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ABSTRACT

A sories of flight tests was conducted at three selected altitudes
(sea level, 3000 feot, 6300 feet) to ‘eatermine the effects of altitude
and weight on the haight-velocity (H-V) d{agram of a large, heavyweight,
high rotor inertia, high disk loading, single rotor, single engine
helicopter. Three gross weights of the helicopter were used., Quantita-
tive and qualitative test data were collected to deatermine how the ¥ V
diagram varies with density altitude and afrcraft grose weight. An
investigation vas made into the e¢ffects on the diagram of a delayed
collective pitch application response,

Resulcs dinclosed a family of curves showing that increases in
density altitude and/or gross weight enlarged the H-V diagram required
for a safe power-off landing. Analysis of the results revealed that
the key points (V.r, hgin, 8nd hgay), which partially define the curves,
could be determined by the solution of a set of linear equations. These
resultes were identical to those reported in FAA Technical Reports ADS-1
and ADS-46 except for the constants of the linear equations and the
location of the critical height (hep). The critical height indicated a
slight increase as weight, altitude and collective pitch reduction time
delay were increased, An average value for hey can be selected without
upsetting the family of curves,
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INTRODUCTION

Purpose

The purpuse of this project was to determine by flight tests the
effects of altitude and weight on the height-velocity (R-V) diagrams of
a large single-rotor hejicopter which has an inherently high rotor
{nertia and high disk lcading.

Background

This flight test project is the culmination of a program initiated
by the Aircraft Development Service, Federal Aviation Agency, to acquire
sufficient actual flight test data on certsin basic helicopter flight
parameters associated with the determination of the H-V diagram. The
ultimete objective of this program is to obtain a practical technical
approach for the determination of the effects of altitude and afrcraft
gross weight on the helicopter H-V diagram,

The H-V diagram is & chart which defines an eanvelope of flight with
respect to airspeed and height above the ground where, in the event of
pover failure, & safe power-off landing could not be saccomplished. A
typical H-V diggras as referred to in this report is shown in Fig. 1,

It is a diagram established irom data based on the criteria of steady-
state, level-flight entry conditions.

Previous flight test projects of this program are reported in
References 1 and 2, The flight test data obtsined on these projects
disclosed that the H-V disgrams of the lightweight helicopters tested
resclved into a2 family of curves es s function of weight and altitude.
To further confirm this relatiorchip it was felt sdvisable to examine
the autorotative characteristice of a heavyweight usingle-rotor
helicopter for further correlation,

The helfcopter utilized for the tests reported herein generally
represents the high extreme in the spectrum of current generatiom
single-engine helicopters with respect to considerations of gross
veight, disk loading and rotor inertia,

DISCUSSION
Test Aircraft

The test vehicle was a large, heavyweight, single-rotor, single
engine helicopter as shown in Fig. 2. This aircraft was selected for
this H-V test project because of its relatively high rotor inertia and
high disk loading. Pertinent specifications of this aircraft are
presented in Appendix 2,
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Jeas Instxumsntation

Airborne end ground instrumentation was utilised to record
helicopter performance and meteorological data, Dectails of the
quantitative information measured and the equipment uttlined are
presented {n Appendix 2,

Jaas_operations snd Proceduxen
1. Elisht Test Sices

The flight test prnject was conducted at test sites in the
Scate of Californis during the period September 1963 through
Fedruary 1966, The test sites, selectud for their slevation and teot
environments, were as followe:

Thermal Airport Elevation <117 fr, MSL
Behop Afrport Elevation 4118 ft, MSL
Lake Tahoe Airport Elevation 6263 (t., MSL

A schematic view of the test site layout showing the relative
location of the test course, space positioning equipment, meteorological
equipment and the test control center is showm in Fig. 1.

2. Test Nethodoloay

A professional engineering test pilot well skilled in the
wechanics of determining H-V diagrams was employed for the piloting
tasks. The results of his airwork are therefore representative of
flight skiils beyond the realm of sverage pilot capabilities and
consequently produced minimum sise H-V diagrams.

A total of 1044 test runs vere conducted to determine H-V
diagrams at the selected test altitudes for gross weight conditions of
9100 pounds, 10,100 pounds, and 11,100 pounds.

The following is & general description of the manner in which
the tests were conducted:

a., Gaenerasl

The pilot would fly over the test course at a specific
steady airspeed at a predetermined entry height above the ground. When
stabilized, he would execute a simulated power failure by sudden
retardation of the throttle in order to fully disengage the rotor
clutch. From this point he would land the aircraft with the power off,
This procedure was repeated with the pilot adjusting his height or
sirspeed until he reached a point below which he felt a safe landing
could not be made because all usable energy had been expended. This
point was then plotted as a point on the H-V diagram.
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The validity of his judgment was checked by means of
limited on-site data reduction to determine if the point thus declared
was usable as 2 valid data point.

