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PREFACE

This report covers research conducted under Contract DAAJ02-73-
C-0092 awarded in June, 1973 by the Eustis Directorate of the
U. S. Army Air Mobility Research and Development Laboratory
(USAAMRDL) . Technical program direction was provided by Mr.

D. J. Merkley of USAAMRDL.

The author wishes to acknowledge Mr. B. L. Blankenship for his
assistance with the statistical analysis and Mr. C. L. Livingston |
for his helpful insights into high-g maneuvering flight.
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INTRODUCTION

Helicopter maneuverability at moderate and high forward speeds 1
has become important to the aircraft operator in recent years.
In civilian applications, maneuverability in this speed range

is necessary for pipeline/powerline patrol, course change, and
terrain avoidance purposes, while military operations require
vehicle agility for evasive reaction to hostile fire and for
close air support missions. High-speed, high-g maneuverability
requirements are more stringent for the military user; Southeast
Asia operational flight data (References 1 and 2) have estab-
lished that gunship missions require significantly more maneuver E
capability than any other, as shown in Figure 1. The AH-1G 3
(Huey Cobra) was entering service at the time these data were
collected, and gunship maneuverability requirements were not
well established. The Cobra was well suited to its mission
requirements, but some adverse flight characteristics were
encountered in certain high normal-load-factor maneuvers, such
as transient engine torque pressure changes during high roll
rate maneuvers. Cyclic control force feedback at high load
factors was encountered, but this phenomenon was intentionally
designed into the helicopter to warn the pilot that the maneuver
should be limited in severity.

O PR P03

Ml SRy
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A series of flight tests was conducted at Edwards Air Force
Base (Reference 3) in the spring of 1970 "to study in detail
the characteristics of maneuvering flight and to identify any
limitations required to improve flight safety." A heavily
instrumented AH-1G was used to gather additional data to quan-
tify the descriptions of phenomena encountered in Southeast
Asia. These data, and the data of the structural demonstration
flight tests (Reference 4), identify the high-g boundaries of
the flight envelope and describe the symptoms asscciated with
these boundaries. The referenced studies do not address them-
selves to determining the causes of the maneuver limitations.

The objective of the present investingat+ion was to study the
maneuvering flight data of References 3 and 4 and, with the

aid of computer simulated maneuvers, describe the mechanics
involved in the phenomena which limit high-g maneuvers of the
AH-1G. For the purposes of the investigation, all maneuver
limitations were classified into four categories: avoidable,
subjective, design, and absolute limits. The first two cate-
gories constitute the "soft" limits in the sense that revision
of training or operating techniques will modify or eliminate
them, while the latter two categories contain those limits which
are intrinsically hardware oriented, and will require techno-
logical breakthroughs to modify. The scope of these four cate-
gories is best delineated by examples.
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Avoidable maneuver limitations include such problems as "in-
adequate altitude margins to recover from high-g turns at low
airspeeds." This difficultly can be avoided by initiating such
maneuvers from higher altitudes. If the low entry altitude is
required for some reason, such as accuracy of ordnance delivery,
then this restriction is unavoidable and is actually a design
limitation.

Subjective limits are related, in general, to human factors
considerations and pilot judgment. These limits are partially
avoidable, as one pilot might terminate a maneuver sconer than
another because he felt that the pitch rate was too great. 1In
this area, the limit might be modified by training pilots to
accept larger angular rates (within the confines of safety-of-
flight considerations). Another example of a subjective maneu-
ver limit is the termination of a maneuver due to excessive
vibration, as individual pilots have different tolerances. But
this limitation is also a design limitation, as the solution
requires better vibration isolation for the crew, necessitating
design changes. Limits imposed due to structural considerations
are also design limits and their elimination would require a
stronger structure.

The boundaries of the flight envelope are normally not defined
by structural limitotions as other limits are encountered first.,
Among these are the asbsolute limits, one of which is physio-
logical in nature, i.e., the structure is usually designed such
that the crew would terminate the maneuver before the primary
structure would fail. The other major absolute limit is the
aerodynamic limit of the rotor. This is a design limit, in that
the rotor size, airfoil, and rotational speed can be varied,
but Duhon (Reference 5) has shown that the maximum lift capa-
bility of contemporary rotors is limited to a C,./o of about

T
0.17 to 0.19,

These different types of limitations have been studied in the
current efrort. Structural limitations were specifically ex-
cluded, as they were being investigated under a separate con-
tract (Reference 6). The high-g maneuver data of References 3
and 4 were selected for analysis in this study, as they describe
a wide range of AH-1G maneuvers, These data have been supple-
mented with data from a series of simulated fixed collective
symnetric pullups and all the maneuver data have been statisti-
cally analyzed. 1In addition, three of the flight test maneuvers
have been simulated and the aerodynamic conditions have been
analyzed using contour plots. The results of this analysis

have been used to delLermine the interrelationships among the
variables and to detezimine the mechanisms which limit AH-1G
high-u¢ maneuvers.

10
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PLIGHT TEST DATA

The test programs of References 3 and 4 provide a large, diverse
body of AH-1G maneuvering flight data, as several types of
maneuvers were flown with the aircraft in different configura-
tions and under varying atmnospheric conditions. The Bell
Helicopter Company tests were conducted to demonstrate the
structural integrity of the aircraft throughout the specified 3
flight envelope while the Army tests were intended to determine
if any maneuvering limitations should be imposed on the AH-1G. 3
Although the tests were flown for different purposes, the air- 1
craft were instrumented in a similar manner and the data gen- 5
erated by the two programs constitute a unified set of quan- ‘
titative information that can be drawn upon to study the
mechanisms limiting high-g maneuvers.

Maneuvers with mean normal load factors in excess of 1.3 g were
selected for this study. (In some instances, the normal load
factor reported on the pilot card was greater than that recorded
by the instrumentation, so a few maneuvers with normal load
factors less than 1.3 g are included in the data.) One hundred
thirty-two such maneuvers of the types listed in Table I were
selected from the data. The teardrop turns, level-return-to-
target and combat maneuvers of the Army test program were ex-
cluded from the selection process because, unlike the 132
maneuvers chosen, these are very complex and cannot be described
by a small se% of parameters.

The records for a maximum of twenty-one variables were examined
for each maneuver as listed in Table II. These variables were
chosen to describe the aircraft trajectory as completely as
possible and to indicate the loading, power, and vibration lev-
els experienced during the maneuver. Several of the variables
listed in Table II are of secondary value to the analysis; the
primary variables, and the maximum values observed, are listed
in Table III.

The data were reduced for that 2 to 2-1/2 second interval of

the maneuver which contained the time of maximum mean normal
load factor. The method of data reduction was to band the trace
(see Figure 2) and to determine the value at the upper anda lower
edges of the envelope at each 1/10 second. The mean value of
the trace was computed as the average of these two values and
the oscillatory amplitude was taken to be one-half the differ-
ence of the values, i.e., the one-half peak-to-peak value.

Saveral instrumentation problems were encounterad during the
reduction of the data which caused either the loss of aata for
one or more variables for a particular maneuver or introduced
uncertainty into the data set. As an example of data loss,

11
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the oscillograph paper speed was reduced for Army Flight 22, so
that many of the overlapping traces were indecipherable in the
period of maximum mean normal load factor.

The problem of uncertainty was due to four different effects.

For many of the maneuvers the rate and attitude information were
contradictory, i.e., the pitch attitude trace showed a different
pitch rate than that given by the pitch rate trace. A second
effect was the shift in trace zeros between the beginning and end
of a flight. This means that the absolute value of a variable
could not be known. A third problem is the lack of a calibration
constant for the copilot vertical acceleration trace in the Army
data. It was assumed to be equal to the desired sensitivity
given in Reference 4, 1.05 g/inch. The fourth cause of uncer-
tainty was a possible reading error of *0.01 inch, which is about
the width of the oscillograph trace. No attempt was made to
account for these differeni measures of uncertainty, as they
either could not be quantified or, in the case of the reading
error, were less than one percent of the full throw value of

the trace.

Table IV identifies the 132 selected maneuvers by flight num-
ber and oscillograph counter numbers and the measured maximum
mean normal load factor achieved. The table also lists the
missing variables for a given counter and notes major discrep-
ancies between the recorded value of the maximum mean normal
load factor and the value reported on the pilot card.

The AH-1G high-g maneuver data have been statistically analyzed
to render them into a more usable form. The discipline of de-
scriptiv. statistics has been used to reduce the large body of
data to a small set of numbers which define the parameters of
the high-g maneuvers examined. As the maneuver data constitutes
a sample of the population of all high-g maneuvers, statistical
inference has been used to draw conclusions about the entire
population. Since data were not available for each variable for
each observation, special provisions were made for calculating
the statistics of the set. 1In particular, the sample correla-
tion coefficient between the ith and jth variable, rij’ depends
on the number of observations of each variable contained in the
data set. Formulas for rij and other statistical quantities
are given in Appendix I. The computer program used for the
calculations, also described in the appendix, computes and lists
the mean and standard deviation for each variable, the standard
error of estimate, computed value of t, and probability of a

deviation less than t.

The 35 variables chosen for the statistical analysis are listed
in Table V with their mean value and standard deviation. Nine
of these variables are designated as base variables because

12

AT oY st e

s Sl e




Gyt

e T

" LT

e e IV TLIRYE T

excessive values or oscillation in these traces would indicate
that a maneuver limit had been reached. The nine base vari-
ables and their variable numbers are:

Variable
Number Variable
2 Oscillatory Copilot Vertical Acceleration at the
time of Maximum Mean Normal Load
4 Oscillateory Main Rotor Pitch Link Axial Force at
the time of Maximum Mean Normal Load
7 A (Longitudinal Cyclic Stick Position)*
9 A (Lateral Cyclic Stick Position)
10 Engine Torque Pressure at the time of Maximum Mean
Normal Load Factor
13 Oscillatory Main Rotor Chordwise Bending Moment,
Station 135, at the time of Maximum Mean Normal
Load
15 Oscillatory Longitudinal Cyclic Stick Force at the
time of Maximum Mean Normal Load
17 Oscillatory Lateral Cyclic Stick Force at the time
of Maximum Mean Normal Load
35 Maximum Mean Normal Load Factor

The matrix of correlation coefficients for the nine base vari-
ables is given in Table VI. The sign of the ~orrelation coeffi-
cient indicates the slope of the regression line. For the
cyclic stick positions and the fuselage angu'ar rates, the sign
of the correlation ccefficient depends on the convention used
for the positive sense of the measured variable.

The means and standard deviations for the 35 variables used in
the study are listed in Table V. The full 35 x 35 matrix of
correlation coefficients was coiputed but only specific values
are included herein. Scatter diagrams were plotted for each
variable pair and examples of these plots (Figures 3 through 8)
are discussed in the next section.

*A() indicates the difference between the value of the ‘ariable
at the time of maximum mean normal load and the value at the
beginning of the maneuver record.

13




Simple and multiple linear regression analyses of the flight
test data are described in the following sections.

SIMPLE LINEAR REGRESSION ANALYSIS

A simple linear regression analysis was done to provide a one-
to-one comparison of each variable pair formed from the 35
variables listed in Table V. Although the results of this
procedure were not entirely adequate to reveal the physical
phenomena involved in limiting maneuvers at high-g levels for
the AH-1G helicopter, several observations can be made on the
basis of these results,

The mean and standard deviation are measures of the average
value and dispersion of the variable about that averagye. Since
the sample covers the spectrum of AH-1G high-g maneuvers, the
mean gives the average value of the variable to be expected in

such maneuvers. The standard deviation, Sj’ of the jth variable

is a measure of the "bandwidth" of that variable about the mean
value, xj. If the distribution is normal, or nearly normal,

then 68 percent of the values of the variable lie within one

standard deviation of the mean (;j + sj) and 95 percent of the
values lie within two standard deviations of the mean (ij + 2sj).

For all distributions, normal or otherwise, sj is a measure of

the dispersion of the variable about its mean. For example,
the maximum mean normal load factor encountered in the test
data has a mean value of 1l.76g and a standard deviation of
0.39g (Table V). The sample data for maximum mean normal load
factor varied from 1.199 to 2.61q.

Table V shows near zero mean values for roll and yaw rates
(variables 27 through 30), indicating a near equal proportion of
left and right turns together with symmetric maneuvers. The
scatter diagram of maximum roll rate versus the maximum mean
normal load shows roll rates clustered about zero with a few
large magnitude values (Figure 3). These large values result

in a maximum roll rate standard deviation of 15.6 degrees/
second. The scatter diagrain for maximum yaw rate versus maximum
mean normal lcoad does not show clustering about zero, but rather
an almost egual density dispersion from -15 degrees/second to
+15 degrees/second (Figure 4).

Variable 12, A{Engine Torque Pressure), gives a measure of the
difference between power required at the time of maximum mean
normal load factor and that required at the beginning of the
maneuver record. The low mean value and significant standard
deviation show that power required sometimes went up and some-
times went down for the maneuvers. The scatter diagram of this

14
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variable versus the maximum mean normal load (Figure 5) shows

a cluster of zero values and considerable dispersion. Attempts
to relate these variations to other measured quantities are
further discussed in the next section.

The square of the simple correlation coefficient, rip, gives

the variation in the kth variable associated with the variation
th

in the p~ variable, with no consideration taken of any varia-
tion in the other variables. For example, if rkp = =0,21479,
then r2 = 0,0461, which means that 4.6 percent of the variation

kp
in variable k is explained bv the variation of variable p. When
several variables are interrelated, the simple correlation co-
efficients between the pairs may be misleading. A correlation

coefficient rij such that rij is near one may indicate that

i
linear relationship between the twc, or that some other func-
tional relation exists.

X, and Xj are two similar quantities, or that there is a formal

Data are included for pairs of variables such that one repre-
sents the value of tlie quantity measured at the time of occur-
rence of maximum mean load factor and the other represents the
maximum value of the quantity observed during the maneuver.

A list of pairs of variables representing such similar guantities

and the correlation coefficient for each pair follows:

Variable Correlation
Numbers variable Coefficient
2 and 3 Oscillatory Copilot Vertical Accelera- 0.90
tions
4 and 5 Oscillatory Mairn Rotor Pitch Link 0.93

Axial Forces
10 and 11 Engine Torque Pressures 0.95

13 and 14 Oscillatory Main Rotor Chordwise Bending 0.82
Moments, Station 135

15 and 16 Oscillatory Longitudinal Cyclic Stick 0.95
Forces
17 and 18 Oscillatory Lateral Cyclic Stick Forces 0.31
25 and 26 Pitch Rates 0.86
27 and 28 Roll Rates 0.85
29 and 30 Yaw Rates 0.96
15
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The pairs were included in the data set because it was not known
in advance whether a significant difference would be found.

The results show that there are differences although the corre-
lation coefficients are high. Generally,

rz'i # r3'i, etc.

for the pairs. That is, the components of a pair are not
statistically the same.

The formal linear relationship between the referred thrust
(maximum mean normal load aivided by the density ratio) and
the disc loading (variables 32 and 33) leads to a correlation
coefficient of one. Variables related in this manner are sta-
tistically identical and result in the equalities

Fae.1 T Taney

Accurate evaluation of main rotor rpm at the time of maximum
mean normal load factor from the flight test records was not
possible and a nominal, constant value of 324 rpm was used.

This caused the calibrated airspeed and advance ratio (variables
23 and 34) to be statistically identical. These duplicates were
taken into account in the evaluation discussed under multiple
regression analysis.

The maximum mean normal load factor (variable 35) is defined

as maximum mean normal load (variable 1) divided by gross weight.
The flight tests were flown at three different gross weights,
resulting in a scatter diagram for this pair (variables 1 and
35) consisting of three straight-line groups of points (Figure
6) and in a correlation coefficient of 0.88., In the scatter
diagram for referred thrust™(variables 32) and maximum mean
normal load factor (variable '35) the variations in density
ratio as well as gross weight contribute to the scatter (Figure
7). For this pair of variables the correlation coefficient is
0.82.

As would be expected, the correlation coefficient for the re-
ferred thrust and collective pitch (variables 32 and 22) is
significantly high at 0.64. The scatter diagram for these
variables is given in Figure 8., However, neither the longi-
tudinal cyclic stick position at maximum mean normal load
(variable 6) nor the difference in longitudinal stick position
at the beginning of the maneuver and at the time of maximum
normal load (variable 7) show significant correlation with the
referred thrust. The highest correlation coefficient for the
longitudinal cyclic stick differential (variable 7) is observed
when it is paired with pitch rate (0.30).

16
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The specific cause-effect or input-output connections related
to maneuver limits are principally the oscillatory loads as
functions of thrust, power, forward speed, control positions,
and fuselage angular rates.

