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Breaking the da Vinci Code? 
The Quest for Flapping Wing Flight 1968 – 1991 

Or 
A Never-Ending Project with Stuff Breaking and Chronic Underfunding 

by 

 Jeremy M. Harris 
 

 
The 500 Year Conversation 

 

I first met Jim DeLaurier in January of 1973 when a friend, Charlie Holt, introduced us at 

Battelle Institute in Columbus, Ohio where the three of us were research engineers. Charlie 

knew that I was interested in flapping-wing flight and had built a wind tunnel in my basement. 

I barely remember anything of that meeting, except that Jim was tall, friendly and allowed as 

how he'd like to see the tunnel sometime. A week or two later he came over in the evening and 

we began what we came later to call the 500-year conversation. It was immediately apparent 

that we shared an interest in many subjects, 

strange aircraft and photography being the 

most obvious ones. Jim listened politely to my 

spiel about flapping-wing experiments and cast 

an expert eye on the tunnel and its 15-inch 

square test section. He didn't say so, but I 

imagine he was already thinking of ways to 

improve it. Neither of us had the slightest idea 

that we were going to be friends and partners 

for 17 years while struggling with the most 

difficult challenge of our careers, a challenge 

that would, ironically, be met almost 

completely outside our normal working hours. 

The wind tunnel as Jim first saw it 

Natural flight as an engineering problem had 

entered my consciousness in 1968, when I was daydreaming about interesting applications for 

a kind of mechanical amplifier I was analyzing for my Master’s thesis at Ohio State. The 

capstan amplifier used continuously slipping bands or cords wrapped around a rotating drum. 

If it was configured correctly, it became a very simple and lightweight servomechanism that 

would accurately repeat input motions at a much higher energy level (it wasn't magic; the 

energy came from a motor or engine driving the drum). Because its moving parts were 

extremely light and responsive, the capstan amplifier looked like a promising way to rig an 

ultra-light drive that could use the arm motions of the pilot to flap the wings. Just for fun, as a 

side activity to the thesis, I began to look at aerodynamics. Since I was a mechanical engineer, 

this had to be started at an elementary level. I soon learned that the classical operative term for 

a flapping wing aircraft was "ornithopter" (Greek for "bird-like wing"), and that the first well­ 

known person to speculate about building one was Leonardo Da Vinci. By the end of the year, 

I had absorbed a fair amount of the available information on flapping flight, developed a theory 

of sorts, and written a long unpublished paper to document it. 

 

From 1968 until I finished my thesis in 1970, the ornithopter problem gradually became a 

stand-alone issue in my mind. For the thesis itself I used something much more mundane, a
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multistage recorder drive, as an application example. I still thought the amplifier might be used in 

some kind of advanced personal flight machine, but the task of understanding flapping flight itself 

had taken precedence over any particular drive method. To test my theory, I built the tunnel and 

added a strain-gaged apparatus which could flap small wing panels. I also constructed a rotating-

arm wing test machine using an electric shaver drive motor. From 1970 

through '73, I worked at getting initial 

experimental results and extending the theory 

to cover wing arrangements more complex 

than a single pair of stiff panels (birds, for 

example, have multiple articulation hinges that 

allow complex flapping motions). I was 

particularly interested in articulated hinging as 

a means for reducing the amount of lift 

variation that occurs during flapping. The first 

configuration I analyzed, in which I simply 

tried to copy a bird-like hinge arrangement, 
The rotating arm in action didn't work out very well.  But the next 

concept, involving two outer panels and 

translating center wing panel that birds don't have, appeared to offer not only reduced lift 

variation but other advantages as well. These included inherent mass balance, less extreme 

cyclic load changes, and a convenient arrangement for connecting an oscillating drive to the 

wing panels. It was at this stage of the development that Jim entered the picture. 

