] Soffware Su bsysTem

UAS Full CAD Model
UAS Internal Design

[ JAdministration
\- %

[

Full System Integration Plan

%

Software Simulations

CDR Preparation
CDR

Initial Parts Procurement

Final Report Preparation |

Payload Electrical Component Design |
Modify Existing Kalman Fifter : |
FFR Due




PRELIMINARY BUDGET ($)

B UAS M Manufacturing ™ Payload Remainder

Project

Description SSiem Exenditures
(S)

Total Budget 5000

Baseline
Design

UAS 3004.8

Total Budget (S)

Evidence of
Feasibility

Payload 970

Remainder 425.2

Manufacturing 600

Payload

|H|J

Total Expense 4574.8
Manufacturing
e Most Notable Expenses ($)
Studies |NS ]500 UAS 3004.8

0 500 1000 1500 2000 2500 3000

220
500

Microzed
NT1065
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Functional Requirement Feasibility Shown

The UAS shall have a flight fime of 60 Power Estimate ‘/
minutes

The UAS shall fly in maximum winds of RECUV Heodwinci/

30km/hr Model

The UAS shall fly in a GPS denied INS Error Model /
environment for a distance of up to 2
km and a fime of 200 seconds

The UAS shall support all flight hardware  Weight EsTimoTioV
and instrumentation

The UAS and its testing shall adhere to
FAA and CU Boulder regulations

The UAS shall be capable of flying the Weight EsTimoTioV
operational payload

Future Work

Refine power estimate as
components change

Flight demonstration and
PixHawk simulations

3D Error model with
additional sensors

CG / weight balance
analysis and full payload
bay CAD model

Obtain certification
through FAA and CU

CG / weight balance
analysis




FR
/7.0

FR
8.0

FR
2.0

FR
10.0

FR
11.0

FR
12.0

UT

Functional Requirements Feasibility Shown Future Work

The system shall fly autonomously Additional PixHawk

given a pre-programmed flight plan simulations

The system shall have the ability to Signol switch Tgs’ring for Wi-
switch between the GPS and GPS- Fi signals and simulations
denied flight modes within 1 second of using previous data

RFI detection

The system shall fransmit data for all 6 Dofo ’rrar)smission test and
degrees of freedom link margin

The system shall create a profile of RF  Free Space Loss Theory Create RF power Profile
signal power j using past data

The payload components shall be in a Preliminary CAD Model Full CAD model, structural

stable self-contained structure and Talon Payload and thermal analysis
Analysis

The payload shall have the ability to PDOA Model PDOA simulations with past

measure and localize an RFI source in data

GPS denied environments
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¥ Algorithm CDR Tasks
PDOA Mathematical Model
Autopilot Code Base Block Diagram
Localization GUI Interface
¥ GPS Seamless Switch
GPS Seamless Switch Plan
GPS Seamless Switch Code Modification
GPS Switch Demonstration
¥ Pixhawk Simulations
Purchase Pixhawk Hardware
Pizhawk Simulations
¥ Inertial Navigational System Design
INS Required Hardware List
Navigational Error Model
Kalman Filter Block Diagram
3D Navigational Error Model
Kalman Filter Integration Plan

Kalman Fliter Research

Kalman Filter Code Modifications
CDR Due at Noon
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16

17 8 19 20 21
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15

16
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October 2017 November 2017

¥ Payload CDR Tasks
Payload Battery Selection
NT1065 Design Plan
Antenna Selection
Payload Material Trade Study
Payload Required Interfaces
Payload Structure Material Selection
Final Payload Hardware Selection

Data Downlink Plan

Microzed Programming
Payload Structure Finished CAD Model
NT1065 Redesign
» Algorithm CDR Tasks
CDR Due at Noon




October 2017 November 2017
¥ UAS CDR Tasks g
¥ UAS Power System Design
UAS Power System Block Diagram
Power System Hardware Selection
¥ C&DH System Design
C&DH Block Diagram
C&DH Components List
¥ UAS CAD Model
UAS Body CAD Model
UAS CAD Assembly
¥ UAS Internal Design
Payload Bay Layout Diagram
UASICD
Talon Frame Modifications Document
UAS Final Bill of Materials
UAS Final CG Estimation