The above procedure was repeated until a sufficiency of
points was obtained from which an H-V diagram could be generated,.

b. Picch Control A ca n

The usual procedure when power ftails in flight with a
single engine helicopter is for the pflot tn retain the highest
possible rotor speed to effect a landing. This is accomplished by
immediate full reduction of the rotor blade pitch angle by mearns of
the collective pitch stick control when the height above the ground
is adequate. When the height above the ground and the consequent
time differential between power failure and touchdown is limited, it
is not always possible to effect full collective pitch reductions. 1In
such cases, the pilot makes partial collective pitch reductions or
simply utilizes what collective pitch he has remaining as the situation
dictates,

The fact that the test vehicle had inherently high rotor
inertia suggested a comparative investigation into the effects of a
no-delay and one-second delayed response in reducing collective pitch
following throttle cut in order to correlate these results with those
findings reported in Reference 2, Since the cne-second delay data
reported in Reference 2 indicated that a2 displacement or step at the
"knee" of the curve carried on up to the high hover height, it was
felt necessary to determine whether a high rotor imertia
rotor would exhibit the same characteristics as compared to a low rotor
inertia system, Tests using & one-second delay response with
collective pitch application vere therefore programmed into the test

plan.

3. Test Criteria

a. Rotor Speed

In order to eliminate as many variables as possible, the
rotor speed in steady state autorotation was kept constant at a given
wveight by adjusting the low pitch blade angle at each altitude tested.
This involved raising the low pitch setting slightly at each increase in
test altitude by changing the length of the pitch link, Total collective
pitch travel, therefore, was always available for control purposes.

b. Pilot Procedures

There were no restrictions placed on horizontal touchdown
velocity; that is, the pilot was not instructed to obtsin minimum
touchdown speed, nor was he limited as to his maximum touchdown speed.




The specific piloting techniques for handling the helicopter were left
to the discretion of the pilot, The only limitations in technique
imposed upon the pilot were that of the nc-delay and one-second delay
in collective pitch reduction after throttle cut.

The decision as to wvhether a landing was a maximum
per formance effort was made by the pilot, His evaluation was based on
wvhether he believed he had any usable reserve energy remaining in the
form of rotor apeed or airspeed, and the nature and magnitude of the
impact (Pilot estimated landing load factors). The pilot's qualitative
comments on techniques utilized and the related criteria for his
decisions were used in evaluating the flight test data. A discussion
of these techniques can be found under "Pilot's Comments" in Appendix 2,

¢, Weight and Center of Gravity Control

Weight was kept within approximately + 1/2 percent by adding
ballast after every few runs and refueling as required.

The Center of Gravity (c.g.) of the helicopter was generslly
constant for all tests at a location one inch (+ 1/2 inch) forward of
the vertical station through the rotor hub.

d.- Wind Allowables

Limitations were placed orn allowable wind velocities for
these tests. The wind velocities were measured at a 12 foot instrumenta-
tion height. Hovering and very slow speed tests were not conducted in
wind velocities in excess of 2 mph, and all other tests were discontinued
vhen the wind exceeded 5 mph at this height. A helium filled balloon
moored so its height could be varied was utilized as a visual indicator
of wind aloft for the benefit of the pilot.

e. Altitude Control

Density sltitude for the tests, with but 2 few exceptioams,
vas meintained withim approximately 600 feet of the average density
altitude for each coneideration of weight and collective application
technique. The exceptions were evaluated and weighed in the final deter-
wination of the K-V curves. It was considcred that small variations
in density altitude would have little effect on the test data results.

f. Entry Speeds_and Conditions

All speeds used in the program and in this report are
given in terms of calibrated airspeed (CAS). The entry airspeed used
for each point on the H-V diagram was obtained from the photographic
record as ground gpeed, corrected for observed wind at the 12 foot
level and converted to calibrated airspeed.




ANALYSIS AND RESULTS

Discussion of Teats

A brief discussion of several aspacts of the test program at this
point would perhaps contribute to a better understanding of the test
results. The test vehicle, which was large and heavy, was not generally
sensitive to the effects of light, steady winds, particularly in the very
low speed regimes, Problems due to wind did exist however, because of
inability to accurately determine the winds aloft which could vary
considerably from that measured at the 12 foot height and because in very
light wind conditions, winds sloft were frequently variable.

A car pace was used exclusively by the pilot in the low airspeed
range as a means of speed control for both the upper and lower boundary
of the H-V curve. While this system was reasonably effective for the
lower boundary, it was considerably less effective along the upper
boundary because of the large separation between helicopter and car. It
wae wuch more difficult for the pilot to sense relative motion between
the two vehicles, Along the lower boundary where the winds were more
consistently known, this technique was quite useful., Along the upper
boundary, however, indeterminate winds presented problems in approaching
a data point (see Pilot's Comments).

Cbtaining high tiover and near high hover data was again one of the
most difficult parts of the test program. Unstable air conditionms,
- indeterminate ajirspeeds and unknown winds aloft, all contributed to the
difficulty. 1In general, weather conditions prevailing at the test site
during the conduct of the project were not as stable as was desired for
this type of testing.

The use of the radar altimeter in providing correct information to
the pilot for height above the ground was of major importance to the
success ful completion of the project. The pilot was able to repeat his
runs at a constant known height within one or twe fzet., This wade it
possible for him to be able to tolerate the lack of precise airspeed
information with some degree of confidence.

