Flapper Facts (now called Flapping Wings) is the newsletter of the ornithopter
community. Its goal is to facilitate the sharing of information about ornithopters,
and to provide a lasting record in print of accomplishments in our field. Patrick
Deshaye started the Flapper Facts newsletter in 1984. At the time, Flapper Facts
and Deshaye’s handbook called the Ornithopter Design Manual were virtually the
only source of information on how to design and build ornithopters. In the 1990s,
Nathan Chronister took over as editor and created the Ornithopter Zone web site,
www.ornithopter.org, to further promote the development of flapping-wing flight.

These ornithopter plans were selected from back issues of the Flapper Facts
newsletter. They were contributed by readers and were originally published during
the period from 1984 to 1998. The designs, however, cover a much wider period
and represent a variety of approaches both conventional and unique. All of these
ornithopters have flown successfully.

The collection and the individual plans are protected by copyright. Copies may be
made for educational or personal use. Any other use of the plans does require the
written permission of their individual authors. Internet distribution is not
authorized. However, you may provide a link to www.ornithopter.org if you
would like others to be aware of this information.
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LINKAGE SPECS.
CRANK RADIUS - ULL = .260
CRANK OfFSET =uUTOL = 180°
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5. TR - .042%.0p6 21227, ARELLI
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TOTAL WEIGHT 10 OZ.

> H 3732 50 —_— 1732° sango0
n 3732° SHEET —_—— - s ;TH 16 STRANDS i/8 AUBBEA, —
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APPLYING THE MEMBRANE

The special characteristics which will allow this
ornithopter to produce lift during the upstroke are
not determined by the wooden structure. It is
essential to apply the membrane correctly. To
insure a cambered wing that is not floppy, the
membrane should be applied so that it comprises

WG  SPARS

7 INCHES Lo

a series of straight (not sagging) lines between
7,.4’5&&'9 the back end of the root rib and each point on the
/g * 3/59 Te wing spar. The series of imaginary lines is shown

in Figure 1. If you do this incorrectly, the wings
will have negative camber.

Before the glue dries, you should carefully
bend the spars forward and down as shown in
Figure 2. Tape the wingtips to the table top with
the underside of each wingtip facing straight up.
This trains the spars in that direction and
increases the amount of pretwist and membrane

Vs1 X Yy

Fl6ure 1 .

FI6URE 2.

S

tension. You may wish to store the model in
this position as well, because the twist tends
to weaken over time.

In addition to adjusting the amount of
twist, you may need to vary the hardness or
thickness of the spars until the right amount
of flexibility is achieved. The correct pitches
for upstroke and downstroke should be
reached when the wings are supporting 0.5
and 1.5 times the model's weight,
respectively (a rough estimate).

The model is likely to require some
noseweight. The conrod hole spacing may
need to be adjusted to prevent uncontrolled
yaw and provide a straight flight.
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"Bat" MurataShoji

Characteristics of "Komori Bat" flapping plane: When the main wing is on an
upward angle, it tends to go up, and vice versa. The tail (triangular balancing wing)
counteracts. (This is determined through trial and error.) Place a metal piece on the
main junction of the triangular wing.
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Tailless Wing Flapping Plane “Dragonfly” ., @ -::d
80.0 _ \ J

5.0x2.0

30.0——--1 }.._.)_5

440

2.0 o
55.0 2.0

V\50.0

1!
Lo U L0
—{4 O}

' r-7,9
&0

10,0~

150.0

Elucidation of a
“double main wing”:
Pay close attention
when assembling
(mounting) the front
and back wings. The
front right wing and
back left wing make
the same movement.
The wing material
should be plastic.
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CANARD ORNITHOPTER CONSTRUCTION by FRANY KIESER - 9/15/87

The canard biplane ornithopter has proven to be the best competitive
configuration holding three of the four categories of AMA records. Many have
asked about construction details of the wing and linkage for this type of model.
Presented here are details of Fancy Girl Il] which features a wing, linkage and
crank in a single assembly, demountable from the motor tube. This design is
particularly attractive since it reduces considerably the box size, provides
adjustment of the flapper incidence and gives interchangability of parts with
practically no weight penalty. Wood sizes shown are for the competitive model
weighing 1.2 grams. For those building this type model for the first time, sices
may be increased. However, too much weight in the wing assembly will have an
adverse affect on the center of gravity. Details of parts not shown are
conventional indoor model construction to suit the builder. For instance, my
model uses an unbraced mylar covered stabilizer while Roy White uses a braced
microfilm covered stabilizer.

FIG. 1| - UPPR & LWR WING SPAR ASS'Y (4)

All wood parts are .045 square 5 lb. t

balsa., Boron is used top and bottom for | I . ¢

the inboard 9 inches and the front 4 J
inboard 4 inches. The hinge pins are .004 L Lawer
mw glued to the inboard side of the ! 37
inboard rib. Be sure to leave extra L UPPER
length on the tips for glueing temporary T &

T.E. strips in fig. 3. Lower spar
diagonal member must be sufficiently - 12 1; -—
inboard to clear upper wing linkage |
support.