UAS Manufacturing Plan
» Payload CDR Tasks
» Algorithm CDR Tasks
CDR Due at Noon




¥ Administration
¥ Risk Analysis
UAS Risk Analysis
Payload Risk Analysis
Algorithm Risk Analysis
Full Risk Report
¥ TestPlans
Required Testing Document
Ground Test Plans
Preliminary Flight Test Plans
Full System Test Plans
Finalized Budget

Detailed Spring Schedule
Finished CDR Slides

CDR Preparation

CDR Due

October 2017

14

16

17

November 2017
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Remaining Algorithm Design
Parts Procurement

Parts Manufacturing

System Integration

Ground Testing

Preliminary Flight Testing
Full Flight Tests

Jan 2018
15

. ]

Feb 2018
12

19

Mar 2018
19




Talon Airframe
Pixhawk Px4
/000mah LiPo
INS
Motor
Propeller
ESC
Camera

Charger




Charger Case UAS
HS-5055 Servo UAS
HS-5065 UAS
Reciever UAS

Wing Extension UAS

Microzed Payload
NT1065 Payload
Aluminum Block Payload
LTE Modem Payload
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INS ERROR MODEL

Adapted EOM as uncertainties:

[ 51/) | [ _5wzb

SV O fxp €OS OY + O 1, sin 6Y

6q = |6vy; | = |0fxp SINOY — O f,,, cOS OY
6xl- 5vxi

Loy 1L OVy;

where,
Gpr = Gyro bias repeatability [dps]

ARW . .
Sw,p = Gy + Gy + ~7 Gir = Gyro inrun bias |dps]
ARW = Angle random walk [o/+/s]
VRW Ay, = Acc. bias repeatability [g]

Sfxp = 6fyp = Apr + Ay + —\/_ - Aj = Acc.inrun bias |g]
2Vt VRW = Velocity random walk [m/s/+/s]






INS ERROR MODEL

Apply the general error propagation formula to the §§ equations, get:
B ARWN?
Wzp = |Gpyr + Gi7 + (2—ﬁ>

: : : _ VRW 1? VRW
OVyi = \/[(cos Y + sin 8y )Ap,-1? + [(cos 8y + sin 5y )A;,-]% + [(cos 6P + sin 8y ) Z_ﬁl + l(Abr + A + (—sin 6y + cos 61/))51/)]

)

2
OV = \/[(sin&p — cos OY)Apr]? + [(sindy — cos 6Y)A;]% + l(sin&/; — cos &Y) %l + [(Abr + A + 1/2\/_ ) (cos 8y + sin 61/))5¢l
63.Ci = 517,“'
55’1’ = 617yi

These equations were then numerically infegrated using ode45 in MATLAB to obtain characterization plots and total error values

60



Horizontal Position Error: L3GD20H/LSM303D
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Metric

Driving Requirement

Rationale

Position Estimation Ac-
curacy

0.25

FR 8, DR 6.2, DR 3.2

This metric is weighted highly at 0.25 because the
accuracy of position estimates made by the GPS-
denied flight algorithm is a critical element in cre-
ating a RFI profile. Since each RFI measurement
must be associated with a location, it is desirable
to have high accuracy in the estimations.

Component Cost

0.25

N/A

While there are no functional or design require-
ments dictating the budget for the GPS-denied
guidance method, the variations in cost of the
possible components associated with each method
must be considered with regard to the overall
project budget. Cost is weighted highly at 0.25
due to the generally expensive nature of other re-
quired components for project RAMROD.

Rate of Position Esti-
mates

0.10

DRY9.3,FRS

By producing position estimates at a higher rate,
the UAS will be more likely to be capable of fly-
ing at higher speeds. Higher rates of position
estimates will also result in a closer correlation
to the RFI measurements in the case that posi-
tion and RFI data are not synchronized. How-
ever, each method has a relatively high rate com-
pared to standard GPS rates, therefore this metric
is weighted lower at 0.10.




Method Robustness

DR 7.3,FR 3,DR 6.2.1, DR
6.2.2

It is important that the GPS-denied guidance
method is robust enough to function with mini-
mal reliance or interfacing with external systems,
components, or data. Dependence on external sys-
tems or components may subject the UAS to un-
wanted, additional sources of risk or error, which
the team may be unable to properly mitigate. Fur-
thermore, applications of this project may require
operation in desolate or hostile territory, where it
would be undesirable, or even impossible, to use
external dependencies. Therefore, this metric is
weighted at 0.25.

