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Parts 3 and 4 of this series of articles discussed the ASTM Gyroplane standard sections
on POWER Longitudinal Static Stability and AIRSPEED Longitudinal Static Stability.
This Part 5 in this series of articles is addressing the standard’s section on G-Load
Longitudinal (pitch) Static Stability. Engineers often refer to G-Load static stability as
“Maneuvering” stability. For clarity and more intuitive insight, this article will call this
“G-Load Longitudinal Static Stability”.

e Power Longitudinal Static Stability,
e Airspeed Longitudinal Static Stability, and
e G-Load Longitudinal Static Stability.

G - Load Longitudinal Static Stability:
What the standard says:

4.5 Stability (Note 1)
45.4 Static Longitudinal Maneuvering (G-Load) Stability
454.1 The pitch control forces during turns or load factor maneuvers

greater than 1.0g must be such that an increase in load factor is

associated with an increase in aft pilot control force, and a decrease in

load factor is associated with a decrease in aft pilot control force.
45.4.2 Conditions--Static longitudinal maneuvering stability must be met at

the following power and trimmed airspeed conditions:

(1) Steady altitude at MPRS,

(2) Full power at the lesser of Vi, or of Vg,

(3) Engine idle at MPRS, and

4) Engine idle at 80 % V\e.

MPRS - minimum power required airspeed
Vh - straight and level airspeed at full power



Vmin - minimum controllable level flight airspeed, IAS
Vne - never exceed airspeed, IAS

Note 1: Extracted, with permission from F2352-04a Standard Specification for Design and Performance
of Light Sport Gyroplane Aircraft, copyright ASTM International, 100 Barr Harbor Drive, West
Conshohocken, PA 19428-2959. A copy of the complete standard may be purchased from ASTM
(www.astm.org).

(The following discussion assumes calm air, no wind disturbances. This is the condition
that all associated flight testing should be conducted in.)

HOW TO TEST A GYRO FOR G-LOAD LONGITUDINAL STATIC
STABILITY:

There are a variety of methods that could be used to understand a gyro’s safety and the
limits of operation in according with the standard. An example of a simple and effective
test is described below. This test does not purport to identify a totally failsafe aircraft,
but it should be very indicative of potential problem areas. This is not intended to be a
fully definitive test method for gyroplane manufactures who wish to “comply” with the
full ASTM Gyroplane standard. But, for those of us who would want to determine how
safe our gyro is, ask more informed questions, or determine the safe limits of operation of
our gyro, the following G-Load Stability test is described:

G-Load Longitudinal Static Stability Test:

(Note this test is similar to, and accomplishes the same thing as the Maneuvering or G-
Load Static Stability test described in the Thrustlines and Horizontals Stabilizers article
published in the August, 2003 issue of Rotorcraft magazine.)

CAUTION: Do not perform this test, if the Power Stability and Airspeed Stability tests
were not completed satisfactorily in the tests in Parts 3 and 4 of this series of articles.

CAUTION: The following test should only be conducted by a pilot who is experienced
and proficient in that particular gyro. Higher airspeeds and gyros that are highly G-Load
unstable may be a precursor to Pilot Induced Oscillations (P10O) and buntover incidents.

e Perform this test only in calm, no wind conditions at an altitude of at least 2000 ft.

NOTE: A cockpit adjustable trim makes this testing very simple to do. Simply
adjust the trimmed airspeed to the initial test airspeed in straight and level flight.
Without changing power setting, verify that when the aircraft is banked to an
approximate 30 degrees, aft stick PRESSURE is required to maintain the original
airspeed. The following provides a step-by-step procedure — even if cockpit
airspeed trim is not available.



Test at MPRS Power: Establish steady straight and level airspeed and power for
MPRS. This is the airspeed that requires minimum power to maintain altitude.
(For a typical single-seat gyro, this might be about 50-55 mph with about 65%
power setting.)

Note your “trimmed” airspeed.

Without changing the engine power setting, slowly bank the aircraft into an
approximate 30 degree bank.

With cyclic stick, maintain the original MPRS airspeed noted initially above. Do
not change power from the initial setting - allow the aircraft to enter into the
slightly descending spiral at that steady bank angle.

