WHY ROTORS INSTEAD OF WINGS

by Greg Gremminger

Whenl first got into gyrocopters,
| had been flying fixed-wing air-
planes and ultralights for many
years. What attracted me to gyros
was how well they handled in the
wind. Steph and | had loved flying
our little Quicksilver ultralights, and
especially our 2-place Kolb
Twinstar. But, we were often frus-
trated by the uncomfortable mid-day
turbulence, prompting us to volun-
tarily limit our flying to just a few
hoursin the mornings and evenings
on most days.

We flew our gyro for several
yearsbeforel cameto appreciatethe
full advantages of rotors over wings
inthetype of flying welovedto do.
I’'m writing this article because |
suspect that many Rotorcraft read-
ers, especialy thosewho may benew
to the sport or newly attracted to
these interesting machines, are pon-
dering the same question — “Why
should | chooserotorsover wings?’

Does the type of flying you en-
joy includethethrilling sensations of
low level speed and height,
sightseeing the terrain, and enough
utility to make moderate range cross-
country, “touring” flights. If youare
like me, you reserve your flying for
the “nice” days and wish every day
was “nice” because you fly for the
pure enjoyment of flight. Thisis
basically the attraction of light and
ultralight-type aircraft of all types.
If your primary use of aircraft re-
quires the utility of efficient travel
or bad weather capability, or you
have to fly when you really don’t

want to, you should probably stick
with full size, general aviation air-
craft.

| learned thiswhen | realized that
most of my early yearsof flying gen-
eral aviation planes were spent do-
ing touch and goes in the pattern.
When | started flying ultralights, |
realized that what | really enjoyed
was the freedom and sensations of
height, speed and maneuver. Flying
in the pattern kept me closer to the
ground where the human brain bet-
ter senses height and speed. In a
“real” aircraft, except in the traffic
pattern, low-level thrills tend to be
discouraged. In ultralights and gy-
ros, low level, fast or slow, turning
and swooping, climbing and diving
arewhat it's al about — for me!

| can get what | want out of fly-
inginultralight-typefixed wings, but
gyros let me do it more and better!
Here's why, and a lot more on the
advantages | have come to appreci-
ate with rotors.

Rotorsaremuch lesssusceptible
towind turbulence:

Turbulence capability of alight
gyro has been likened to flying a
much heavier fixed wing such as a
Cherokee 6. There are several fac-
torsinvolved here.

1. Rotors have high “wing
loading”: The rotor blade has a
much smaller areaand amuch higher
relative airspeed than awing. Asa
result, the sensitivity to turbulence
feelsmorelikeyou are hanging on a
very long bungee cord.

2. Spinningrotorshavealarge

amount of rotational inertia: This
essentially makesit alot likeagyro-
scope and resistant to upsetting the
plane of rotation. In alight fixed-
wing aircraft, it is most disturbing
when awind gust picksup onewing
suddenly and forcefully, requiring
pilot control input to bring the wing
back down — only to find that the
control authority of the aileron is
dowtodoso! Thisrealy sucksclose
totheground! Inaproperly designed
rotorcraft, itisrarethat thepilot even
consciously has to correct an un-
commanded roll. The more notice-
able effect of strong wind gusts is
the vertical, bungee-like up/down
movement and some tail or yaw
wigglefrom side gusts.

3. Rotor s have a much higher
degree of control authority: The
cyclic control on arotor system ac-
tually only changesthe pitch of each
individual blade. The control input
isnot really trying to man-handlethe
disktoanew disk anglelikeanasym-
metrical vertical wind gust would be
trying to do. The control force (re-
quired from the pilot) to change the
blade pitch angleisvery dight —the
blades then do the tough work of
changing the disk angle through
bladelift. Duetothevery highrela-
tive airspeed over each blade, the
resulting force and effect on the ro-
tor disk isextremely effective at ac-
tually changing the disk angle (and
the desired flight path). Thismeans
that the pilot has much higher con-
trol authority with which to counter
any small un-commanded effect of



the wind. In fact, generaly, just
holding on to thestick in turbulence
will usualy overcomemost windroll
inputs. In pitch, high control author-
ity readily allows quick compensa-
tion for thebungee-likevertical wind
effect —even closeto the ground!

