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mechanical free play could be a significant part of the stall-
flutter motion, depending on the magnitude of the free play.
Direct correlation between stall flutter response and the
magnitude of the free play is difficult and can best be deter-
mined by a flight test comparison of free play versus no free
play.

UNANALYZED DATA

The detailed flight-test program included flight condi-
tions other than level flight--climb at best climb speed to
altitude, obtaining data at specified altitude levels, as well
as 30-degree and 40-degree banked turns at moderate and rela-
tively high speeds. This data has not been analyzed because
of the time necessary to analyze the level-flight data. This
data would not change the conclusions of this report but would
add to the existing large bank of data.

5. Conclusions

® A damper installed in the stationary portion of the
CH-47C helicopter's aft-rotor control system can be
effective in reducing stall-flutter loads in the
control system.

® A damper in the fixed control system of the CH-47C
helicopter has no adverse effects on blade track or
stability of the control system within the range of
damper rates evaluated in this program. There are
no indications that increased damping would produce
such effects.

Increased damper rates reduce control loads. The
maximum load reductions achieved in this program using
a 1,050 lb-sec/in. damper were . . .

--Pitch link by 16 percent

--Longitudinal cyclic control (fixed 1link) by
23 percent

--Lateral cyclic pitch and collective controls
(pivoting actuator) by 28.5 percent.
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The dampers would have been more effective if the
control-system deflections at the dampers had been
larger. Softening of the control spring in the longi-
tudinal branch would produce the desired effect. Care
would have to be exercised so that undesirable stabil-
ity characteristics are not introduced.

The azimuthal location of the dampers was good.

No bottom of a load-damping rate bucket was found.
However, the lowest loads were. for all practical
purposes, approached within the range of configura-
tions tested.

All basic motion modes of the rotating and nonrotating
rotor-control system are involved in the stall-flutter
mechanism,

The frequency of the stall-flutter dynamic responses
of the rotor is a noninteger multiple of rotational
speed, and the flutter loads pass through the swash-
plate without significant filtering.

The blade~control system torsional-response frequency
(stall-flutter frequency) varies with azimuth angle,
increasing as the blade moves away from the longitu-
dinal branch of the swashplate support.

The depth of stall (proportion of blade that has
stalled) has a decided effect on the ampltude of the
stall~flutter loads. Depth of stall is not clearly
revealed in the measured component load waveforms,
but it is felt that it is reliably indicated by the
azimuthal location of the first peak after stall
inception.

The effect of control system mechanical free play, or
lash, on the inception and deqree of severity of stall
flutter can be important, but cannot be assessed from
the data obtained in this program.

Spectral analyses are required to trace the stall-
flutter loading and its effects throughout the control
system and that harmonic analyses are inapplicable.

Flight tests were not limited by stall-flutter loads,
but by engine turbine-inlet temperature.
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6. Recommendations

TR

® A test program should be initiated in which the effects
of control-system stiffness on stall-flutter responses
loads could be evaluated. Previous analytical work in-
dicates that this softening of the swashplate support
will reduce the tendency to flutter. It has also been
shown in this program that a reduction of stiffness
will increase the effectiveness of a fixed-system
damper. Thus the envisaged test program should be con-
ducted on a CH-47C and should include the installation
and flight evaiuation of a variable-stiffness fixed
link, in conjunction with several fixed-~system-damper
rates.
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The effects of control-system mechanical free play on
stall-flutter response should be quantified. Free play
in the control system effectively changes the impedance
of that system since masses are moving through larger
displacements than would result from elastic deformation
of control components. Aside from the impedance effects,
the frece play also produces nonlinear spring effects.
Even though a direct correlation between stall-flutter
response and the magnitude of free play is difficult, a
simple flight test of free play-no free play should be
conducted on a CH-47 control system to determine if
there is any measurable difference in control loads

when the rotor is in the stall-fiutter mode.

A study program should be conducted which will opti-
mize CH~47C control-system stiffness and damper com-
binations. Such a program should have as its goal the
minimizing of stall-flutter effects on control loads.

Based on the results of the previous recommended study
program, the best-compromise control system should be
defined for the CH-47C helicopter, taking into consid-
eration the effects of changes on aircraft flying
qualities. The program should cover design of hardware,
strength substantiation of all rotor-control hardware
as affected by redesign, and analyses to show effects
of control changes on aircraft performance limits and
flying qualities.

A program should be initiated to continue the study of
the data obtained in this program, with the m-in ob-
jective being the definition of rotor-thrust based on
the measured dynamic response loads of the control
system. This would permit the significance of each
rotor cycle of data to be quantified. Ultimately this
would mean a reduction in aircraft flight time to ob-
tain required data, since every rotor cycle could then
be considered a data point.