Processing Complexity

The size of the processing unit, and thus its pro-
cessing power, is restricted mostly by UAS pay-
load size constraints and mass budget. The UAS
must be capable of supporting all hardware and in-
strumentation, so a method requiring a large pro-
cessing unit is undesirable. The team must also
be able to use or write software which processes
the data and computes the position estimations.
While this metric is important, it isn’t as critical as
some of the others, hence a slightly lower weight
of 0.15.

4




1/ 2 | 3 | 4 | 5 | i Weight INS LiDAR Based

| Metric

Estimation 100-149 Estimation
Accuracy (m) Accuracy

Cost (USD) Cost

Rate of Rate of
Estimates (Hz) Estimates (Hz)

Some Mnmmal
L e e
Robustness additional | additional Robustness
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Metric Skywalker Tech Pod

Cost ($): 170
Max Payload
(kg):

Payload 175 x 170 x
Volume (mm3): /70

Sky Hunter

2 2.3

300 x 150 x 70 200 x 80 x 70 500 x 100 x 80

Flight Duration
(hr):

| 1.5 : 1.5
Cruise Speed
(km/hr):

Max Speed
(km/hr):

60 60 50

70




TION

TIFICATION

cos: [ 2 20 7o
ravoadvoume: [N 1 : 25 22 [
Autopilot : :
Compatibility: - Seie g ZuarBeor e -
Spare Part Limited Under Limited Under All Parts under
Availability: $100 $50 $100
Flight Durafion: _ 1.25 Hours 1.5 Hours 1.75 Hours _
Complexity of Less Than 4 Hour Less Than 3 Hour | Less Than 2 Hour
Frame: Assembly Assembly Assembly
Adverse Weather 50 kph max 50 kph max 90 kph max
Performance: speed and speed and speed and
’ below 3 kg above 3 kg below 3 kg



BIUDY

Max Poyload: 0.1 4.08
rayloce 0.1 3.76 2.96
Volume:
Autopilot
Compatibility: Ylls 280 4.00
Spare Part
Availability: Okl L0 L
Flight Durafion: 0.05 1.67
Complexrr.y of 0.05 4.00
Frame:
Adverse
Weather 0.1 4.00 3.00 3.00 3.00 2.50
Performance:;

Risssupport: 015 | S I R

Totals: ] 3.43 3.78 2.38 3.21 2.64
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Lithium Polymer

Polyurethane
envelope and Helium
Filled

$5510
Under 15 kph winds







LEBB6-SV1

Model: LEB66-SV1

FCCID: RITLEBBESV1
IC: 5131A-LEBBBSV1
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Metric Weight | Driving Requirement Rational

The board chosen must have a speed
high enough to complete all necessary

Clock Speed 0.2 :‘)l; ";(;’ lm:);':;’ SD ;( :’;’7 calculations and give correct outputs
S, 5.2, .
before the next set of measurements is made
(less than 1 second)
It is important to have a board that can be
. , casily modified for changing algorithms and the

Ease of Use 0.2 VA language used must be easy to understand by the

members of the sub-system
Programmability 0.2 FR 9.0, DR 9.3, DR 9.5, The board’s code must be easily changeable based on
' DR 9.5.1, DR 9.5.2 changes made to both the localization and flight algorithm
The board chosen must have enough memory and
Memory, RAM, ROM, /O | 0.1 gﬁ zg’f Il{);% SD ? 9.5, RAM to store all required data for an entire test,

which will last at least an hour



Driving Requirement

The board chosen must have enough memory and
Memory, RAM, ROM, 110 ¥R .0, DR 3.3, DR 3.5, RAM to store all required data for an entire test,
DR 9.5.1, DR 9.5.2 : .
which will last at least an hour
The operational payload must have a lifespan of
Power Required 24 hours, so every component must have the
smallest power consumption possible

Since there is so many electrical components inside

the payload structure it is likely that high temperatures

could be an issue. A higher operating temperature range
Overheat Temperature ek of the board components allows for more design

flexibility of the structure and reduces the odds of

overheating during testing



Ease of Use 03 |5 3
“Programmability | 02 | 5 |
“Memory, RAM,ROML VO | 0.1 | 3 | 5
Power Required 10T | 4[5
“Heatgenerated | 01 | 3 | 5

TOTAL ~ 10 [ 42 [ 32
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Table 1: Metrics for Autopilot Trade Study

Weight Driving Requirements | Description and Rationale

Open- 0.3 DR 6.2, DR 7.1 Extensive modifications will be re-

source quired to support flying without GPS,
and the autopilot software must be able
to integrate with these changes. Using
a 'black box’ will increase the difficulty
of modifying the code.

