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In 1490, Leonardo sketched an aeroplane that flapped

its wings, like a bird. Five centuries on, the Renaissance x

polymath’s loftiest idea has become a reality,
as Robin Hague discovers

On Satumoay 8 Juwy 2006, A ssan hivmanity for centuries and

|"|\||_'“:|. propaor rll-t'||_'-._| alrcrall was ':|:| D lames Delairies rI..-
wheeled out onto a runway at acronautical engineer behind
Downsview Park near Toronto, After this project, for more than
taxiing up and down 4 couple of times, 1o years. This is mo ordinary
pilot Jack Sanderson lined wp at the plane: it's @n “ornithopter”
| of the runway, throttled up, and An ornithopter is an
ttle aeroplane was in the air for  that flies by fapping
very first lime A ike a bird. Birds are
Even the fact that the pl..||!.r' made logical Ay ing models to ¢ o
it HII.I.'J.'!-.'-'I.JII:l oll the l-'.'rl:-l.llll.] is the - they do it so well, after all Many

realisation ol a dream pursued by early aviation attempts involved
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BTIman aviation pioneer Otto

hal had E

atorks near his hon

[ittle Doy, His early Interes

Hught led to him

of practical aircraft cons
piration to the famous Wright
s, Who thimselves constructed

the hirst powered aeroplane in 1909,

Bad start

I it hadn't been for a tragic accident,
that first aeroplane mi have been an
armith

He was 1

POWEL 1 for Right, dnd thought
prope| in inelegant approach
o propulsion. He harmes

The Flapper
ginithepter in
the air on its
maiden flight
in July 2006

v study of birdHight (o design
ratt w |||:- i [ -[1|'ul.|-r|'-.]
g wingtips: Ity complete
t from a6 engine when Lilienthal
rred o stall on a glider Alght in
1390 and was killed in the crash
In the meantime, hxed-wing
aircraft designs were improving and
mnterest in ornitho waned bul tor

nginecrs who

wottld wiork, Thro
century there were 3
in the early 19408, A
another German enginesr, su
adding flapping v
1. These didn't
wings b 4
propel

it was already up in the air, =
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ANATOMY OF AN ORNITHOPTER

Just how does the Flapper

The Belavrier Ornithopter is a
simall manoplane B metres

lang, with a wingspan of 12m.

It carries a single pilot, featwres

a comventional tail unit and

an especally tough tricycle
undercarriage. The main fapping
wing i supported by uprights
rither side of the fuselage, which
are themselves supported by small,
fixed stub wings that also contribute
to the total [ife. The aircraft is
propelled by a 24-horsepower
Koenig engine, which tums a

60:1 four-stage chain-and-sprocket
drive train that pushes and pulls

on the centie section of the wing.

get up in the air?

The cockpit is fairly
wonventional for

a light homebuiit
alreeaft. The control
stick moves the
elevator and rudder,
whille the rudder
pedals direct the
nose wheel

The 24-horsepowet
Koenig engine is
connedled to the

wing by a drive
traim that turns
rotary motion inlo
the up-and-down
movement needed
by the wing

- s TL B Wil
\ These suppart the
main wing and give
additional flitt

0

With ma ailerons on
the main wing, tha
aircraft is totally
controlled by the
tail wnit, The all-
moving taitplane
controls pitch and
the aircraft maturally
banks into turns
controlied by

the ruddar

LIk {1
Constructed of a
composite of carbon
fibre, structural
foam, Kevlar,
plywood, and
epoxy, the main
wing s designed
1o twist just the
right amount on
the downstroke and
upstrake to creale
low pressure around
the troni edge of
the wing

FLAPPIN® HECK...
Teams around the world are working
on a host of ornithopter designs

ENTOMOPTER
Robert Michelson's leam

at Georgia Tech is working
on tiny Insect-insplred
ornithopters with Cambridge
University. They are unigue
in using chemical ‘muscles’
that convert chemical
energy directly into motian

Cybird is a battery-powered,
radio-controlled omithopter
It has a basic two-channel
radio control that vaiies

| thrust and tail angle, for
turns, The Cybird is available
from www, flyabird.com

lor 5740 (E76)

