Our Personal Gyro Safety Envelope

Part 2

by Greg Gremminger

Stability, Maneuverability and Controllability

Last month we introduced this se-
ries of articles for the purpose of im-
proved appreciation of the complex fac-
tors that influence our personal flight
safety envelope. Thismonth wewill ex-
plore the differences between Sability,
Maneuverability and Controllability.
These are the sources of some misun-
derstanding. They are not the same
things and they are not necessarily di-
rectly related or mutually exclusive. The
differences are both interesting and im-
portant to our appreciation of our own
abilitiesand proficiency levelsinthe ma-
chine we are to fly today.

First, for the purposesof thisarticle,
somediscussion of terminology:

OStability

The ability of the gyro/pilot system
to return to steady flight after a distur-
bance from steady flight. An unstable
machine (gyro/pilot system), once dis-
turbed from steady flight, will continue
in an oscillatory motion or even diverge
into worsening oscillations. Stability of
aircraft isoften assessed in both stick free
and stick fixed conditionsashow quickly
the machinereturnsto steady flight after
adisturbance. However, the pilot con-
trol responses (on the stick) are oftenthe
predominant factor in the stability of the
overall gyro/pilot system dueto thefact
that the pilot control input may stabilize
or actually destabilize the system - de-
pending on pilot proficiency in that par-
ticular machine and environment. The
resultant stability of the gyro/pilot sys-
tem ismostly achieved by stable control
of therotor disk, asthat lifting surfaceis
the means by which flight path is main-
tained or changed.

DAirframe Stability
Thisisdigtinct fromthe overal gyro/
pilot stability. The airframe isthat por-

tion of the gyro, which hangs below the
roll and pitch gimbals of the rotorhead.
The gyro airframe is basically a pendu-
lum that may swing or deflect relativeto
the rotor disk. That pendulum may be
excited into aswing or deflection by the
lift or accelerations of therotor or by the
actions of the pilot. The airframe may
be separately stahilized to the airstream,
or it may be allowed to free swing rela-
tive to the airstream and the rotor disk.
As discussed below, the airframe is not
necessarily directly linked to or affect-
ing the rotor disk. The airframe move-
ments or swinging may not appreciably
affect theflight path of the machine un-
lessthose movements cause cyclicinputs
totherotor either directly or through pi-
lot response on the stick.

OManeuver ability

Theoverall agility of theaircraft, or
the physical ability of the rotor disk to
affect a maneuver in flight path or atti-
tude of thewhole machine (yaw issepa-
rately controlled by the rudder and isnot
addressed in this discussion). Some of
thefactorsaffecting the agility of agyro
to make amaneuver are; rotor blade in-
ertia, size, etc., and the overall weight of
themachine.

OControllability

The ability for the pilot to initiate
and control amaneuver’sspeed and pre-
cision by controlling the rotor disk
through the gyro’scyclic control system.
Factors affecting controllability and that
will bediscussed below includeairframe
stability; control leverage, friction and
slack; and pilot feedback sensations.
Ideally, the machine’s controllability
would alow the pilot to exercise that
machine sfull maneuverability precisely.

Fixed wings& Rotorsaredifferent
Contrary to common or intuitive per-

ception, controllability and stahility of a
gyro arenot mutually exclusivefeatures,
and they are not even necessarily strongly
related to the maneuverability (agility)
of thegyro. It has been acommon mis-
understanding that a stable gyro neces-
sarily meansthat itisnot as controllable
or maneuverable. This misunderstand-
ing arises from the analogy with fixed
wing aircraft. Itiswell appreciated that
themoreagile (maneuverable) fixedwing
designsare considered to belessstable—
i.e. aPitts Specia or F16 fighter! This
analogy isnot at all valid for most rotor-
craft because the “wing” of arotorcraft
(rotor disk) isnot “fixed” totheairframe
of theaircraft. Therotor disk, and there-
foretheflight path of thewholemachine,
is mostly independent of the gyro air-
frame except for any (commanded or
uncommanded) cyclicinputsthroughthe
rotorhead.

Therotor disk inarotorcraft and the
wing in an airplane are the lifting sur-
faces that sustain and control the flight
path of the aircraft, and are the means
by which the pilot controls the aircraft
flight path. Effectively, theroll and pitch
attitudes of theselifting surfaces control
the flight path.

In the fixed wing case, the attitude
of the wing is exactly the same as the
attitude of theairframe AND theattitude
the pilot senses in that airframe. The
wing is “fixed”! The flight path of the
whole aircraft is directly related to the
attitude of the airframe (and the pilot).