Safety Fea- DR 6.2, FR 5 The UAS must have certain failsafes, al-

tures lowing the UAS to be operated safely,
minimizing unnecessary risks, and com-
plying with all FAA regulations.

0
Software 0 DR 6.2, DR 7.1, DR | Support from community or manufac-
Complex- 8.1 turer will be crucial to the success of
ity the project, so choosing an autopilot
with available resources will be advan-
tageous. Many of the modifications will
be difficult to implement, and it is cru-
cial for the team to be able to under-
stand and modify the code base.
0

1
2
Telemetry/ 2 DR 7.1, DR 7.2 In order to fly without access to GPS
Sensor data, the software must be able to in-
Capability terface with multiple IMUs and anten-
nae, allowing for communication with a
ground station and sensing where the
UAS is when there is no reliable data.
2

Cost of | 0 The project must be within budget.
compatible
hardware




Table 2: Explanation of Metrics

[Mefric [ 1

Not open-source

N / A Open-source
readlly
modlﬁable

IE N
Open- N / A
source but rea.dlly
modlﬁable

Safety Fea-
tures

Software
Complex-

ity

Telemetry
/  Sensor
Capabili-
ties

Cost of
compatible
hardware

Wntten

C++/

MATLAB

throughout
Can  interface | Can  interface | Can  interface | Can interface
with camera with antenna with IMUs and | with any nec-
antennae essary  IMUs,
antennae, opti-
cal flow sensors,

Very expensive | Moderately ex- | Inexpensive (< Free
($300 - $500) pensive ($100 - | $100)
$300)

Table 3: Trade Study Results: Autopilot

ArduPilot
Opemsowee | 030 |56

Safety Features

5
ol PS4 | 4 ] 3
5

Software Complexity 0w | 3 5
oty Sensor Capabiities | 020 |55 & | 3
Cost of Hardware




Table 22. Localization Method: Trade Study Metrics

. Mettle |1 12 /3 4 |5
Design Simplicity (hours) 200-300 100-199 50-99

Potential Localization Ac- Extremely Some Noise | Hardly Sus- | Not Suscepti-
curacy Susceptible to | Interference ceptible  to | ble to Noise
Noise

Noise

Hardware Cost/ Require- $400-$799 $300-$499 $150-$299 $0-$149
ment

Power Measurement Capa- N/A N/A N/A Power Sensor
bility Capable

Ability to Interface with Difficult to In- | Possibleto In- | Easy to Inte- | Highly Com-
UAS and Payload tegrate tegrate grate patible

Table 23. Trade Study Results: Localization Method

~ Merkc [ Weight | TDOA | AoA | PDOA | Triangulation

DeignSmpliy | 020 5 [ 3 5 [ 2

Potential Localization Accuraey | 0.0 | 3 | 4 | 3 | 4
Hardware Requirement/Cost 4




Table 21. Considerations and Weighting for Localization Method Trade Study

Driving Requirement

Design Simplicity 0.20 DR 9.4 Design simplicity has large implications for on-
board processor power required and design time
for the localization algorithm. The hardware
available for use with the algorithm is limited
by payload design requirements, and simplicity
would allow for integration with the payload hard-
ware and UAS software, which is stated in DR 9.4.

0.10

Localization Accuracy

The accuracy of location is important for the suc-
cess of the project, however, there are many meth-
ods that will provide high accuracy with many
other drawbacks. DR 9.2.1 states the necessity of
signal localization, and the degree of accuracy
Hardware Requirement/- | 0. The cost of hardware is a consideration for this
Cost method because different methods of localization
require different hardware interface. It is stated
that the algorithm must utilize hardware from the
payload only, so additional hardware will add cost
and mass to the payload design.
Power Measurement Ca- | 0. DR 7.2,9.3 Design Requirement 9.3 states that the localiza-
pability tion algorithm must create a power profile of the
signal source. The localization method must also
support power measurements, preferably with no
extra hardware requirements.
Ability to Interface with | 0. DR 9.1, DR 9.4,DR 9.5 The algorithm will be designed for use with the
UAS and Payload UAS system and payload, and must be able to in-
tegrate with hardware and software that is avail-
able and compatible with the payload and UAS.




