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Vehicle Three View 



Design Process 

Customized integrated trading and sizing environment (ITSE) code 
set allows team members from multiple disciplines to work in parallel.  



             Concept Selection 

Quality Function 
Deployment 

Pugh Matrix Technique for Order of Preference by 
Similarity to Ideal Solution(TOPSIS) 

HARETC fulfills customer needs, is technically feasible, and is the 
best option out of four similar concepts. 



Design Trade Studies 

Detailed trade study on important parameters to identify the best 
design point.  



Weight Sizing 

A custom electric RF method is used to size full electric VTOL. First 
weight sizing result (top) is based on mission profile. The second 
weight sizing result (bottom) is based on empty weight build up. 



Center of Gravity 

A CAD based detailed weight and CG analysis enables the 
calculation of the center of gravity of the vehicle.  

VSP model & 
component position 

Component 
weight Center of gravity 



Neutral Point Estimation 

Athena Vortex Lattice (AVL) software is used to estimate 
the Neutral Point. The program indicates the N.P. is located 

3.14 ft behind the nose of the aircraft. The aircraft is 
statically stable with/without payload. 



Airfoil Selection and Wing Design 
SD7062 Airfoil. 

High L/D and High stall angle of attack. 
 

Red lines indicate wing spar location. 



Rotor Design 

An iterative, multilevel process yields a rotor design 
that excels in both cruise and hover 

Airfoil analysis using 
XFLR 

Combined motor and rotor analysis 
using QPROP(cruise)/BEMT(hover) CATIA V6 

3D print the blade and 
hardware validation 

CFD analysis using 
RotCFD Final Result 



Battery Pack 

A series-parallel LiPo battery pack provides enough power and 
redundancy to power the vehicle.  
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Guidance, Navigation, and Control 

A non-linear 6 degrees of freedom (DOF) system is designed to 
model vehicle dynamics. Simulation shows good attitude tracking 

and gust response. 



Hover and Cruise Control Gains 
In cruise, the main logic for 
controlling the attitude rate 
depends on control surface 
deflections. All elevons are 
used for pitching and rolling 
and the rudder is utilized for 

yawing. On the other hand, in 
hover the differential RPMs are 
used excluding the elevons. In 

this case, total thrust is kept 
constant during all RPM 

changes and yaw motion is 
controlled by varying cross 

rotors RPMs.  



Performance 
HARETC is a highly flexible vehicle, capable of carrying 

packages both inside and outside, flying at different 
velocity. HARETC is able to perform up to 2 standard 

10 mi. x 13 lb mission with 1 time battery charge. 

Range Payload diagram(top) 

Typical Mission Table 
Mission Time Table 



Structural Design 

Wing Structure Fuselage Structure Vertical Tail Structure 

Each structure is composed of a diverse group of 
materials to achieve optimum strength while 

minimizing weight. The designs produce maximum 
performance with minimal compromise.  



Vehicle Layout and Cargo Logistics 

Cargo is loaded into vehicle through manual 
door on top of vehicle. Cargo is unloaded 

through automatic sliding doors on bottom of 
vehicle.  



Cost Analysis 
Total Manufacture Cost Total Non-recurring Cost Recurring Cost 



Reliability & Safety 

Triple redundancy, triple safety 

Vehicle level of safety and the probability of 
fatal ground collision are estimated using a 

MIT study. 
Emergency power  

Gliding 

Parachute 

Vehicle reliability study calculation based 
on Boeing report. 



Noise and Emissions 

HARETC noise profile is in full compliance 
with 14 CFR Part 150 

 

HARETC Noise Contour obtained from 
RotCFD.(10 ft AGL, maximum thrust) 



HARETC 
GOOD FOR BUSINESS 
GOOD FOR NATURE 