The wheel landirg gear configuration of the test helicopter exposed
it to far greater potential damage as a result of a landing gear failure
than did the skid gear types of References 1 and 2, As a consequence,
the pilot exercised extremc caution during the project as evidenced by
the number of runs required to produce data points - a2 ratio of
approximately 8 to 1 - during which time he was constantly evaluating
and {mproving his technique.




Height-Velocicy Diagrame

Reight-velocity diagrams were first constructed from the experi-
mentally obtained data points, Various cross plots of velocity, altitude,
weight, and height-above-the-ground were then constructed and studied to
determine wvhat kind of relationships, 1if any, existed between the many
H-V diagrams. Information from these cross plots was then used to adjust
the original fairings of the height-velocity curves so that the reworked
curves thus obtained provided the best fit with the data points and the
cross plotted points. These adjusted curves with the experimental dats
points are shown in Figs, 4, 5, and 6. The variation with saltitude
and gross weight for both no~delay and one-second delay comditions is
shown in Pig. 7. The varfation with altitude for each of the three gross
weights tested is shown in Fig. 8. The variation with groes weight for
the density altitudes rested is shown in Fig. 9. Since the helicopter
tested had limited performance capability at the higher gross weiguts
at the higher altitudes, it was not possible to obtain daca over s (ull
range of altitudes at the higher disk loadings. The results herein
presented, however, exhibit linear relationships which sre quite similar
to those obtained from the testing reported in Referemces 1 and 2, and
there were no indications that this limear relationship would not hold
true for the higher disk loadings at the altitudes tested,

Since the density altitude spread for all the runs &t amy given test
site was larger than desired, an average density altitude for each
condition of weight and collective pitch application was derived and
utilized to facilitate data snalysis. Test roints could not be qualified
with respect to their relative position about an H-V curve in accordance
wvith their test density altitude alone; i.e., outside the curve for higher
altitude and inside the curve for lower altitude because other veriables
vhich had much greater effect on the data overshadowed the altitude
variation effects,

All of the data points were analyzed on an individual basis as well
as from an overall basis to establish their relative position with respect
to the H-V diagrams that were developed. The data was generslly good
for this type of testing and it fit the H-V diagrams very well, In the
general analysis there were two basic areas which disclosed data points
that fell outside of the developed H-V diagram. These two aress were at
Bishop at the 9100 pounds test weight (see Fig. 4 - center curve), and
at Lake Tahoe (see Fig. 4 - right hand curve) at the 9100 pounds test
weight, Most of these data points occurred along the upper boundary of
the curve and were the most difficult to obtain beceause of conditions
which sre described in the "Discussion of Tests"”. The Bishop runs were
the initisl tests performed in the program sud while some points were
qualified on an individual basis, it is believed that basic skills had
not yet been achieved, The runs st Tshoe arc explained cn the basis of
the pilot's recorded run-by-run comments. Most of the points along the
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upper boundary were mot spacifically designated as "solid" points by the
pilot, but rather they were designated for investigation with the
poseibility of better qualifying the point at s later date., Weather
conditions and time preveatad further testing in this asrea at Tahoew,
Pointe alomg the lower boundary from the "knec" dowm, on the other hand,
vere designated by the pilot as "solid" points.

All rume which were noted as data points or near-data points by the
pilot have been included on Pigs, 4, 3, and 6, Examination of the data,
however, reveals that in certain areas the pilot was able to reduce the
entry spead or change the height appropriately when confirming a
particular potint. In gemeral, the landing load factors for points lying
outside the curve were low and increased 80 the entry speed was reduced,
In a fow instances, hovever, it was noted that lower load factors were
obtained when the entry speed wae reduced. This was probably due to
exceptional pilot technique in executing the maneuver which undoubtedly
is the most fmportant simgle factor in obtaining s maximum performance
date poimnt. Por the wmost part, individual points vere qualified,
concerning their position relative to the faired height-velocity diagrams,
on the basis of pilot's comments, landing load factors, density altitude,
and the time history analysis,

