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ROAR

(ROtary Autonomous Resupply Vehicle)

2 minutes of hover and 20 miles
of travel

Automated unloading in under 1
min

Minimize

. Energy consumption

. Emissions

° Acoustic Signature

No more than 1 hour of labor for
replacement of parts

Precision departure and landing in
up to 15 kt gust

Safe landing in case of power
failure

Single point attachment sling load

Come to stationary hover in 400 ft
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Key Design Features

Aircraft Weight
Cruise Speed

Electrical Energy Required
(Internal Payload)

Electrical Energy Required
(Sling Load)

Transition Time
Mission Time
Productivity
Unit Cost
Mission Cost

5 Year Operating Cost

46 Ibs
100 ft/s
600 Watt-hours

891 Watt-hours

20 Seconds

22 Minutes

2108 Ib - mile - missions
$15,000

$72

$3,873,000



Aircraft

Fuselage Length
Fuselage Width
Fuselage Height

Weight (Empty)

Weight (Loaded)

Wing

Airfoil

Span

Root Chord
Tip Chord
Aileron Length

Aileron Chord

8.47 ft

1.83 ft

1.20 ft

33.02 |bs

46.02 Ibs

PSU 94-097

10.00 ft

2.00 ft

1.50 ft

2.00 ft

0.33 ft

ROAR Dimensions
ovje | oimersion | Object | omensen

Vertical Tail
Airfoil

Span

Root Chord
Tip Chord

Rudder Chord

Horizontal Tail
Airfoil

Span

Root Chord
Tip Chord

Elevator Chord

NACA 63A010

1.50 ft

1.00 ft

0.75 ft

0.33 ft

NACA 63A010

3.00 ft

1.00 ft

0.75 ft

0.33 ft






Cruise Climb Performance

Aircraft Performance

Outbound Inbound
Drag (Ib) 3.81 3.39
Flight Path Angle 10 10
(degrees)
Thrust Required (Ib) 3.99 3.56
Power Required (Per 061 054
Prop) (Hp)
Cruise Descent Performance
Outbound Inbound
Drag (Ib) 3.81 3.39
Flight Path Angle 10 10
(degrees)
Thrust Required (Ib) 3.64 3.21
Power Required (Per 056 0.49
Prop) (Hp)

Mission Performance Overview

Stage . Total Power Total Capacity
Stage Duration (s) . .
Order Required (W) Required (mAh)
1 Initial Hover 60 5842 5263
2| 50ft Vertical Climb 1 15 6056 1364
3| 100 ft Cruise Climb 1 5.8 917 79
Outbound 4 Cruise 1 517 877 6803
5] 100 ft cruise descent 1 5.76 837 72
6| 50 ft vertical descent 10 6291 945
7 Hover 2 60 5842 5263
8| 50 ft Vertical Climb 2 15 3678 828
9| 100 ft Cruise Climb 2 5.76 820 71
10 Cruise 2 517 780 6051
Inbound 11| 100 ft cruise descent 2 5.76 751 65
12 50 ft vertical descent 2 10.00 3768 566
13 Final Hover 60 3551 3199
Power Required vs. Time (Per Motor)
Jpper Inboard Motor
7
Lower Inboard Motor
Outboard Motor
8 12 13

10
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Uniaue Propulsion

ROAR employs a unique propulsion system, a hybrid between multi-copter and tilt
rotor designs. The aircraft is 100% electrical powered, using 6 electric motors to
power the two outboard props and two inboard coaxial rotor systems.

ROAR can take off and land vertically. The aircraft’s two 12” diameter outboard
props articulate and each provide 10% of the lift in hover, the two 18” coaxial rotor
systems each provide 40% of the lift in hover. The coaxial systems are not used in
forward flight and the ducts are closed using rotating blind systems.

Coaxial Systems’ Blinds Open
- Forward Flight
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State-of-the-Art Structure

FiberFusion Technology Carbon Z Technology



The WMiission

The aircraft must carry and deliver a logistics payload of 13 |b an
unrefueled distance of 10 miles from a supply location and return
without the payload. The mission will include a 1 minute hover at the
start of the mission, during the delivery of the payload, and during
landing. The aircraft must navigate to and hover in a 10ft radius
cylinder of 50ft height (area of unimpeded airspace) and deliver the

payload within 2ft radius of the designated delivery point in winds
gusting up to 15 knots.

100ft Cruise Climb 2
00:11:43.

Hover 2
00:10:28

Hover 3 / Mission End
00:21:56




iViission Performance

Outbound (13 Ib Payload) | Ducted | Ducted o\ rd
Upper Lower
Thrust (Ib) 9.24 9.24 4.63
Induced Hover Velocity, Vh (ft/s) 39.1 39.1 41.5
Climb Velocity (ft/s) 3.33 3.33 3.33
Climb Velocity Ratio (Vc/Vh) 0.085 0.085 0.080
Power Ratio (Pc/Ph) 1.04 1.04 1.04
Power Required (Hp) 1.076 1.537 0.842
Power Requm-ad Including Motor 127 181 0.99
Effeciency (Hp)
Inbound (No Payload) T e —
Upper Lower
Thrust (Ib) 6.66 6.66 3.33
Induced Hover Velocity, Vh (ft/s) 33.2 33.2 35.2
Climb Velocity (ft/s) 3.33 3.33 3.33
Climb Velocity Ratio (Vc/Vh) 0.100 0.100 0.095
Power Ratio (Pc/Ph) 1.05 1.05 1.05
Power Required (Hp) 0.662 0.946 0.514
Power Required Including Motor 0.78 111 0.60