The most complete set of variables available for this comparison
are those measured at the time of maximum normal load factor.
The maximum normal load factor and the referred thrust are
included as separate variables in the group of "cause" or
independent variables since their correlation coefficients are
different. The independent variables considered are:

Variable Number Variable
6 Longitudinal Cyclic Stick Position
8 Lateral Cyclic Stick Position
i 22 Collective Stick Position
i 10 Engine Torque Pressure
! 32 Referred Thrust
{ ; 35 Mean Normal Load Factor
J 25 Pitch Rate
{ 27 Roll Rate
‘é l 29 Yaw Rate
E 34 Advance Ratio
4

The dependent variables considered are:

—

Variable Number Variable
2 Oscillatory Copilot Vertical Acceleration
at the time of Maximum Mean Normal Load
1 . 4 Oscillatory Main Rotor Pitch Link Axial
' Force at the time of Maximum Mean Normal
{ Load
' 13 Oscillatory Main Rotor Chordwise Bending

Moment, Station 135, at the time of Maxi-
mum Mean Normal Load Factor

17
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15 Oscillatory Longitudinal Cyclic Stick
Force at the time of Maximum Mean Normal
Load Factor

17 Oscillatory Lateral Cyclic Stick Force
at the time of Maximum Mean Normal Load
Factor

The Student-t test is used to test the hypothesis that the
correlation coefficient is significantly different from zero.
For a given correlation coecfficient, rij' and number of obser-
vations, Mj’ the value of t is computed as

§ Irijl /Mj-z
comp sy e

If the computed-t value is greater than the value of t in the
Student-t distribution for a given probability, p, and (Mj-2)

-

degrees of freedom, then the probability that r, is not signi-

J
ficantly different from zero is less than or equal to p. There
were a total of 121 observations of test data available for
this analysis. For a probability of 5 percent that the true
value of the correlation coefficient is not significantly dif-
ferent from zero and with Mj = 121, the tabulated value of t

is 1.64 (Reference 7). Then if tcomp is greater than 1.64,
there is at least a 95~percent probability that the correlation
coefficient is significantly different from zero. The values

of rij for which tcomp is greater than 1.64 are found by solving
the inequality

.| /119

lrl%l__‘/_— Z1.64
l-r?.
i)

Whence £ 2 0.15

1]

Table VII gives the correlation coefficients which are greater
than 0.15 for the variable listed above.

The correlation coefficients in Table VII suggest that the

cyclic stick position, engine torque pr::ssure, and mean normal
load are the most significant parameters in predicting fuselage

18



vibration. For the oscillatory main rotor pitch link axial
force, the collective stick position, referred thrust and mean
normal load predominate. Collective stick position and mean
normal. load also dominate in the case of the oscillatory main
rotor chordwise bending mome.ts. The results are inconclusive
for the oscillatory cyclic stick forces., The significance of
the relationships between the dependent and independent variables
is considered further in the discussions of multivariable analy-
sis.

MULTIPLE REGRESSION ANALYSIS

Since the set of data acquired for this study relates output
variables to several input variables, multiple regression
analysis is probably a better statistical approach than one~
to-one considerations. The analysis consists of developing a
linear function of the several independent variables to approxi-
mate the dependent variable.

The set of standard normal variables, Xi’ obtained from the
variables, X4 given in Table V, by the relationship

has the same correlation coefficient matrix as the original
set. Furthermore, the Xi may be employed in an equation for

the regression plane for the case of several variables as

12 13 1k
X = NS e——— X - = X =T eee T [TFTT X
1 R1l 2 Rll 3 Rll k

[ ]
where X1 indicates the approximation to X, from the regression

plane and the Ri. are the nofactors of R, the corr-lation coeffi-

cient matrix. The coefficients in the equation are called co-
efficients of partial regression and are interpreted as the
average change in the dependent variable associated with a unit
change in the particular independent variable. These coeffi-
cients are denoted thus:

g 7 iy

Note that my
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Table VIII gives the coefficients of partial regression for the
standard normal variables corresponding to the variables listed
in Table VII. The coefficient mij may be compared directly

since the xi's have unit standard deviations.

Thus, the predominant elements in approximating the dependent
variable from the regression plane are revealed. Generally,

the tabulation shows that vibration levels increase with advance
ratio and with lateral cyclic stick position to the left of
neutral. In addition, oscillatory main rotor pitch link axial
force is a strong function of referred thrust, and the oscil-
latory main rotor chordwise bending moments are highly sensitive
to collective stick position. The oscillatory loads are only
slightly dependent on roll and yaw rate while the fuselage vi-
brations, as measured by the oscillatory copilot vertical ac-
celeration, appear to decrease with increasing pitch rate.
Indications from Table VIII of the effects of longitudinal
cyclic stick position, engine torque pressure and mean normal
load factor on vibration are somewhat ambiguous.

A quantity which is closely allied to the ccefficient of partial
regression is the partial correlation coefficient,

S .

Rii Ry5

Tij.kloe™

This is the correlation coefficient between Xi and Xj when the

remaining variables Xk, Xl, «se«, are held fixed.

The values of the partial regression coefficient range from -1.0
to 1.0. The significance of this parameter is determined by

use of the z-test, in which the partial regression coefficient
is transformed to a variable ranging from =« to +» with a zero
mean. The transformation is

1 (14755 x1...)
ij .kl. [ 3 )

The standard deviation of the transformed variable is

20
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To establish the confidence levels for the partial correlation
coefficients, the standard deviation is revised to

1

z v n=3=k
where k is the number of independent variables (Reference 8).

For the variables in question,

1 = 0.139

z v/ 65-3-10

Further, the statistic

Q
|

Z-CH

c
Z

2 =

has the standard normal distribution when ¢, the actual mean
of the z-distribution, is equal to Cye the hypothetical mean

(Reference 8). To test the hypothesis that there is ..> cor-
relation of X4 with xj, take CH = 0.

Since 2 is a standard normal variable (Reference 8), 95 percent
of the distribution lies within 1.96 standard deviations of the
mean. The critical value of Lis k1 for the 5-percent con-
fidence level is found from s NsRe

l+r

l il.kl... = z

1n ; = 1,96 o_ = 0,272
2 I;rij.kl... crit z

Whence rij.kl... = 0.265

Therefore, only those values of rij k1 greater than 0.265 are

retained in the results listed as Table IX. Most of the obser-

vations made in discussing the mij hold for the rij k1 . How-

ever, note that longitudinal cyclic stick position, engine
torque pressure, and mean normal load factor show no signifi-
cant correlation with any of the five vibration variables.
Furthermore, oscillatory cyclic stick forces do not correlate
with any of the selected input variables to a significant level,
The strongest relationships are:
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Oscillatory Copilot Vertical - Lateral Cyclic Stick Position
Acceleration

Oscillatory Main Rotor Pitch - Maximum Mean Normal Load,
Link Axial Force Advance Ratio

R e

.

Oscillatory Main Rotor Chord- -~ Collective Stick Position,
wise Bending Moment, Station Advance Ratio
135

MULTIPLE CORRELATION COETFFICIENTS

R p—

The coetficient of multiple correlation is computed and inter-
preted in a manner similar to the simple correlation cocffi-
cient. However, the standard error of estimate used is derived
from the multiple reqression equation. The interpretation of
the coefficient of multiple correlation is most clear when it
is given ia terms of the coefficient of multiple determinatiocn,
which is just its square. If X4 is the dependent variable and

... are the independent variables, the coeificient of

k!
multiple determination can be expressed as

Klong | 2
]

2 _ associated variation
i.jkl... total variation

R

jk1 is a measure of the usefulness of the reyression

plane for estimating purposes (Reference 8).

Thus R?
i

Coefficients of determination were calculated using program
JRSWO03 (see Appendix I) for the variable combinations considered
previously. This program is capable of computing Ri 20 Ri 237
etc. That is, the ratio of variation of Xy associated with

X, to the total variation of Xy is computed first, then the

ratio of the variation in X1 associated with x, and X5 to the
total variation 1in x;, and so on through the specified list of

input variables. I'urther, the variables are taken in the order
of their contribution to the coefficient of multiple determina-
tion. These cumulative coefficients of determination are listed
in Table X.

The relationships indicated by the multiple correlation coeffi-
cients are essentially the same as those found by use of the
partial correclation coeftficients except for the role of pitch

rate. The maximum contribution of pitch rate to any Rf SRl
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is 3 percent when it 1s taken with the oscillatory copilot
vertical acceleration. The strong relationships previouslv
noted appear again, and the weakness of correclation with cyclic
stick forces persists.

OBSERVATIONS ON THE STATISTICAL ANALYSIS OF FLIGHT TEST DATA

Several factors can be considered to enhance and extend the
analysis of flight test data by statistical methods for the
purpose of discovering or determining relationships among vari-
ables, A primary consideration is the connection hetween the
test plan and performance and the analytical objectives. The
design—-of-experiment concept indicates a critical relationship
when statistical methods are to be appliecd to the data. A
chargye in objectives generally requires a change in the test
plan and new objectives stated after the fact may not bhe
achieved.

R W T L - T

Data acquisition is part of the general test plan and perfor-
mance, but is sufficiently important to deserve further dis-
cussion. At the present time, flight test data recorded on
magnetic tape in a format accessible to data processing pro-
grams 1is essential for extensive statistical analysis. Control
over identification and accuracy cannot otherwise be maintained.

Better methods for analyzing data shculd be used., Multiple
linear reygression analysis as employed in this study may yield
improved information with a broader date base. Possibilities

of volynomial or functional linear analvsis should be explored.
Statistical methods can be used with dato from the entire flight
spectrum to clarify relationships between variables and to
determine the reliability of test information.

i
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SIMULATED MANEUVERS

Helicopter maneuverability can be studied from the point of
view of several disciplines and for various reasons. One
approach is to study a large body of flight-test data in order
to determine the significant variables affecting maneuverabil-
ity, as has been done in this effort. Another approach would
be to simulate maneuvers on a computer and to examine the
interdependency of the variables in the calculated maneuvers.
The simulations can use a simplified analytical model, such as
those based on the concept of energy maneuverability (Refer-
ences 9 through 12), or a complex model, such as that of the
Rotorcraft Flight Simulation Program C81 (References 13 and
14)., The C81 analytical model has been used to simulate high-g
maneuvers to supplement the flight test maneuver data. A de-
scription of the program inputs and sample level flight cor-
relation cases are given in Appendix II.

L T
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A series of fixed-collective symmetric pullups has been simu-
lated to determine the thrust levels at which certain maneuver
limiting phenomena occur. The pullups were simulated at seven
different advance ratios usinag the same helicopter configura-
tion. At a given advance ratio, different maximum mean normal
load factors were achieved by varying the rate at which the
longitudinal cyclic stick position was changed.

The AH-1G configuration chosen for this study had a gross
weight of 7477 pounds, an aft center of gravity and no wing
stores. The inertia properties of this configuration are well
known and the rotor loads computed for the lightweight con-
figurations compare favorably with those measured in flight
(see Appendix II, flights 34-A and 280-A). The center-of-
gravity waterline was taken at 68.0 inches for the symmetric
pullups because it was the value used for the simulation of
flights 277 and 280. In addition, contractor experience with
symmetric pullup simulations has shown that the highest values
of CT/O are reached with the light gross weight, aft center-of-

gravity configuration.

The entry conditions for the seven sets of maneuvers are given

in Table XI. Operational fixed-collective maneuvers are en-
tered by diving from level flight cruise at a power setting of
approximately 34 psi. This corresponds to a level flight

i cruise speed of about 132 knots (p = 0.30) and a collective

3 stick position of 27 percent for the configuration used in this

] study. For true airspeeds in excess of 132 knots, a rate of

1 sink was chosen that gave about the same collective stick posi-

3 tion. An autorotational (zero main rotor horsepower) entry was

¥ used for airspeeds less than 132 knots. (It is noted in Table XI
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that a small amount of engine horsepower remained even at zero
root collective for the autorotational entry maneuvers. The
horsepower required, though, was effectively zero.)

FIXED COLLECTIVE SYMMETRIC PULLUPS

The maneuver simulations were conducted to determine the value
of CT/O at which the onset of retreating blade stall occurs,

as a function of advance ratio. 1In addition, the simulation
data were used to establish the thrust levels at which the
maximum continuous engine horsepower and steady transmission
torque rating were exceeded. The flapping stop and cyclic
force feedback limits were found, where the information was
available. Finally, a control system fatigue limit (based on
the oscillatory pitch link axial force) and the ai.:olute aero-
dynamic limit were determined.

For teetering rotors, the onset of retreating blade stall is
accompanied by a sharp increase in osci'latory main rotor root
chordwise bending moments. For a given advance ratio, the
thrust level at which retreating blade stall becomes evident is
determined from a plot of the oscillatory chordwise bending
moment versus CT/O. As shown in Figure 9, significant retreat-

ing blade stall is signalled by the change in slope ("knee") at
a CT/o of 0.142, It should be noted that the chordwise bending

moment at this point, 100,000 inch-pounds, is well below the
structural limits of the blade. For example, a continuous os-
cillatory load of 335,000 inch-pounds at the root corresponds to
to a fatigue life of about one million cycles. The line indi-
cating the onset of retreating blade stall, as defined by the
knee in the chordwise bending moment curves for several advance
ratios, and the one million cycle fatigue-life line, are given
in Figure 10, (The fatigue-~life line was determined by extrap-
olation from the computed loads and the loads were too small at
the lower advance ratios to make a valid extrapolation.)

Figure 10 also contains the maximum mean normal load factor
points for the 52 symmetric pullups of the flight test data,

and the retreating blade stall boundary established by Gustafson
(Reference 15). This boundary was determined from a series of
level flight tests in a particular helicopter. It was deter-
mined that the effects of stall were severe, for that rotor,
when the retreating blade tip angle of attack (ar) exceeded the

airfoil stall angle by 4 degrees. The stall band in Figures
10 through 13 assumes that the onset of retreating ulade stall
in level flight occurs between Gz = 12° and a, = 16°, The

incipient stall boundary computed from the simulated autorota-
tional pullups (0.15 < p < 0.25) is below or in this band,
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while the power-on C81 maneuvers establish a stall boundary

! significantly higher than the test data of Gustafson. A small

‘ part of this increase is due to the beneficial effects of vehi-

i cle pitch rate, as explained by Brown and Schmidt (Reference
16), but it does not account for the entire improvement. Al-
most all the test points represent maneuvers being flown well ﬁ
into stall. Such highly stalled marauvers do not cause flying 3
qualities problems with teetering rctors since no hub moments
are generated and no pitching or rolling motion is induced by
the rotor.

An increase in required horsepower and oscillatory pitch link
axial force also occurs at the onset of retreating blade stall,
but at slightly different values of CT/O. The lines defining 3

the onset of retreating blade stall as determined by these
parameters are given in Fiqgures 11 and 12. (There was no sharp i
increase in the oscillatory pitch link axial force at p = 0.40.) ;
The retreating blade stall band of Figure 13 is the result of 3
combining the three criteria for the determination of incipient

retreating blade stall.

The available shaft horsepower for the AH-1G helicopter is given
in Reference 17. This maximum continuous engine horsepower is
exceeded for fixed collective symmetric pullups at thrust levels
above the line shown in Figure 14. Maneuvers can be flown in
excess of the engine horsepower limit, as the additional re-
Juired power can be acquired from rate-of-sink or deceleration
The steady-state transmission torque rating is 18,380 foot-
pounds and is exceeded transiently for maneuvers at thrust
levels above the line shown in Fiqure 15.

P -

ol

o

fa R

The flapping stop in the Al-1G helicopter is at *12 degrees.
The stop was not contacted in any of the flight test maneuvers
and was encountered only once in the simulated pullups, at

W = 0.40 and CT/U = 0.174.

A cyclic force feedback limit line cannot be predicted from
the maneuver simulations because the complex dynamics of the E
rotating and fixed controls have not been included in the

analytical model. The hydraulic boost system was purposely

designed to be reversible above a boost tube load of 2220 pounds

axial force (Reference 18 is for the AH-1J control system, but i
i the cyclic boost system is identical to that in the AH-1G). i
; Any boost tube load in excess of 2220 pounds will cause vibra- ?
3 tion of the flight control system to alert the pilot that the :
severity of the maneuver should be decreased.

The oscillatory pitch link axial force has been used to define |
the onset of retreating blade stall., It is also used to deter-
mine a fatigue life maneuver limitation, as the fatiqgue lives

of all components of the rotating control system and the blade
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grip are given in terms of this parameter (Reference 19). Of
these components, the rotating swashplate (swashplate outer
ring) has the lowest ireduced endurance limit, with a life of
9306 hours under a continuous oscillatory pitch link load of
1431 pounds. The thrust levels at which this value is exceeded
transiently arc above the line given in Figure 16. (The pitch
link load line between i = 0.15 and 0.30 was established by
extrapolation, as the computed pitch link loads at these advance
ratios did not reach 1431 pounds.) During a maneuver at a CT/o

above this level, the pitch link load will exceed 1431 pounds

for only a few cycles, doing a very small amount of fatiqgue
damage, so maneuvers can be flown past this fativue-~life line.
Figure 16 also includes an estimated cyclic force feedback limit,
based on the assumption that a 2220-pound oscillatory pitch

link axial force would cause feedback. This estimated limit

is not given at the lower values of advance ratio as extrapola-
tion from the low computed loads would be unreliable.

The waximum lift capability of the rotor establishes the abso-
lute aerodynamic limit. This limit has been determined for
fixed-collective symmetric pullups by increasing the severity
of the simulated maneuver until no further gain in maximum mean
normal load was achieved. The limit line generated by this
procedure is given in Fiqure 17. Duhon (Reference 5) has
computed an absolute aerodynamic limit with no restrictions on
the maneuver type or control displacements, and this limit band
is also shown in Fiqgure 17. These data show that allowina
collective motion significantly improves the low speed maximumn
CT/o capability of the helicopter. This 1is reasonable, as

cyclic-only motion in hover will give no significant increase
in normal load factor.

ABSOLUTE AERCDYNAMIC LIMIT CONTOUR PLOTS

The absolute aerodynamic limit is reached when the rotor is
operating at the highest average CI (which 1is 6CT/G ~ Reference

20). TFor the fixed collective symmetiic pullups simulated, the
average C, at the absolute aerodynamic limit, Fiqure 17, is as
rollows:

Advance Ratio EE
0.15 0.58
0.20 0.70
0.25 0.83
0.30 0.9%
0.325 0,99
0.35 1.69
0.40 1.17
27
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The maximum average C, observed in the flight test symmetric

L
maneuvers is about 1.0l over the whole range of advance ratios.