Table I (s & susmary chart of the pertinent facts taken from the
time histories relative to all of the high hover and near high hover data
points, In most cases of high hover or near high hover, atabilizing of
the autorotative descent was instituted within 50 feet of descent
following throttle chop. That is to say, aft longitudinal stick was
applied 20 that the sircraft started to arrest its nose-down attitude,
and in a very gradual manner this was continued to the maximum nose-up
attictude (peak of the flare) which occurred at random times prior to
touchdown ranging from a quarter of a second to {ive seconds., In genersl,
where the elapsed time from maximum nose-up attitude to touchdown was
short, the landing load factor was on the high side, When the time from
maximum nose-up to touchdown was rather prolonged, the landing load
factors were relatively low., Correspondingly, the widest variation in
landing load factor occurred in the runs from high hover or near high
hover. The touchdown speeds (Vrp) appear to increase as the weight and
altitude increase whether the entry is from high hover or in the "knee"
ares. The vertical descent velocity following simulated power failure
from high hover or near high hover did not show any consistent trends,
the highest rates of descent occuring at the 9100 pound gross weight
at Bishop. The rates of descent vwere generally lower, however, for
those runs in the vicinity of Vep, her, which are listed in Table II.
Here again, however, there are no trends with respect to the entry speed,
the rates of descent varying as the entry speed increases. With few
excaptions, whether entry was from high hover or in the "knee" area, the
{ncremental vartical accelerations following simulated power failure
varied betveen .7 and 1.0 g's,
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There were two factors which entered into testing which may have
been limiting or controlling factors with respect to determining a data
point. These factors were blade stall and pitching control, The pilot
frequently reported some '"shakes" during the flare portiom of the
landing maneuver. The "shakes" were apperently associated with blade
stall. The prevalence of this condition limited his recovery technique
at touchdown, thereby controlling his entry speed and height for a
given weight and altitude. The other factor #ms related to the test
heiicopter's relatively slow response in pitch., It was difficult for
the pilot to pitch the helicopter nose-down , pick up airspeed and
flare in the time available from entry to touchdown for rums in the
close proximity of the "knee", This factor undoubtedly played an
fimportant part in the deteraination of a data point. Both of these
factors are discussed in greater detail under "Summary of Pilot's
Comments."

Figs. 10 through 12 show a comparison of time history data for
high hover, low hover, and the critical speed area for sea level versus
high altitude. The figures show that the control inputs and aircraft
attitudes are quite similar over the range of altitudes and weights
tested. This comparison of the high hover and Vgor < her, time history
data includes all the weights tested to show the effects of weight as
vell as altitude.

Discussion of One-Secoud Delay

As a result of the tests of Reference 2, it was learned that a
fairly large increase in the size of the height-velocity disgram existed
above the knee when a one-second delay was used after throttle cut
before collective pitch reduction., It was not known whether this same
situation would exist with the high inertia rotor of the S-58 or whether
the inertia would cause this displacement to disappear as was indicated
by the tests of Reference 1. It was decided, therefore, that the
project would be conducted on a no-delay basis with additional testing
of one-second delay maneuvers to ascertain what the effect would be.

The data obtained utilizing a one-second delay in collective pitch
reduction following throttle cut did show a similar displacement as
that obtained in Reference 2, Furthermore, the characteristic shape of
the one-second delay curve is consistent with the rest of the data
defining a family of curves. It would appear, therefore, that there is
a specific increase in the size of the H-V diagram above the "inee" as
a result of the one-second delay. The tests of Reference 1 were not
programmed to seek this out. It should be noted, however, that the one-
second delay was only applied above the "knee" in accordance with
conventional procedures, The effect of a one-second delay below the
"knee" is not known.
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4 cte Wel and Alticude

As previously discussed, H-V diagrams were individually drawn
through each set of test points and then cross plots constructed of
speed versus weight and zltitude from which final H-V diagrams were
drawn. The controlling points of the H-V diagrams such as Vqr, hgin,
and hy,y were then cross plotted in a manuer toc define the H-V diagram
relationshipn.

These cross plots are shown in Figs. 13 through 16. The high
hover height, hgin, is shown to vary linearly with the square of the
critical speed independent of weight, altitude and the time delay in
collective pitch reduction as shown in Fig. 17. A set of H-V diagrams
resulting from these tests can be partially defined in terms of the
critical goveraning points on the H-V diagram which can be obtained fromw
a set of linear equations, These equations are basically identical to
those obtained in References 1 and 2, The differences between these
equations and those of the previous tests are in the constants which
define the slopes of these linear expressions., The height, hep, must
also be known in order to properly locate the point Vep, her. In
previous tests, hoy was reported as essentially constant at approximately
95 feet for Reference 1 and as varying between 80 and 100 feet for
Reference 2. The current tests clearly indicate that hcy increases with
weight and altitude as shown on Fig. 7 by the dotted lines. Throughout
the ranges of weights and sltitudes tested this height varied from
about 90 feet to approximately 110 feet. Inasmuch as the expression
shown below for V., holds true for speads at heights above and below
the height for V., for approximately 40 to 5C feet as well, the shape
of the family of curves is seen tc be reiatively constant in the sarea of
the "knee.” Therefore, selecting an average hyy of 100 feet would not
effect the construction of the H-V diagrams., No attewpt was made to
esatablish an expression for hgp.

Equations
1. Vcr ~ Vcr(tclt) + cl Av + cZA“D

vhere V., = critical velocity at & given weight and density
altitude

V.r(test) = critical velocity obtained through test

dav,
¢y = cr

dw
Cop = 2!.9.‘:

diip
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LI SV Ngan(tont) *+ Cy AW ¢ 0y ANy
Vhore Ryyy = low hover hetght at a veight and denaity altttude

haan(teat) = low hover height ohtatned through teeting
Uhaan

Cy = ol

W

MNan

C‘ - - .

iy

V. hain = K Oyt

where K = a constant (the hy;. intercept)