Model Weight:

Battery Cell Type (Cont. / max. C) - charge state:

| LiPo 14000mAh - 30/45C

4|~ normal 4|

| CC Phoenix Edge HV 80

Manufacturer - Type (Kv) - Cooling:

4|-| Power 25B (1250)

# of Motors:
1
(on same Battery)

Configuration:
3 8§ 1 P

Current:
80 A cont.

80 A max

KV (w/o torque):
1250 rpm/V

[ search...

medium %

[ Prop-Kv-Wizard J

Type - yoke twist:
| APC Electric E

Diameter:
10 inch

254 mm

Wing Area:
545 dm?

844.8 in?

Cell Capacity:
1400( mAh
1400( mAh total

Resistance:
0.001 Ohm

no-load Current:

2 A@ 10 V

Pitch:
6 inch
152.4 mm

Drag:

coeffcient %

0.027 Cd

max. discharge:

Weight:
125 ¢

44 oz

Limit (up to 15s):

58 A g

# Blades:
2

Cross Section:
8.1 dm?

125.6 in?

Resistance:
0.001 Ohm

Wire extension battery:

| AWG10=5.27mm? % |

Resistance:
0.02 Ohm

PConst / TConst:
1.08 / 1.0

Field Elevation:
1609 m ASL

5280 ft ASL

Case Length:

Air Temperature:
21 °C

70 °F
C-Rate:

30 Ccont.
45 C max

Wire extension motor:

| AWG10=5.27mm? % |

# mag. Poles:

14

Flight Speed:
0 km/h
0 mph

Pressure (QNH):
900 hPa

26.58 inHg

Weight:
844 g

298 oz
Length:

0 mm
0 inch
Weight:
183 g
6.5 oz

Mixed Flight Time:

Current:

est. Temperature:

Thrust-Weight:

Pitch Speed:




Remarks:

Battery Motor @ Optimum Efficiency Motor @ Maximum Propeller Total Drive Airplane
Load: 277 C Current: 3149 A Current: 38.80 A Static Thrust: 1884 g Drive Weight: 3124 g All-up Weight: 3500 g
Voltage: 10.96 V Voltage: 10.96 V Voltage: 10.92 V 66.5 oz 110.2 oz 123.5 oz
Rated Voltage: 11.10 V Revolutions*: 12418 rpm Revolutions*: 12176 rpm  Revolutions*: 12176 rpm Power-Weight: 123 W/kg  Wing Load: 64 g/dm?
Energy: 155.4 Wh electric Power: 345.0 W electric Power: 423.8 W Stall Thrust: 1216 g 56 WI/lb 21 oz/ft2
Total Capacity: 14000 mAh  mech. Power: 301.5 W mech. Power: 369.4 W 429 oz Thrust-Weight: 0.54 :1 Cubic Wing Load: 8.7
Used Capacity: 11900 mAh  Efficiency: 87.4 % Efficiency: 87.2 % avail.Thrust @ 0 km/h: 1884 g Current @ max: 38.80 A est. Stall Speed: 43 km/h
min. Flight Time: 18.4 min est. Temperature: 40 °C avail.Thrust @ 0 mph: 66.5 oz P(in) @ max: 430.7 W 27 mph
Mixed Flight Time: 20.9 min 104 °F Pitch Speed: 111 km/h P(out) @ max: 369.4 W est. Speed (level): 102 km/h
Weight: 2532 g . 69 mph Efficiency @ max: 85.8 % 63 mph
89.3 oz vgz:':;ter readings sgga T Speed 583 km/h  Torque: 029 Nm  est. Speed (vertical): - km/h
Voltage: 10.96 V 362 mph 0.21 Ibf.ft - mph
Power: 4252 W specific Thrust: 4.45 g/w est. rate of climb: 5.8 mis
0.16 oz/W 1135 ft/min
share | | add to >> J[ Download .csv (0) j [ << clear ]
Motor Partial Load
Propeller Throttle Current (DC) Volage (DC) el. Power Efficiency Thrust Spec. Thrust Pitch Speed Speed (level) Motor Run Time
rpm % A \ W % g oz g/W oz/W km/h mph km/h mph (85%) min
1800 14 0.3 11.1 3.1 38.4 41 1.5 13.3 0.47 16 10 - - 2549.5
2700 21 0.6 11.1 7.0 57.5 93 3.3 13.2 0.47 25 15 - - 1130.9
3600 28 1.2 11.1 13.7 69.4 165 5.8 12.0 0.42 33 20 - - 575.7
4500 35 2.2 11.1 24.3 76.6 257 9.1 10.6 0.37 41 26 - - 325.0
5400 42 3.6 11.1 39.8 80.9 371 131 9.3 0.33 49 31 - - 198.7
6300 49 5.5 11.1 61.1 83.6 504 17.8 8.3 0.29 58 36 - - 129.2
7200 57 8.1 11.1 89.4 85.3 659 23.2 74 0.26 66 41 55 34 88.2
8100 64 11.4 11.1 125.8 86.4 834 29.4 6.6 0.23 74 46 68 42 62.6
9000 72 15.6 11.0 171.3 87.0 1029 36.3 6.0 0.21 82 51 75 47 45.9
9900 80 20.7 11.0 227.0 87.4 1245 43.9 5.5 0.19 91 56 83 52 34.6
10800 88 26.8 11.0 294.2 87.5 1482 52.3 5.0 0.18 99 61 91 56 26.6
11700 96 34.2 11.0 374.0 87.5 1739 61.4 4.7 0.16 107 66 98 61 20.9
12176 100 38.8 11.0 423.8 87.2 1884 66.4 4.4 0.16 1M1 69 102 63 18.4