Verify that increased AFT stick force is required to maintain the original
"trimmed" airspeed while in the banked spiraling descent. This indicates a
statically G-Load stable condition where the Center of Gravity (CG) of the
aircraft is forward of the Rotor Thrust Vector (RTV) — the desired condition.

NOTE: If adjustable trim is available, it will be easier to detect the increased
stick PRESSURE and POSITION if the aircraft is trimmed for hands-off at each
initial condition.

CAUTION: If no stick force, or a forward stick force, is required to maintain the
original “trimmed” airspeed with the higher G-load in the bank, this indicates a
statically G-Load NEUTRAL or UNSTABLE condition where the gyro CG is on
or aft of the rotor lift. This would present a divergent G-load condition (upon a
disturbance to the normal 1g load) requiring very proficient pilot skill to prevent
possible initiation of PIO or bunt-over. A G-Load unstable condition is the root
of buntover incidents.

CAUTION: DO NOT proceed to testing at higher airspeeds if the initial criteria
above are not satisfied. This would be an indication that possible stability
concerns are present and the test should not be conducted at higher airspeeds
where those concerns might be worsened. Correct the problem before proceeding
or before flight in turbulence or at higher airspeeds.

Repeat test at FULL Power and Vh or VVne: Repeat the above steps with
FULL power, this time starting at Vh or Vne — whichever is lower. Note the
airspeed. Maintaining the initial Vh or Vne airspeed, and without changing
power, bank the aircraft into an approximate 30 degree bank, allowing the aircraft
to climb or descend at that power setting. Verify that increased aft cyclic stick
pressure is required to maintain the initial MPRS airspeed at that bank angle.

Repeat test at IDLE Power and MPRS: Repeat the above steps with engine at
IDLE power, starting again at MPRS airspeed. This idle power condition will
result in a considerable descent at MPRS airspeed. Maintaining the initial MPRS
airspeed, and without changing power, bank the aircraft into an approximate 30
degree bank, allowing the aircraft to descend in a spiral at that power setting.



Verify that increased aft cyclic stick pressure is required to maintain the initial
MPRS airspeed in the descending spiral.

e Repeat test at IDLE Power and 80% pf VVne: Repeat the above steps with
engine at IDLE power, starting this time at 80% of Vne airspeed. This idle power
at this higher airspeed condition will result in a considerable descent at the higher
airspeed. Maintaining the initial 80% Vne airspeed, and without changing power,
bank the aircraft into an approximate 30 degree bank, allowing the aircraft to
descend in a spiral at that power setting. Verify that increased aft cyclic stick
pressure is required to maintain the initial MPRS airspeed in the descending
spiral.

NOTE: If available, adjusting the airspeed trim to each test airspeed will make it
easier to determine if increased aft stick pressure is required in the banking turn
to maintain the initial airspeed.

e The above tests should also be conducted at different aircraft loading conditions
of normal, minimum and maximum gross weight, and CG extremes. For 2-place
gyroplanes especially, testing should verify stability under all loading conditions.
Any loading conditions that result in an unstable condition should be considered
outside the allowable loading conditions, and identified on the weight and balance
documents in the aircraft.

EXPLANATION of CONCEPTS:

This concept of longitudinal G-Load static stability is the “holy grail” of gyroplane
stability safety. A G-Load unstable gyro is very prone to buntovers and conducive to
Pilot Induced Oscillations (P10O). This G-Load stability concept involves the requirement
that the Center of Gravity (CG) of the gyro be forward of the lift of the rotor. This is the
issue that has been presented often by Chuck Beattie, myself, and many others as the all-
important requirement that the CG be forward of the Rotor Thrust Vector (RTV). This is
a stability safety imperative in order that the gyro, upon a G-Load disturbance (such as a
vertical wind gust or pilot abrupt pitch input), automatically pitch up or down in the
direction to reduce the G-Load disturbance on the aircraft — return the G-Load to its
normal 1g. This same concept is inherent in the safe and stable reaction of ALL aircraft
to a G-Load disturbance. Even for airplanes, it is imperative that the CG be forward of
the lift of the wing in order that the airplane pitch in the compensating direction, up or
down, in response to a G-Load disturbance. The inherent pitch action of the airframe, in
response to a G-Load disturbance, should always be in the direction to compensate the
disturbance and return the gyro to 1g load.