*“utn
Cy @
R

The constantas of these smpirical equations ave applicable only to
the teat helicopter as were the constante of Reforence 1, It to
inteveating to note, however, that asll teats resulted tn a set of linear
enpresaions in which only the conntents were different. Purther, a brief
comparative ewamination of the data of all tests indicates other
correlating factors, 1t appears quite prodable, therefors, that s aet of
equations can be obtaimned by the application of a nondimensional
analysia of the besic parameters and teet reaulta of the helicopter used
in thie project and in the two aother projects of this program, which would
be applicabdle to all single engine, single rotor heltcoptere, Such am
analyeis might deterwine wvhoether R-V diagrams cen be predicted tov a
range of weights and altitudes or developed from single weight and
altitude test data, No attempt has been made to do this tn this report,

Sonesang W-V Diggram for Reduction of Weisht Wigh Alsitude

One approach to the problem ot establishing an appropriate K-V
disgram for variations of weight and altitude 1a to eatablish »
diagram for wmarimum gross weight at sea level and hold this disgram
constant while reducing weight to compensate for altitude. Such sn
approach is showa in chart fore on Fig. 18, The data for this chart is
obtained from Fig. 14 for a cometamt V... Since hy(, 18 a function of Vi,
independent of weight and altfitude, the upper part of the disgrem is
readily obtainable, The lower part of the diagram can be obtained im a
like manner from Fig. 16 because the error in hg,, 19 negligidble,
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CONCLUS IONS

Based upon the teste of this large single rotor helicopter and an
analyatis of the test results {t 1ie concluded that:

1. The N-V diagrams for this helicopter at different weights
and altitudes form a family of curves for the altitudes and weights
teated which are defined by a set of equations involving key points on
the N-V diagram such as Voy, hatin, aud hy,,. These equations show that:

a. Ver i a linear function of weight or altitude,
b. hgex {6 & linear fuaction of weight or altitude.
¢. bhgin 19 @ linear function of Vcrz.
2. The height (h.,) for critical velocity (V.,) increases
over the range of weights and altitudes tested varying between 90 to 110
feet, Since tha shape of the M-V curves are relatively constant in
the area of the "knee," a constamt average height of 100 feet for H.,

can be asswmed without destroying the family relationships of these
curves,
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APPENDIX 1
GLOSSARY OF TERMNS

critical velocity. The speed sbove which an autorotative
landing can be made from any height after power faflure
in the low spead ragime, mph, CAS,

the height above the ground at which V., occurs, feet,
the high hover height - the height above the ground from
above which a safe autorotative landing can be made after

pover failure at sero airspeed, feet,

the lov hover height - the height above the ground from
below which a safe power off landing can be made aftar
pover failure at sero airspeed, faet.

density sltitude at the point of landing, feet.

height of the helicopter above the ground, feet.

helicopter weight, pounds.

calibrated airspeed - indicated afirspeed corrected for
instrument and position error, mph,
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APPENDIX 2

TEST AIRCRAFT SPECIFICATIONS

Significant specifications of the test aircraft are as follows:

1.

Powerplant: Wright Model R-1820-84C
a, Horsepower Ratings

Takeoff - 1525 hp @ 2800 rpm S. L.
Maximum Continuous - 1275 @ 2500 rpm S. L,

b. rpm limitations - 2800 maximum, 2000 minimum
Gross Weight:
e, Maximum certified - 13,000 pounds

Hovering Ceiling @ 2700 rpm, standard temperature,
0.90 specific humidity

a. @ 13,000 pounds - 9000 feet in ground effect

b. @ 13,000 pounds - 7000 feet out of ground effect
Maximum Speed:

a, Sea lavel - 107 knots - IAS

GCeneral Data:

a. Rotor diameter - 356.0 feet

b. Rotor disk area - 2460 square feet

c. Rotor biade chord - 16.4 inches

d, Blade tiiv. - 4° 40' @ 3/4 blade radius station
e. Airfoil section « RACA ,0012

f, WNumber of blades - 4

g. Solidity ratio - .0569 (.06048 ~ Eastern Region)
(.059 Sikorsky)

h. Disk loading - 5.28 pounds/feet? @ 13,000 pounds,
naximum G, W,




1. Rotor inertia - 3239 slug feet?
j. Rotur system configuration - fully articulated
k. Flapping hinge offset - 12.0 inches
1. Engine to main rotor ratfo - 11,29:1
m, Roror speed limitations

(1). 258 rpm maximum

(). 170 rpm minimum

TEST INSTRUMENTATION

A brief description of the test instrumentation utilized for this flight
test program is &s follows:

1. Airborne - the airborne quantitative information was:

a, Airspeed

b. Alcitude

c. Rotor rpm

d, Engine rpm

e. Collectiv: stick pos’tion

f. Cyclic stick position

g. Accelerastion (vertical, latersl, longitudinel)

h, Fuselage sttitud= (pitch)

1. Angular velocity (pitch rate)

j. Height (radar altimeter)

k. Instantaneous vertical velocity

1. Throttle position

w. Wheel loads
This information was reccrded on an o:.cillograph., Figs. 2-1 rthrough 2-2
show the installation of the recording equipment and some of the basic

ins trumentation installed on the test afrcraft,
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2. Ground