To get these high values of CL with the anount of cyclic pitch

involved in the simulated maneuvers, the rotor blade elements
will have to be operating at values of Cy greater than CL over

a significant portion of the disc. Computer generated contour
plots of Cy have been used to determine the proportion of the

rotor disc in which high values of c, are obtained. Angle-of-

attack contour plots were also used to determine the amount of
stall associated with the high value of Cge

Contour plots for the unaccelerated entry condition (CT/o =
0.057, CL = 0.40) were uced to establish the baseline data for
each advance ratio. High values of cy (>1.0) are observed

over about five percent of the disc area just outside the re-
verse flow region (Figure 18) for the autorotational entries,
centered along an azimuth of 240 to 250 degrees. Reference to
angle-of-attack contour plots (Figure 19) shows that there is
a very small region of stall (0>12.0 degrees) at the edge of
the reverse flow region at azimuth angles between 240 and 300
degrees, The contour plots for the power-on entry conditions
show very small regions of high Cyo within the reverse flow

region and no regions of stall, as the angle of attack over the
whole disc is less than 9 degrees and it is less than 6 degrees
on the advancing side.

At the absolute aerodynamic limit (i.e., at ‘he time of maximum
mean normal load factor) for the autorotatioial pullups, the
region of high lift coefficients has shifted aft (centered
along an axis at 360 degrees) and grown slightly larger (Figure
20). The lift coefficients are significantly larger over the
whole disc. The angle-of-attack contour plots (Figure 21) show
a large increase in the stalled area on the disc. In trim, the
stalled area was less than 5 percent of the disc area, while at
the absolute aerodynamic limit, between 15 percent (p = 0.15)
and 25 percent (u = 0.25) of the disc area was stalled.

Larger regions of high lift coefficients exist at the absolute
aerodynamic limit for the power-on maneuvers (Figure 22), with
the blade operating at values of Cy >1.0 over 20 to 25 percent

of the disc. The coefficient of lift has increased by a value
of approximately 0.5 over the whole rotor disc, compared with
the values in unaccelerated flight. The angle-of-attack con-
tour plots (Figure 23) give additional information, as the
stall angle is exceeded over at least 30 percent of the disc

28




e i mm—— .

o s ot e P

area, The maximum value of CT/o observed for the simulated

maneuvers was 0.196 at 4 = 0.40. The angle-of-attack contour
plot for this condition (Figure 23d) shows that the blade is
stalled over 65 percent of the disc. There are large regions
in which the angle of attack is very large, indicating deep
stall. Therefcre, 0.196 is about the maximum value of CT/o
that can be achieved by this rotor.

STATISTICAL ANALYSIS OF C81 DATA

The simulated fixed-collective symmetric pullups provide a
data base of 64 maneuvers for statistical analysis. The values
of 14 var:iables at the time of occurrence of maximum mean nor-
mal load were analyzed in the same manner as the flight test
data. Corresponding C8) variables are available for seven of
the nine basic flight t¢st variables investigated. The oscil-
latory normal load factor from C81 replaces the measured os-
cillatory copilot vertical acceleration, and stick forces are
not computed. The matrix of simple correlation coefficients
for these variables is given in Table XII. This matrix cor-
responds to the one for test data given in Table VI,

The strongest relationships indicated by these coefficients
are:

Oscillatory CG Vertical Acceleration with Oscillatory
Main Rotor Chordwise Bending Moment

Oscillatory Main Rotor Pitch Link Axial Force with
A (Lateral Cyclic Stick Position), Engine Torque Pressure,
and Oscillatory Main Rotor Chordwise Bending Moment

Mean Normal Load Factor with A(Cyclic Stick Positions)

The Student-t test has been applied to the correlation coeffi-
cients. For 64 observations, there is a 95-percent probability
that the value of the correlation coefficient is significantly
different from zero if its magnitude is greater than 0.20.
Table XIII gives the correlation coefficients greater than this
value relating oscillatory variables to control positions,
engine torque pressure, maximum mean nornial load factor, fuse-
lage angular rates, and advance ratio. These results may be
compared to those given in Table VII. The C81 data show much
stronger correlation of oscillatory variables with change in
cyclic stick position at the time of maximum g. Also the yaw
rate is only weakly correlated with these oscillatory variables.,
The coefficients are generally much larger than those for the
test values in Table VII,
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Multiple regression analysis was carried out for the C81 data
in the same manner as for the test data. For partial correla- 1
tion, there is 95-vercent certainty that the value of the
coefficient is significancly ditferent from zero if its mayni-
tude 1is greater than 0.2f,. The partial correlation coeffi-
cients exceeding 0,265, which were computed for the variables
previously considered in Table IX are given in Table XIV.

The results show that the rcle of cngine torque pressure 1is
much greater than was indicated by the simple correlation
cocfficients. The following relationships predominate: : :

AR

e

Uscillatory CG Vertical Acceleration with Engine
Torque Pressure, Pitch Rate, and Roll Rate

Oscillatory Main Rotor Pitch Link Axial Force with
Engine Torgue Pressure and Advance Ratio

o o o it o

b Oscillatory Main Rotor Chordwise Bending Moment with

4 Engine Torque Pressure, Roll Rate, and A(Longitudinal

3 Cyclic Stick Position)

3 Cunmulative coefficients of determination were computed for the
- oscillatory variables. Results are shown in Table XV for the
- fecur most effective inaependent variables and for the entire

1 group. ‘'These figures indicate substantially the same connec-
- . tions as listed for the partial correlation coefficient re-

3 . sults. Again the levels of correlation are much higher for

] the €81 data than for corresponding quantities from the fliqght
‘ test data. Here £0 percent or more of the variation in the
oscillatory variables is associated with variations in the
listed independent variables.

Higher valves of correlation coefficients were expected from
the C81 data than from the test data since the computer program
is based on nuny functional relationships. However, the vari-
ables used in the nultiple regression analysis are not the
entire set which influences results, For instance, the remain-
E ing 17 percent (or less) variation in fuselage vibration may

3 involve veariations in fuselage attitude relative to the flight
‘ path. Fur-ther, the various nonlinear effects may bias the

1 analysis, even over a relatively limited speed range.

SIMULATION OF FLIGHT TEST MANEUVERS

§ Maneuvers sinilar tc the three most severe maneuvers in the

) ' AH-1G flight test data have been simulated with C81. The type
1 of maneuver, aircraft contiguration and entry conditions are .
' given in Table XVI. VYor the autorotational pullups (counters 3
775 and 340), the colleccive and longitudinal cyclic motions 4
were input and the lateral cyclic and pedal were controlled
by the C8l autopilot. All control motions were input for the
left rolling pullout mancuver of counter 740,
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The first 1.5 seconds of the flight test record for counter 775
consists of unaccelerated autorotational flight, so this por-
tion of the maneuver was not included in the simulation to
conserve computer time. The flight test and simulated time
histories for this maneuver are yiven in Figure 24. The normal
load factor traces are identical until the time of maximum
normal load factor. The simulated maneuver came close to the
flight test value of waximum normal load factor, but could not
quite reach it. The shapes of the two time histories are similar
through the high-g portion of the maneuver.

yobiee o

The pitch attitude trace shows that the simulated aircraft and
flight test article were not at exactly the same entry condition
for the maneuver., As the simulation progressed, the two traces :
are very close together and both show an almost zern pitch rate F
at the time of maximum mean normal load factor. The flight '
test longitudinal cyclic position given in the figure is the
sum of both the cyclic stick and longitudinal cyclic SCAS actu-
ator positicn, The C81 simulation did not use the SCAS option
in the program, so the only longitudinal control input is from
the cyclic stick, and it is seen that the longitudinal control 3
motions agree quite well over the latter portion of the maneu- :
ver. i
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The zero-horsepower-required condition of autorotation was not ¢
reached, as a small amount of horsepower required was indicated b
at the collective setting which gave a rate-of-sink similar to
that recorded in flight. (The pressure altitude was recorded
by photopanel and the scatter in the data is due to wvibration.)
The C81 collective stick position is lower than that measured
in flight, but C81 has always predicted lower collective set-
tings, as discussed in Appendix II. What is important here 1is
that the required horsepower is effectively zerc and the rate
of sink is about the same as that measured in flight, sc¢ that
the actual entry condition has been closely simulated. Also,
the change in collective between 4.35 seconds and 4.8 seconds
is about the same for the flight test and simulated mareuvers.

NI,

The true airspeed trace shows that the aircraft deccleration 1
has beon matched well. Unfortunately, the recorded cata do 1
not provide accurate rotor rpm data, so therc is no way (o 3
deternine if the rotor deceleration in the similation matches
that of the flight test maneuver.

saad e e

The oscillatory main rotor pitch link axial force computed by
C8l 1s greater than that measured throughout the maneuver, but
the time histories have the same shape. The computed oscilla-
tory chordwise and heamwise bending moments at station 135 4
reach thelir peak values at the same time as the mcasured loads, '
and are somewhat greater than the fliuht test loads. The

C O g R
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low chordwise and beamwise bending moments at the beginning
of the simulated maneuver are due, in part, to the difference
in the entry conditions. The small discrepancies between the
time histories throughout the remainder of the maneuver are
probably due to differences in the rotor dynamics and aero-
dynamics.

Total 1lift coefficient and angle-of-attack contour plots were
generated during the simulation of this maneuver. During the
autorotational entry, the blades are operating at high lift
coefficients over approximately 5 percent of the disc, in

an area outside the reverse flow region, between the azimuths
of 150 and 360 degrees (Figure 25). A very small region of
stall exists, centered outside the reverse flow region at an
azimuth of 270 degrees. At the time of maximum mean normal
load, the coefficient of lift is in excess of 1.0 over approxi-
mately 15 percent of the rotor disc, and angles of attack in
excess of the static stall angle occur over one-thiid of the
disc (Figure 26).

The time histories for the autorotational pullup of counter 840
are given in Figure 27. The first six-tenths of one second of
the flight test record corresponds to unaccelerated flight,
which was not simulated. The computed mean normal load factor
trace follows the measured time history well. The initial jump
in the measured data seen between 1 and 1-1/2 seconds appears
to be due to a gust, as it is not accompanied by a high pitch
rate or a spike in the measured rotor loads (which would be
expected if the cg acceleration had been caused by an increase
in rotor normal force). The simulated maneuver achieves the
same maximum mean normal load factor as the test maneuver, but
it is reached a little earlier than in flight. The high mean
normal load factor could not be sustained for as long a time in
the simulation as it was in flight, but the normal load factor
does not decrease as rapidly as in the test data.

The computed pitch attitude time history agrees favorably with
the test data through the middle of the maneuver. Again, the
aircraft trimmed in a slightly less nose down attitude in the
C81 than in flight. The computed pitch attitude increases at
a greater rate than the measured pitch angle at and past the
time of maximum mean normal load factor. This high pitch rate
could not be arrested, even though the forward stick motion
initiated at 3 seconds was at a higher rate than the measured
rate.

The collective stick position for the autorotational entry
condition in C81 gives the same rate of sink as that measured
in flight and essentially zero horsepower. The photopanel
data show the engine to be operating in flight idle, so the
measured collective stick position of 14 percent may be in
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error. The true airspeed time histories show the simulated
aircraft to be slowing at a slightly greater rate than the ac-
tual aircraft.

The oscillatory pitch link axial force trace coincides with the

measured time history until the beginning of the collective

flare. The two traces are similar through the maximum mean

i normal load factor portion of the maneuver, although the com-
puted pitch link load reaches a higher value at a later time,

The computed oscillatory chordwise and beamwise bending moment
i time histories do not match the flight test data, and the maxi-
mum computed loads are somewhat greater than those measured.
The large dip in the computed time histories at 3.35 seconds

is unusual, but reflects a small drop in the measured chord-
wise load and a sharp drop in tlhe beamwise bending moment at
3.3 seconds.

4 Rotor aerodynamic contour plots were generated for this maneu-
: ver also. During the unaccelerated autorotational entry condi-
tion, total lift coefficients in excess of 1.0 are observed
over approximately 10 percent of the disc in a crescent shaped
area almost completely surrounding the reverse flow region
(Figure 28). Stall is observed over approximately 5 percent
of the disc area, just outside the reverse flow region at an
azimuth of 270 degrees.

T

At the time of maximum mean normal load factor, values of cy
greater than one are obtained over about one-quarter of the
disc, while the blade is operating in stall over at least three-
quarters of the disc (Figure 29)., The low lift coefficients
observed between the azimuths of 270 and 360 degrees are ac-
companied by very large angles of attack, indicating that the
rotor is operating "on the backside of the lift curve" in this
region.
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The time histories for the left rolling pullout maneuver (flight
116, counter 740) are presented in Figure 30. The pilot card
notes that this was a coordinated turn, and the mean lateral
acceleration was held to *0.1 g throughout the simulation.

The computed mean normal load factor and roll attitude traces
follow the measured time histories very well. More left cyclic
is required to trim the simulated helicopter in the entry con- 3
dition than was measured, but the lateral cyclic stick motion
generally follows the motion recorded for the test maneuver,
The measured and computed longitudinal cyclic stick position
time histories agree quite well. The calculated rate of sink
matches that measured in flight reasonably well and the true
airspeed trace shows that the deceleration in the simulation
was similar to that of the flight test maneuver.

aahaaba s

i i

33




e i e b e e i e i e S

The computed oscillatory pitch link axial force is in good
agreement with the measured load for most of the maneuver and
is lower during the peak-g portion of the maneuver. Correla-
tion between the computed and measvred oscillatory chordwise
bending moments is generally good, although the dip in the

i computed time history at 2.5 seconds is not reflected in the

i test data. This dip also occurs in the oscillatory beamwise

f bending moment time history, and coincides with the decreasing
roll rate. These discrepancies are most likely due to differ-
ences in the way the maneuver was flown, and it is possible that
simulated left turn was more coordinated than the flight test
maneuver.,

. iR

The contour plots at the entry of the maneuver (Figure 31) show
a small region of high 1lift coefficients and no stall. At the

time of maximum mean normal load factor, the blade is operating 4
at high Yift coefficients over abcut 25 percent of the disc and ;
stall is obscrved over 70 percent of the disc area (Figure 32).
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MANEUVER LIMITING MECHANISMS

The designer needs to understand the phenomena occurring during
high-g maneuvers so that ways may be found to improve maneuver-
ability. Cyclic force feedback and maximum aerodynamic thrust
capability have already been discussed in detail. The mechanisms
of these and five other phenomena have been investigated and
are presented here.

The maximum normal load facitor achievable in a symmetric puilup
can be influenced by the way the maneuver is terminated. If
the pullup ends with a pushover, the pilot will start recovery
early. This avoids a low=g pushover, with its loss of control
effectiveness. Higher normal lcad factors can be attained in
the pullup if it is ended by a right roll similar to a wing-
over maneuver (Reference 3).

Excessive cockpit vibrations can restrict the crew's ability

to read the instruments and control the aircraft. High vibra-
tion levels are an indication of stall. The statistical analy-
sis of the C81 data shows a strong correlation between oscilla-
tory normal load factor and chordwise bending moments, which

are also a good indication of stall. The highest oscillatory
copilot vertical vibration observed in the test data occurred
during a banked turn maneuver (counter 7, flight 10) at a
maximum mean normal load factor of 1.39 g. The copilot vertical
acceleration for this maneuver was harmonically analyzed and

the predominant components are at even harmonics, indicating
that the forcing functions are even harmonic vertical hub shears
and odd harmonic inplane hub shears.

Rctor stall is not the only cause of high cockpit vibrations,
as banked turns at load factors greater than 1.39 g experienced
less vibration. The harmonic analysis of the copilot vertical
vibration and blade bending moments showed high frequency
components which are associated with the rotor intersecting
its own wake. The occurrence of wake crossing is dependent
on the airspeed and fuselage and rotor angular rates and is
not entirely repeatable. This aerodynamic effect cannot be
modified, but a vibration isolation system, such as pylon
nodalization, can pestpone the onset of cockpit vibration co
higher normal load factors.

Transient engine torque pressure surges as large as 15 psi may
be encountered during maneuvers initiated at high power settings.
Livingston (Reference 21) has shown that the engine torque
pressure will tend to increase whenaver:

- the rotor pitch rate is negative
-~ the rotor roll rate is negative, or
- the cyclic stick moves foiward
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The largest engine torque pressure surge, and the largest
value of engine torque pressure, was observed during the roll
reversal maneuver of counter 820, flight 118, The time his-
tories of several parameters of this maneuver are given in
Figure 33. (The engine torque pressure was recorded photo-
graphically, and the photopanel record was 0.3 second longer
than the oscillograph record for this maneuver.) Rotor pitch
and roll rate data are unavailable but can be deduced from the
slopes of the fuselage angular rate traces. The rotor roll
rate is negative between about 0.9 and 4.5 seconds. The posi-
tive pitch rate, which tends to decrease engine torque pressure,
is overcome by the negative roll rate,and the surge begins at
about 2 seconds. The examples used in Reference 21 show that
there is a time lag of approximately 1 second between the
beginning of a negative angular rate or forward stick motion
and the beginning of the torque surge. Therefore, the sharp
forward cyclic motion at about 3.6 seconds, in addition to the
preceding negative roll rate, is the cause of the large torque
pressure surge beginning at 4.6 seconds.