 

Jim and Jerry 

 

We didn't suddenly decide to collaborate on flapping flight. During the two years we were both 

at Battelle, we discussed the ornithopter work 

on occasion, but spent more time on other 

subjects. Jim had been helping me improve my 

tunnel's flow characteristics, and he suggested 

we use the tunnel to investigate the properties 

of the Kline and Fogelman airfoil, an unusual 

step-wedge profile that had been receiving a lot 

of publicity. This resulted in a paper that we 

presented at an MIT low-speed flight 

symposium in 1974. If the airfoil had any 

magic properties, they didn't show up in our 

results. K&F glider mounted in tunnel 

 

Jim's professional specialties were lighter-than-air technology and stability & control. He got 

his aeronautical engineering training at the University of Illinois, Stanford University, and a 

year of post-doctoral work on towed and tethered bodies at the Von Karman Institute in 

Belgium. He also had considerable experience as an aeromodeller and designer of airplane-like 

kites. While he was able to do some aeronautical research at Battelle, the amount of work 

available that directly suited his abilities and interests was small. One thing he had always 

wanted to do was teach, and when a position became available at the University of Toronto 

Institute for Aerospace Studies (UTIAS) in late 1974, he took it. We agreed to stay in touch.
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At this time Jim's analytical work had progressed well beyond its initial form. In addition to 

the aerodynamic analysis program known simply as "Flapping", he had developed a 

complementary program, "Dynflex", which calculated the aeroelastic twisting and bending 

response of the outer panels. The information from Dynflex was incorporated into Flapping to 

predict the panel's average lift, thrust, and propulsive efficiency. Now, back in Jim's basement 

workshop, we decided to check some parameters. We braced the wing panels and pulled their 

trailing edges with a spring scale at various locations along the span. We were measuring static 

deflections to get structural stiffness inputs for Dynflex that really reflected as-flown values. 

We ran these numbers on Jim's Macintosh and found that the analysis predicted performance 

about as anemic as we had observed. We had seen a lot of "handkerchiefing" during the flights, 

meaning that the outer panels were twisting to the point where they flashed like white 

semaphores with each stroke. This suggested that the wings were on the loose side of 

optimum. Rigging by increased forward wire tension could stiffen them a little, but we wanted 

a stronger change. Looking at the rear spar, we could see that extending it and/or making it 

from a stiffer material would move in the right direction. We estimated the inputs representing 

some rear spar changes that we could readily make with available materials, and ran the cases 

through Dynflex and Flapping. Things looked better right away, and the largest predicted 

improvement in thrust corresponded with changing the 1/4-inch diameter rear spar rod from 

hardwood to solid fiberglass. Within a day the modification was done. 

We went out to Morningside again on September 24, and were rewarded with two really 

encouraging flights. The second flight doubled our best previous time, lasting a marathon 26 

seconds. In fact, things went well enough to reveal the next difficulty in the queue, which was 

a tendency for the first-stage drive belt to have its teeth stripped off. We attributed this to better 

transfer of energy from the engine to the wings, in other words a favorable problem. The 

machine had appeared to travel straight out from the hill after reaching flying speed, so it was 

tempting to formally declare sustained flight. However, we had established a firm criterion that 

success could only be claimed if the ornithopter flew higher than the launch point and made a 

true discretionary landing. But we didn't mind waiting a little longer, since true sustaining 

flight seemed clearly imminent. That is, just around the comer. 

Ooh nooooo! Mr. Bill 

By 1987 the project had settled down to a routine, of sorts. Flying was done in June and 

September, the best times for good weather as well as favorable periods for me to take leave or 

vacation, usually for two weeks. Analysis, modifications, and major repairs were done in the 

winter and over the dog days of summer. In February or March, Jim usually came down to 

Columbus for strategy sessions or component experiments, plus a little straightforward R&R. 

Our families also became used to the routine, and the ornithopter effort, for better or worse, 

was becoming a part of their lives. Jim's daughter April had drawn a miniature "Mr. Bill" logo 

on the engine compartment cover. Mr. Bill was the animated clay character on Saturday Night 

Live who always got flattened or beaten up in some fashion. This seemed appropriate because 

each launch and forced landing of our machine put it at the mercy of wind, gravity and most of 
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set of final Combowing runs and plotted the results along with the right-panel experimental 

data. The agreement was excellent. 
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Ted Nunoi, a summer student, 

worked on construction of the new 

carbon/epoxy H&D links, one of 

which was given an instrumented 

load test in May. The upper ends of 

the H&D links supported the main 

flapping hinges, so their buckling 

strength was critical, as was the 

integrity of their bolted-on end 

fittings.  The new links were much 

lighter and thinner than the original 

parts, but withstood  a load well 
Shear.flex wing front and side views. In this final configuration, 
all brace wires have been eliminated. 

above the design value. 

