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FUN WITH MECHANICAL DRAGONFLYS by PETER L. VALENTINE
P.O. Box 1261
Marion, Va. 24354

May 19, 1994 (703) 783-6880

In 1985 I thought of combining parts of two ‘TIM ' wind-up
toys to imitate the dragonfly cvonfiguration of two closely spaced
pairs of flapping wings in front of one another. It wasn’t as
simple as I imagined, but I eventually made a number of these
flappers, got them to fly better than the original toy, and had
some fun along the way. Perhaps others will find this interesting
and want to try their hand &t building mechanical dragonflys!

How to Build a Mechanical Dragonfly

Building a dragonfly from TIM ornithopters requires two toy
kits plus one more crank mechanism and a fabricated drive shaft to
connect the front and rear wing crank mechanisms as shown in Figure
1. Some sources used to sell ‘replacement parts’, which was handy,
because three heads, two bodies, two wings, and one tail cost less
than three ornithopters. Because these toys are made from
thermoplastics (nylon and polyethylene?), I had poor luck trying to
glue things together, but cutting and welding using a wood burnex
or soldering iron works well enough if care is taken not to burn
the plastic and make it fragile.

Referring to Figure 2., peel the heads off two crank
mechanisms after first cutL_.ng behind the hinges and on/off switch.
Remove the hinges, connecting rods and on/off switch from one unit,
and modify the crank by cutting-off the pin and melting a hole in
the same location. Melt the other end of this crank to transform
the hook to a rectangular tab (this will fit in the drive shaft
slot). To complete the rear crank assembly, turn the modified unit
around and mate it to the- unmodified unit so that the pin of one
crank fits through the hoi= that was made in the other, and join
the two units permanently by welding scrap pieces of nylon to the
rims of the two crank halves. Some dexterity is required to keep
things lined up while welding on the attachment structure!

Next, attach a body on to the rear, or hook end, of the frame of
the crank assembly mad. wbove. Then weld a partial body to the
front frame of the rear <. ank assembly after deciding what hinge
geparation is desired. Irn different models I used fore and aft
hinge separations of 2" to 3.25" with success and didn’t have too
much trouble connecting *he fore body to the front of the rear
crank frame. Naturally, tne front wing gets trimmed guite a bit,
and I did that step last.

For the front crank mehanism, it’s necessary to keep the snap
on/sgnap off feature of the original bird head so that the drive
shaft can be inserted/replaced, but I tried several head
modifications. Usually I discarded the rubber bumper to save
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weight. Since the crank sometimes rubs against the inside of the
head in the stock toy, I tried cutting away material in that area.
This gave it a nice smile, but allowed dirt to get inside. The best
solution was to weld the aft part of the head to the crank frame,
cut off the front and reattach it upside-down. Melt the hook end of
the front crank to the same tab shape as the front end of the rear
crank so that it will slide into the front end of the hollow drive
shaft. Remove the on/off lever from the front crank to awvoid
lcading up the drive shaft.

The lightest drive shafts started as plastic report binders
found at discount stores. Thev have a c-shaped cross section about
.125" x 5" that 1ig melira=ad shut to f£it the crank tabks, with the
length being set by the iore and aft hinge spacing. Final fitting
is done by inserting the shaft into the forebody onto the tab of
the rear crank and then gently inserting the front crank tab into
the other end of the drive shaft while ’snapping’ the head on.
Install a rubber motor and rear wing and test for turning without
binding when winding the motor crank. I twist the drive shaft 45 to
75 degrees, which I’11 explain shortly.

Mount the buttons that hold the trailing edge of the wings to
the body and trim the wings as follows. Cut the button and
surrounding material out of the discarded portion of the front
fuselage and weld it near the aft edge of the front fuselage. Then,
with stock wings installed front and rear, mark the front wing for
trimming so that it clears the rear wing and also mark where to put
the hole and hole reinforcement. The wings shouldn’t bind up on the
downstroke or get too slack on the upstroke. The rear wings may be
narrowed for appearance sake in a similar manner.

Test Flving the Mechanical Dragonfly

With an untwisted drive shaft, I had a choice when mounting
the head of the dragonfly to the shaft of whether all four wings
went up and down in unison, or, with the drive rotated 180 degrees,
one set went down while the other went up. I tried it both ways.
With the wings going in unison, the thing flew like a moth with
lots of up and down body motion. With wings going in opposite
directions, it ran much smoother mechanically, but it still didn’t
fly as well as the original toy. This was puzzling because I read
in one source (Ref 3, p. 56) that dragonflys flap their wings
‘exactly’ opposite one another. '

Now this was June of 1985, and it happened that in mid-month
an article appeared in Science magazine by researchers who were
testing tethered dragonflys (Ref. 2). They presented a chart of
wing motion that showed the insect flapping with the rear wings
starting down about a quarter cycle ahead of the front wings. When
I made a twisted drive shaft that made the rear wings lead by about
90 degrees and put it into the prototype, it flew as well or better
than the original toy. That was more like it!