This is not the popular issue of propeller thrustline relative to the CG. However, the
propeller thrustline together with other aerodynamic pitching moments on the gyro, DO
determine the all-important positioning of the CG forward of the RTV. The propeller
thrustline under different power conditions, together with the other aerodynamic pitching



moments on the airframe as a result of changing airspeeds, determine the pitch attitude of
the airframe and the resultant fore/aft location of the CG relative to the lift of the rotor.
The aerodynamic moments affecting this include the nose down or nose up effect of the
horizontal stabilizer (HS), the drag of things high or low on the airframe, and the slope of
the windscreen, enclosure or other surfaces. Together with the nose up or nose down
moment of propeller thrust as a function of power, the balance of all these moments
determine the flight angle of pitch of the airframe. The flight angle of pitch of the
airframe determines whether the CG will be held nose-up and forward (G-Load more
stable), or nose-down and aft (G-Load less stable) of the lift of the rotor (RTV).

The further forward the CG is held by the flight condition relative to the rotor lift, the
more G-Load stable the gyroplane will be. If the flight conditions result in a sum of all
the static pitching moments that hold the nose a bit low, the CG will be further aft and, in
the extreme, actually aft of the lift of the rotor (RTV). The further aft the CG is relative
to the rotor lift, the less stable or even more unstable the G-Load stability of the gyro is.

Often, some may presume a particular gyro is G-Load unstable gyros simply because the
nose appears to be flying low relative to the line of flight. This is not true in all cases —
the designer might artificially re-align the gyro keel so it flies at any attitude relative to
the line of flight — even though the CG may even be aft of the RTV. In such cases, a
designer, not recognizing that the nose-low flight condition of their design indicates the
CG is dangerously aft, may simply adjust the keel angle so the unstable gyro still appears
to be flying nose level! In other cases, a nose-low flight attitude may just be a nose-
heavy condition with the CG still forward of the RTV!

Because you really cannot easily measure where the in-flight CG is positioned fore/aft
relative to the RTV, this G-Load test is the most reliable way to determine if the CG is
safely positioned forward of the RTV. Neither observation of the propeller thrustline or
keel flight angles, or even a hang test, will tell you just where the CG is positioned
relative to the RTV in flight. But, this simple G-Load flight test will tell you!

When the CG is positioned forward of the rotor lift (RTV), an increase of G-Load will
tend to pull the nose lower. The lower nose attitude results in a higher airspeed (and
reduced G-Load). In this simple G-Load test, an increased G-Load is provided by
centripetal force by entering a banked turn. If the CG is forward of the RTV, the
increased G-Load in the banking turn will pull the nose lower, trying to increase the
airspeed in the turn. The test pilot verifies this condition by determining if aft stick
pressure is required to maintain the original airspeed. The aircraft, in the turn is
attempting to go faster as verified by the aft stick pressure required of the pilot to keep it
from doing so. This verifies that an increased G-Load on the aircraft results in a nose
down pull by the forward CG. As illustrated in Figure 5, this verifies, that for that
airspeed and power and loading condition, the CG is safely forward of the RTV.



Figure 5
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If, under the increased G-Load of the turn, a forward stick pressure is required to
maintain the original, straight and level airspeed, the CG is aft of the RTV — pulling the
tail lower with higher G-Load and generating more G-Load! This would indicate the G-
Load unstable condition and the propensity for a buntover. With this aft CG condition, a
decreased G-Load would allow the tail to rise, further decreasing G-Load, possibly
initiating a self-sustaining rapid G-Load reducing, nose-down pitching - a buntover!

NOTE: Some rotor effects can also contribute to a nose-up or down reaction to a G-
Load disturbance. Some would argue that this means the CG does not always need to be
forward of the RTV. This might argue that a degree of G-Load stability is provided by
the rotor even if the CG is positioned exactly on the RTV. This may be technically
accurate. But the overwhelming pitch effect of an unstabilized airframe (CG causing the
airframe to pitch in an unstable direction as a result of a G-Load disturbance), suggests
that the fore/aft CG position relative to RTV is of utmost impact on the overall G-Load
stability of the aircraft. This G-Load stability test will indeed determine if the
combination of both effects is adequate to provide that the aircraft automatically
stabilizes a G-Load disturbance — which is the important issue here!