Space position equipment utilized for tracking the aircraft
is showm in PFig, 2-3,

Correlation of events between the tracking camera and the
airborne instrumentation was accomplished by means of a radio dats link,

Meteorological equipment utilized for recording stmospheric
conditions during the flight tests is shown in Fig. 2-4,
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APPRNDIX )

SUMMARY OF PILOT'S CUOMMENTS

JURPOYE

The purpose of these comments {a to provide a qualitative snalyeis
ol tast recultes and of specific test wmethods and procedures utjlined in
the tlight teata in order to enable an accurate interpretat‘on of the
resultes to be made, Qualitative commentes in this report are based on
pilot's comments and notes made in the field and on a qualitative
evaluation of the height-velocity characteriestice of the test helicopter,

SCOTE
The following arveas of the test progrem will ba discussed herein:
a., Pilot techniques and their derivation,
1. Lower boundary points,
2. "Kneo" and upper boundary points,
J. One-second delay technique,
b. Datas point validation by the pilot.
¢. Entry airspeed control.
d. Blade stall chavecteristics during lending.
e. Stability and control eftects on autorotative per formance.
f. Wind and turbulence effecta on autorotative per formance.

e. Pilot Techniquas gnd Theix Dexivation

The techniques utilized in this program were developed to accommodate
the geometry and handling qualities of the test helicoptar and to obtain
the maximum autorotative performance inherently available in the vehicle
for & given set of entry conditions on & repeatadle basis; {.e., the
techniques emploved were rationalized and applied such that, for a given
set of test conditions, use of the same techniques would produce similar
test results. This condition of repeatability is inherently essential
to an engineering flight test prograams.




The landing gear structural and geometrical comtfiguration and the
overall aime of the test helicopter dictated that, for landings utiliaing
a cyclic flare, the flare should be sequenced to obtain initial touch-
down on the tail wvheel. uciliaing flare evergy and partial collective
pitch application for ihis purpose., The remsinder of the collective
pitch together with aft cyclic comntrol application would them be
utilised to cushion the main gear impact. This procedure was designed
to take advantage of the energy absorption characteristice of the tail
vheel an wvell as reliave the pilot of the extreme difficulty associated
with executling prucision autorotative touch-downs in a level attitude
(three-point) in this aircraft, Thie difficulty arises because the
pilot's seat 1s approximately nine to ten feet above ground level
therveby tincreasing the depth perception requirements considerably when
gauging the height at which to apply the collective pitch to effect the
thres-poiat touch-down, Addit{onally, the three-point technique requives
an extra control motion; i,e., following the landing flare, the
helicopter must be re~leveled using cyclic control to affect the three-
poimt touch-dowm, 1Ia large helicopters, this additional control motion
is extremely difficult to time accurately due to the relatively low
pitch response of the helicopter. That is, the aircraft does not seem
to respond readily to pilot control impute. This apparent lack of
response becomes s critical factor wvhean attempting to arrest a high
autorotative sink rate by flaring followed by a cyclic control reversal
to level the helicopter.

To summarize, the "tail wheel first" touch-down is used in this
aircraft because it takes advantage of the anergy absorption character-
istice of the tail wheel, relfeves depth perception requirements and
minimizes the effects of lag in helicopter response, thereby enabling
the pilot to optimize the precision and repeatability of the landings.

1. Lower Boundary Points

Por data points obtained along the lower boundary of the H-V
curve, from the low hover puint (hy,x) to an sirspeed corresponding to
the onset of translational 1lift (approximately 20-25 mph), the tollowing
technique was utilized. Power wes wmanipulated to obtain an airspeed such
that relstive motion betweun the aircraft and the pace car was stopped,
theredy obtaining the desired throcrtle chop airspeed. Rotor speed wvas
then adjust=d by use of the throttle to obtain 239 rpm + 5 rpm. Height
above ground was monitored using the radar eltimeter to obtain the
desired height. The run was then continued in a stabiliszed condition
uatil entering the test course after vhich the throttle was closed
abruptly., 1In this sesgment of the curve close proximity to the ground
precluded appreciable raduction of collective pitch following throttle
chop. Consequently, the collective pitch control was efither neld fixed
or decreased as possible, following the chop. Little or no cyclic flare
wae used in this segment of the curve., As the helicopter spproached the
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ground, collective pitch control wae applied at s gradually increasing
rate such that full control travel wes reached just prior to ground
lmpact (+ 0.) seconds). Because no flare was used, ground impact in

this area of the curve tended to be Iin a three point sttitude, Following
impact, the collective control wvas reduced to the bottom stop to preclude
ground rasonance and/or unnecessary aircraft wotion, and then the
throttle was reapplied to obtain a power-on condition,