Meanwhile, plans were laid to 

continue the campaign against engine-quitting. Team members made up a plywood dummy 

rear fuselage and supporting frame to allow mounting the ornithopter on the bed of Bill 

McKinney's pickup truck. The objective was to run at flying speed with wings flapping while 

having access to the engine adjustments and maintaining the ability to observe closely the 

engine and fuel system behavior. 

On the Threshold of a Dream 

On June 7, I arrived in Toronto. On the 

13th we static-tested the ornithopter for 

the first time with the new shearflexing 

panels installed. Dave Loewen knelt 

behind the Workmate and held the 

machine firmly on his left shoulder. 

Eric advanced the throttle to accelerate 

the flapping until we saw a period of 

0.32 second on the electronic counter 

readout, which meant that the frequency 

was just over 3 Hz. He held the 

frequency for 20 seconds, and throttled 

:::n:111-! 
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Shearflex wing top view. The swept leading edge helps the

varying lift forces generate the required twisting moments. 

down. We repeated the sequence. There was no damage and no unexpected behavior. Mr. Bill 

was looking good. Immediately afterward, we set up the pickup truck rig and went out to try a 

test at flight speed. 

As all researchers know, carefully planned experiments often play out with unexpected twists. 

In this case, although the weather was sunny, the wind kept increasing until it became a virtual 

gale. We simply aimed the truck into the wind and did the experiment standing still! The 
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Schmid, a chance to become familiar with my newly acquired camcorder. Gerard and Bill 

McKinney would be handling the video at the next flight attempt, and I was going to be stuck 

with the Bolex again because no one else wanted to deal with it. I really didn't mind, since the 

old spring-wound, auto-nothing camera was second nature to me, whereas I probably knew 

less about my camcorder's many features than Gerard did. 

 

As pilot, Eric Edwards kept close track of the weather and had primary responsibility for 

deciding whether we were "go" for a flight test. The weather looked generally good for 

Wednesday, but the wind was always a question and we would await Eric's decision tomorrow 

morning. The NFB/Imax people had called earlier in the day and said they were ready to come 

out whenever we wanted. Tuesday evening, over our traditional nightcap of Bailey's Irish 

Cream, Jim and I discussed the implications of the two flying sites. If the ornithopter was 

going to crash or have its usual forced landing, Mono would be preferable because the hill was 

higher, and the Imax crew would have more time to get at least a powered glide on film. If Mr. 

Bill was going to sustain, Newton-Robinson would be better because the sod farm offered a 

superior landing area; and the open topography with its low, distant horizon, was more 

photogenic. 

 

Settled into the comfortable daybed in Jim's study, I thought of the many pre-launch nights we 

had been through. We seemed to have complementary methods for dealing with them. I 

couldn't shake the superstition that if I envisioned the ornithopter sustaining, it would not come 

true; so I would try to avoid thinking about the launch. Jim, on the other hand, liked to 

imagine Mr. Bill climbing into the sky on proud, flashing wings. These exercises kept us 

current in aero metaphysics. 

 

It's Harm's Way Time 
 

On the morning of September 4th the weather looked pleasant, but from Jim's house we 

couldn't tell much about the wind. We had breakfast, loaded up our part of the equipment, and 

drove over to the Institute. Eric came 

into the lab office after a while and said 

a moderate North wind was forecast. 

That meant Newton-Robinson. Jim 

called the Imax crew while the team 

and observers prepared to drive out to 

the site. 

