
An ornithopter is an aircraft that 
creates both lift and thrust through 
the motion of flapping wings. In this 
project, the aim is to design and 
create an ornithopter scaled similar 
to the tobacco horn worm moth with 
Professor Roger Quinn’s biorobotics
research group. The initial prototype 
will be simplified to have just two 
wings. Many different designs for 
such vehicles exist, and most are 
biologically-inspired.
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•Review literature of ornithopter theory and existing designs
•Create low-budget preliminary prototype to test and 
demonstrate the feasibility of a flapping-wing micro air vehicle
•Design and construct an ornithopter with on-board motor, 
battery, and RC receiver
•Determine need for control surfaces and/or vertical stabilizer

• Resolve the gear to wing connection
• Test the device with off-board power, then fully assemble
• Test the vehicle’s flight performance characteristics
• Add control surfaces and full radio control for remotely-
controlled flight
• Evaluate potential improvements and improve design

Results
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The primary inspiration for 
the final product will be 
DelFly, produced by a team 
at Delft University of 
Technology. The ultimate 
goal will be to then 
incorporate radio control 
into the design, resulting in 
a controllable air vehicle.

Thus, as a first attempt to create a working ornithopter, I 
will begin by reproducing a simple, rubber band powered 
ornithopter. Second, I will combine design elements from 
existing sources to create a battery-powered ornithopter with 
an on-board power supply and motor. 

“Orly” from Make Magazine
Inspiration for preliminary prototype

“DelFly micro” from Delft University
Inspiration for final design

The main purpose of this stage of the project was to identify challenges that we might 
face in building a flapping-wing micro air vehicle (FWMAV).  Such a prototype 
would be low in cost and would not take too much time, but could still offer valuable 
insight.

I began by deciding upon the following parts for the design:
• Balsa wood - fuselage/structure • CA glue - adhesive • Tissue paper - wing material
• Rubber band - wind up power • metal wire - crankshaft • metal tubing - wire housing

I considered the design and procedure from Make 
Magazine, but after the prototype was fully 
constructed, testing revealed some important design 
considerations that we took into the final design:
• Our prototype’s wings flapped about 60o out of 

phase.  This created instability (wobbling) in 
flight.

• For a 2-wing design, the wings should not exhibit 
anhedral – dihedral would increase roll stability

• The driving mechanism (in this case, the rubber 
band) should not be aligned along the fuselage –
this orientation rolled the aircraft with reaction 
torque

Prototype

Final Design – SolidWorks model

Abstract

Theory

Design considerations / specifications
• Total mass ~ 15g
• Motor power necessary ~ 60mW/gram
• Wing flaps ~ 20Hz = 1200RPM
• Gear reduction ratio = 60/9
• 4 wings – X configuration
• ~ 20cm wingspan

• Fuselage – woven carbon fiber (CF)
• Wing LE; Wing/Tail ballasts – unidir. CF
• Mean dihedral – 12.5o

• Wing LEs should touch – “Clap and Fling”
• Wing planform needs to be flexible
• Icarex material (polyester base)
• CF-Reinforced at LE and with ballasts 

through wing – TE lags behind LE
• Tail planform should be rigid
• Icarex w/ CF around and through tail wing

Flapping motion

Construction

• Molds for the fuselage and wings from 
manual and automated machining 
methods

• Delrin (polyoxymethylene) machined for 
wing joints

• Carbon fiber, Icarex, and wing joint 
assembled and baked to create wings

• CF, Icarex assembled and baked to make 
fuselage / tail

• Wings attached to fuselage on axle

Delrin wing joint

Clap Flin
g

Leading edge vortex in a dynamic stall Clap and Fling technique

Leading 
edge vortex

Woven CF fuselage

Even before completing construction, we realized the 
challenges of keeping tight tolerances on such a small scale.  In 
using computer-aided-machining techniques with many of our 
parts, we did not factor in enough “room for error”.  Thus we 
faced setbacks and unneeded repetition.

As a whole, the design is quite satisfactory.  While I did not 
meet the ultimate goal of fully assembling and testing the 
device, I believe that enough progress was made for another 
student in the lab to complete all of our goals (including the 
most ambitious – RC control) in the next year.

The one design aspect that remains unsolved is the problem 
of connecting the driven gear to the wing leading edge.  This 
problem arises because a point on the wing, while flapping, has 
a displacement component towards and away from the 
fuselage.  This motion takes it out of the plane of the gear, 
which makes a direct linkage difficult.