In several of the structural demonstration flight test maneuvers
(Reference 4), the maximum mean normal load factor achieved was
restricted by a limit imposed on the collective pitch change
rate. The control system hydraulic fluid flow rate was in-
tentionally regulated to a maximum of 1.2 gallons/minute. (The
cyclic controls have the same flow rate limit, but there is no
indication in the flicht test data that cyclic rate limiting was
encountered.) This vorresponds to a collective pitch angle

rate of 29.5 degrees/second and a collective stick rate of 123
percent/second. This limitation was incorporated in the control
system design to avoid overstressing the rotor by the rapid
buildup in loads accompanying a sharp collective input.

Cyclic and collective control force feedback is an additional
control system design feature intended to warn the pilot when
a structural limit is being approached. The main rotor oscil-
latory pitch link axial force required to cause force feedback
is about 2220 pounds. The rotating swashplate has a fatigue

life of 106 cycles at a continuous oscillatory pitch link load
of about 2150 pounds (Reference 19), which is close to the con-
trol force feedback load limit. It was noted during the C81
simulation of the fixed collective symmetric pullups that the
continuous oscillatory main rotor root chordwise bending moment

corresponding to a fatigue life of 106 cycles was attained at
the thrust levels at which the oscillatory main rotor pitch
link axial force reached 2220 pounds. Maneuvers can be flown

which cause loads in excess of the 106 cycles fatigue 1life, but
the life of the rotor and rotating control system will be de-
creased in proportion to the time spent at high loads.

36




T, s

T P P T LTI

S &1 S

T T T T e

The absolute aerodynamic limit is reached when large portions

of the rotor are operating in stall, Figure 17 shows that the
limit is reached at different thrust levels for different types
of maneuvers, with low-speed, fixed-collective symmetric pullups
reaching the limnit at lower values of CT/o than the collective

moving maneuvers used by Duhon (Reference 5). The angle-of-
attack contour plots for the autorotational pullup maneuver of
counter 840 and the fixed collective symmetric pullup at u =
0.40 and CT/o = 0.196 are reproduced in Figure 34. The static

stall angle is exceeded over at least 90 percent of the rotor
disc for the maneuver of counter 840 and at least 70 percent of
the disc for the fixed collective symmetric pullup. Deep stall
(0>30 degrees) is observed over 15 to 20 percent of the disc
area.
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SUMMARY AND CONCLUSIONS

One-hundred-thirty-two AH-1lG high-g maneuver records have been ;
examined to evaluate more than thirty performance and oscilla-
tory load parameters. Simple and multiple linear regression
analysis of the data was performed, but the interrelationships 1
among the variables could not be determined due to the generally ;
low correlation coefficients. A series of high-g maneuvers

was simulated with C81 to supplement the test data, and a set

of parameters corresponding to the flight test variables was
statistically analyzed. The correlation coefficients had
sufficient range to show which variables were strongly related.
No new mechanisms were revealed, but the results generally
agreed with prevailing theory.

The computed data were also used to determine the point of
slope changes in plots of horsepower and oscillatory loads
variables versus CT/G. This information was then converted

into contour lines on CT/C versus U plots to indicate incipient

stall, fatigue life levels, engine and transmission rating
boundaries, control feedbac) warning, and the absolute aero-
dynamic limit. This limit was investigated by the use of rotor
aerodynamic contour plots, which showed that very large regions
of deep stall exist on the rotor disc.

Three additional maneuvers, similar to the most severe maneuvers
in the test data, were simulated with C8l. Comparison between
the measured and computed time histories of performance and
oscillatory load data showed excellent correlation. Rotor
aerodynamic contour plots fcr these maneuvers again showed

large regions of stall.

Evaluation of the computed and measured data has shown that
engine torque pressure surge and the absolute aerodynamic

limit are the only phenomena which limit the maximum normal
load factor. Control force feedback has been designed into the
aircraft to force the pilot to limit maneuvers to load levels
that will not decrease the useful life of the vehicle. Cockpit
vibration has been found to restrict some maneuvers, but no
clear cause~effect relationship was discernable in the data,
and the problem can be alleviated in future aircraft by a
vibration isolation system, such as pylon nodalization. High-g
symmetric maneuvers may be limited by degradation of control
effectiveness at low load factors during the recovery, but this
restriction can be removed hy modifying the recovery technique.

Several conclusions can be reached with regard to future studies
of high-g maneuvers. The accuracy and consistency of flight
path information should be improved and main rotor flapping
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and blade feathering angles should be recorded. The aircraft
configurations and instrumentation data should be documented

in greater detail, and the data should be recorded on magnetic
tape to facilitate data handling. In accordance with the prin-
ciples of experimental design, the purposes and objectives of
the tests should be known and stated before the program is con-
ducted. These objectives will then become the basis for a test

program designed to facilitate the statistical analysis of the
data.
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Figure 2. Method of Data Reduction.
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Figure 10. Onset of Retreating Blade Stall for Fixed Collec-
tive Symmetric Pullups as Determined From Oscil-
latory Main Rotor Root Chordwise Bending Moment
Data and as Determined by the Method of Gustafson,
With Flight Test Maneuver Points.
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had e g g b

77




Bk

A 26 S N e

S

=+ 3 4 ——
L g | i i | | JJ
D S ol S -t - H S =Ot—r= -
1T o : - O R T P ]
.\ N |T - v .__l _ | ‘
o= e el Lr L et PR L
N | B - (T _ i Jlﬂ_ = TS
3 M = WS . T L L
o i H | ;
i [»4 L I } } ; } ||._ - L ||... “ JV4 i
] | d% | ' _G_ﬂ | : ! i M t_
R —— . — = C———— b -
e’ i H _ “| “ | |.._. : i A ! . m m \V_ ' -
[ ! O O S0 S (1 e £ 5 I S 'y i o
- Pt _ R z
y :.L||.T | iR [TERUEE US4 SONE oo ey S D e d I _{_ld =
3 T v 1Y | G S F - ] S | T ST 1Py —~
S 1 R I 1 S A R R aant .
_ i ol A oo T L =
3 Il ! o SR F) SN 1S AP G P 5 | i ey s 2 0
% | e o \ 2 & &)
¢ L g } } al .y e 0
A " . TR S G
- ‘e i 5 S o -~ o
; © m == : <
W _ i ] 4 + 4 s V;m 3 oy
3 , . , BN
. : SR S NS S S ¢
N _ ! 1 M i | _ * i |9
oS - -_— - —— u
m D | 1 1_‘ i U | ! [ =N
&.|.r!u T . Y 1 o,
s ” b A ¥ I o; P
--— 85 ——t- —~—of = - T m llﬂl|a+ e
kN ' ] T | !
;& | ! + IR ! .||.— — ..I|._ ! : SR ;
P + i —r -1 =1 — B e e e e S
i T N i 1 O B OV
0 O ot - o O o 0 T
i = ; TR | | q | X !
; i | | | . ; i | O !
| L% Yo" b . . |||__| " 4 |.u||_. S LS — -
ol T P T 9 i I _ T j .4,
< _||.| - IP ek ! R (P .ml... “T. x 4’...|u —— e Il ISR
| | S | i w ,_
° e U T JERR D N i M 1 | F L4 il B | L_||L.
=2 8 2 85 SRR L LaRE E N S Bioienips Bl E
5 2 ~” “ — .:. N W.. = 3 = 4 ,\.U F 2 m = M. |m M m e = sl 1 ~
(a1) #2103 [vTwV Huiy TUEAfUT) $ET u0T3eIT *Juduol (QT-"uy) Cof uoTwPay ey
Yo3Td 2070y uwigr {101PT1ToS TITPIAE AT TAPIALY 3020 U LB} AI0IrN| (T35 FUTpUAY R TMIEAGE U0 0N T AXCIFTITISQ
057 T et S o i S it et e s B K T o i S s I i omee . L e o e ke




o1s°1t < -
01s°1 SEEBEIY TY LY 3
0651 = . e 0671
. oze"1 -+ - 0g1°1 c
H
. | T30 | ~ <+ 0es-d g
1 0€6°0 IR ] P 2
012*0 R 12 ]
064°0 = s s Q2% °
0:2°0 .+ + 0g0°0 =
050D » + = gu170- v

oLi*9- ° ° * 06£°C-~

06€£°0~ > -

T0SWAS

dniind [ruor3zelOIOlNY 9yl I03 AIijzumg

JUSTSTIFS0D IITT TRIOL

LALLL Aottt -1 UL DL E TR LT et
geest st cEEAvEECERRO@RERRGE YA JR R " " ¢
sEessctctgrlulNdEVHEGER ONEEERSHROERYARERREY = *
eSSt AR REdERE BRI ERE YA BUREREEdEERAEREEEE " L] |

YRR R RGN AYRY

LA AR & B 1L L

T Te———

LA LR L Bl 2110011
LA AL L Bttt 11110 1)
TEENYY T CRALEREd
L Lt 1]
T L L Sl T L]
ivwywy= """ "dBHddas

FEVEV T T THdEdEOd
Ivveey - """guaddss
IRAAL At 1 1111k
LA L ittt 1) LR
LA A LA Bl 1 1 L
LR A A R A0 |1
LA A it 1110 ECL

s gl -

- S -

SEETHREREER AR
"RENERHN R Bhlk9eEEEE "

i
1
[
1
I
I
I

*GLL AID3UNOD 3FO
2UTL BYF 3° S30TJ Indluod

sesscidRdUHELENAEE dEEBuEEEdENERE
"HEEEdOEEIEE BuEdEaIRaaE i |
" “EEga9ReAER BRPAREERY
whBHLE AR
***eElEat 23 IFIVITIAININITFIG BRERMIA
" tpdands I3F3333732323229333077

13372370 12293723
YDA3995 458488 uaOQT e * ¢ 4453333395
A550370 P rOuoO0a00. 0000 "t 2333237
3333377009300 OCOUS PRI
292333%%3 CWEVENSY (GG GLO* 1925390
17327 *36vY W¥--==0C  000****3L15)
137724 FRVN RNV OV - ==y GQTANT 21 3577)
J3IITI I WNENRAITENTT 3322700060 * 433303
333273% ANV VEYYY ve3900a2gQess831])
b b LR LLLELRLEREE T R 11 1f Rt I I =
AADTER R CENNEY lesresQ® ' 000" IITTD
J2IDICCEO0QEEE wssesed QOOQONA" T ITITD
37272°44%00 3eesssss33 000114420
39733040400 333333 GL0* 433700
FIATXIC  fao0n QUL ** " " 3332731
JI3TIII A O00000G" = " " TN
P B e I B et 1 8 5. e o i
3323323373333 IITIIIZ

*HEEREREAIeEER LT U T Rk
TCHANEEINRE RN CEACH AN R T B A " "
STt EEEMREAEANEAGER RN dEdE """
L T L L Ll LT e

IN31J§34330D0 1417 WiUg

(YRl
D

19

A ——— - S ——————

I3I33233333733333373 CETULLL)
3123333323 HEEEEER

BT R —————



Mo cniuindbige o [ ol aiiide T

: ‘papnIou0) °gz sanbrg

3 ioe33vy jo atbuy (q)

009°s1 < *

009°¢1 c * * 00e°c1 3 LALAa ALl Ll Ll ARt
3 LAl LAl l ]l R
m gy iy l!!l@ﬂﬂﬁ&ﬂﬂﬂﬂﬂﬂ‘ﬂﬂﬂ‘tvi-.-.-.-.-...._-.-..-.
] 006 €1 ¢ = * 00Z°21 yrEess s e gQ00E00UOUERR EUERUEEERAR " T T ]
I=
eTr"EEENEHeUOEEEs (AR
. " HEEgROePe CEFTTEEE T R 1]
§ - 00z-21 ® * ° 00s°01 (1] “FEEINEEE AR Ee " bl
3 bt 1111 333 RPN AR THRRNN
3 "gavEee 3333332333333237 WAEEEEA " RN
“H9REwE 332322323373333323333333 RRYEERE* " 111 1]
005°01 * * ° o008 ol o e o e Jo e o o B b B L R T s o e o e wEHHERT RN
b | Fl il ol lodobo s IR L e b b s o aEREEE ===y il {1}
3 ] 733332°%) €  D***gOagoot***33333 FREEEE* =10 h
E | 3333%H8v v 033 000" **33333 CEEELRAS THR AN
0gs°e ® ° * 0012 2 ] I3 ¢ +aseasd DO***3322 gaega "~ 1lil i
b 233%3" sssasssd  QO**2272 CTET Rl | NET] o
- . 32242 + sdasdeasd 00423032 HHEWE **““hmese @
73 1 b e e e g sassssesd O0***2222 aHEaE """ If0 0 H
001" = * ° 00v°S ) 233748 Jessesssd O00***250207 LD bl | N R
X | 233349y *JessdesdI  QO"**IIID warga===yri i1
! 1 33332%%**3 9J2a oaa****3333 WEREET L0
] 133734 % * ¢+ 40QC00ADOOOOTOG " * 33T (AR
00%°s * * *goL°e ] ‘000oaooa * 403330 (RNN]
: b o Jo Jo 3o s T b LR SR R = b b e i
4 i il Jo o bo Jo e RALILILI IR b s s I s o I a@degE =" [N
1 1 333222233333 33333 AHARYE" """ (N
1 00L1°€ ° * ° 000°2 - 1] 939733333333 CPTT TR ]
o i weReeEERE""" ]
lan] L EEENEYEE09 CITITEN T i
% Pinee FYUWYRY TS rQPORwe00000000EE wERUEUNEREEEER
000°2 ® * * 00c°0 v [RRRAR] TRy e R 000000000 E R RN RENREIOEEEE
i LA Ll DL Al bt R 11 [ U T-TE 1T T R
[ANRNE]
IRAREN]
; 00€°0 *° °00v°1- (NNR!
i
1
B 004° 1~ > S i i
v t AN RRARNIT] s [(ARRRERRNNRY]
3 AR AN R R RN NN AR RN NN
k PRIttt bbbl

3 | INVY T09WAS (S33¥930) WIvily 0 3IVONY




09¢°2

0%¢-2

080°2

0zs°1

092°1

Qw0

0090

oz1°0

991°0-~

0540~

JUSTOTFIS0D IJTT Te3IOL

TONAS

e L L1 L UL
“rRuNevaIeNe
L L L)
Ll L L L L]
eSSt cIENERRED
1111

33333 *

33373333 "
I
3373 ERANgREL 000G ITT

- -
- ———————
- —————
- ———————— - —

*GLL I93unos jo dnTind TeuOoT3ElOIO3NY
ay3 I03J I030®v4 PROT TEUION UPSW UMWTIXEW JO DWIJL Y3 3B S3O0Td INOJUo)

“eeGRERERE""" " "g80
**EANIRIRINNEG° ° *cue

sEsEERsetEUENRRRRERUNENEQ0°U09)

sESEtEANGEENRENEES 90990963230
sRsstgEEEY R IEERERY 9868  **3112
EeEEEcgEERRTRERENEe §6 °*fsi3) TlENEvETEREREY
8 0'f*] HlleEvNERENEEY
n o0} sefcdededeeaany
3331 J 00*) d9eEueuIeEREeNE
32 3333920 ) oo* "TRAEeee
3333373%% 22333 CIuEE " " "HEAeEE
2337373%*°*%)33°* WMedE""""gedd

OC.Ui

s¢q 00"**'33
*40000433333

333333* L#2000000*"2

3333333730
esrmayyyy
3333333333374 % 333222
33771)332)3333332333372
377333233339333733333)
3333332233332332
23223333232

AN3III1 44300 1417 V102

ileseeeaeeaa
GdgedEereIEe

33333332
1323333337333
1223393 33337372
333723 44233737302
PP rr P R L e b ]
CYYYYYY ===*F JIJNIJYPeMcMadssasnaqlx3IN]

LARAAAAAAAALL & Ju b Ll bs s b e b s R R L b
UE'F‘.GUI“""“‘-IH nnﬁhhh-IIIIliﬂﬂalI
33333 **O0 *AVVVVVVVVVVFOssssd QOQO" "0
A3 OO IV VYYVYYYYYY saa @0 3D DIDIIH
LR CYYYYVEQH s EE T EYYPIIIR A