Effeciency (Hp)

Outbound (13 Ib Payload) | Pucted | Bucted | 0 g
Upper Lower
Thrust (Ib) 9.17 9.17 4.60
Induced Hover Velocity, Vh (ft/s) 39.0 39.0 41.4
Climb Velocity (ft/s) -5.00 -5.00 -5.00
Induced Velocity Ratio (vi/vh) 1.25 1.25 1.24
Climb Velocity Ratio (Vc/Vh) -0.128 -0.128 -0.121
Power Ratio (Pc/Ph) 1.12 1.12 1.12
Power Required (Hp) 1.119 1.606 0.864
Power Required Including Motor
Effeciency (Hp) 1.317|  1.889 1.016
Inbound (No-Payload) Ducted | Ducted | J .\
Upper Lower
Thrust (Ib) 6.53 6.53 3.27
Induced Hover Velocity, Vh (ft/s) 32.9 32.9 34.9
Climb Velocity (ft/s) -5 -5 -5
Induced Velocity Ratio (vi/vh) 1.26 1.26 1.26
Climb Velocity Ratio (Vc/Vh) -0.152 -0.152 -0.143
Power Ratio (Pc/Ph) 1.11 1.11 1.11
Power Required (Hp) 0.671 0.963 0.516
Power Required Including Motor
Effeciency (Hp) 0.790 1.133 0.607




Cube Edge Length: | —_—12" 13" —14" —15" —1F" 17" —18" —19" —20" —21"

80 100
VELOCITY (FT/SEC)

Power Required vs. Time (Per Motor

—4&— Upper Inboard Motor

Lower Inboard Motor

Outboard Motor
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Pavioad Delivery

Utilizing an electromagnet, ROAR can quickly
release its payload when it reaches the delivery
point. Sling loads are also attached to the
electromagnet using a magnetic metal disk
instead of a hook mechanism. The electromagnet
is a simple and reliable solution to autonomously
attaching and detaching a payload.




Emergency Parachute System

Due to stringent safety requirements, the aircraft must be capable of safely landing
in @ power out situation during any phase of flight 50 AGL or higher. To ensure a
safe landing, ROAR comes equipped with a CO2 powered parachute launcher, that
can deploy the parachute so that it fully deploys with enough time to slow the
aircraft down to a survivable impact velocity.

"Exploded View"

Parachute Payload

Launching Tube ———

CO, Cartridges &

Parachute

System

Battery Door
w/ 6 Batteries
Payload
/




Cost Analysis

AIRCRAFT COST DISTRIBUTION

RECOVERY SYSTEM 11.9% AIRFRAME 7.5%

\

CONTROL SYSTEM 10.4%

™~

PROPULSION SYSTEM 7.5%

BATTERIES 42.0%

GROUND SUPPORT
EQUIPMENT 20.7%

AIRCRAFT COMPONENT QTyY UNIT PRICE TOTAL PRICE
CARBON FIBER Carbon Fiber Pre-Preg 3 lbs 50.00/Ib 150.00
FIBERGLASS .75 oz fiberglass 60 ft? 7.00/ft? 420.00
FOAM Depron 60 ft2 1.00/ft? 60.00
BATTERIES Venom 3600mah 25C 5s Lipo 48 102.99 4,943.52
BATTERY CHARGER iCharger 4010 DUO 2000W Dual Channel 4 349.99 1,399.96

10S Balance Charger
POWER SUPPLY SkyRC eFuel 1200 Watt 50 Amp Power 4 259.99 1,039.96
Supply
DUCTED UPPER MOTORS Scorpion SII-4025-330 4 149.99 599.96
OUT BOARD MOTORS Scorpion SI1-4020-630 2 139.99 279.98
ELECTRONIC SPEED Castle Creations Phoenix Edge 100 6 139.95 839.7
CONTROLER
SERVOS Futaba S9405 Servo Coreless High-Torque | 6 64.99 389.94
BB
RECOVERY PARACHUTE 1 1,400.00 1,400.00
TILT MECHANISM 30.00 60.00
HARDWARE 1 200.00 200.00
TOTAL AIRCRAFT COST $11,783.02




Operation Cost

Mission Cost

Cost Factor Hours/Mission Cost/Hour Total
Operator .36 100.00 36.00
Maintenance .36 100.00 36.00
Battery Recharging .799 kWh .18 14
Mission Cost 72.14
Mission Cost/Year $734,818.04

Additional Scheduled Maintenance Over 3650.0 Flight Hours

Action Interval Part Cost Part Part Cost/3650.0 hrs
Cost/Aircraft
Bearing Replacement 50.0 6.00 36.00 2,628.00
Servo Replacement 250 64.99 389.94 5,693.12
Battery Replacement 400 Cycles 102.99 1,235.88 31,471.68
Mission Cost/Year $39,792.80
Total Mission $774,610.84

Cost/Year