IR EHT
FIEROSALY

This 5-metre-span madel of
a dinosaur was developed
by the Smithsonian Institule
and the people behind the
Gossamer Albatross, the first
human-powered zeroplane
to cross the English Channel

HOW THE FLAPPER’S WINGS SHAPE UP

This generates lift

by accelerating

the air over its

upper surface;

this causes the air —
pressure above —
the wing to drap,

‘sucking’ the

plane up

Flapping flight presents

LIFT

I TILATTEDET

Simply powering thie
g d fheult All -ll-.;li.ll""'

Cngines produce rapid rotatsonal

of cha |,-||_-.--
wings atall
maotion, and Anding a lightweight
reliable way of turning this into a
comparatively glow up-and-down
allenge. A
both liftand

thrust at the same time, which muost

novemen! is guite a cl
flapping wing provides
balance out. Then there's the mino
setie of actually getting the thing

t all wathour the

Of [N Eroiec & WINES

L::f-.m;_: ::'.I fiise ':.|;_;|_- trko Lhe Funwas
I TIe Process
The L

suCoessii

ad Lp o this s
Hight began in 1973 whei

Jeremy Harris and |ames Delanris
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WING (AMD AIRCRAFT)
DRIVEN FORWARD BY ENGINES

met at Batt | MiEmi rial Institute
int Ohia, USA. They were working
s research engineers and bega

designing ornithoplers as a hobby
mndels

Although we starfed witl

our efforts were always directed
towands achieving full-scale ||i'r'.1l‘

gavs De
As T

Latarier

. scale of the task involved
in Happng Hight became apparent
Harris and Delaurier became

1o Project

10 |'_.J"E|".'_|'|' cmmited

Flapper, and continued despite

Dielaurier

of Toranto, Canada, in 1974

Ll | |',_.||||':|_'| o the Ulnive '.'-i'_'.'
By 16585

they were ready to-carry out their first
teet flight of an engine-powered model

with a wingspan of 1.5m. But the best

This generates lift
and thrust as it
sweeps downward.
The motian helps to
create low pressure
around the leading
edge, which sucks
the wing forward
and upward

g UFT

DOWNSTROKE
{DRIVEN
BY ENGINE)

UPSTROKE
{DRIVEN
EY ENGINE) =

Birds combine

e i the basic up-and-

- & il
‘~ .ﬂ"iﬁ_' _ﬁ_a\”

down movemenk
- with twisting,
bending and
back-and-forth
movemaent, lo
even oul lift and
contiol disection

This 1902 ornithopter

RS
DOWNSTROKE =2 (i THRUST

UPSTROKE '

ghowed therr design could e
enough thrust for

sustained Hight

L BETErale Ihe model latd 1he ETOLITL

The lor baiiding the hrst hall-sized

i5 made ol willow,
silk and feathers

GUIESTINN Witk winy nol,

Remote possibilities

Harris and Delaurier continmead

to modify their design, careying oul
wind tunnel testing and detailed
COImp 1iees -|1-.-|'!_--|-- Bv 1y ) thiear
fourth model had been res o@nised
by the Federation Aer

Internationale (FAT), the body that

:|_:I':|i1|-::_
records aviation records. as the

first successiul engine-powered,
remuokeiy |l-|-::-!t| ariitl opter capahle
il sustained Qight — the craft
could stay up in the air fiom

1% I||:1:: a5 the fuel lazted

one, the team

Flapper. Construction b
1ggs, and the hrst taxd tests, ¥
the plane is driven ala 1 the
runway, were in rgoh. The
FLappeEt could soon accelerate i
lift-ofl speed of around 38km/h
i‘.-'. '!.l!'-:'-|-'||_'_ porwer alone, even
starfung 1 ¥ o okt 'E.- grour 1 |
In 1944). P :iu_' ||-|_: ,_'.J.I Erg
with i.-.ll!n.lll'_: g ll-srale crafty
1= the stress on the arfram

the mechanical structure of the
|||'-\.|

arroplan=
|

ther moving parts are b

wings

rr and
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hegvier than gels. O by

largeiv made
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Aeronautics

ASK THE EXPERT

Dr James Delaurier, designer of the first successful
jet-assisted ornithopter, the Flapper

FLAPPIN’ HECK... (continued)

— |
A team ot Kyota University
.