2. "Kage” and Yppes Boundary P.: age

For the "knee" and upper boundary areas of the curve, preliminary
stabilination was as deacribed above, Following throttle chop, however,
the collectivae pitch control was {mmediately and firmly reduced to the
bottom stop to prevent excessive rotor speed decay and the helicopter
was siwultaneocusly nosed over, using forward cyclic control to obtain
the nose-down attitude that would produce the desired (laro euntry
sirspeed. This asttitude was obtained and stabilized as repidly as
poseible using large forward cyclic control inputs., Left yawing of
the helicopter due to lose of torque was counteracted by using the
right anti-torque pedal. As flare height wvas reached, the helicopter
vas flared using a rather abrupt aft cyclic control input. As ygtg of
flare reachad a peak value, collective control application commenced,
Simultaneously, an the helicopter reached the desired flare attitude,
the flare rate was terminated and the flare attitude was fixed by
application of forward cyclic control. Collective pitch application
continued with the objective of reducing tail wheel touch-down sink
rates to a low value in order to preclude excessive tail wheel loads
from pitching the helicopter nose-down onto the main landing gear., As
tail wheel touch-down was obtained, aft cyclic control was applied to
utilize remaining flare energy and collective application was coutinued
so that full collective application was obtained just prior to main
landing gear iwpact. Following main gear impact, the collect’ve control
wvas reduced to the bottom stop to preclude ground resonance and
unnecessary aircraft motion and throttle was reapplied to obtain a
power~-on condition,

3. One-Second Delay Technique

One-second delay prints were executed essentially as described
in Paragraph a.2. above. No unususl difficulty was experieuced in
executing the throttle chop and the delay prior to collective pitch
reduction, A verbal count was employed to time the d-lay and was
initisted when the throttle resched the fully closed position., A
conacious effort was made tc execute the throttle chop itself within &
consistent period of tiwe, usually one to two tenths of a second, Verv
little helicopter motr1n1 was obtained a3 & result of the throttle chop
&nd no difficulty was experiepced in controlling the helicopter., Using



a verbal count, it was possible to control the delay time constant
within a range of lus or minus two tenths of a second from the desired
value and the requirement to verbally count was not distracting to the
pilot,

No unusual difficulties were encountered during the descent
segment from a delayed throttle chop. There was, however, a marked
deterioration in the ability to quickly and accurately obtain the
pushover pitching rate which would yie)ld the desivred Cive angle, This
problem was probabdly due to the decrea:ed pitching control sensitivity
at the lower rotor speeds obtained following a delay; i,e., the time
required to reach a given dive angle with a given cyclic input increased,
It is possible that this factor was accounted for by using larger
cyclic inputs but some difficulty was experienced in obtaining the
desired response., This charscteristic was particularly evident during
pushovers from the "knee" of the delay curve since, in this area, due to
the limited time available, capid attitude positioning was critical, On
ssveral of the delay points at the "knee", particularly at the heavier
weights, it was felt that the slow response in pitching prevented
obtaining an attitude which would hive yielded better energy utilization.

Signi ficant variations in flare and collective pitch technique
were required between the no-delay and delay landings. These variations
were introduced primsrily to accommodate the possibility of blade stall
during the flare and aubsequent collective application.

(a) Flare

Flaru pitching rates used during delay landings were
generally lower than those used for no-delay landings. This was
necessary tc prevent normal acceleration (g) build-up from causing rotor
disk loads which would produce blade stall, This lower pitching rate,
although used on alwost all Jelay lendings, was probably more apparent
when landing from a "kaee" throttle chop than when landing from a higher
height. This was found to be necessary becaus: "knee" throttle chops
tended to produce a decelerating rotor just prior to flare whereas chops
from higher heights provided sufficieat time for the rotor to begin to
acrcelerate prior to flare, It was observed that the test helicopter's
rotor system was particularly susceptible to blade stall when
decelerating. Theresfore, s lover pitching rate was used on "knee"

points,
(b) Flare Reight

Because of the lower pitching rates used, it was necessary
to provide wore time for the helicopter to reach a landing attitude, It
is probable, therefore, that flare initiation heights for deley landings
were generally higher than those used for no-delay landings. This
change in flare height was intuitive on the part of the pilot,

3« 4



(c) Collective Pitch Application

Collective application, as on no-delay pointa, was
intuitively initiated as rotor speed acceleration peaked (approximately)
s0 as to obtain the maximum benefit from rotor inertial forces, A
significantly slower rate of application was used on delay landings,
again to preclude the possibility of causing blade atall due to high
normal accelerations, Normally, if no stall were obtained, the
collective application was made in two segments, the first to cushion
the tail wheel touch-down and the second timed to reach maxioums
collective approximately with main gear touch~down. In a number of
landings where blade stall commenced (very noticeable vibratfon) with
the initial application ¢f collective pitch, the rats of application
was slowed and then varied to try to prevent complete blade stall while
still utilizing all the available energy to land. For landings where
blade #tall occurred during the flar., full collective application in
one pull was required almost immediately since blade stall in the flare
produced high oink rates which precluded a gentle application of
collective pitch,