Motor Characteristic at Full Throttle

[ 1| @ el. Power [in 2W]
@ Efficiency [%]
Il © max. Revolutions [in 100rpm]
Bl @ waste Power [in 2W]
Bl ® Motor Case Temp. [°C]
Il Motor Case Temp. overlimit [°C]

(c) by eCalc V2.05
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Assumptions




“
‘ Quantity [Units] ‘

B @ Battery Mass [kg]
b= o
= e o

N Parasite Drag Coefficient [none]
D0 — Z kicfisweti/sref

=l

|Equaﬁons

W2( 1 ) Power Required For Steady, Level

1 o3
flight = §PV SCD,O + % Flight [W]
- Propulsion System Power Required

true = for Steady, Level Flight [W]

Noverall

Vi, D, C! E
- 3600770v6rall o
Prlight

meb?

pV



| Need to Determine:

Name Variable Value

Variable

R o

‘ [none]

Name



Ppiigne = TV = DV
OPtlight

oy U

2 Can find Vj,;, pr by setting
Priignt = V( pV2S)(Cpy + AR> o

%%
1 2
§PV25 8Pfh-ght e 3 9 |4 1

CL =

1 W2 1
Priight = 5/0‘/ S (CD,O + (%,OV—ZS)Z(WBAR))

P = 50V°5Cou+ 1< ()

1 pVS\meAR

w? /1
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Wingspan; 1718mm

Length: 1100mm
Wing area: 54.5dw
MIN. Flying Weight: 10509
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0.455
(logyo(Rer))*>*

ReLzﬂ
M

Cfr =

k=1+2(t/c)+60(t/c)*

k=1+15d/D" +7(d/1)?

Swet = 2(14+0.2(t/c))Sre; WINC

Swet = 2m(d/2)* + mdl  Fusel

CD,O - CD,O,wmg + CD,O,fuselage + CD,O,tail




Altitude [m]