WHY G-LOAD STABILITY?

The short answer for gyros is “buntovers”! A G-Load stable aircraft will always tend to
restore the flight condition to 1g load after a G-Load disturbance — without need for pilot
action. Normal, smooth and undisturbed flight is a condition of 1g of load - the wing or
rotor is supporting the exact weight of the aircraft.

If an aircraft tends to worsen the effect of a G-Load disturbance by increasing or
decreasing the G-Load above or below 1g, the aircraft is dangerously unstable. This is
the root of buntovers in gyros — where a decreased G-Load (from a down gust or an
overly-aggressive pilot input) causes a rapid and further nose-down pitch and decrease of
G-Load, pitching the gyro rapidly forward. Such forward pitching builds on its rapidly
decreasing G-Load to result in a very rapid forward pitch — buntover. For a G-Load
unstable gyro, actual negative Gs are not even required for a “buntover” to initiate. All
that may be required to buntover a G-Load unstable gyro is a too rapidly decreasing G-
Load. Beyond a critical forward pitching rate — decreasing G-Load - the rate of self-
sustaining nose-down pitching in a buntover can exceed 180 degrees in less than | second
— depending on the gyro! Once the decreasing G-Load rate is more than the pilot can
react to and compensate, the forward pitching continues unabated until negative G-Load
on the rotor is actually achieved. But, it is often all over much before negative Gs are
attained on the rotor! Once the rapid cyclic rotor input from the rapidly nose-down
pitching airframe exceeds the teetering limits of the rotor head, “precession stall” occurs
— rotor starts violently hitting it’s stops and other parts of the gyro. In some cases, the too
late and overly panicked aft stick pull by the pilot will result in the rotor lowering into the
rising tail — long before much nose-down pitch angle is even attained!

Some gyro pilots may develop adequate flight handling skills to avoid bunting in a G-
Load unstable gyro. But, for such a G-Load unstable gyro, one that is constantly trying
to “diverge” G-Load above or below the normal 1g, the pilot must constantly be
“balancing” the yardstick in the palm of the hand! If the pilot is proficient enough to
prevent the G-Load from diverging very far (yardstick tilting very far), they can maintain
“balance” mostly at 1g. But, if a disturbance is extreme (the yardstick tilts too far), or the
G-Load instability is worse because of more power or higher airspeeds, the pilot may
exceed their capabilities to “balance” (the yardstick)! Some pilots have fortunately
survived the learning curve and developed significant skills to avoid buntovers and Pilot
Induced Oscillations (P10). But it is also likely that such pilots have developed such
“seat-of-the-pants” sensitivity to the unstable G-Load tendencies that they tend to avoid
the conditions that make them “uncomfortable”. Less experienced gyro pilots may not
have such “seat-of-the-pants” sensitivities and unknowingly venture into areas beyond
their proficiency. The G-Load test is intended to help the gyro pilot recognize when their
gyro might have a propensity to “diverge” in G-Load, and avoid the surprise “buntover”
or Power Pushover (PPO).

P10 or a buntover may be initiated in a G-Load unstable gyro even if the G-Load
disturbance is an updraft or suddenly increasing G-Load. Because of the rapidly pitch
“diverging” nature of a G-Load unstable gyro, a sudden nose-up pitch response to a



sudden INCREASED G-Load, can cause the pilot to over-react with a sudden nose-down
control input. Such over-reaction excited by a G-Load unstable gyro can initiate P10 or
even a secondary buntover as the pilot over-reacts with forward stick. But, also a sudden
provoked pilot reaction on the stick due to a rapid divergent pitch motion — even in the
nose-up direction — can initiate a rotor “Precession Stall”. This is where too rapid and
extreme of cyclic inputs, from both the airframe pitching and/or the pilot over-reaction,
can cause one or both rotor blades to stall beyond the teeter stop capacity. In short, it can
be dangerous when the overly reactive, divergent prone, G-Load unstable gyro excites an
over-reaction in the pilot. Novice pilots are obviously even more prone to this issue!

