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INSTRm.1ENTATION

All measurements with the exception of fuel quantity and
outside air temperature were recorded by an onboard magnetic­
tape data-acquisition system. No telemetry was used during
this program. The parameters measured and the instrumentation
code numbers are presented in Table 3; Figure 6 shows the loca­
tion of the instrumentation. The cockpit instrument panel is
shown in Figure 7, which also shows the cruise-guide indicator
installed for the test program.

TABLE 3. AIRCRAFT INSTRUMENTATION

Instr Instr
Code No. Parameter Measured Units Code no. Parameter Measured Units

6240 Airspeed kn 2129 Aft swashp1ate to struc pos in.
6131 Altitude ft 5490* Flutter-damper load 1b
1350 Acce1eromet-er, c. g. , vertical 9 2130* Flutter-damper pos in.
5460 Aft pivoting-actuator load 1b 5491* Extension-tube bending,
2123 Aft pivoting-actuator pos in. O-deg 1b-in.
5461 Aft swiveling-actuator load 1b 5493* Extension-tube bending,
2121 Aft swiveling-actuator pos in. 90-deg 1b-in.
5487 Aft cyclic-trim actuator 3674 Cruise-guide indicator

load 1b output v
2128 Cyc1ic-trim-actuator to 3604 Aft rotor l/rev -

struc pos in. 148~ Vertical acce1, aft xmsn g
5481 Aft fixed-link load Ib 1484 Lateral acce1, aft xmsn 9
2127 fixed-link to struc pos in. 1485 Longitudinal acce1, aft xmsn 9
5451 Aft yellow pitch-link load 1b

*Instrumentation attached to damper. Damger and its extension tube assembly were not in
aircraft for baseline flight.

Figure 6. Layout of Data-Acquisition System.
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DESCRIPTION OF CRUISE GUIDE SYSTEM

The cruise-guide indicator gives the pilot a visual indi­
cation of occurrence of fatigue damage on the upper-control
components of the helicopter. The system measures the alter­
nating loads in two rotor-control components, the aft fixed
link and the aft pivoting actuator. The loads are eonverted
into percentages of a monitor load level chosen for each of
the two components. The higher of these b,0 percentages is
displayed to the pilot and copilot continuously. The monitor
load levels are determined so that with d lOa-percent load
level indicated on the cockpit display unit, the alternating
load in any fatigue critical component protected by the systen
does not exceed its endurance limit during level flight with
programmed trim.

The system consists of two strain-gage bridges, a cockpit
indicator, and the necessary interconnecting wiring. Cockpit
readout is accomplished by means of a pointer and dial indi­
cator. The face of the dial is divided into three areas,
green, yellow, and yellow with red stripes. The green zone
extends from 9 percent to 100 percent of the monitor load
level, the yellow from 100 percent to 150 percent, and the
striped zone from 150 percent to 200 percent. The intent is
that all level flight should be conducted with the pointer in
the green zone. If it moves into the yellow zone, airspeed
should be reduced until the pointer returns to the green zone.
It is expected that normal maneuvers may cause the pointer to
move into the yellow zone, but if the striped area is reached,
airspeed or maneuver severity should be reduced such that the
pointer does not exceed the yellow zone.

Installation of the cruise-guide system on the test air­
craft was required so that the pilot would have a visual dis­
play of cr:i.tical rotor-component alternating loads in order
that fatigue limits would not be exceeded during the test.