0.00001754

| Tail Properties |

Nfns [ 2




Velocity [m/s] _[Velocity [KTAS] [WingRe _ [WingCf  |WingFF__ [Wingf _ [WingC DO [Fuselage Re [Fuselage Cf [Fuselage FF [Fuselage f [Fuselage C_DO|
o ooo]  00f #NUMI |125051313] #NUMI |” #NUM!I | Of #NUMI |108568725] #NUM! [ #NUMI |
2 38|  37904.5[0.00898046] 1.05051313]0.01202753| 0.0220689] 131322.691] 0.00673687] 1.08568725] 0.00384938| 0.00706309)]
3] 583  56856.8[0.00814731/1.25051313[0.01091169| 0.0200215] 196984.036] 0.00617387] 1.08568725] 0.00352769| 0.006472828|
| 4  778]  75809.0[0.00761995|1.25051313| 0.0102054| 0.0187255| 262645.382| 0.00581331] 108568725 0.00332167| 0.006034807 ]
| §[ 1166  113713.5[0.00695394]1.25051313]0.00931341] 0.0170888] 353968.073]0.00535267] 1.08568725] 0.00305864| 0.005612176]
| 8[  1555]  151618.0[0.00652947]1.25051313[0.00874492 0.0160457] 525290.764] 0.00505652] 1.08568725] 0.00288524| 0.005301366]
o[  174s]  170570.3[0.00636604] 1.25051313]0.00852603| 0.0156441] 550952.109] 0.0043417]1.08568725]0.00282364| 0.005180591]
| 12[ 2333 227427.0] 0.00599125051313] 0.0080224| 0.01472] 787936.146] 0.00467606  1.08568725] 0.00267185| 0.004502485]
| 13[  2527]  246379.30.00585086] 1.25051313]0.00788963| 0.0144764|853597.491] 0.00460568| 1.08568725] 0.00263164| 0.004828697 |
| 14  2721]  2653315] 0.0058011]1.25051313]0.00776341| 0.0142558| 919258837 000454182 1.08568725] 0.00259515| 0.004761747
| 15[ 29.16]  284283.8[0.00571923]1.25051313]0.00765976 0.0140546] 984920.182]0.00448347] 1.08568725] 0.00256181| 0.004700571]
| 16[ 3110  303236.0[0.00564408] 1.25051313] 000755912 0.0138699] 1050581.53]0.00442982| 1.08568725] 0.00253116| 0.004644327]
| 1]  3305] 322188.3]0.00557474]1.25051313]0.00746625| 0.0136995| 1116242.87] 0.00438024| 1.08568725] 0.00250283| 0.004592341]
| 18[  3495]  341140.5[0.00551044]1.25051313[ 000738013 0.0135415] 1181904.22]0.00433419] 1.08568725] 0.00247651| 0.004544064]
| 1s[  3693]  360052.8[0.00545056] 1.25051313]0.00729993| 0.0133344] 1247565.56] 0.00429125| 1.08568725] 0.00245198| 0.004439044]
| [ 3888 379045.0[0.00539459]1.25051313(0.00722497| 0.0132568| 1313226.91] 0.00425106] 1.08568725] 0.00242901| 0.004456903 ]
| a[  4082]  397957.3[0.00534208]1.25051313[0.00715464| 0.0131278] 1378888.26] 0.00421331] 1.08568725] 0.00240744| 0.004417325]
| 2[ 4276  416949.50.00529267|1.25051313]0.00708847| 0.0130064| 1444549.6]0.00417774] 1.08568725] 0.00238712| 0.004380042]
| 23]  4471]  435901.8[0.00524605] 1.25051313]0.00702604| 0.0128918| 1510210.95] 0.00414415] 1.08568725] 0.00236793| 0.004344823
| 4]  4665]  454854.0[0.00520195]1.25051313[0.00696697| 0.0127834] 1575872.29]0.00411234] 1.08568725] 0.00234975 0.00431147]
| as[  4860]  473806.3[0.00516013]1.25051313]0.00691096| 0.0126807] 1641533.64]0.00408214 1.08568725 0.0023325| 0.004279812]
| %[  s0.54]  492758.6[0.00512039]1.250513130.00685774| 0.012583| 1707194.98]0.00405342| 1.08568725] 0.00231603| 0.004249699]
| 7] s5248]  511710.8]0.00508255] 1.25051313] 0.00680706] 0.01245] 1772856.33] 0.00402605] 1.08568725] 0.00230044| 0.004220999|
| [  5443]  530663.1]0.00504645]1.25051313]0.00675871| 0.0124013] 1838517.67]0.00399991] 1.08568725] 0.00228551| 0.004193597 ]
| [  5637]  549615.3/0.00501196] 1.25051313]0.00671251| 0.0123165] 1504179.02]0.00357491 1.08568725] 0.00227123| 0.00416739]
| 30  s832]  568567.6[0.00497894]1.25051313]0.00666829| 0.0122354| 1969840.36] 0.00395097 | 1.08568725] 0.00225755| 0.004142286|
| 31[  60.26]  587519.8[0.00494729]1.25051313[0.00662591| 0.0121576] 2035501.71] 0.003928] 1.08568725]0.00224442| 0.004118206]
| 3] 6220  606472.1]0.00491692]1.25051313]0.00658522| 0.012083] 2101163.06] 0.00350554] 1.08568725] 0.00223182| 0.004095074]
| 3]  6415|  625424.3/0.00488772]125051313(0.00654612| 0.0120112| 2166824.4]0.00388472] 1.08568725]0.00221969| 0.004072826|
| 3a[  6605]  644376.6[0.00485963|1.25051313] 0.0065085| 0.0119422]2232485.75] 0.00386428] 1.08568725] 0.00220801] 0.004051402]
| 3s[  6803]  663328.8]0.00483256] 1.05051313]0.00647225] 0.0118757] 2298147.09] 0.00384458] 1.08568725] 0.00219676| 0.004030749]
| 3]  69.98]  682281.1]0.00480646] 1.25051313]0.00643729| 0.0118115] 2363808.44] 0.00382557 1.08568725 0.0021853| 0.004010817]
| 37[  7192]  701233.3[0.00478126] 1.25051313[0.00640353| 0.0117496] 2429469.78] 0.00380721 1.08568725 0.0021754| 0.003991563]
|38  7387]  720185.6] 0.0047569]1.25051313[0.00637092| 0.0116898] 2495131.13]0.00378945] 1.08568725] 0.00216525| 0.003572544]
| 38  7581]  739137.8[0.00473335|1.25051313]0.00633937| 0.0116319] 2560792.47] 0.00377226| 1.08568725] 0.00215543| 0.003954926|
| 4o 7775 758090.1]0.00471054]1.25051313] 0.00630883| 0.0115758 | 2626453.82] 0.00375561] 1.08568725] 0.00214592| 0.003937472]