3333333333 73713711
3333773337373
I¥IXITITITFII

1730731

*g9z 2anbryg

81




T r———re e S e R i ki S D s B i S B s 2 o0 o) ERSEUES T — - - - SE— i
® 3
PIPNTIOUOD  *9z aanbrg
¥oe3aqv 10
000°9¢ < .
6Go°92 DA +1 L 2 4 3
i
i |
1) LA R T T DR 1
(14 X4 St 00802 i LA A Bl 1 1-LRad LT T J (N0
1 LALAAR LA LL L B0 s U e b e ¥ e B e e | .%»_ A
LA RL A ALY L Bl ot sho IFIFIIZIIEZNLIINITIT inw
A Tl ELIiL Ea mE e uuu.Lu“_uu-.._q:c.;:.-_c.-uf:
oﬁ-loN - B - QﬂNO-d A- :.‘:dﬂ‘llcil.v I-.-Illliﬂ.m.ﬂ-ﬂ-uuuu-u.u.u“-iiti-!-.-i--iv-lz._ —
LA L AL AL L Rl 1 T T T R TeT B e el B B R R ol s (41 i e e IR R RO go
e ¢-4q........wmw::annuunttcuuu......uonaﬁaLruaqnncc........uﬁ 1ivi
AYNEYYY T T CBEGREBARARERENRE " " " " QLA A DG R L N N
ocz 9 ® ® * 00951 N LA LLL LA N Attt 11 L L EEEEE & ""“**goao .._u...cn....n..:.....u—_.::
LA AL L L Bt 111111 b+ £ 354 LoDz ITE1hR
LA R LA L L il 11 11T | ] 8% J*"ud  IIIIFIFAI CLaiag e eI RRREN]
meemsrguEue” i L LU EFEREL R LR 41 [5] chb RRETR
00%°s1t ° * * 000N 2 b 111 1. 0w * ssissasasrdiy [l PR R el T e R LT RN R N
aesttEEERY e e faasdsraRdday (Y 1 Rt T e | 1itbl
sesss s Ly aRg 333 ¥ - Jssassadses 133 o Rl b T i e o | .
LA LA L AL Bl 1oL 3333 faaaabas e [PCMBEE® * 4 0 d g™ HH
006°¢1 ® * * 00%°01 i 13 L] 332w Bessneannaslid T o Rl it T e g i
it 111 L 3233 Ev ¥ Fessensaeid Qo ** " *317333 1
LLLL Rttt 11T 2323 00" 3272% F3eesessdd R R o e b L]
i 31 1 222 L1 H L] 341333543 OO ** " 23333 LN
00%°01 s * ®° oces ® et REERE 2233+ ora 333 COALQE + 8 Ay ‘9
g L L YAI20 R oogn QOCL* R332 {
e tLPNERE il B e Rl LTI gooeat®r 333332
L <141 1 LAY AR GONLOG000GOGO0 " Y4 320020
00e"¢ * * * 002" * PSR ETEEHLA IFIPr e 00000 Ll o ol o |
.'. :‘..ﬂlrllili-a.ﬂm‘ ngu.u..ﬂnnnrl--_-.-b FIJUUUUU
LALALE L L Rt 1141 IFFINPA N e AR Lt e s 1 i s B
LA D LT 3333231300 Y33
c02°s AR + 1A b2 v FYTYREE " T T T "HEuLdRY YA RIFVIFRIINTANYIRD
WL AR LA Bl BT 1T S0 e e e B e e e
TAFIITINIADN ﬂ*ﬂ
GUAREHERY !
0092 e G0 "thHEdYEdRER
et LR R DR
bl -1 [T RS S )
0°0 > - -y
IV J0CwAS 1S33%230) WIVILY 3D IIONY

- e

82




T TS TR TAY ¥

kb

TIEeTiT S I

S e

L g it

i SR L b s s e i e i e s e o L e

[E] e e ooy i - I
% i r R
) b —4- — - - - - e 4y
~ ©  Flight tese | 1
b — Comput ed Doata
0 o Y ST a0 - [ -} TR W D CSRESS
S ] 5
1 #
2 e - o et mis S 4 oot o8 R R B - "
: ERPR q
5] L. g~ '6 e s st i Hias S i 4 B e ] —_—
! i
% SRR SO S e i e 4 - b —p— o0 ko
L ! 1 I
2 P R N S S (S GH U S
Ju T r-— T—— —7
N I i — ¢ 4o—g—
¢ 1-
b B o S S N G W 74
g ! -1 3 Ter
3 == / e -
- k=) 2
5 0 ¢
b - 4 _...__4._. o _
Pl J-b L Lo
2 -1u wolg e PO o - - I
1% —d I ,.J
~ .
_.: Al Jr ‘/._1.,“.'1, L:\f:irf;':ilf;-!v;}yh + SCAS 4 ey ey
5] L e o ol T TR S S S oL :J
— P o | G b [ U 3 I -1
3P ts 0‘ S " o L1 W ° .
S e - '-{_‘»— -“ﬂ-.ﬂ_ S e s SR R g - o
- | 0 \_f_ l._17- I
Sw SEEL Y S N s s L
Ry ] l Vo Lomeirndingl Gyclic Stick Position
Z ] N S S SR TR G TR U U S R T S (Y DA SO S S
N e R e o ey - W e el Sty e
& T ' T
- 6U p——1 - ==
B ) e e | 2] & L
E )
= /d [ X 9 b ¢ /
— L [o]
S i}
ot R
S e e L
-
"‘? il at) Q -L -L———le— 3 - -1 o o
2 . ki
- O -— 1 1= S =
2 L—— & R
2 ok —4— o Bt ) B 1}..1 — ._..ﬂ —t ~
S ) <] o |a
L }(,::;T—-v-‘»-—- Rl fhten Bt sundd SRR o - 4e—t =t PR S
i
= jkenb ol l_i. 0 __i — 129 n
6 L= = -~r--.I R i T e ot g e I
DU I Y S R - SR S G S S 1-—-{-————<
] o
3 - P -y 0
é [INE] et i e ke A —~3 -t 15 e
% [ 1 ] B S R
by 1if p—- _.* : o | et ---}-—1 et L IS Ui S 2
3
¢ N I T I | O T A T I D
Ve {0 IRT [ 4.t vl
f M)

Figure 27. 7iime Histories of Symmetric Pullup From
Autorotation, Counter 340,
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Flight 118,

Pressure Surge,
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No Stall

No Stall

I

(a) Stall Contour Lines at the Time of Maximum Mean Normal
Load Factor for the Simulated Autorotational Pullup of
Flight 119, Counter 840. u = 0.277, CT/° = 0,148

L

(b) Stall Contour Lines at the Time of Maximum Mean Normal
, Load Factor for a Fixed Collective Symmetric Pullup.
4 p = 0.40, CT/o = 0.196

s

Figure 34. Contour Plots Showing Stalled Regions on Rotor.
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TABLE I. MANEUVER TYPES REPRESENTED IN TEST DATA

r Number of
Type Maneuvers
Banked Turns:
Constant Airspeed, Cconstant Altitude 13
Constant Airspeed, Varying Altitude 31
Varying Airspeed, Constant Altitude 14
Varying Airspeed, Varying Altitude 13
Rolling Pullups 9
Symmetric Pullups (Power On) 34
Symmetric Pullups from Autorotation 18

TABLE II., FLIGHT TEST VARIABLES EXAMINED

Normal Load Factor

Airspeed*

Pressure Altitude*

Fuselage Angie of Attack*¥*

Pitch Attitude

Pitch Rate

Roll Attitude

Roll Rate

Fuselage Sideslip Angle**

Yaw Attitude

Yaw Rate

Collective Stick Position
Lonaitudinal Cyclic Stick Position
Longitudinal Cyclic Stick Force**
Lateral Cyclic Stick Position
Lateral Cyclic Stick Force*¥*
Pedal Position

Engine Torque Pressure*

Copilot Vertical Acceleration
Main Rotor Pitch Link Axial Force
Main Rotor Chordwise Bending Moment, Station 135

*Data for these variables recorded from photopanel for the
Bell Helicopter Company tests,

**These (uantities not measured during Bell Helicopter cCompany
tests,
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TABLE III. MAXIMUM VALUES OBSERVED FOR PRIMARY VARIABLES

Variable

Maximwun Value Observed

Mecan Normal Load Factor
Mean Pitch Rate

Mean Roll Rate
Collective Stick Position

Longitudinal Cyclic Stick
Position

Oscillatory Longitudinal
Cyclic Stick Force

Lateral Cyclic Stick Position

Oscillatory Lateral Cyclic
Stick Force

Mean Engine Torque Pressure

Oscillatory Copilot Vertical
Acceleration

Oscillatory Main Rotor Pitch
Link Axial Force

Oscillatory Main Rotor
Chordwise Bending
Moment, Station 135

2,61l g
21.8 deg/s
-58.8 deg/s, 66.8 deg/s*

89.9%

79.2%

6.58 1b
38.6%, 74,7%*

3.50 1b

59.0 psi

1.34 g

3010 1b

145,000 in.-1lb

*Cxtreme excursions from neutral position. The smaller value
corresponds to a left bank angle, the higher to a right bank

angle,
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TABLE IV, SUMMARY OF MANEUVERS
Oscillo- Measured Maximum
Flight graph  Mean Normal Load
Number Counter Factor Comments
t 5 11 1.19 1.3 g on pilot card
_ 13 1.25 1.4 g on pilot card
i 14 1.33
4 15 1,37
k 16 1.44
[ 21 1.21 1.35 g on pilot card
E 23 1.26 1.35 g on pilot card
| 25 1.38 _
] 28 1,22 1.35 g on p%lot card
4 29 1.27 1.40 g on pilot card
b 36 1.25 1,35 g on pilot card
4 37 1.28 1.50 g on pilot card
E 38 1.26 1.40 g »n pilot card
3 6 Engine Torque Pressure is
! negative for all counters
: in Flight 6.
i ‘ 5 1.39
: 6 1.47
8 1.58
3 9 1.36
3 10 1.44
: 11 1.68
4 17 1.52
4 18 1.50
19 1.67
: 21 1.53
] 22 1.68
z 23 1.66
3 25 1.47
g 26 1.63
27 1.73
] 30 1.59
31 1.56
. 32 1.29 1.7 g on pilot card
7 18 1.60
i 21 1.67
f
8 7 1.72
| 8 1.67
: 9 1.76
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TABLE IV, - Continued
Oscillo~ Measured Maximum
Flight graph Mean Normal Load
Number Counter Factor Comments

9 18 1.46
19 1,44
I 20 1.75
21 1,78
1¢ 7 1.39
i 9 1.47
11 1.36
E 12 1.48
13 1,42
i 14 1.40
f 15 1.58
F 16 1,33
s 17 1.39
E 11 7 1.39
- 14 1,64
16 1.43
‘ 17 1,38
§ | 18 1.46
; 19 1.62
: cl 1,63
§ 23 1,57

! 22 Copilot Vertical Accelera-

tion, Main Rotor Pitch Link
Axial Force and Chordwise
Bending Moment (Station 135)
unavailable for all counters
4 of Flight 22, 1In addition,
i the following variables are
unavailable for the indivi-
dual counters:

f 5 1,54 Lateral Cyclic Stick Force
! 6 1.66 Lateral Cyclic Stick Force
1 7 1.40 Engine Torque Pressure 1
8 1.5¢ 3
10 1,31 Engine Torque Pressure ’
: 12 1.71
13 1.71 Longitudinal Cyclic Stick i

Force

E 101




{ L========; TABLE IV, = Continued
——— - e —
Oscillo- Measured Maximum
Flight graph Mean Normal Load
Number Counter Factor Comments
! 14 1.68 Longitudinal Cyclic Stick
Force
{ 15 1.61
111-A Longitudinal Cyclic Stick
Force, Lateral Cyclic Stick
1 Force, Fuselage Angle of
] Attack and Fuselage Side-
: slip Angle unavailable for
g the remaining counters
/ 336 2,35
. 337 2.24
i 112-B 496 1.98
{ 497 2,21
3 498 2,17
I 112-C 520 1.41
L 521 1.45
{ 522 1,73
] 523 1.96
§ 524 1.92
E 525 2.12
3 113 596 1.41
' 597 1.37
: 598 1,37
] 599 1.66
1 600 1.33
3 601 1.82
d 602 1.78
603 1,78
114-B 635 2.13
] 636 2,18
637 2,21
638 2.23
116-A 723 2.06 ;
724 2,30 i
725 2.29 Q
726 2.40 ]
] 727 2,28 3
f j
! 102 !
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TABLE 1V,

= Concluded

Oscillo- Measured Maximum

Flight graph Mean Normal Load
Number Counter Factor Comments
116-B 737 2.33
738 2.14
739 2.06
740 2,59
741 2.43
117-A 772 2.44
773 2.45
774 2.43
775 2,46
117-B 785 2.45
786 2.49
787 2,34
789 2.50
790 2.21
118 814 1.80
815 1.76
816 1.78
817 1.88
818 1.89
819 1.86
820 1.80
821 1.94
822 1,92
823 1.89
824 2,09
825 1.56
119 838 1.95
839 1.36 I Main Rotor Pitch Link
840 2.06 ‘ Axial Force not available
841 2.07
120-A 879 2.17
881 2,26 } ;
882 2.17 'Main Rotor Pitch Link :
883 2.54 ‘Axial Force not available ]
884 2,61
885 2,41

g
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TABLE XV. CUMULATIVE COEFFICIENTS OF DETERMINATION

CERR L s e o dee

- C81 DATA
Cumulative
Coefficient
Dependent of
Variable Independent Variable Determination

Oscillatory Normal Pitch Rate 0.55
Load Factor

Engine Torque Pressure 0.73

Maximum Mean Normal Load 0.75

Roll Rate 0.80

+ Others 0.83

Oscillatory Main A (Lateral Cyclic Stick 0.76

Rotor Pitch Link Position)

Axial Force

Engine Torque Pressure 0.83

Maximum Mean Normal Load 0.86

Advance Ratio 0.89

+ Others 0.91

Oscillatory Main Roll Rate 0.55

Rotor Chordwise

Bending Moment Pitch Rate 0.68
Station 135

Engine Torque Pressure 0.80

A (Longitudinal Cyclic 0.84

Stick Position)
L + Others 0.88
— =i =
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APPENDIX I
STATISTICAL ANALYSIS

The classical techniques of linear regression analysis and
statistical inference are presented in detail in works such as
References 7, 8, 22, and 23. The discussion given here is in-
tended to describe the modifications required to analyze a body
of data containing incomplete sets of observations. The de-
scription includes an explanation of the quantities computed in
Bell Helicopter Company Program JRSW03. This program is based
on IBM Scientific Subroutine Package (SSP) program STEPR, and
SSP subroutine MISR (Reference 24).

P 1 T T N

Given a sample containing m observations of n variables, and
representing each variable as

xij; i=1,2,...,m3=1,2,...,n

The mean value, §j' of the jth variable is defined as

where M. is the total number of values observed for the jth

variable (Mjim). No value is entered in the summation for

those values of i for which X s is unavailable. Defining
the deviation as J

L. XL = X,
ij ij j

with di' = 0 when xij is unavailable, the standard deviation

of the sample, Sj’ is

When the sample is large, the standard deviation of the popula-
tion, 0., can bhe estimated from sj as follows:
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JRSWO3 prints out this estimate for the standard deviation and
usces it throughout the calculations.

The correlation coefficient for the kth and pth variables,

Xy e 15 computed as
' 10

coatd o S SSi

' d. d.

| k

? o = it 7 7 |
E kp

>~ 3

V-1 01 -1y, o

3 No value is entered in the summation for a givea value of i
if the value of X{y OF xip is unavailable.

If the matrix of the simple correlation coefficients, rkp' is

R, its determinan*t .s R, and R is the cofactor of rkp' then
variable, with

5 th

the multiple correlation coefficient of the i
respact to all other variables is

T R

R

Ri.9k1... = TR,

If only one dependent and one independent variable are analyzed
at a time, the multiple correlation coefficient is equal to the
absolute value of the correlation coefficient for that pair of
variables, i.e.,

R, . = Ir..l
1.] 1)

If more than one independent variable is introduced in the
analysis, the degrees of freedom of the data are reduced.

JRSW03 is capable of correcting the multiple correlation co-
efficient for this reduction and prints out an adjusted multiple
correlation coefficient. With only one independent variable,
the two quantities are the same.

The standard error of estimate is

/ 2 2
/ (1-Ry 3x1...) (My-1)oy

f \” N
q The denominator in this expression, N, is the total number of

observations redvced by the number of independent variables
introduced, ¢, plus one,
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N = Mj - (g+1)

A regression hyper-plane can be determined for any sample
containing three or more variables. If any two variables

(xik' xip; i-1, 2,...m) are taken at a time, a regression

line can be determined in the plane formed by the two variables.
The regression line is the least squares curve fit line, and
its slope (mkp' the regression coefficient) and intercept

(bk) are computed as

g
- k I o =
mkp = rkp <3;> bk = mkp xp + Xy

The standard error of the regression coefficient is equal to
the square root of the cross product of the deviations of the
independent and dependent variables, divided by the number of

observations for which both variables are available. If M.<Mk,
then the standard error of the regression coefficient is

The square of the multiple correlation coefficient is the pro-
portion of the variation of the dependent variable explained by
the variation of the independent variables. The variation re-
maining in the dependent variable is the total variation reduced
by Ri jk1 . The variation, or variance, is cj2 and the sum
of the squares of the deviation is (Mj-l)ojz. JRSW03 computes

the amount by which the sum of the squares has been reduced and
prints it out as the "sum of squares reduced in this step."
This term is equal to

2
p P 1) 3 [N

2

R M.-1)0.
(My=1) 0

while the "proportion reduced in this step” is Ri k1 . 1If

more independent variables are introduced in another step, then
the "sum of the squares reduced in this step" and "proportion
reduced in this step" are quantities based on only the indepen-
dent variables introduced in that step. The "cumulative sum

of the squares reduced" and the "cumulative proportion reduced"
are based on all the independent variables introduced through
that step.
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y
] The computed t-value is
@ r M.=-2
] t - l kLI J
comp 5
l-rkp
é and is used to determine the significance of the sample corre-
4 lation coefficient as a measure of the population correlation
3 coefficient.
l“f
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APPENDIX II
CALIBRATION OF C81 INPUT DATA

The Rotorcraft r'ight Simulation Program C81 has been ander
development for the past decade. The latest version of this
program, AGAJ7402, was used throughout this project. A de-
scription of the analysis incorporated in the program and an
input guide are in Reference 14. The purpose of this appendix
is to discuss the inputs that were used and to show the cor-
relation between experimental data and the rcsults of the 81
simulation.

INPUT DATA

A listing of the inputs to the program for the AH-1G is given
in Table XVII. The inputs control the program options used in
the analysis, provide the physical parameters of the helicopter
and describe the desired flight conditions. Since the values

of the majority of the inputs can be determined in a straight-
forward manner, the discussion will be limited tc the derivation
of those variables which are peculiar to the AGAJ7402 version
of the program or which were changed to enhance the calibration
between computed and experimental data.