DATA ACQUISITION

Five flights were made following the typical mission pro­
file of Figure 4, with each flight concerned with the evalua­
tion of one of five fixed-system damper configurations. Data
was acquired during hover at Mojave Airport, during transition
to climb, during the climb at the indicated altitudes, during
the speed sweeps at each test altitude, and during the turns
conducted at near ground level. Bven though most flights were
cond~cted in the early morning hours, temperature inversions
and gusts were encountered which made data analysis so~ewhat
difficult. Data bursts were of 15 to 20 seconds durat~on.
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STALL-FLUTTER-DAl1PER FLIGH'i' TES'i'S

The order of the tests was selected to mininize the
fatigue loading on the fuse joint and thereby maintain a high
probability that the program would be conpleted without inci­
dent. Therefore, the program started with the baseline con­
figuration (no damper) and proceeded through the first five
flights, changing to the next-higher-stiffness danper after
each flight. Damper loads were well below the design damper
load, so increased confidence was gained as the program con­
tinued. t~hen the first five flights were conpleted, a review
of the data indicated that the stiffest damper, with a rate of
1,050 lb-sec/in. produced the best results.

Flights 6 and 7 were flown to obtain statistical data on
the effectivity of the best damper configuration in a series of
30-degree and 40-degree banked turns. Four turns \,yere made for
each set of flight conditions, which included variations in
flight speed, altitude, and bank angle for both the baseline
configuration and the 1,050 lb-sec/in. damper configuration.

The dampers were easily renoved and replaced; the change
time was about one-half to three-quarters of an hour.

In general, the cruise guide indication remained in the
green zone (up to 100 percent of endurance limit of critical
rotor compo~ent), throughout the flight program with the excep­
tion of the encounter with rotor lift stall experienced during
flights 1 and 2. Higher CT/a values could have been achieved
had the turbine inlet temperature l~its been exceeded.

SPECIAL NOTE ON TEST-FLIGHT 5

During the post flight inspection of the damper installa­
tion, it was found that a shoulder bushing in the upper damper
attachment had failed, with the shoulder portion separated
from the sleeve. A stress analysis of the installation re­
vealed that the preloading of the bolt at the installation put
bending stresses at the inboard end of the shoulder sufficient
to cause yielding. The preload call-out was reduced to about
half of the previous value. The bushing was replaced and the
progran continued without incident.

Since the damper's axial motion had not been hindered or I
ll~peded by the bushing failure, it was decided that flight 5 !
need not be repeated. I
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4. Data Analysis

All flight data, with the exception of fuel quantity,
pressure altitude, and outside air temperature, were recorded
by the onboard data-acquisition system. The exceptions were
visually monitored on the pilot's instrument panel and recorded
on the pilot's run card. Each run, or data point, is identi­
fied in Table 2.

The magnetic-tape data was displayed on oscillograph
paper after each flight to assess the quality of the data and
to compare the results with tile previous flight's data, on a
run-for-run basis. That is to say, comparisons of configura­
tion loads were made for the same CT/a and~. Playback paper
speed was I in./sec, therefore the waveforms were not discern­
ible. However, stall-flutter spiking was clearly definable.
In essence, the stripouts at the Edwards AFB facility were
basically for troubleshooting and to give on-the-spot indica­
tions of progress. noise in the data in tile f01....-: of a 0.63n
as well as low-amplitude hash made full use of the stripout
data impractical.

The stripout process was repeated at Vertol, but on a
selected-parameter basis and at a much slower paper speed for
study of waveforms. The selected parameters included all mea­
sured actuator and link loads and deflections. All the load
parameters and the In were stripped out at a paner speed of
8 in./sec for all level-flight conditions only. Because all
flights in the Edwards area included some turbulence, it was
decided that harmonic analyses a~ well as the general para­
metric studies involving load amplitude, advance ratio, and
rotor thrust would have to utilize selected data. Such jata
would be for unaccelerated level flight. A specific rotor
cycle from each run was selected for analysis by using the
cruise-guide trace and the cg accelerometer trace as guides
for meeting the criterion stated above. The hanaonic analyses
not only included the reference rotor cycle, but the three
preceding and three succeeding rotor cycles. Harmonic analy­
ses were performed on both load and deflection data, converting
the magnetic-tape data into a digitized form and then perform­
ing a Fourier analysis on the digitized data. The computer
output included not only the harmonic coefficients but also
phase angles up to 12n.