O SC

ailRe  [TailCf  [Tail P |Tailf  |TailCDO |TotalCDOJcL  Jcbi  [cD oo [oi o [PR _ [PRtrue |
[ #NUMI[125729201]" #NUM!I [” #NUMI [ eNuM! [ #DIv/ol | #Divjol " e#Divjor [ eNumt | #DIv/ol [” eNUM! [ #numi 7 eNUME |
16295.952
32591.904
48887.856
65183.808
81479.760
97775.712
114071.66
130367.617| 0.00674765
146663.569| 0.00657663
162959.52
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b=t | LD
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19555142 0.00135234
211847.377| 0.00607983
228143.33( 0.00598606
244439.282| 0.00590055
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293327.13
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9990.707| 0.00523633 | 1.25729201 0.00114521] 0.00210131
456286.659| 0.00519871] 1.25729201( 0.00113698| 0.00208621| 0.02391182| 0.14663735 0.00157979 0.02549161 5.34862187| 0.35336925 | 570199113 159.655752 | 187.830296
472582.61 1.2572920 0.00207179] 0.02375131
488878.56: 1.2572920 0.00205798| 0.02359765
5174.51 1.2572920 0.00204475 0.02345035| 0.11962922
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| 619246.18] 0.00489711] 1.25729201 0.00107102] 0.00196518| 0.02256369| 0.07961474 0.00046569 | 0.02302938| 9.29588003 | 0.19185699 | 9.48773702 | 360.534007 | 424.157655|
| 635542.132] 0.00487259| 125729201 0.00106566 | 0.00195534 0.02245394| 0.07558427 | 0.00041973 | 0.02287367 | 9.74394638 0.18214431] 9.92609069 | 387.117537 | 455.432396 |
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Total Drag vs. Battery Weight and Velocity True Power Required vs. Battery Weight and Velocity
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RECUV Talon Ove |
Component | Type Component Weight [g]
Motor E-Flite Power 25BL (1250 Kv)

Battery Thunder Power RC TP7000-3SH
(14000 mAh)

ESC Phoenix Edge HV 80A

Battery Weight [g] 422 (x2)
Total Weight [g] 3343

Motor Power Rating 700 (1250 Kv)
[W]

Propeller APC 9x7 10x7

Motor Power Rating 700 (1250 Kv)
[W]

Battery Capacity 7000 35S 11.4 V (x2)
[MAR]

Optimal Cruise Speed 14-17
[M/s]

Endurance [min] 60-90
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REAKDO
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