Logic Control Variables

The inputs in the Proaram Logic Group and Iteration Loyic

Group govern the oper :tion of the program. The user determines
the mathematical representation of the helicopter that he wants
and the different types of analysis to be applied to this model
and sets the values in the two logic ygroups accordingly. The
first 14 entries in the Program Logic Group control which input
groups are read by the program, For the AH-1G model, the non-
zero or activated read ouptions are:

Variable Input Groups to be Read

IPL(2) = 1 1 Airfoil Data Tabple

IPL(3) = 5 5 Mode Shapes

IPL(6) = 2 2 Rotor Airfoil Aerodynamic Subgroups
IPL(9) = -1 Wing Group (without control linkages)
IPL(10) = 3 3 Stabilizing Surfacc Groups (with

control linkages)
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In addition, if the configuration being simulated has external
stores, the value of IPL(12) is set equal to the number of
stores and that number of Stores Subgroups is input. (See
Table XVIII for a listing of the Stores Group for 4 empty XM-159
rocket pods.)

The next ten values of the Program Logic Group control the use
of options in the mathematical analysis. The options selected
are:

Variable Option
IPL(le) = 1 Yaw angle is held constant in trim
IPL(18) = 1 Main rotor steady-state aerodynamics are

computed according to Rotor Airfoil Aero-
dvnamic Subqgroup 1, and the airfoil has a
constant section root to tip

IPL(19) Tail rotor steady-state aerodynamics are
computed according to Rotor Airfoil Aero-
dynamic Subgroup 2, and the airfoil has a
constant section root to tip

TPL(20) = =1 Bell unsteady aerodynamics model is used for
main rotor

1PL (21, i Time variant rotor analysis is used for main
rotor

The simulation of the left rolling pullout maneuver (counter
740, flight 116-B) had to be initiated with a fully time-
variant trim. For this case, IPL(22) was set to 2.

Additional output is selected by setting the values of IPL(25)
and IPL(26) to 1. This latter selection yields the optional
trin page which contains the nondimensional flight parameters,
such as CT/G.

The Jteration Logic Group contains inputs which are used in,

and control, the numerical solution procedure. XIT(1l) sets

the maximum number of iterations allowed to trim the helicopter.
The value of 41 was selected so that a partial derivative matrix
vould be available from the last iteration should a trim condi-
tion not be reached in 41 iterations. The azimuth increment

for the time-variant trim procedure, XIT(2), was input as 10
degrees to satisfy the Runge-Kutta stability requirement of

at least 10 cycles of the highest harnonic per rotor revolu-
tion. The next 12 entries in this group (XIT(3) through XIT(14))
are inputs to numerical dampers which govern the stability of
the numerical procedure. The valucs used have been found to
give qgood results,
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The last seven inputs to the Iteration Logic Group are the
allowable errors for the trim procedure. At the end of each
trim iteration, the net forces and moments on the aircraft

j center of gravity and the flapping moments on both rotors are

3 computed. For a trimmed flight condition, these net forces and
moments should be zero, but this is almost impossible to achieve
because the solution process is numerical. In C8l, the aircraft
is considered trimmed if the absolute values of the net forces
and moments are less than the values input for the allowable

3 errors. The allowable errors used for this study give solutions
very close to trim with a moderate number of iterations.

Physical Parameters of the Helicopter

b The majority of the inputs to the program provide a physical

: description of the helicopter. The inputs are made in separate
: groups for each of the major components of the aircraft. The

3 groups will be discussed in the order in which they are input.

E CLCD5474 is the rotor airfoil aerodynamic table. The table
/ entries for moderate angles of attack for Mach numbers between
. 0.3 and 0.8 were determined from wind-tunnel test data for a

q two-dimensional 540 rotor airfoil section (9.33 percent symmet-
ric). The values at extreme angles of attack and Mach numbers

! of zero and one are those of an NACA 0012 and intermediate
values were determined by fairing the 540 values into the 0012
values, The resulting airfoil table is given in Table XIX.

MODES40A contains the information necessary to compute the main
rotor dynamic response. The constituents of this group are
the mass, Ch and pIy distributions, and the five main rotor

mode shapes. The frequency, damping ratio, and mode type
indicator for each mode are also input in this group. C81
prints out all these data, plus several computed properties
such as bending moment coefficients, as given in Table XX.

The mode shapes and their natural frequencies are computed by
the Myklestad program (DF1758). The inputs used to generate
the 540 rotor mode shapes are given in Table XXI. The blade

stiffness, IBB and ICC distributions have been determined ana-

lytically. Three-hundred-twenty-four is the nominal main rotor
operating rpm and 16 degrees root collective pitch angle was
chosen because it was a representative value for the flights to
be simulated. The control system stiffness is the measured

static value,

4
P
E
K
S
3
3
1
L
E
3

The mass distribution input to the Myklestad program differs
from the one input to C8l. The latter is the mass distribution
for the blade as given in Referenrce 25, while the former is the

o s e e ¥ AN,
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one which gives the best match of beam and chord natural fre-
quencies when compared with the results of ground runup tests,
The dynamic pylon model in C81 was not used and the inplane hub
impedance was simulated in the Myklestad program by inputting

3 a value for HSOFT. The value of -6.5/(106 lb) gives a first
inplane natural frequency of 1.507 per rev which agrees with
; the value determined in the ground runup tests. The blade

1 shear center distribution is not known and was accordingly

3 input as zero. Since the airfoil section is structurally
symmetric, the beamwise cg offset is zero. The inplane cg
offset also differs from that given in Reference 25, but in
conjunction with the input mass distribution, control system
3 stiffness and GJ distribution, gives a good match of blade

3 torsional response, as determined by the computed natural
frequency and the C81 computed pitch link loads.

The Myklestad program computes natural frequencies and mode
3 shapes for three different sets of hub boundary conditions, as

- follows:

. Mode Hub Boundary Conditions

; . Type Out-of-Plane Inplane Torsion

A

1 ' Ccyclic Cantilevered Pinned Cantilevered
Collective Pinned Cantilevered Cantilevered
Scissor Cantilevered Cantilevered Cantilevered

As pointed out by Bennett (Reference 13), the proper modes to
use for a teetering rotor are a mix of cyclic and collective
modes. For the current study, the first three cyclic modes

and the first and third collective modes were selected. The
second out-of-plane collective mode was excluded because it is
very similar in frequency and deflections to the second out-of-
plane cyclic mode and its inclusion changes the computed beam
and chord bending moments to a great extent. Either the cyclic
or collective torsion mode can be selected for the torsion mode.
Its mode type indicator was changed to independent because the
blade will respond torsionally to any integer harmonic forcing
function. Also, the damping ratio for this mode was raised from
the 0.02 structural damping ratio of the other modes to 0.10
critical to include the damping of the control system.

3 The mass and aerodynamic properties of the fuselage are given
in the Fuselage Group. The mass properties are for the whole
aircraft without any external stores, while the aerodynamic
properties are for the fuselage alone, i.e., without rotors,
wing, stabilizing surfaces, or external stores. The gross
weight and center-of-gravity stationline and buttline (XFS(1l),
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XFS(5), and XFS(7)) are determined by weighing the aircraft
while the center-of-gravity waterline and moments and product

of inertia are to be calculated using the mass properties of
each component of tiie helicopter. The mass properties in the
basic fuselaye yroup used in this analysis are those of the
light gross weight, aft cg Huey Cobra. Different configurations
were modeled by adding external stores in the stores ¢group or
changing the mass properties with an &CHANGE card.

The fuselage aerodynamic properties were computed from wind-
tunnel test data (Retierence 26) by using computer program
AS8l2A., The fuselage reference center (XFS(2), XFS(3), and
XFS(4)) corresponds to the balance reference center used in
the wind-tunnel tests.

The first Rotor Airfoil Aerodynamic Subgroup of the Rotor Aero-
dynamic Group describes the main rotor aerodynamics while

the second subgroup gives the tail rotor aerodynamics. The
main rotor airfoil table, CLCD5474, is sclected by the unitary
value of YRR(18) and the yawed flow model is determined by the
values of XMR(20), XVR(21), and XMR(28). The remainder of the
values in this subgroup supplement the infcrmation given in
the table, as described in the User's Guide (Reference 14).
The tail rotor information in the second subgroup is a direct
carryover of the values used in previous versions of the pro-
gram and represents the tail roter well.

The Main Rotor Group and Tail Rotor Group give the nonaerodynamic
properties of the rotors and all the properties of the rotor
mast and pylon. The majority of these values can be determined
by direct measurement from detailed drawings of the aircraft.
The pylon equivalent flat plate drag areas are estimated and
the main rotcr hub drag is included in the pylon drag, so the
main rotor hub drag coefficient is set to zero. Blade response
and bending moments are printed out in maneuver for the segment
number input in XMR(15). It should be noted that for printout
purposes, segment 20 is thc¢ hub, while segment 1 is the nub for
the plots. (This can ke confusing, thus the program will be
modified so that segment 1 is the hub for both printout and
plots.)

The geometric and aerodynamic properties of the wing, elevator,
and fin are given in the Wing Group and Stabilizing Surfacec
Groups. These prcperties are either measured or computed in a
straightforward manner and reqguire nc further discussion.

If the helicopter configuration being simulated has ¢xternal
stores, the Stores Group is included. The data in tiils group
represent four empty XML59 stores. The aercodvnamic pruperties
were calculated by assuming that the stores are riqght circular
cylinders and all wing-store interference drag is included

in the store drag properties.
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The control linkages input in the Controls Group are those re-
ported in Reference 27.

Fiight Conditions

The desired flight conditions are input in the Flight Constants
Group and, in a maneuver, may be modified by the use of "J-
cards" (see section 3,21, Reference 14). The speed inputs

(XFC (1) throuih XFC(3)) are in ground refaerence and are added
vectorally to give *he true airspeed. An altitude input (at
XFC(4)) less than 1.5 rotor diameters turns on the ground-effect
calculations of the program., The next seven inputs (XFC(5)
through XFC(1ll)) give the approximate aircraft attitude and
contirrol positions for the initial iteration in the trim pro-
cedure. The rotor flapping angles and thrust (XFC(15) through
XFC(20)) are also approximatiors for the initial iteration. (If
these values are too far from the trimmed flight values, the
progran may not converge to a solution in the 41 iterations
allowed.) The engine horsepower input (XFC(24)) is 1246 because
the program assumes a 9-percent loss, leaving 1134 horsepower
available for the rotors, which is the gearbox limit at 6600
engine rpm (XFC(25)). The values of XFC(26) through XFC(28) are
used to compute the density ratio and speed of sound for the
flight condition, as described in the User's Guide (Reference
14).

COMPARISON OF FLIGHT TEST AND COMPUTED DATA

Four different series of AH-1G level flight tests were simu-
lated witin C81 to demonstrate the ability of the mathematical
model to represent the helicopter. The aircraft configurations
and flight conditions for the four flights are given in Table
XXII. Insufficient information was available to determine the
waterline location of the center of gravity. Several trial
values were used and a value of 60 inches for flights 34 and
40, and 68 inches for flights 277 and 280, were found to give
the best overall pitch attitude correlation (Figure 35). The
computed pitch attitudes agree very well with the measured
values for flights 34, 40, and 277. The measured pitch atti-
tude values for flight 280 show a slight nose~up trend with
forward speed which is clearly contradicted by the measured
data of the other three flights. The computed pitch attitude
data for this flight show the nroper trend.

The measured and computed horsepower data agree very well (Fig-
ure 36). The horsepower required at high speeds in C81 is
somewhat greater than that measured for flights 34 and 40, but
1t should be noted that the measured horsepower required at

p = 0.314 for ilight 40 indicates that the helicopter is most
likely in a dive. The fuselayge and pylon equivalent flat plate
drag areas had to be increased for flight 277 (to 8.7 and 6.7
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square feet, respectively) to get the correlation shown. Also,
the equivalent flat plate driy area of the pylon had to be
increased to 7.4 square feet to get the horsepower correlation
shown for flight 280. These changes in drag area for configu-
rations with a forward center of gravity are documented in
Reference 29, The additional drag was not necessary for flights
34 and 40, which were flown with the center of gravity further
aft., Figures 37 through 40 show the measured and computed
control displacements for the four flights. 1In all cases, the
data trends correlate excellently. The discrepancies in abso-
lute displacements can be due to differences between the actual
and reported control gearings and lost motion in the control
system. Since there is no lost motion between the collective
stick and the swashplate in C81, the program is computing a
lower collective stick position than that measured in flight.

The oscillatory pitch link axial force is computed by dividing
the root torsional bending moment by the pitch horn radius.

The comparison between computed and measured oscillatory pitch
link axial force ic presented in Figure 41, The correlation is
excellent for flights 34 and 40 and good for flights 277 and
280, When the estimated breankout friction of the pitch bear-
ings is taken into consideration, the correlation improves for
flights 40, 277, and 280, and the loads predicted for flight 34
are over-conservative. The slight downward trend of the com-
puted oscillatory pitch link axial force at p = 0.28 is unex-
pected, but the test data show a similar trend.

Correlation between computed and measured oscillatory chordwise
bending moments is somewhat hampered by the scatter in the test
data. The jump in measured loads in the speed range of 80 to
100 knots (Figure 42) is due to wake crossing which is known to
occur at these speeds. This phenomenon cannot yet be simulated
in C81 due to the lack of data to input to the wake model.
There is still a good deal of scatter in the data in addition
to the jump due to wake crossing. The trend of the computed
and measured chordwise bending moments agrees quite well for
flight 34, and there is a good match of the actual curves for
flight 280.

The computed chordwise bending moments for flight 40 agree

very well with the measured values at low speeds but increase
at a greater rate at high speeds. This discrepancy in slopes
would be explained if the aircraft was actually in a dive for
the higher speed test points, as was assumed in the discussion
of horsepower. 1In a dive, the rotor has to provide less pro-
pulsive force at any given airspeed and will not be as close

to stall at the higher speeds, thereby lowering the drag on the
rotor blades and the chordwise bending moments.
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For flight 277, the computed oscillatory chordwise bending
moment, station 60, is within the scatter band of the test data.
The loads computed at station 135 and 160 are close to those
measured in flight (Figure 43).

F The computed oscillatory beamwise bending moments compare
3 ' favorably with those measured in flight (Figure 44), and the
' correlation at station 60 for flights 34 and 280 is excellent.

The correlation for the moments at station 60 for flights 40
and 277 is good, and the computed loads at station 160 for all
flights follow the trends of the measured data (Figure 45).
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TABLE XVII. C81 INPUT LISTING FOR AH~1G
PLOG20%¢ JeRo VAN GAASPEEX 102-02-74)
WODEL 209 PROGRAM LOGIC GROUP AG
PROGRAM LOGIC GROUP
(] L4 o o 2 [} 0 -1 3 ] 0 0 (]
[} 1 0 1 2 -1 1 [ 0 o 1 1 [} [}
] o 4] ] 0 [ o 0 0 [} ] o 0 [}
CLCOSAT4 P.Y.HSIEH (L1=-24-T4)
RODEL 209 M/R AIRFOTL DATA TARLF AG
MODESA0A JoRe VAN GAASBEEK (42741}
5402%0 540 ALADE WITH TORSTON  MNSOFTs-6.%
FLGE209A JoRa VAN GAASBFEX 13-22-7¢)
CLEAN COBRA FUSELAGE, AFT (G
FUSFLAGE GROUP
7477.000 200.0000 0.0 $4,00000 200.0000 ¢.0 6k, 00000
2265.000 11880.00 9900.000 $r0.0000 0.0 0.0 0.0
-4,1137%¢ 0.0 0.0 0.0 0.0 0.0 ~€.1649200€-01
0.1794500E6-01 0.2739770 ~0.1903000€-02 0.TI09998E-03 - Q,94862997€-02 =0.1%30000E~03 0.1050000€-03
$+500000 0.0 156,1000 84,.70000 0.0 0.0 ~G.2696200 -0}
0.4341300€-01 =0.7022095€-01 =0.1970000E-03 0.9780000€-0) 0.1266100€-01 0.1000000t~06 0.,6599999¢ ~04
=6.9060600 0.0 0.0 0.0 300,0000 VaU G.4389170
“0. 7697695601 4.849007 0.1390000fF ~01 =0.8010000€-02 =0.9651300€-01 0.1731000E-02 ~C.3101000F 02
0.0 11.76000 45.00000 0.3995540 0.4357100€-01 0,4109999F-0) -0, 3899999f -04
Le638453 0.4149800€-01 0.23510008-02 =0.,3571000€~02 =0.2769998¢ -0 0 .2916000E~02 0.4 799949 =04
0.0 ~140.0000 45,00000 0,4549997E~02 =0.2209679 -0.1299700£-01 0.P119999¢-0)
-4,299%9¢ ~0.4806000E-01 =0.4260000F -02 0.3011000€-02 ~0.,9%99999¢ 04 =04 42000E-02 <0.20620000t ~03
600.0000 0.0 0.0 “A, 75713 0.69397%0¢ -0} 0.9264000€-02 =0.1040000t ~02
15.94162 0.12564000E-02 ~0.3040000F -02 0.1731300€-01 n,2510000€-02 ~0,3025000¢£-02 =0+ 1640000t =03
AERD2094 JeRoe VAN GAASREER (04-0%-T4) / CARL MATTHYS (046-01-701)
MODEL 209, MAIN ROTOR IS 317 GROUP ONE AND TAIL ROTOR IS IN GROUP TwD,
RTR AERCOYNAMIC GROUP
0.8400000 1.270000 1.29999% ~0.7000000 0.0 0.0 0¢.7000000
0.9499997¢-01 0.0 0.4750000€ -01 0.0 0,9999998¢~02 0.0 0.2000000t~04
0.4000000£-01 0.3400000 0.9333324€-01 1.000000 0.0 1.000000 € .*000000
0.0 0.0 0.0 0.0 0.0 0.0 60.00000
0.0 0.0 0.0 0.0 0.0 G0 0.0
0.8400000 1.270000 1.299999 ~0.7000000 0.0 0.0 0.7000000
0,9499987¢-01) . 0.4750000E-01 0.0 0.9999994¢€ -02 0.0 043000000k -04
0,4000000€6-01 0.3400000 0.8999997€-01 0.0 0.0 0.0 Y]
0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 V.0 0.0
HNRT 2090 JeRo VAN GAASBEEK 106-22-74}
MODEL 209 MAIN ROTOR GPOUP AG
MAIN ROTOR GROUP
2.,000000 4,500000 0.0 22.00000 27.00000 -10,00000 12.00000
200,0000 0.0 152.6200 475,000¢ 1a811.000 0.46910000£-01 (7"}
17.00000 0.0 10000.00 0.0 0.9700000 0.0 3.400000
2.7%0000 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.¢
0.0 200.0000 0.0 152.6200 3.%500000 =0.2500000 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
TLRT2098 JOMM M. DAVIS (10-09-73}
DATA DECK FURNISHED TO USAAMADL UNDER CONTRACT DAAJO2-72-C-0098
TAIL ROTOR GROUP
2.000000 0.0 0.0 4,2%50000 8.410000 0.0 11.00000
$20.7000 -14.85000 118.2700 14.96000 1.398000 0.2%10000 0.0
0.0 0.0 10000.00 0.0 0.0 0.0 0.5000000
1.500000 0.0 30.00000 0.119999¢ 0.0 0.0 0.2000000
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.2500000 0.0 0.0
0.0 0.0 %0.00000 0.0 0.0 0.0 0.0
WING2090 JeRo VAN GAASSEEK {11-30-73)
MODEL 209 WING GROUP (FIXED SURFACE) AG
WING GAOUP
27. 79999 192.0000 39.00000 62.00000 14.00000 3.900000 11.00000
3.910000 0.6470000 0.5870000 2.419999 0.0 9.200000 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5000000 0.5000000 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8400000 1.250000 1.200000 0.0 0.0 0.0 1.099999
0.1070000 0 0.5330000E-01 0.0 0.9999990E-02 0.0 0.3330000£-03
0.0 0.2000000 0.0 0.0 0.0 0.0 0.0
~0.2 -02 . =02 0.8200000 0.0 0.0 0.0 0.0
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TABLE XVII.