A G-Load stable gyroplane, one that inherently tends to self-maintain 1g loading on the
rotor without pilot input, will not have large pitch divergent reactions to wind gusts or
pilot inputs. The G-Load stable gyro does not require or even try to provoke reaction or
possible over-reaction from the pilot. Therefore, there is little likelihood that the pilot
might be excited into over-reaction at all!

The G-Load stable gyroplane tends to resist pilot strong control inputs by “fighting back”
on the stick — stick pressures as a result of G-Load deviation from 1g. This is exactly
what this Part 5, G-Load stability test verifies! When a G-Load stable gyroplane “fights
back” with stick “backpressure” upon aggressive pilot inputs, the pilot is warned and
discouraged from that aggressive control input. The G-Load stick “feedback” helps the
pilot more quickly recognize and temper the aggressiveness of his/her action. The
gyroplane is capable of just as rapid pilot commanded maneuvers, but the pilot will need
to more consciously overpower stick forces to provide those cyclic stick control inputs.

A G-Load stable gyroplane, one who’s G-Load tends to inherently, and without pilot
input, converge back to 1g after a disturbance, is very resistant to even pilot induced
buntovers. The root of a buntover is that the G-Load of an unstable gyro tends to
“diverge” into a worsening reduced G-Load that might end in a full buntover. The G-
Load stable gyro simply does not allow G-Loads to diverge to lesser and lesser G-Loads
required for a buntover or PPO. A strongly G-Load stable gyro will resist even an
intentionally strong pilot forward cyclic input so as to likely fully prevent even an
intentional buntover.

This ASTM standard section requires that the gyroplane inherently, without pilot input,
will tend to maintain the 1g load on the rotor and tend to return automatically to 1g if
disturbed from 1g. This is the traditional definition of G-Load static stability for aircraft.
This criterion is especially important for gyros because of the otherwise propensity for
buntovers, PPO or PIO.

WHAT DO THE RESULTS MEAN?
What if my gyro does not meet the G-Load Stability test above? If forward cyclic stick

pressure is required to maintain the initial straight and level airspeed in a banking turn,
that gyro is dangerously G-Load unstable. Such gyros are dangerously prone to



buntovers and PIO. You can often strongly suspect this condition in certain gyros simply
from reviewing their accident record! If your gyro has such flight characteristics, fix it
before attempting to learn to fly it. If you are flying it, do not venture into gusty winds or
airspeeds over 60 mph. Better yet, remedy the condition — it is not that difficult!

HOW CAN | FIX ANY PROBLEMS?

This may start sounding like a broken record but the short and easy answer is to
effectively employ an effective HS! This may not be the only way to achieve positive
longitudinal G-Load static stability, but it may be the easiest and most intuitive remedy to
G-Load instability in a gyro.

There are a number of things that can cause a gyro to fly at a nose-down pitch attitude
that improperly causes the CG to be aft of the RTV. Anything that causes the gyro to fly
unnaturally nose-low is destabilizing. A strong high propeller thrustline can cause the
nose to pitch down at higher power settings. Long, draggy landing gear or a large sloping
windscreen can cause the nose to fly lower as a result of airspeed.

If there were none of these pitching moments acting on the airframe, the gyro airframe
would fly at a pitch attitude dictated by its hang angle. If there were no extra pitching
moments, the CG would be exactly positioned in line with the RTV. This would be a G-
Load statically NEUTRAL stable condition! This is very rarely the case! There are
always other changing pitch influences on the airframe. The propeller thrustline is almost
never exactly aligned with the CG. The gyro aerodynamic drag line is almost never
exactly aligned with the CG. There are always things low on the airframe that pull the
nose low from airspeed. There are windscreens that push the nose low at airspeed. To
get all of these things to balance perfectly at all times, at all power settings and all
airspeeds at all loads and fuel levels is IMPOSSIBLE!

And, we don’t really want all these things to be in perfect balance. We want them to add
up to hold the nose a bit high — to hold the CG in the more stable forward position. The
CG forward of the RTV provides positive G-Load stability! How can we do this, under
all conditions? We can install a HS with an overall down-lift that will over-balance all
these other airframe moments. We can even install a powerful enough HS that it simply
establishes the airframe pitch attitude and insures the CG is always forward of the RTV —
the way the feathers of an arrow hold it in aligned flight attitude.