Before| |eave the subject of sus-
ceptibility to wind turbulence, it
must be understood that the high
pitch axis control authority in com-
bination with high turbulence can
be the major contributing factor to
PIO (Pilot Induced Oscillations) in
agyro. Agyro must be designed to
automatically pitch into a vertical
wind gust to avoid possible pilot
induced divergent oscillationsasthe
pilot may over-react to compensate.
In other words, the nose of the gyro
should pitch up when encountering
adownward vertical wind gust. This
is analogous to the required reac-
tionin afixed-wing aircraft. Inad-
dition to the standard “ offset gim-
bal,” this usually requires the cor-
rect alignment of theprop thrust line
and use of a properly sized horizon-
tal stabilizer.

Rotorcraft can fly slow
(relativetoacompar ablefixed-
wing)

Of course helicopterscan hover,
but even gyrocopters can fly much
slower below their optimum speed,
or “behind the power curve,” than
most fixed wing aircraft. A normal
fixed wing will “stall” at speeds
much below its best angle of attack
speed. Autorotating rotors, by their
nature, do not stall in the conven-
tional sense, and are perfectly happy
spinning away in even astraight ver-
tical descent. The amount of engine
thrust available will determine the
dowest airspeed at which agyro may
hold level dtitude. A gyrocopter,

withitsautorotating “wing,” may fly,
fully controlled, well below the
“power curve’ and even at zero air-
speed —however, it will be descend-
ing. Themajor safety factor hereis
that it will not suddenly pitch over
asafixedwing aircraft doeswhenit
“stalls’. (This does not mean you
might not hit the ground hard if you
get too far behind the power curve
with neither adequate enginenor al-
titude to stop rapid descent!)

Rotorsstoreand transfer energy
Thisisthefactor that ismostin-
triguing to me! Rotors provide a
third energy storage medium. Fixed-
wing aircraft store energy (fromthe
engine) in two forms — momentum
and height. Fixed-wings can ex-
change this stored energy between
forward speed and altitude. Rotor-
craft, and especially autorotating
rotorcraft (gyrosusually!) can addi-
tionally store and exchange energy
in the rotational speed of the rotor.
This provides unique capabilities
such as nearly zero speed landings.
In such a “dead-stop” landing, the
pilot can build up and store extra
rotor energy (RPM) in a steep and
fast dive to the ground. The extra
energy isimmediately available upon
flare or short hover near the ground
to bring the machine to anear stop.
An obvious advantage of thisisthe
ability to use much smaller and
shorter emergency landing fields.
Another fascinating application
of rotor energy storage is the capa-
bility of some autogyros to “jump”
intotheair. Gyroplanessuch asDick
DeGraw’s  GyRhino, the
CarterCopter, and the Air & Space
18A employ collective pitch control
to spend excess rotor energy (rotor
RPM) to jump into the air and tran-
sitioninto forward flight.

Rotorcraft can land at VERY
slow forward speeds

Thisistheresult of therotor en-
ergy storage discussed above. Ro-
torcraft can “fly on” with normal
forward speed like a fixed wing, or
arotorcraft can make a" dead stop,”
or near hover, slow speed landing (a
helicopter can actually momentarily
hover asit uses up al its stored ro-
tor energy by adding collective pitch
as the rotor slows down.) The
“dead-stop” or emergency-typeland-
ing ismuch different than a“fly-on”
landing. The“fly-on” landing does
not use any stored rotor energy (ex-
cess RPM) to slow the aircraft. A
“fly-on” landing is the only type
landing a fixed-wing can make — it
has no rotor! A “dead stop” rotor-
craft landing employs a much
steeper, higher airspeed approach (to
store rotor energy), followed by a
well-timed flare very close to the
ground. Thesuperior control author-
ity of the rotor in this rapid flare
compl etely stopsthevertical descent
and dowstherotorcraft to near walk-
ing speedsjust beforetouchdown. In
fact, therotor actually convertsalot
of theforward speed energy into even
morerotor energy for thefinal touch-
down.