- Concluded

ke r e s

Lo st

Rhiiii Tos

$TAB2090
Ta340999 396.35000
1.490000 1.367000
0.0 0.0
0.0 0.0
1.500000 0.0
0.8400000 1.250000
0.06999938-01 0.0
0.4000000€-01 0.2000000
- -02 -0. -02
0.0 0.0
0.0 0.0
STAB209¢
T.3409% 399.3000
1 .690000 1.387000
0.0 0.0
0.0 0.0
1.500000 0.0
0.8400000 1.2%0000
0.8499995E-01 0.0
0,4000000E-01 ©.2000000
=0.2000000F 02 =0.9000000€ ~02
0.0 0.0
0.0 0.0
STAD209C
18,.59999 $01.0000
1.25999¢ 0.6670000
0.0 0.0
0.0 0.0
0.0 0.0
0.8400000 1.250000
0.9999996¢-01 0.0
0.,4000000E-01 02000000
=0.2000000€-02 =0 . 9000000F-02
0.0 0.0
0.0 0.0
CNTR209D
10.00000 8.300000
12.00000 =13.60000
12.00000 -9,7%9999
6.%00000 =10,00000
1TER2098
41.00000 10.00000
0.2000000 0.2000000
$0.00000 5$0.00000
170.30%0 0.0
32.008)¢ 6%.91121
=0.1190000 ~31.116400
0.0 0.0

JoRo VAN GAASHEEK  (11-30-73)
NODEL 209 R/W HORIIONTAL STABLILER

STADILIZER NO. 1 GROUP
00000

22,0699 o
0.64600000 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1.200000 0.0
0,4350000€-01 0.0
041500000 0.0
0.9200000 0.6999999E-01
0.0 0.0273000
0.0 0.0

JeRo VAN GAASBREEX {11-30-73)
MODEL 209 L/W MORIZONTAL STASLIZER

STAGILIZER NO. 2 GRCUP

=22.0699% $6.00000

0.6600000 0.0

0.0 0.0

0.0 0.0

0.0 0.0
1.200000 0.0

0.4350000E-01 0.0

0.1%00000 0.0

0.#200000 0,6999999¢-01

0.0 0.6273000

0.0 0.0

JOHN M, DAVIS (10-09-73)
DATA DECK FURNJSHED TO USAAMROL INDER CONTRACT DAASO2-72-C-009R

STABILIZER NO, 3 GRCUP

0.0 #4.00000
0.46400000 0.0

0.0 0,0

0.0 0.0

0.0 0.4000000

1.206000 .

0.500C000€-01 0.0
0.1%00000 0.0
0.2200000 «0.5000000€-01
0.0 0.0

0.0 0.0

JeR. VAN GAASBEEK 111=-30=-73)

CONTROLS GROUP FOR SNIP 20002 (64-12248)

21.00000
27.00000
18,00000
30.00000

JeRe VAN GAASPEEK

CONTROLS GRNUP

-N-X-N-]
-X-2- X~

.
.
.

15-15-74)

0.7000000

0.0

0.0

0.0

0.0

0.0
0.7999990¢-02
0.3320000€-01
0.0

0.1339000

0.0

0.7000000
0.0
0.0
0.0
0.0

0.0
0.7909998¢-02
0.3320000E~01
0.0

0,.133%000

0.0

4,200000
0.9999994£-01
0.0
0.0
=-40,00000
0.0
0.7999698¢-02
0.3320000E~01
0.0
0.0
0.0

0.0
0.0
0.0
0.0

ITERATION LIMTTS GRCUP FOR CONTRACY DAAJO2-73-C~0092

2.000000
1500.000
50.00000

=26 ,00000
42,6308
3.362430
2000.000

ITERATION GRCUP

0.5000000
%00,0000
100.0000

FLIGMT (ONSTANTS GROUP
IN00.000
46.49408

“1.100800
6600,000

0.0
1.000000
100,0000

“1,228040

0.0
T134,.%590
1.000000

0.0

- 4G

0.0
2.000000

90,00000
0.0
0.0
0.179999¢
-20.00000
0.0

0.0
0.9999994¢~-01
100.0000

-9.718639

0.0
354,099
3In00.000

14.30000
0.0
0.0
0.0
0.0
1.200000
0.3285999€-03
0.0
0,0
0.0
0.0

14.50000
0.0
0.0
0.0
0.0
1.200000
0.3283999¢-03
0.0
0.0
0.0
0.0

47.00000
0.0

0.0
0.2000000E~02
0.0
1.200000
0.1370000E-03
0.0
0.0
0.0
0.0

0.2000000
2000,000
16.00000

~0.%000000
0.0
V.

65,00000

o e,
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1 TABLE XIX. 540 AIRFOIL TABLE USED IN C81

' SUPER S840 EsT'NSYPFR 84 EXT'[L 74D DATA TARLES HSin
3 <
ALPHAZMALH 3.0 0.30300 0.50000 0.60000 455300 0.70000 0. 15010 0.80000 0.45000 0,100 1.09600
-180.09000 J.C 0.0 0.0 0.0 0.0 0.0 0.9 Ged (D] Tt} 0.0
4 -112,00000 7. 18000 0. 7000 04 1%200) C. 18000 0. 78000 0. 710000 0. 74000 9.78090 C. TAQGLO Q. 13000 0. 78000
-161.0M003 0.6.000 0.62900 0.42000 0.62000 0.62000 0.62000 0452000 Ue62000 C.¢.7000 D.%020 G.t2070
4 *147,00000 1.00009 1.06200 1.00000 1.90¢€00 1.00000 1.00000 1.00090 1.03000 1. 00000 1. 00000 1.09CC0O
{ ~129,00003 1. 0000C 1, 0000 1.00000 1.00N00 1.00000 1.00030 1.20003 1.00C00 1.9¢9%0 1.71"000 1.00000
4 -89.2900 -~1,1800C -1,182C0 ~-1.18000 ~(,.1P0U0 ~-1.1800C -1.19000 ~-1.18003 =1.14000 ~-1.14992C -1 1200 ~1..804
4 -39,00000 -1.18000 =-1.1AX0 =-1,18000 -1.18000 <1.18000 -1.1%000 -1,18000 =-1.13000 ~1,18000 -1,.~000 ~l.l400C
f 21,0000 -0.8Q000 -0,91300 =~0,85000 -0.35000 ~0.85000 -0.8%000 -0.715%30 -0.¢%300 -0.66600 -0,66000 -0.641C
-18,00000 0.8%A7C -0.,8%100 -03.R3200 -0.A7000 -0.87000 -0,86400 -0,75600 -0.75200 -(.69R00 -02.A7000 «0,5680C
) ~14.00000 -1.17000 -1417200 ~-0.?2800 -0.87100 -0.R7200 -0.85300 -0.84170 =-0.80100 =0.786.89 ~-J.72R00 =-n.12470
E «12.00900 -1.22000 -1,22309 -0.93500 -0.8e¢70) -0.06700 -0,83900 -0.84000 -0.81800 ~-C.77900 Q.7.,00 -0.7311%
~11.00000 -1.18000 ~-1.18000 =-0.93420 -0.86290 -0.86000 -0.82900 -0,A3200 -0.81200 <Q.7710" =-0,74000 -0.12670
=10.00000 =1,07030 =~i,07000 -0N,93000 -0,853I00 -0,834C0 -C.81500 -0.72000 -0.,80300 -0.77/00) ~-0,7%%00 -J,005
~9.00000 -0.94800 -C,95800 =-0.92000 -0.83800 -0.84000 -0.80500 -0.80100 -0.781100 -9,140270 -",7i800 -0.8727(
-8.00000 -~0,88003 ~0.86000 -0,.09000 -0.81300 -0,81900 =-0,77600 -0.74090 -0.75300 =G,73020 -0,69000 -0.,6120C
~7.00000 -0.75%00 ~0.715300 =-0.83CO0 -0,.7A400 -0.78500 =-0.75400 -0.74200 -0.72000 -C.70400 -0.6%290 -2,4810C
<6.00000 =1,064%0" -0.84500 -0.71000 -0.74500 =-0.72200 ~0.72180 -2.,67907 -0.67200 ~0.,66800 -3.63190 »2090
~4,00000 -0,43000 =-0.43000 <=-0.476400 -0.%2407 =-0.55600 -0.58900 -0,50570 ~0,56000 -0,5200C =0.«530C =D.34000
~2.00000 -N,21500 -~0,21%00 -0.23700 -0.26200 =-0.27800 -0,29800 -0.,31220 -~N,31200 -0.26C0C -0.22500 =-(.1807
0.0 N0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 el Ne0
2.00000 0421500 0.21500 0,23730 026230 0.217800 0.25800 3.31230 0.31200 0.26000  0.22500 0.18000
4.00000 0.43000 0,413000 C.47400 2.52420 0.55600 0.58900 0.56500 0.56000 0.52n%0 0.45030 0.16000
- 6,00000 04064500 0. 64500 J.71000 0, 74500 0.12200 Do 12109 0.67900 Ue67200 04 66A00 Qeh0100 9.42100
3 7.00000 0. 13300 0.1%300 0.83000 0.78400 0. 79500 0.75406 0.16200 0.72000 0.70430 0.6%200 0.58100
f 8.06000 J,88000 0.85300 0.89000 0.81300 0.81900 0.77800 0.7800C 0.75300 0.73000 0. 69000 7.6329%0
E 9.00000 0.96800 0.9%1800 0.92000 0.8330C 0.84000  0,80%0C 0.90100 0.78100 0,75200 0, 71800 0.67200
10.00C00 1.07%00 1.07500 0.93000 0.8530C 0.85400 0.81500 0.%2000 0.80300 G, 77000 0.73400 9.70%290
! 11.00200 1.18400 1.18400 0.93400 0.86200 0.46000 0.62900 2.83200 0.81200 Q.17700 0. 740%0 0.7260C
y 12.00000 1.22000 1.22000 0.935%00 0.86700 0.%6700 3481900 2.456030 0.81800 G. 77800 Q. 76007 0.1370¢C
e 14.00000 1.17200 1.17200 0.92800 587100 0.87200 0.85300 0.84120 0.80109 0. 76700 0.72870  0.7280C
3 18,03000 2.85800 0.85800 0.98200 0.87010 0.87000 0.86400 Q0. 75400 0.72200 0.698C0 0. 67000 0.8680C
y 21.00000 3.80000 0,81000 0.83000 J.850C0 0.95000 0.4%000 0.71500 0.68000 0.606430 0.64000 0,6610C
39,0000 1.18000 1.18000 1.18000 1.18300 1.18000 1.18000 1.18000 1. 18000 1.18070 1. 18000 1.180%0
49.00000 1.18000 1.18000 1.18010 1.18000 1.18000 1.18000 1.18000 1.1800) 1. L8009 1.14090 1.13000
129,00300 -1.00000 =-1,00%200 -1.00000 -1.90000 -1.70000 -1,00000 -1.00000 -1.00000 -1.00r007 -1,000NM0 -1.00000
147.00000 -1,00000 -1.00000 -1.00000 ~-1,00990 ~1.0000C ~1.20000 -1.00023 =-1.00000 -1.00000 ~1.00000 -.:.0N720

b,

>

St o

] 161,00000 <=0.62000 <~0.82000 ~-0,62000 -0.62070 -0,62000 -0.62000 -0.42000 -0.620N0 ~0.62000 -0,62000 -0.t2003
172.50000 =-0.7R000 <-0,18000 -0.78000 <=0.7R000 -0.78000 =-0,1800C -G.73000 -0.78000 -~0,7R0LO  -0,TAT0Q -0.7AN%0
180.00000 0.C 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 2.0 0.0
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TABLE XIX. - Continued

e st

SUPER 540 EXTOSUPER 540 EXT'D CLCD DATA TABLES USEN

3 ALPHA/MACH 0.0 0.30000 0.50000 0.60000 0.6%5000 0.70000 0.75000 0.60000 0.8%000 0,90000 1.00000
A -180.00000 0.02200 0.02200 0.02200 0.02200 0.02200 0.02200 0.02200 0.02200 0.02200 0,02200 0.02200
d =17%,00000 0.06200 0.06200 0.06200 0,06200 0.,06200 0,06200 0.06200 0.06200 0,06200 0.06200 0.06200

-170.00000 0.13200 0.13200 0.13200 ¢.13200 0.13200 0.13%200 0.13200 O0.13200 0.13200 0.13200 0.1320€
~165,00000 0.24200 0.24200 0.24200 0.24200 0,24200 0,260200 0.24200 0.264200 0.24200 0.24200 0,24200

L" ~160.00000 0.30200 0.,30200 0.30200 0.30200 0.30200 0.30200 0.30200 0.30200 0.30220 0.30200 0.30200
1 -140,00000 1.04200 1.04200 1.04200 1.04200 1.04200 1.04200  1.04200 1.04200 1.04200 1.04200 1.0627%
- ~120.,00000 1.65200 1.635200 1.65200 1.85200 1.65200  1,43%200 le65200 1.69200 1.63200 1.65200 1,45200
1 -110.00000 1.85200 1.8%200 1.8%200 1.05200 1,05200 1.8%200 1.05200 1.05200 1.85200 1.8%200 1.8%200
A -100.00000 2.00200 2.00200 2.00200 2,00200 2.00200 2.00200 2.00200 2.,00200 2,00200 2.00200 2.00200
1 =90,00000 2,02200 2,02200 2,02200 2,00200 2.00200 2,00200 2.00200 2.00200 2.00230  2.00200 2,00200

-80.00000 1.96200 1.9%200 1.94200 1.,90200 1.96200 1.96200 1.96200 1.96200 1.96200 1.9¢200 1.96200
-10.00000 1.86200 1.04200 1.84200 1.%4230 1.04200 1.84200 1.86200 1.84200 1.84200 1.04200 1,84230
-60,00000 1.66200 1.66200 1.66200 1.66200 1.06200 1.46200 1.66200 1.66200 1.66209 1,66200 1.66200
-%$0.00000 1.39200 1.39200 1.39200 1. 39200 1.39200 1.39200 1.39200 1.39200 1.39200 1.39200 1. 39200
5“ =30,00000 0.560000 0.60000 0.60000 0.60000 0.60000 0,60000 0,40000 0.,400%0 0,60000 0,60000 0.60000
3 -28,00000 0.54000 0.54000 0.96300 0.57800 0.57800 0,50100 0.358100 0.53100 0.50100 0.38100 0.50100
i -26,00000 0.48000 0.40000 0.32200 0.3543500 0.%43%00 0.%54700 0,%5%80C 0.35000 0.55000 0.55800 0.355800

=24,00000 0,42000 0.42000 0.44900 0.50000 0.%50200 0.51200 0.32600 0.52600 0.52600 0.92600 0.%2600
e =-22,00000 0.35000 0.33000 0.40900 0.44000 0.46100 0.47200 0.48900 0.49100 0.49190  0.49100 0.4910C

] -20.,00000 0,29900 0.29%00 0.3%100 0.39600 0.41400 0.43100 0.435100 0.,45300 0.43300 0.43300 0.4%300
.\ -10,00000 0.24000 0,24000 0. 30000 034500 0.37000 0.30600 0.407%0 0.41400 0,4190 0.41900 0.41990C