UNIVERSAL SOLUTION?

Now, we’ve suggested that an effective HS can resolve problems in all three static
stability issues — Power, Airspeed and G-Load static stability. But, for each of these
stability issues, the HS needs to do just a little bit different thing. For power stability, the
HS needs to use the propwash to balance any offset propeller thrustline moment as a
function of the power setting! For airspeed stability, it needs to provide a down-lift on
the tail as a result of the forward airspeed. For G-Load stability, the HS, reacting to both



Power (propwash) and airspeed in the first two stability criteria, needs to do both those
things together so as to assure the CG is always at least on, or preferable forward of the
RTV.

A HS can be employed in ways that all three static stability criteria are satisfied under all
conditions. There are lots of HS options for the designer to use to accomplish this. The
HS can be large in area, it can be more effective with a good airfoil shape, it can use tip
winglets to increase lift and efficiency, it can be placed further aft on the tail for more
effect, it can be placed more or less in the propwash, AND it can be mounted at an angle
to provide the right amount of down-lift as required. Sounds complicated, but not really
that difficult. With a reasonable propeller thrustline offset, if you are willing to use a
very effective HS (large, airfoil, mounted pretty far back), most problems are basically
solved. If you want to compromise on the size or effectiveness of the HS, you will
probably have to experiment with the mounting angle and position to balance all the other
airframe moments properly. Whatever you do, all three longitudinal static stability
criteria will need to be re-confirmed by testing to meet all three criteria — at the same
time, for all airspeeds, power settings, and loading configurations.

Another thing that certainly helps meet all three static stability criteria is to avoid a very
large CG/propeller thrustline offset. A very large propeller thrustline is just very difficult
to compensate. Therefore, we see lots of gyro designs that attempt to improve the
propeller thrustline. A HS may still be used to get the proper balance of all the static
airframe moments, but the task will be a lot easier if the prop offset is not so large. And,
an effective HS is an easy and assured way to assure DYNAMIC pitch stability — another
important stability criterion.

Having promoted the use of a HS, | need to point out that a HS may not be the only way
to “skin the cat”! A HS is a very well understood and easily employed stabilizing device
to remedy all or most of the stability issues any aircraft can have. But, the ASTM
gyroplane standard does not require a HS. The standard only requires that the flight test
criteria be satisfied. Any way a gyroplane designer can meet these proven safety criteria
is satisfactory. The standard allows that any inventive way to meet these criteria will be
satisfactory. For the non-designer types like you and me, perhaps we should just stick
with a good horizontal stabilizer!

THE PERFECTLY STABLE GYROPLANE:

The perfect gyroplane might be the one that satisfies all three longitudinal static stability
criteria for all airspeeds, at all power levels, and under any loading condition. That might
be fairly difficult to do. In reality, there will always be some limits in airspeed/power
combinations and loading, outside of which the stability criteria are not satisfied. These
flight conditions may establish Vne or loading limits, etc. This is how the weight and
balance and operating limits on most aircraft are established. This is why professional
test pilots perform similar tests on all certified aircraft.



For our gyros, it is imperative to our safety that we know what the limits of safe operation
are — so we will avoid unsafe operation beyond those limits. If we do a good job in the
design of the gyroplane, it will have a broad range of safe operation. But, whether the
safe operational envelope is large or limited, we need to know what it is. We tend to
blame gyroplane accidents on unstable gyros or bad designs! But, the real problem is that
the pilots flying those gyros don’t know or respect the safe operation limits for that gyro.

I suggest that all gyros may be extremely safe — if their safe operating limits are known
and ALWAYS respected by the pilot.

The intent of this series of articles is not to prevent you from flying your favorite gyro.
The intent is not to require every gyro to be perfect! The intent of this series of articles is
to help every gyro pilot determine and understand and respect the limits of the particular
gyro we are flying. Your decision on what gyro to fly, and how and when to fly it,
requires a good knowledge background of the issues and limits involved. Just knowing
there are possible issues with a particular gyro — because you understand the issues
involved — will help you make better and safer flying decisions. We now have a real tool
to test and identify the risks and issues with the gyro we fly. | encourage you to not only
evaluate your own gyro, but to make the effort to understand the technical issues
involved in these test criteria.

Fly safe, Greg