Themaneuverahility of afixedwing

HORIZONTAL STABILIZER
DIRECTLY STABILIZES

LIFT VECTOR

LIFTING SURFACE (WING) ROTATES "FIXED"
TO AIRFRAME

continued on page 12
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from page 11

IS therefore limited by the stability of
theairframe. In most fixed wing aircraft,
theairframeisstabilized viathe balance
of the stabilizers, propeller thrustlineand
center of gravity. Becausethewingsare
fixed, thestahilized airframedirectly sta-
bilizes the lifting surfaces (wings) and
thereby the also limits manueverability.

In the rotorcraft or gyro case (or in
the case of a Trike or Flying Flea
Flicker!), theairframeisallowed to pivot
or moverdativeto thelifting surface (ro-
tor disk), and does hot necessarily cause
the rotor disk to change its attitude or
flight path. Theflight path of thewhole
gyroisnot necessarily directly related to
the airframe attitude. Conversely, the
ability of therotor to maneuver thewhole
machineisnot limited by the stability of
the airframe because the rotor (lifting
surface) isfreeto pitch and roll indepen-
dent of the airframe.

ROTOR CONSTANT (STEADY FLIGHT PATH)

AIRFRAME FREE TO PIVOT OR SWING (NOT FIXED)

Inthisliesthe crux of thewhole PIO
argument between stabilized airframes
and not! And thisis rather interesting,
because aswe shall see, intheend are-
ally important factor isthetraining, pro-
ficiency and pilot techniquein each par-
ticular machine! But, as we will also
see, pilot proficiency ismost urgently a
factor in machineswhoseairframeisnot
stablel

A gyroairframeallowed to swing or
deflect relativeto therotor disk - not sta-
bilized by ahorizontal stabilizer or other
means- will induce cyclic control inputs
into the rotor disk (which may induce
uncommanded flight path changes!) If
cyclic control inputs were not induced
into the rotor disk, the rotor and whole
machinewould go on, undisturbed along
its current flight path. However, cyclic
control inputs from a swing or deflec-

tion are, or may be, induced into thero-
tor by several means:

1) Frictioninthecontrol linkageor
rotorhead pivots prevents the rotorhead
from freely following the rotor disk. If
frictionforcestherotorhead to pivot with
the airframe, acyclic command isinput
into the rotor disk causing it to react to
an airframe swing. This is called an
Uncommanded cyclicinput becausethe
pilot did not intendit! (Pilot cyclic con-
trols should aways be as friction and
resistance free as possible to avoid this
situation)

2) The pilot holding the stick and
restricting itsfree movement. Samething
happensasin (1) above. Depending on
how tightly the pilot restricts the free
movement of the stick and rotorhead, the
more uncommanded cyclicinputispro-
vided to the rotor by an airframe swing.

3) The pilot, reacting to the mis-
leading sensations of a swinging air-
frame, inputs corrective (commanded)
cyclic inputs through stick pressures or
movements. This is the crux of Pilot
Induced Oscillations (PIO). Thosecom-
manded control inputs, falsely prescribed
by the pilot sensing movement of theair-
frame, may often be unnecessary and/or
out of time or in the wrong direction!
Thismay result in adivergent or increas-
ing set of swingsand flight path oscilla-
tionsas each successive swing iswrongly
compensated by the pilot’sreaction.

4) By design, theBensen offset gim-
bal and trim spring cause the rotor to
pitch in aself-correcting direction from
a sudden change in lift. This is good!
However, the same mechanismforcesthe
rotorhead to somewhat follow any air-
frame swing - not so good, and must be
compensated by pilot technique!

5) A reversetwist on (1), (2) and
(4) aboveisthat avertical gust will cause
therotor disk to pitch up (or down), and
depending onthe control systemfriction
or the pilot’s firm grip on the stick re-
stricting free movement, allow therotor
to exciteaswingintheairframe- while
defeating the self-correcting action of the
offset gimbal. Anunstabilized airframe
will likely lag and overshoot, such that
any swings, through continued
uncommanded cyclic coupling, may di-
verge further without proficient correc-

tive action by the pilot.

Most of these airframe swing cyclic
inputs are obviously undesirable. They
input acyclic control that upsetstheflight
path and most likely induces a further
swing that can lead to a divergent reac-
tion of thegyro or the gyro/pilot system.
It requires proficient and precise control
input from the pilot to interferewith this
divergent instability. An obvious solu-
tion to this situation might be to stabi-
lize or reduce the swing of the airframe.
This is often accomplished through an
adequate horizontal stabilizer, however
other factors such as airframe and rotor
moment of inertia or weight may also
somewhat temper the ability to excite
airframe swings.

However, even on gyros where the
airframe is not stabilized and is able to
swing or deflect readily, good pilot pro-
ficiency through training and experience
may overcometheinherent instabilities.
Most of the undesirable coupling from
airframeinto therotor system occurs be-
cause of pilot stick control inputs - ei-
ther not allowing the stick to move or
inputting improper stick movements or
pressures. If the pilot allowsthestick to
movefreely astheairframeswings, there
islittle undesirable cyclic input into the
rotor disk. That means that the pilot
should apply only for ce pressuresonthe
stick, not stick restriction or movements.
Only the pressure on the stick should be
applied to provide commanded cyclic
control input to the rotor.