When I researched dragonfly wing motions, I found that the 90
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degree, rear wings ahead, phase relationship had been previously
reported by Chadwick (Ref. 1) in 1940 and that a similar plot was
produced by bi-winged locusts in 1956 (Ref. 4). Chadwick explained
that this phase relationship is likely the best because the rear
wings can stroke down without flying through dirty air from the
front wings, but there may be more to it than this. For one thing,
dragonflys can vary the phasing to suit their needs. Reference 2
says that they saw the rear wings lead from ‘50 to 100 degrees’. In
fact, in a recent Scientific American Frontier progam on Public TV,
I saw a slow motion film i -~ Jragonfly rising up and to the rear
with all four wings 7Tiap” - .5 ucwn at once. So it may be that the
90 degree phase angle is i»zst for ‘cruise’ or maybe best just for
‘high speed cruise’. No c#= knews what the insects were trying to
do in the laboratory (except probably trying to escape). Another
reason for having a particular phase relationship could be that the
insect trys to maximise performance using the unsteady effects
(like ’vortex shedding’) that occur when the wings change direction
and when they interact with each other aerodynamically. Authorities
agree that the high 1lift that dragonflys and other insects create
cannot be explained by using steady state aerodynamics. Therefore
'unsteady’ effects are vital. Nobody wants to repeat the statement
that ’'bumblebees can’t fly’!

Flight tests showed that the mechanical dragonfly produces a
strong ’'nose down’ moment that must be countered with upward tail
deflection. One of the lasi wmodifications I tried was to extend the
tail by splicing on eixtira. bddy material. This gives the tail more
leverage and also adds a '=ose up’ moment from the weight, and both
these factors allow a reduction in the size of the horizontal
stabilizer. This requiresg replacing the TIM supplied rubber motors
with something homemade and longer, but I never made any progress
with this. I also never tried a vertical stabilizer, but this might
make for straighter and less exciting flights, which would be
useful if scmeone was trying to do a side-by-side comparison of the
effects of wing spacing and size or driveline phase angle.

Sometimes the TIM wmechanical dragonflys flew in a stable
‘nose-high’ attitude of 30 to 45 degreeg. Because some researchers
have measured the insects ’'stroke plane’ as having a tilt with
respect to the body of skbout 30 degrees with the wings sweeping
forward going down and rearward going . up, it’'s tempting to wonder
whether the situation ig” similar when the TIM model’s body is
tilted by that amount. T¢ make an exact dragonfly analog of this
flight condition would reg:iire tilting each set of wing hinges 30
degrees ‘nose up’, but this is not feasible with the TIM design
because the drive train would become guite misaligned. Some
researchersg report that dragonflys actively steepen and flatten
their wings during the stroke cycle, which would imply that there
is more than a simple hinge involved. But if a ball and socket type
joint was used, it would be possible for the dragonfly to vary not
only pitch, but also the angle of the stroke plane. If this is also
a capability, it means that a good mechanical analog to the
dragonfly’s flight system would be a complex machine!
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How to Get Rid of Mechanical Dragonflys

I've bullt and flown a half dozen or so TIM dragonflys and
scrapped a few after hard impacts, but the loss of the first
prototype is the most interesting to relate.

In late June 1985, I flew south to visit the Pratt and Whitney
GPD Plant in West Palm Reach where I was on temporary assignment.
The TIM dragonfly had been flying well for a week and I brought it
along. At lunch the next day I invited a few co-workers to witness
a flight or two out by the helicopter pad between the parking lot
and the big 'reflecting pond’ that was dug to provide fill for the
plant’s construction. Apparently the helicopter pad had been
replaced by a parking lot since I had last visited, so we ended up
on the grass next to the cars. With limited space, a short first
flight seemed prudent, so I only wound it up 10 or 20 turns. The
flight was still pretty good as it circled around me and lined up

for a nice touch down. Unfortunately, it started drifting off to

the right and even though it was almost on the grasg, the ground
started sloping away towards the pond. This prolonged it’'s flight
so that it touched down, as you’ve probably quessed, Jjust out of
reach in the water, where it floated and continued to flap feebly.
We were just starting to think about getting a stick to fish it out
with when we noticed a small alligator swimming out from the bushes
and heading straight towards it. As it got close, someone tossed a
soda can at the gator to distract it, but this only startled the
animal and it disappeared underwater with a splash of its tail and
the No. 1 prototype, which was never seen again.
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