 

We arrived at Newton-Robinson, set up 

the Workmate, and were getting ready 

to assemble the machine when the Imax 

party arrived with three truckloads of 

equipment. Heading up the crew were 

Ernie and Tony setting up the Imax HD camera director Tony Ianzello and technical 

advisor Ernie McNabb. They set up the 

massive camera on a low tripod and laid 

bags of lead shot on top of it. Ernie explained that this was for vibration suppression because 

they were going to use the new HD (High-Definition) process which required shooting at 48 
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frames per second. Tony said they 

wanted to film the launch from the 

front, then change the camera position 

to show the flight in progress. 

Therefore, could we please launch 

once, recover the aircraft, and launch 

again? Jim and I explained that we 

certainly could, in our dreams; but in 

the real world of Mr. Bill, second 

launches couldn't be taken for granted. 

We arrived at a compromise in which 

Dave Loewen was filmed making a 

series of simulated launches with the 

wings flapping  and  the  mechanism Dave Loewen running one cf many simulated launches 

cycling away. This took a long time, by 

our standards, and I remarked to Jim 

that the ornithopter's warranty was running out. 

 

Finally, the fake launches were over and Jim spoke the traditional line, "it's harm's way time." 

I remember my impression of the scene. It was a beautiful afternoon with vivid blue sky, 

scattered white clouds and cool, dry air. The Imax camera had been moved behind Dave and to 

his left. Farther down the hill were ornithopter-team alumni Chris Lewis, Henry Kwok, Jim 

Winfield and Karl Stoll. A group of observers stood to Dave's right. Karina Dahlin had come 

out, as had perennial supporters Bill Ungar, Matt Malone and Darin Graham. Gerard Schmid 

was on Dave's right with camcorder 

1, and Bill McKinney was farther 

down the hill with camcorder 2. We 

refueled the tank and Dave knelt 

behind the Workmate, keeping a 

firm grip on the outriggers. The 

engine started easily, and I walked 

over to pick up the Bolex. Jim stood 

a few feet to Dave's right and 

prepared to call the launch. Eric 

adjusted the mixture and helped 

Dave stand up with the throbbing 

machine on his shoulder. Tony 

lanzello signaled that he was ready 

to film. Eric was set with the 

transmitter. 

September 4, 1991: Launch of the first flight 
 

The ornithopter was about to be 

flown under power for the 37th time 

in six years of flight trials. It had never unequivocally sustained, and its longest flight to date 

had lasted 27 seconds.
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Lights, Camera, Action! 

 

Jim looked at Eric and me; then down the hill at the gusts rippling up the slope through the 

underbrush. He gave a chopping signal to start the Imax camera, then a sidearm sweep to Dave 

who took four steps and delivered a 

smooth, level launch. Eric added 

some throttle and the machine flew 

horizontal for a few yards. Then it 

began to angle downward and I 

thought, watching in the Bolex 

finder, that we would have another 

powered glide. But Eric was just 

gaining a little speed. Mr. Bill 

began to climb. Eric steered briefly 

left and then began a sweeping right 

turn. The machine was still 

climbing. There was no sound 

except the now-faint buzz of the 
engine and the whir of the Imax 
camera.  Jim brought us out of  Mr. Bill on his way -- the twisting of the shear.flexing wings is 

clearly visible 

frozen suspense with a long, 

raucous howl of joy and relief. 

Everyone began to cheer and applaud. When the Bolex's spring motor quit, I knew we had 

passed the 30-second mark. I dropped the camera and ran over to Jim just as Gerard swung the 

camcorder around for a brief shot of 

our reaction. We were at nearly the 

same spot where Jim had sat in 

despair on the 13th of June, two 

years before. The machine had 

completed another 180-degree right 

turn and was headed to our left 

again. It was hard to believe that the 

perpetually struggling Mr. Bill had 

metamorphosed into this smooth and 

graceful flyer. Eric was keeping it 

close-in and fairly low, for the 

cameras. At 90 seconds the Imax 

camera ran out of film, having 

consumed its allotted 1200 dollars 

worth of raw stock. On the next lap, 
Really cruising for the first time Eric flew the ornithopter down the 

slope toward the sod farm and 

prepared for the project's first true 

discretionary landing. He reduced the flapping rate and skimmed Mr. Bill over the grass for a 

couple of hundred feet, then chopped the throttle and set it gently on the ground. The time in 

the air had been one minute and forty-six seconds. 
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