STICK ALLOWED TO
"FLOAT" AS AIRFRAME
SWINGS 7

ROTOR CONSTANT (STEADY FLIGHT PATH)

IF AIRFRAME IS NOT STABILIZED
ALLOW STICK TO FLOAT. APPLY PRESSURES ONLY

Ahal This is the way we are in-
structed to fly any aircraft anyway, but
it isespecialy important on arotorcraft
because of the high control power of the
cyclic system. How often do you hear
aningtructor say to“just apply stick pres-
sures’, “loosen up, don't hold the stick
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sotight”? In effect, hold thestick loosdly,
alow it to float where it wants to go,
urgeit to go where you want it to go by
applying pressureonly! Inthisway most
destabilizing swingswill not coupleinto
therotor andwill not divert theflight path
fromwhat the pilot intends! Aha, thisis
oneway to avoid PIO, thisworksin most
gyroswhether the airframeis stabilized
and can or can’t swing, and isthe sign of
a proficient and well-practiced pilot.
Someexperienced pilotsactudly likethe
control feel of an unstabilized airframe,
wrongly interpreting thisasahigher de-
gree of maneuverability. Actualy the
machineisjust asmaneuverableasif the
airframe were stabilized, and that pilot
has mastered the jabs and timing and
touch to accurately control that gyro any-
way. However this is not easily mas-
tered by the novice and may not be the
same on adifferently configured gyro or
in different power/airspeed conditions!
Please note that this takes finely
tuned unconscious automatic pilot con-
trol reactions, and that this is accom-
plished only through good training and
frequent practice. However we don’'t
often get alot of practice at the extremes
of our persona envelope. Please note
that extremesin the flight environment,
such as high or low power, high or low
speed, or extreme turbulence may dra-
matically affect the stability of the air-
frame and thereforerequire different pi-

lot reactions to properly and accurately
control even afamiliar machine in that
unfamiliar environment. Many of our
latest tragedies are the result of inad-
equate pilot proficiency in environments
or machines that the pilot was not ad-
equately prepared or proficient in.

We havejust discussed thedifference
between a fixed wing and a pendulum
configured non-fixed rotor/gyro system.
We have seen how this can lead to gyro/
pilot instabilities. There are other fac-
tors that can affect the instability of a
gyro. These other factors will be dis-
cussed in depth later, but several are
mentioned herein order to appreciatethat
thisis not a simple issue and that many
other factors, other than horizontal sta-
bilizers, contribute to the overall stabil-
ity of agyro: Rotorblade diameter, mass,
weight, rpm, torsional stiffness, airfoil,
reflex, etc. Propeller Thrustline, Center

of Gravity (CG), Center of Drag (CD),
moment of inertia, weight, fuselage
shape, airspeed, etc. are aso very im-
portant factors becausethey additionally
determinethe DY NAMIC STABILITY
of the airframe. What is most important
to understand isthat these are very com-
plex andinterrel ated factors, that the gyro
you are flying today may have unfore-
seen and unexpected reactionsin unprac-
ticed areas of your personal envelope.
Understand also, that a“stable” gyrois
not assured by simply moving athrustline
here or placing a horizontal stabilizer
there. The true stability of agyroisa
melded harmony of all these many fac-
torsand is achieved only by athorough
and involved design and testing program.
If the machine you are flying does not
exactly match the configuration of awell
tested and proven machine, do not push
continued on page 14
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continued on page 13
the conservative limits of your personal
envelopeinthat machine.

As stated above, amaneuverable or
agile gyroisonewhoserotor is capable
of performing the desired maneuvers. An
agile gyro may be considered such
whether its agility is intentionally con-
trolled by the pilot or is unintentionally
initiated by uncommanded inputsor in-
stabilities. In most casesit is desirable
to have a highly maneuverable gyro.
With good controllability and airframe
stability, we can maneuver that gyro pre-
cisaly through tight turnsand quick flight
path changes. A maneuverable gyro may
be highly stable or highly unstable. A
maneuverablegyroisgeneraly light and
short sothat inertiasare not hard to over-
come. A highly unstable AND highly
maneuverable gyro may be more prone
to Power Pitch Over (PPO) because it
can so quickly pivot in the pitch axis -
high pilot skills are required to fly such
amachinesafely. Generally apoorly ma-
neuverable machine may be considered
more stable simply because it will not
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make any changes quickly. But maneu-
verahility isonly related to rotor and air-
frame inertias, not to the stability of the
gyroor airframe, or to the pilot’s ability
to control that rotor.