- e

George B White

pionecred
ornithopters in
the 1920

in Japan is working

on a human-powered
oinithopler. In the Karura
disign, the pilot uses a
rowing motion to power

L = flapping wing tips through 5 FIND OUT
What were the main technelogies improved wing should be designed. and complexity. The idaal situation a system of pulleys MORE
that you needed for the Flapper to The aircratt is now heavier, due 1o would be to utilise the fuel energy A sttt

| achieve sustained Might? madification and development, than ta directly produce the low-frequency TRUEFLY 3 | opler.org
An impoitant technology was Lhe the current wing was designed for oscillatory motion; such a system Truefty bs a model o 8] I A Napping flight
thiee-pane] wing design, where the Happing wings do not like to eperale promises to be simpler and lighter. | arnithapter styled atter 4= farum with

| outer panels move opposite the central at off-design canditions, so the If arnithopters are 1o have any future a taucan. Developed by extensive news
panel. This reduces the shaking that peifermance margin is narrow. If the at all, this has to be accomplished. amateur enthusiast Albert and links
the pilot feels as the wings move up tunding lor the new wing became | Kempl, it is powered by an _ |

. and down. The wing itself is a patented  available, it would be bullt and flown what do you feel the future electric motar, Il manages ::‘Tf':":':“" !
‘Shearflex’ wing whose stiuclure praspects for ornithopters are? a natural-lpoking filght with P:‘n'te-.:'lL
allows it to aeroelastically twist, if you build a Fapper Mark 1, what It is difficult to envision large no bobbing of the body ﬂmliihnmer:
while al the same lime incorporating other changes would you make? arnithopters replacing any currant homepage

| @ thick, efficient wing shape, We had | would like to explore an alternative alreraft: but the future may hold

FALLON

an efficient system that incorporates drive lh_al more d_nruttlar converts fuel surprises, in the near term, omithoplers When the Colorado Division ‘-.-fw flight
laur stages of chains and sprockels energy into flapping work. Inlernal would be prafitable for exhibition and ; geal.ong
i : : ; of Wildlite recently started H you fanc
and terminating in a special crank combustion engines use pistans thal air thows, which was likewise the i you ¥
mechanism lor oscillating the wings move up and down which, through rod case for early agroplanes. Small-scale “"'dv".'g SAgE IR, flying your own
| echanism for ascillating the wings. p ’ q ¥ aeroplancs. capturing the birds for study Flapper you can

arnithoplers seem to be unigquely
suited for micro air vehicles, which
ate liny insecl-like spy planes a few
centimetres acnss,

and crank, give a high-speed rotational
maotion. The purpose of the current
drive is to reconverl this back to up-
and-down motian, which adds weight

proved tricky, Raptor expert | download an
Jetry Craig is now testing an open saurce
oriithopter ‘falcon’ to scare. | Mlight simulator

_ the grouse onto the ground and ornithopter
plug-in here

will the arnithopter fly again?
| Imten years of research and testing
it has become clear how a new and

. HISTORY OF BIRD-LIKE FLIGHT

1973 Beginnings of the Fiappe-ri 1991 Successtul m_odel_flight | 2006 The Flapper takes off

1490 rirst 1874 rirst flying models 1890s Ffirst serious attempt 1929 First person alaft 1942 sustained propulsion
Leanardo Da Alphonse The great Gtto Lilienthal believes in | Or Alexander berman The seed of The DeLavrier/Hairis engine- The addition J
Vinci designs a Pénaud creates flapping wings. He studies Lippisch builds a engineer “ the current _ powered, remotely pileled madel of a model
human-powered the first model birdflight extensively, human-powered Adalbert .| project larm achieves sustained flight. This aircraft jel
ornithopter in ornithopter. 1s makes more than 100 ormithopter that, Schmid installs | in Battelle lays the groundwork lar engine helps
| 1490, Studies pattern is still glides and has built an while not capable | additional M Memaortial the full-sized Flapper, The the Flapper e S0 1 =
show that, used today in aircraft with llapping of level flight, liapping propulsion wings to a | Institute in Ohio, when James Flapper makes the world’s off the
while it is a toy birds. While usaally powered winglips when makes fap- Grunau Baby glider, This alrcraltis | Delawrier and Jererny Harris start first flap-powered ground for the first real Hight