RESULTS OF HARUONIC AUALYSES

The harmonic-load analyses indicate that a significant
change in the harmonic makeup of the loads occurred going from
the unstalled to the stalled condition. Figure 8 shows the
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Swashplate
PItch Axis

PIVOhllg
Actuator

Swashplate
Roll Axis

~ Forward

"Pitch.link position 53.5
dcg in advance of blade
po';hon

"*Trim-actultor load.
are equal in magnItude
but oppoSIte in s'll"
to those of the fixed link.

'" =0 Deg
53.5 Deg"
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Figure 10.

ROTA':L'll1G-SYSTEt1 LOADS lUTO FIXED-SYSTEU LOADS

The relationship of the 5.7n pitch-link-load peaks, which
are indicative of the stall-induced rotor loads, to the azi­
muthal locations of the swashplate support structures can be
seen in Figure 10 for the baseline damper configuration.

The use of harmonic analyses to understand th. free­
vibration portion of the stall-flutter response can be mislead­
ing, especially since the response is at the first-torsional­
mode frequency of the blade-control systeo, and is a noninteger.
The fact that this noninteger response is transient and the
other blades of the rotor are just acting under forced-aerody­
namic loadings ensures the passage of this loading directly to
the fixed control system without significant filtering. The
use of a spectral analyzer is required to identify the non­
integer harmonic loads which are generated in the flutter mode.
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The first pitch link load peak after stall inception
occurs just before the arrival of the pitch link over the roll
axis of the swashplate, thus producing a corresponding peak
load in the fixed link and longitudinal-trim actuator. From
stall inception to the first peak, the aerodynar.lic center
moved from approximately 1/4 chord (just before stall) to the
extreme aft position during the stall process. The azimuthal
motion of tile blade between the first and second load peaks is
about 63 degrees, which is e0uivalent to a 5.7Q system natural
frequency. It should be kept i.n mind that as the blade con­
tinues to rotate, the control-system support stiffness is
varying. Thus, the system frequency can be expected to vary
with azimuthal position, increasing as the blade moves away
from th~ longitudinal branch of the swashplate support.

The incorporation of the fixed-system damper into the
longitudinal branch of the control system appears to have been
a good choice of location, based on the load tine histories in
Figure 10. Since tile blade first stal)s at an azimuth of about
260 degrees and unstalls at about 295 degrees, the pitch link
has moved from 313.5 degrees to 348.5 degrees, still quite
close to the roll axis of the ~lashplate (pitch link leads
blade by 53.5°). Thus the damper does have good access to the
initial motions in the stall-flutter mode.

IIICREASED Dl\HPIHG M':::'E REDUCES COU'i'ROL LOADS

The effect of damper rate on the stall-induced dynanic
loads in both the rotating- and fixed-control system compo­
nents can bf seen in Figure 11, which shows the load wavefoTIas
measured in ~e respective components for a rotor thrust of
approximately CT/a = 0.107 and operating at an advance ratio
of 0.25. It is quite clear that as ~~e damping rate increases,
the load amplitudes decrease. The data of Figure 11 are di­
rectly related to ~~e data points of Figures 12, 13, and 14.

It is also clear from Figure 11 tilat the noninteger fre­
quency loading (specifically that at 5.7Q) fron the pitch link
is not filtered by the swashplate, and is transnitted directly
to ~~e components of the lower, fiA~d control systen.

DAMPER-RATE EFFECTS ON PITCH-~INK LOADS

The sumnary plot of Figure 12 shows the effect of damper
rate on the alternating (peak to peak) pitch-link loads at
a rotor advance ratio of l.I = 0.25 for several rotor thrust
conditions. It is clear that for flight at a rotor tilrust of
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6. Recommendations

• A test program should be initiated in which the effects
of control-system stiffness on stall-flutter responses
loads could be evaluated. Previous aualytical 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 eva~uation of a variable-stiffness fixed
link, in conjunction with several fixed-system-damper
rates.

• 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 free 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-flutter 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 rn-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.
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