A gyro’s controllability is also not
necessarily related to its stability or its
maneuverability. Controllability isthe
ease or ability provided to the pilot to
precisaly and quickly utilizethefull ma-
neuverability of the machine. Inherent
instabilities of the gyro can be overcome
by a proficient pilot, but generally, the
pilot’sworkload is reduced with amore
stable machine - especialy if theairframe
is stable where airframe attitude and
movements closely relate only to the
flight path of the whole machine. A
stableairframe providesasolid platform
from which the pilot may precisely ref-
erencestick control inputs. The stability
of the airframe may not necessarily re-
late to the stability of the whole gyro/
pilot system, but the stability of the air-
framemay dramatically ater thecontrol-
lability and pilot proficiency require-
ments to maintain or restore stable con-

trol of that machine.

Asidefrom astableairframefor ac-
curate and predictable control inputs,
control linkage arrangementsand irregu-
larities may have seriousimpactsonthe
controllability of the gyro, or at least on
the proficiency of the pilot to accurately
control thegyro. 1t wasmentioned above
that high friction in the control linkage
could input uncommanded cyclic actions
to the rotor disk. The pilot will haveto
counteract or compensate any of these
uncommanded inputs. But also, exces-
sivedack or loosenessinthe control link-
age introduces a “discontinuity” in the
control loop, something that again re-
quires pilot compensation and can eas-
ily lead to overcontrol. The control ra-
tio (or leverage) of the control linkage
a so changes the amplitude or degree of
responses required by the pilot. Thisis
essentialy like changing the “gain” of
an element inthecontrol “loop”. InCon-
trolsEngineering, the* gain” of elements
within control loops are carefully man-
aged to avoid instabilities — such asthe
squeal of a sound system with volume



turned up too loud! A changein“gain”
withinthe control “loop” of thegyro may
require somefinetuning by thepilot es-
pecially in more sensitive environments
such as at higher airspeeds.

Control power, or the sensitivity of
therotor disk to cyclic control inputscan
vary from machine to machine, but es-
pecially from rotor system to rotor sys-
tem. Thiscan be an especialy surpris-
ing and unfamiliar controllability factor
when switching to an unfamiliar ma-
chine. Contributing factors such asair-
foil design, teeter heights, blade sizesand
weights, and control ratios will be dis-
cussedinmoredetail inlater ingtallments.
This is essentially another change in
“gain” within the gyro control “loop”.

A pilot’ssensesor feedback fromthe
airframe are an important factor in gyro
controllability, at least from the pilot’'s
standpoint. The pilot of any aircraft uti-
lizesall of his/her senses as feedback to
initiate a control correction or input.
Sight, seat of the pantsfeel, windinthe
face or around a windshield, sound of
thewind and theengine, areall feedback
systemsthe pilot learnsto unconsciously
sense and react to. This is essentially
the“feedback” that closesthe gyro/pilot
control “loop” fromwhich the pilot (con-
sciously or unconsciously) initiates his/
her control response—which may or may
not serve to stabilize or unstabilize the
wholesystem. We aready mentioned the
misleading sensations arising from a
swing in the airframe. The additional
point to remember hereisthat whenever
any of these feedback sensationsare al-
tered or missing, you may not provide
proper reactions or even stable control
inputs until you learn new unconscious
reactions with these altered sensations.
You may not feel that wind dlipping in
around one side of the windscreen or
sense a change in the wind if the doors
areon. You might not sensethe attitude
or varying dtitude if you are at a high
altitude, over water or in poor visibility.
In some machines with less stable air-
frames, your sensation of airframe atti-
tude may not reflect the rotor disk atti-
tude or actual flight path. Be awarethat
when your environment changes, your
envelopelimits may also have changed!

In summary, the point of all these

discussionsisonly to heighten our aware-
ness that our proficiency requirements
may change dramatically with different
machines and flight environments. By
better appreciating the complexitiesin-
volved, and that we probably don’t know
how we or our machinewill react in un-
familiar situations, perhaps we will ap-
proach those situations with more cau-
tion and attention and avoid exceeding
our own personal flight safety envelope.

Itismy personal belief that any one
of usmay learnto fly any machine safely
in any reasonable conditions; but that we
must take the time to understand and ap-
proach our personal envel opes carefully
and attentively to reach a safe level of
proficiency. It is not enough to say, “I

can fly agyro.” Itisessential that we
asoreaizewemay only beproficientin
THIS gyro in THESE conditions. And
realizethat becoming safely proficientin
another gyro or another set of conditions
- perhaps completely different control re-
sponses required - means enough prac-
tice or repetition to burn new synapses
inour brain so that our reactions arein
harmony with THAT machin€e srequire-
mentsin that environment.

Next month we will discuss the im-
portant subjects of (CG), (CD), Rotor
Thrustline, Propeller Thrustline and
Horizontal Stabilizers - and how these
may effect your personal flight envelope
or proficiency requirements. R
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