acceleration to lift-olf
speed in 1999

| capable of lzvei flight after being
towed inta the air

looking al ornithopter wing design
| im their spare time

assisted glides
alter bieing lowed into Lhe air

he is killed in a
glider crash

by rubber bands, one eady French
muodel is powered by gunpowder

oy of an ornithopter at 1016

well thought-oot
on & july 2006

[ I design, it is not capable of flight
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w= up of successive graduare students
worked through the problems.

By 2005 they had one major
challenge left o overcome. The
intensity of flapping at full throttle
meant that during the crucial
time when it was just leaving the
ground, the wings kept driving
the undercarriage back on to the
runway, damaging the plane's
structure. The breakthrough
fimally came when Delaurier
visited a friend who owned a model
shop. Somebody joked that one of
the micro-jet engines, used in lirge
model planes, should be ftted to the
arnithopter. Delaurier took the joke
seripusly, A small jet engine to help
during take off, he reasoned, would

require less fapping power, which
ghould stop the problem. It worked

On & July this year, after 33
years of research and 11 vesrs of
canstruction and testing, pilot
Sanderson accelerated the Flapper
down the rumwiy. It ook off and few
majestically — for 3oom and a whole 14
seconds. Then a small portion of the
left wing’s trailing edge buckled and
caused the twisting action of the wing
toy jam, reducing its thrust and lift. As

regult, the landing was iru'|l.g.11:!.
with the atreralt pivating around and
collapsing s nose wheel.

But the team was ecstatic, Afrer
all, their Flapper had flown further
than the Wright brothers first flight
of 36m in 14 seconds, It is a surreal

TO THE FUTURE
S flave dovantag /er normal
situations

dvantane

walching traffic and patrolling coast lines.

Although amithopters aren't likely to ever carry you
and 499 ather people to the other side of the warld on

a long-haul flight, they do have many advantages that
might make them more common in fulure than you'd
Imagine. Dmithopters work by accelerating a large mass

of air to a low speed; in contrast, jet engines accalerate &
small mass of air 1o a high speed. This means omithapters
are polentially much quister and more efficient than
curfent aircraft. Given Lime, it's possible that guiet, Tuel-
elhcient ornithopters may one day play a significant part in
the light aviation seene. They would alsa be suited to

such work as long-range patrals, cruising aleng borders,

experience o know that you are being
propelled along by fapping wings.”
says Sanderson.

But did it conunt as a true
ornithopter fight, if the take-off was
achieved with the help of the model jet
engine? DeLaurier is adamant that it
did. *It is important to remember that,
while the aircraft needed the jet, the
jet couldn’t have come close to lying
the airerafl by itself)” he says, "The
fapping really did-all the work, so we
can consider this the first sustained
fHight of a jet-assisted ornithopter.

Harris and Delaurier undertook
their project largely to see if Aapping
winged planes can work, but
arnithapters do offer some potential
advantages over fixed-wing aircrafl.

Ultimately, they should be more
fuel-efficient than small fixved winged
planes. It's unlikely they'll ever replace
bigger fixed-wing planes, however
they would be too heavy and put too
much strain on the wings for Hight.
The next tagk for DeLaurier's team
is to prepare the Flapper for display
in Teronto's asrospace milseam.
DeLlaurier's not saving at this point
whether this one will make further
fights before being confined, but he's
hopeful of securing further funding
to modily the wing design and fly
it apain - and further, Just keep
walching the skies... @

Robin Hague is o journalist ond
farmer rocker scientist
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