Onanextremely roughfield, the
aircraft can be completely stopped
just above the ground and allowed
to “plop” vertically the last few
inches! (I have had 3 “dead stick”
landingsin rough plowed fieldswith-
out incident!) The same technique
isusedtolandin highgrassor crops.
Try rough plowed fields or cropsin
afixedwing—1"1l bet you tumble or
wipe the landing gear out at best!
(Been there too!) At any rate, on
any landing, it'sextremely comfort-
ableto be at slower speedsthat gen-
eraly won't hurt you if something
did happen.



WIDE RANGE OF "DEADSTICK" APPROACH SLOPES :
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to store ROTOR energy for
final flare

LargeL/D range
(or high rangeof glideratios)

Because rotorcraft can fly very
comfortably and controllably well
“below the power curve,” there are
a lot of approach-slope options to
“hit the spot” on the ground or dur-
ing an emergency landing. Fixed
wing aircraft use avariety of means
to control the glide, such as flaps,
spoilers, dipping and dliding, and
even slow flight “below the power
curve.” But, at some not-so-slow
speed, afixedwingwill stall and the
glide-slope cannot easily be steep-
ened much below 60 degrees with-
out an all-out dive! Although aro-
torcraft will not usually have the
gliding range (shallow glideto reach
adistant largefield) of afixed-wing,
the rotorcraft can much more accu-
rately and continuously adjust its
glide-slope, downto purevertical if
necessary, toland in that spot below
you. You don't have to judge the
descent while curving around and
flying a pattern! Combined with a
rotorcraft’sability tolandinamuch
smaller area, there are a lot more
emergency landing optionsavailable
—including very rough plowedfields
that would normally topple a fixed
wing aircraft on landing.

Additionally, an experienced pi-

make this point in space

Extra ROTOR energy stored

Final flare uses
extra stored
ROTOR energy

lot may continuously and easily ad-
just the glide-dl ope (descent rate and
angle) throughout the glide by sim-
ply flying further or less“behind the
curve.” Normal techniquewould be
to select the point on the glide-dlope
where you will need to recover air-
speed to makeanormal “dead stop”
landing, then adjust your glide-slope
to get to that spot in the air. This
point might typically be 100 — 200
ft altitude at a45-60 degree slopeto
the touchdown point. At that point,
your touchdown is assured and you
execute anormal “dead stop” land-
ing. (Pick up speed to store rotor
energy for the final “dead stop”
touchdown) This descent, with a
fully controllable and adjustable
glide-slope between about a 60-de-
gree glide down to pure vertical is,
to Steph and me, one of the most
gratifying feelings of flying agyro-
copter! They are fun to practice all
day long, and they readlly pay off in
the event of area emergency land-

ing!

Rotorcraft storemoreeasily
in a hangar
(at least the 2-blade type does)
Rotorcraft trailer moreeasily
(most rotors come off easily
for transport)

Thereare certainly some counter
argumentsthat could be madeinfa
vor of fixed-wing aircraft. They may
be easier to learn to fly. There are
more of them around (at thistime!).
They aremore efficient — shallower
maximum glide-slope. | could just
as easily write an article pro-wing.
| likeanythingthat flies! But, when
| add them all up, my choice overal
is our little gyro. And, if you ask
Steph - your Editor —she'll just tell
you shegetsmoreflyingtimeandis
more comfortable in more wind in
the gyro. And boy does she like
those vertical descents!