FIG. 2 - HINGE PLATE ASS'Y 4 ",v-HIHﬁ‘E FLATE
L]

The hinge plates are .@25 balsa .12 wide - 3
X .19 high. The faces are coated with F L
glue to incease the bearing strength for
the hinge pins. Tack glue the 4 spar

assemblies to the .020 thick temporary

rlate between the upper and lower hinge TEMP. PLATE
ribs. Be sure the spars are in their

exact relative positions. With the upper THP SPAR: + -

sSpars on a smoothe surftace, push the s 3 F Eﬁﬁ=$nﬂ__;
hinge plates over hinge pins. s -

} dloe ©

FIG. 3 = WING COVERING

| TEME. T.E. STRIP
Freparetory to covering, the center rib Q/;,/ﬁ\,& i
is made from .@25 sheet balsa leaving AT

T.E: =
extra length. It is cemented to the aft
hinge plate. The temporary trailing edge
strip is made from .@5x3/8 balsa and
cemented so that the trailing edge of the
wing is 1/8 forward of the forward edge

of the strip. The tips are bowed back 1/2
inch from the straight position. Care
must be taken to keep the upper spar a
uniform 3/32 ahead of the lower spar.

The covering is 1.7 mular. The covering is stretched and cemented to a frame,
the lower structure surfaces, except for the inner 1 1/2 inches of the spar
where the conrod hinge support will be glued, are coated with contact cement,
including the temporary T.E. strip and then placed on the mylar. The mylar is
cut with a hot wire. The upper surface is covered in like manner. After both
surfaces are covered, the T.E. of the mylar is cut with a hot wire using the
temporary strip as a guide. After all 4 T.E. cuts are made, the excess center
rib and tips are cut away taking with it the temporary T.E. strip.

FIG. 4 = LINKAGE DIMENSIONS

The linkage dimensions for this design
are shown for reference. Points & and B
are the upper conrod hinge points and

are fixed to the upper and lower wing
spars respectively (see figs. 9 & 1)

315




F1G. 3 - FLAPPER SUPPORT ASS'Y

The vertical and horizontal members are

+230 square 7 lb. balsa. Poron is glued

to the sides of these members. The FAPER —~
diagonal is .45 square 5 1b. balsa. The TUBE
paper tube is .23 [.D. Jap tissue., The

crank bearing is a piece of hypo needle

tubing with a tab bent up from the

forward end. Dim. A s sized to suit the

linkage dimensions (see figs. 4&7). Dim.

B is sized to suit the motor clearance.

Dim. C must match the hole spacing in

fig. &.

FIG. & = MOTOR TUBE ASS'Y

Only the aft end of the motor tube is (—,ﬁv
shown. The rest is conventional indoor EZJ:
construction. The tube is .012 dia. x 7

/32 1.D.. Three boron stiffeners, one
each at 3, 7 & 12 o'clock are used.
The att plate is .223 thick. It is coated with glue arocund the two holes. The
front post is stiffened with boron on both sides. The post must be sized and
located s0 that it slides tightly in the paper tube.

FIG, 7 = WING & SUPPORT ASS'Y
COVERED WING ASS'Y —

First make the crankshaft from .215 mw. UPPER HINGE PIN

Insert in the bearing with a short length _ — | =y

of hypo needle to act as a washer and - 4

then bend ;:h- hook. The covered wing is HINGE PLATE A

now assembled to the flapper support by -

glueing the hln;l plates to the support. QUPFEH WING SPAR -~ e= — lg
the location must be such that the wing {LHWER WING SPAR - |

spars are aligned with the crankshaft. e

Also check that the height of the upper

T — L

hinge pin above the crank is correct,
When wing assembly is firmly attached to the support,
remove the temporary plate between the upper and lower
hinge ribs by disolving the tack glue spots (see fig. 2).
Check wings for freedom of rotation.

FIG. B8 = CONNECTING RODS

The linkage is designed such that all four conrods are the 1.075 -
same length. They are made of .Q@29%x.040 balsa with the ends I- } .1
wrapped with 3 layers of Jap tissue. The crank end is

pierced with a .219% wire and the wing end .004. ! use a ! L=
simple Jig so that all hole spacings are accurate and
identical.

F1G. ¥ = CONROD HINGE SUPPORTS

The struts for the conrod hinge supports

are made of .0I5x%.035 balsa. The hinge
pin is bent from .0046 mw and glued to the
struts. The hinge support for the upper
wing is glued to the spar with the pin at
the correct radius (1.80) from the wing
hinge. A diagonal brace is run from the
lower end of the support to the forward
end of the hinge rib to steady the conrod
hinge pin. The conrods are slipped on the
crank and then on the wing. HWith the
crank in the bottom center position, both
upper wings should be 3 degrees above
horizontal. A small balsa washer i{s glued
on the hinge pin to retain the rod.

FIG. 1@ - LOWER WING HINGE SUPFORT

The final step is to attach the lower
wing conrod and hinge support. Each wing
is done separately. Slip one conrod on
the crank and the hinge support on the
conrod. Rotate the cranic so that the
upper wing is in the full down position
and slide the hinge support along the
lower wing spar until the upper and lower
wing Just come together. Glue the hinge
support in this position. Repeat for the
other wing, This method assures that the
upper and lower wings will come together

even though there are small errors in the
linkaams.
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