b. Dgata Point Validation By The Pilot

The objectives of this program were to define the height-velocity
characteristics of the test helicopter as associated with the sttainment
of maximuxr autorotative performance, Obviously, the atteinment of
maximum partormance depends upon the complete utilization of all the
energy available to decelerate the helicopter for touch-down, following
& throttle chop from a given set of steady-state entry conditions.
Assuming that optiwum energy utilization is obtained, the landing load
factor (g) then becowes a wmeasure of maximum performance. In explans-
tioa, if the height-velocity maneuver were initiated from & given set
of entry conditions (airspeed and height above ground) and if all the
available decelerating emergy for landing were utilized, then the
attainment of a landing load factor near the design limit for the
helicopter under these conditions, would represent a maximum per formance
point on the height-velocity curve for the deansity altitude and gross
weight being examined. This criteria was employed throughout this
test program and produced highly satisfactory results. It is believed
that the quantitative measurement of this parameter (landing g loads) as
& means of validating the degree of performance of a height-velocity
point is, when coupled with pilot qualitative comments, the best approach
to obtaining maximum per formancc data points,

c. Entry Airspeed Control

The ug= of a pace car to obtain desired entry airspeeds proved to be
the most satisfactory means of regulating this parameter in the test
helicopter, particuisarly for data points obtained in the region of the
"knee'" and along the lower boundary of the curve. Along the upper
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boundary, however, the accuracy of the pace method deteriorated,
primarily due to the distance between the helicopter and the car coupled
with the relatively slow speeds required, These factors caused the
pilot considerable difficulty in that relative wotion between the
helicopter and the car could not readily be sensed, thereby causing
variations in entry airepeeds. These variations were particularly
undesirable when executing a2 run at an airspeed in the vicinity of a
saximum per formance point since entry airspeed variations of + 2 mph in
this area would significantly affect th.: resulting landing loads.

d. Blade Stall Characteristics During Landing

Blade stall was encountered on several landings in this progrem., It
is also probable that pilot's comments relative to "fslling through' the
fiare in Reference 2 were caused by this phenomena, Because this
characteristic, from & maximum energy utilization standpoint, represents
landing conditions which are at or in excess of the maximum performance
capabilities of the helicopter, its occurrence was a qualitative criteria
for determining a waximum performance point. The frequency of occurrence
was highest in the area of the "knee'" and along the upper boundary of
the curve, lowest along the lower boundary of the curve, Because the
factors which influence the onset of blade stall do not vary linearly
with variastions in entry airspeed and height, the probability of its
occurrence was extremely difficult to predict. Depending upon the flare
entry conditions (airspeed, rotor speed, sink rate) blade stall was
encountered either as flare rate reached a peak value and/or as
collective pitch application was commenced. Stall was cheracterized by
loss of normal acceleration ("falling through"), random rolling to the
left and high amplitude, &4/rev vibration, MNormal pilot response was to
increase rate of collective application to prevent the impending hard
landing. It is probable that the incressed rate of application induced
additional stalling which consequently resulted in increasing the landing
sink rate. It is important to remember, however, that the time available
between severe stall onset and ground impact was approximately one to
two seconds thereby precluding any reasoned pilot response,

e, Stability and Control Effects on Autorotative Performance

Thus far, two criteria have been discussed as valid means of
determining # maximum per formance point, normal energy limits and blade
stall. A third and last criteris was utilized for several points
obtained in this program, that criteris being a stability and control
limit. 1In the test helicopter, particularly in the area of the "knee"
of the curve, it was found that insufficient control power was available
to pitch the helicopter nose-down following throttle chop and then
flaxe to the desired attitude i{n the time availsble between throttle chop
and ground contact, Consequently, the pilot was unable to take advantage
of all the decelerating energy available in the helicopter.



f. Wind and Turbulence Effects on Autorotative Performance

It 1s probable that no other variable other than pilot technique has
a more pronounced effect on autorotative per formance ther wind gradients
and thermal turbulence. These variables, therefore, 1 { not accurately
measured, or accounted for, will induce aignificant errore in the data
which 1is generated. In this program, throttle chop entry sirspeed waa
gradually reduced during the build-up to a point, by reducing the speed
of the pace car s measured amount from run to run. By pacing on the car,
the helicopter thus attained a gradually decreasing ground speed.
Autorotative performance, however, depends not upon ground speed, but
upon true airapeed. I1f, therefore, during the course of a run, a change
in wind speed occurred at a fixed car pace speed, a corresponding
change in true airspeed would be obtained, unknown to the pilot., This
problem is greatly magnified when a differential wind velocity exists
between throttle chop height and the ground, particularly if the wind
di fferential is such that & loss in true girspeed is obtained during
the landing sequence {il:ss headwind componeat on the ground than aloft)
since this conditica represents an uncontrolled loss of landing emergy
which i8 very critical when operating in the vicinity of & maximum
per formance point.

The same effects are produced by thermal turbulence., If the throttle
chop and descent are accomplished with the helicopter located in & rising
column of air and if the flight path of the helicopter then carries it
outside that risimg column prior to landing, it can readily be seen that
an uncontrolled, unfavorable loss of landing energy is again obtained,
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NOTES:

(1) DATA OBTAINED PROM OSCILLOQRAPH ONLY

(2) DATA OBTAINED PROM PHOTOORAPHIC ANALYSIS ONLY

{3) HARD LANDING - HELICOPTER INSPECTED

{4) ACTUAL ENGINE PAILURE
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