0.19100 0.19100 0.25300 0.,30000 0.32600 0.34100 0.35800 0.38700 0.30100 0.38%0 0.3890C
0.16700 0.16700 0.23200 0,27500 0.30300 0.31800 0,33300 0.34200 0.34500 0,37200 0.37200
~13,%0000 0.13%00 0.13%0 0.20200 0.24400 0.27100 0.26300 0.29900 0.30900 0.33900  0,35000 0.3%100
4 ~-12.5%0000 0,10050 0.10050 0.17500 0.22000 0.24900 0.26100 0,27400 0.28%00 0.32100 92.33300 0.33400
=£1.50000 0,06600 0.04600 0014200 0.109%0 0,22600 0,23800 0.29100 0.26100 0.30200 0,31900 0.32100
-10,50000 0.02600 0,02600 0.11000 0.1%800 0.19500 0,21200 2.22900 0.24000 0,20700 0.30200 0.30500
-9.350000 0.01750 0.017%0 ©0.07000 0.12700 0.16400 0.10800 0,20400 0.21000 0,26%00 0.26700 0,29100
-0.50000 0.01250 0.012350 0.04%0 0.0900 0.13300 0.16200 0.18000 0.19%00 0.25000 0,26900 0.27300
-7.,50000 2.01020 0.01020 0.02740 0.06400 0.10200 0.13200 0.1%300 C.17100 0.23000 0.2%5000 0,2%5700
-6,50000 0,00920 0.00920 0.01260 0.03900 0,07100 0.)0200 0.12700 0.14800 0.21000 0,23000 0,23900
-5.50000 0.008% 0,00850 0.0l000 0.02230 0.04180 0.07150 0.09850 0.12000 0.18700 0.21100 0.220%
~4,30000 0.,00800 0.00800 0.00920 0.01380 0.02000 0.04300 0.07000 0.10000 0.16600 0.19000 0.192%0
~3,50000 0.00790 0.00190 0.00040 0,00090 0.01200 0.02600 0.04500 0,07000 0.14100 0.16600 0.17600
-2,30000 0,00740 0.00700 0.00700 0,00780 0.00930 0.01650 0.02700 0.04200 0.11000 0.14000 0.15000
-1.50000 9.00710 0.00010 0.00710 0.00700 0.00730 0.00900 0.016% 0.02630 0.07009 0.10500 0,.12000
~0,50000 0.00600 0,00600 0,00680 0,00870 0,00650 0,00720 0.008°0 0.01680 0.05000 0.07200 0.09300
0.0 9.00088 0.00600 4.00670 0.00660 0.006%50 0,00680 0.00740 0.01500 0.04300 0.064%00 0.0930C
0,50000 ¢.00D68T 0. B80080  0.00600 0.00610 0,006%50 0.,00720 0,008090 0,01680 0.0%000 0.07200 0.09%0C
1,50000 T.O07  0.80110 0.00710 0.00700 0.00730 0,00980 0,01650 0.0263%0 0.07000 0.10%00 0.1209%0
2.%50000 1.7 0.::“0 0.00180 +00780 0.00930 0.01650 0.02700 (.04200 0.11000 9.14000 0.15%5000
3.50000 o.werww O, 00 0.00%0 0.00090 0.01280 0.02600 0.04500 0.07000 0,14100 0.16600 0.17600
50008  0.00800 0.004 z, 9110 0.01340  0.02000 0.04300 0,07000 0.10000 0.16600 0.19%000 0.19870C
5.50000 0.00080 0-““! 0. 0180 0.02230 0.06150 u.07430 0.09830 0.12000 0.18700 0.21100 0.22000
6,50000 0,00920 0.00%) P.00060  0,03800 0,07100 0.,10200 0.12700 0.14400 0.,21000 0.,23000 0.23900
7.5000C  08.01020 0.0i020 0, 021040 0.06600 0.10200 0.13200 0.19500 0.17100 0.23000 0.23000 0.25790
8.30000 0.012%0 0.012%0 0.Ue%00 0.0960C 0.13300 0.16200 0.18000 0.19300 0.25000 0.24900 0.27300
9,50000 0,048 0,017150 0,07000 0,12700 0.16400 0.18800 0.20400 0.21800 0.26900 0.28700 0.29100
10.50000 0.02000 0.02600 0.11000 0.15800 0.19%00 0,21200 0.22900 0.24000 0,28700 0.30200 0.30500
11.50000 0.04600 0.0460C 0.14200 0.18800 0.22600 0.23800 0.,25100 0.26100 0.30200 0.31900 0.32100
12,50000 0.100%0 0.100%0 0.17500 0.22000 0,24900 0,261C0 0,27400 0.20%00 0.32100 0.33%00 0.336n0
13.50000 0.13%00 €.13%00 0.20200 0.24409 0.27100 0.2030) 0.29%0 0,30%00 0.33900 0.335000 0.35100
15.00000 0.16700 0.16700 0.23200 0.273%00 0,30300 0.31800 0.33300 0,34200 0.36%00 0.37200 0.37200
16,00000 0.19100 0.19100 0.25300 0.30000 0.32600 n,34100 0.35000 0.38700 0.38100 0.30900 0.3890C
18.00000 0.24000 0.24000 0.30000 034500 0.37000 0.38600 0.40700 0.41600 0.41900 0.41900 0,61900
2000000 0.29900 0,29900 0.335100 0.39600 0.416400 0.43100 0.45100 0.45%00 0.43300 0.45300 0.4%300
22.00000 1,3%5600 0.35000 0.40900 0.44800 0.46100 0.47200 0.409%0 0.49100 0.49100 0.49100 0.49100
24.00000 0.42000 0,42000 0,46900 0.50000 0.%50200 0.%51200 0.52600 0.%2600 0.32600 0.,32600 0.52600
20.00000 0,.48000 0.48000 0.52200 0.5%54500 0.54300 0.34700 0.5%800 0.55900 0.%5800 0.5%5800 0.35%000
20,00000 0.%4000 0.3%4000 0.36300 0.57800 0,57000 0.50100 0.58100 0.%90100 0.5A100 0.%6100 0,.58100
30.00000 0.60000 0.60000 0.,60000 0.60000 0.,60000 0.60000 0.60000 0.60000 0,60000 0.60000 0.60000
350.00000 1.39200 1.39200 1.39200 1. 39200 1.39200  1,392¢60  1.39200 1.39200 1.3%200 1.39200  1.)9200
60, 00000 1.66200 1.66200 1.66200 1.66200 1.66200 1.66200 1.66200 1.66200 1.66200 1,86200 1.66200
70.00000 1.,84200 1.94200 1.84200 1.04200 1.84200 1,84200 1.84200 1.04200 1.04200 1.864200 1,84200
00.00000 1.96200 1.9%200 1.96200 1.96200 1.96200 1.96200 1.96200 1.96200 1.96200 1.96200 1.96200
90,00000 2.02200 2.02200 2.02200 2.00200 2,00200 2,00200 2.00200 2.00200 2.00200 2,00200 2,00200
100,00000 2,00200 2.00200 2.00200 2.00200 2.00200 2.00200 2.70200 2.00200 2.00200 2.00200 2.00200
110.00000 1.085%200 1.85200 1.8%5200 1.85200 1.85200 1.85200 1.05200 1.85200 1.A3200 1.A%200 1.85200
120.00000 1.65200 1.6%200 1.65200 1.65200 1,65200 1,45200 1.65200 1.65200 1.65200 1,65200 1.65200
140.00000 1.04200 1.04200 1.04200 1.04200 1.96200 1.04209 1.1M4200 1.04200 1.04209 1.04200 1.04200
140.00000 0.30200 0.3200 0.30200 0.30200 0.30200 0.30200 0.39200 0.30200 0.3%0200 0.30200 0.30200
165,00000 0.24200 0,24200 0.24200 0.24200 0.,24200 0.,24200 0.24200 0.24200 0.24290 0.24200 0.2¢200
170,00000 0.13200 0.13200 0.13200 0.013200 0.13200 0.13200 0.13200 0.13200 0.13200  0.13200 0.13200
175,00000 0.06200 0.06200 0.06200 0.,06200 0.06200 0.06200 0.06200 0,06200 0,06200 0.06200 0.06200
180,00000 0,022¢% 0,02200 0.02200 0.02200 0,02200 0.02200 0.02200 0.02200 0.02200 0.02200 0.02200
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TABLE XIX.

- Concluded

SUPER 340 EXTPDSUPEAR

540 EXT'D CLCD OATA

TABLES USED

(4]

ALPHA/MACH Q. 70000 0. 33000 0.40000 0.%50000 0.40000  0.70000 0. 75090 0.80000 C.90000

-100.00000 2.0 n.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0
~170,00000 J.4L000 0.40000 0.40000 0.40000 0,40000 0.40000 0. 40000 0.40000 0.40000
-165%.00200 V430000 0. 30000 0.30000 0.30000 0.30000  0.30000 0.30000 0.30000 0.30000
~160,00000 J.30007 0.30%00 0.30000 0.32000 0.3000C 0.30000 0.30000 0.30000 0.30000
-13%.00200 0.30000 0.5%000 0.50%00 0.90000 0.30000 0.30000 0,%0000 0.%50000 0.%0000
-90.00000 2.%0000 0.50000 0.%0000 0.5000C 0.3000%7 0.9000" 0.%50000 0.50090 0.50000
-32.,00000 2.17400 0. 19400 0.19600 0.216400 0.23300 0.25000 0.26620 0.,21700 0,29%00
=23.00020 0.11200 0.11800 9.12000 0.1440¢ 0.15700 0.17100 0.18300 0.20600 0.23200
~16.00000 2.07309 J.07800 0.78600 0.09700 0.10009 0.11700 0.13700 0.,17600 0.,20000
~15,00000 0,05400 2.06300 0.C7300 0.08400 0,09700 0.11100 0.13300 0.17300 0.19%509
-14,00000 7.0 0.02700 0.05400 0.06800 0.08600 0.10300 0.127%0 0,16700 0.10900
-13,00900 2.0 N, 00150 0.02500 0.05090 0.,07400  0,09300 0.12200 0.16300 0,10400
-12.00000 J.0 rf.0 0.0020C0 0,03000 0.06000 0.08300 0.11600 0.15700 0.17600
-11.€0000 0.0 2.0 =~0.00300 0.0l400 0.04600 0.07400 0.10800 0.14900 0.17000
-10.,000C0 0.0 0.0 -0.00200 0,00200 0.03200 0.06300 0. 10000 0414200 0.16300
=9,00000 2.0 0.0 0.0 -0.00300 0.01600 0.0%400 0.08900 0.13200 0.1%5400
-8.00000 2.0 0.2 0.0 -0.00403 0.00300 0.04103 12.082% 0.12300 0.14500
=1,00000 3.0 0.0 0.0 0.0 -0.00400 0.02799 0.17200 0.112%0 0.13800
-6,00000 0.0 n.o 0.0 0.0 -0.00300 0.01600 0.06200 0.10000 0.12%00
<6,00000 2.0 0.0 0.0 0.0 0.0 0.00300 0.04000 0.,07600 0,10200
=3.,00000 0.0 0.0 0.0 0.0 0,3 <0.00300 0.02600 Nn.066%0 0.08700
=2,C0000 2.0 0.0 0.0 0.0 0.0 0.0 0.01300 0.05300 0.07000
=1.00000 1.0 0.0 0.0 0.0 0.0 0.0 0.003%0 0.03¥300 0,04%00

0.0 2.0 0.0 Q0.0 0.0 0.0 2.0 0.0 0.0 0.0
1.03600 2.0 0.0 0.0 2.0 0.0 0.0 =0.70400 -0.93300 -0.04%00
2,00000 0.0 0.0 0.0 0.0 0.0 0.0 -0,01300 -0,03300 -~0.07000
3.00600 0.0 ¢.0 0.0 0.9 0.0 0.00250 -0.02600 -0.04700 -0.08700
4.00000 J.0 0.0 0.0 0.0 0.0 -0.00%500 -0.04000 -0.07600 -0.10200
56,0000 0.0 0.0 0.0 0.0 0,00300 -0,01600 -0.06300 =-0.10000 -0.12300
7.00000 0.0 0.0 0.0 0.0 0.00400 -0.02800 -0.07200 ~-0,11300 -0.13600
8,00000 0.0 Ca0 0.0 0.,00400 -0,00500 -0,04100 -0.08200 <-0.12300 -0.14500
9.07C00 9.0 0.0 0.0 0.C0300 -0.01600 -0.05400 -0.08900 <-0.13200 <-0.1%400
10.00000 0.0 0.0 7,00150 -0.00200 -0.03200 -0.04%00 -0.10000 -0.14200 -0.14300
11.00000 0.0 0.0 0,00300 =-0.01400 -0.04600 -0,07400 -0,10000 -0,14900 -0.17000
12.00000 0.0 6.0 -0.06200 -0,03000 -0.06%00 -0.08209 -0.11600 -0.15700 -0.17600
13.,00000 9.0 -0.00200 -0.02%0C -~0.0%50%0 -0.07400 -0.09300 -0.12200 -0.16300 -0,18400
16.00000 9.0 ~0.02700 <0.05400 -0,06800 -0.00600 =-0.10300 <-0.12720 -0.16700 -0.18900
15.00000 =-0.05400 -0.06300 ~0.07300 -0.08400 -0.09700 -0.11100 -0.13300 -0.17300 -0.19500
16.0000C =<J.07300 -N,07000 -0.00600 -3.09700 -0.10800 <-0.11700 -0.13700 -0.17600 « 20000
23,00000 <-0,11200 -0.1180C -0,12800 -0.14400 -0.15700 -0,17100 -0.18300 -0.20600 -0.23200
30.0000¢ <~7.1740C -0,10400 -0.1960C <-0.21400 -0.23%0C <-0.29000 -0.26400 -0.27700 -0.29800
90,0000 <-7,50000 -0,50000 -0,30000 -0,%0000 -0.50000 -0.%0000 -0.50000 -0,350000 -0,%0000
135.00000 -0.50000 -0.%0000 -0.%90000 -0.%0000 -0.%0000 -0.%0000 -0.50000 -0.30000 -0,30000
160.00000 <-C.3000C -0.39000 -0.30200 -0.30002 -0.30000 -0.30000 <-0.30000 -0.30000 -0.30000
165.00000 =-n.30000 -0.39000 =-0.,30000 -0,30000 -0.30000 -0,30000 -0.30000 -0,30000 -0,30000
170.6000 -0,40000 =-0.42000 <~0.40%200 =-0.43000 -0.60000 <-0.40000 -0.40000 -0.40000 -0.40000

180,00000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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TABLE XX.

540 AEROELASTIC BLADE DATA USED IN C81

MAIN ROTOR AFANELASTIC ALADE

DISTRISUTIINS AND 0A1A

ALAOF STATIN Wk [ Gt AEAMMEISE INFRTLA CHORDWISE FHERTIA
NUMPEA TLAZIND CEN-LR-SECO92/IN) LIN-LR-SECes2/(N)
1 3. 3260 0.0040 N.168%
? 1.61170 0,0040 Oo LGRA
3 1.,6%20 0, 0040 0.1847
[ Ja824C 00040 Ne 1632
9 0,990 7.72020 0.1853
h N, ABLO a.9002¢0 0.106
r CellHQ 17,0010 Ne 090 &
L] 0.8910 9.0010 0, 0mAS
9 0.0510 0.0010 0.0825%
10 046170 0,001v 0.08%e
il 2.5M30 0.0010 0.0938
12 0.73%0 0.0010 0.3840
1 1.2200 0,002¢ 0.0TR2
14 1.2200 0.0020 C.071R8
s €,8200 0.0010 0.0719
16 J.5419 0.0010 G.0672
gu C.5+1C 0.00i0 0.06 01
Y] 0,5460 0.0010 0.0876
[N 2.,00T10 0.301¢C 0.06¢0
20 Z.1180 0.0010 0.,0840
TOATAL ALADE WEIGHT -« 474,33 | # ALADE T1P WFIGHY = 0.0 tn FUAPPING INFRTIA/ALANE = 168%.6 S':'G-FTwe2
MAIN ROTER
WODE SHAPE FNR MONE | MIDE SHAPE N2 MODF 2 MONE SHAPE ENR NIDE 4
STA  OUT-OF -PLANE INPLANE TORSION CUT-UF -PLANE  INPLANE 1R 1ON QUT-OF -y ANF INPLANF INESTOMN
0 ¢.0 0.0 0.0 0.0 -0.0¢95 0,1979 0.04%7 20.1%92
1 0.0500 0.0 2.0 ~0.0336 -0.00n8 J.2282 0.,043) 22,9659
2 0.1001 0.0 0.9 ~0.NTa2 -0.0563 0,212 0.C3% 25,2151
3 0.1%01 Q.0 2,0 -%.1140 -0.0250 0..2816 -0.32R0 0.015) 20,087
4 0.2001 0.0 e -0,1480 0.0 0.2907 ~0.4405 0,0 29,1603
5 0.2%02 0.0 0.9 -0.1690 0.0300 0,2992 -0.53"Y -0,039% D56V
[ 0.%02 2.0 0.0 ~0.1747 0.0129 0,30%% -0.ttto -0, 0620 371542
7 0.3502 2.0 0.0 -0.1686 0.1219 0,3091 -Le6'T? -0.0876 3,884}
[] 0,4002 0.0 2.9 -0.1542 0.1757 0.310Y 0TIV -0.i118 35,5942
Q 0.4862 0.0 0.0 -0.135% 0,2332 0.3097 -0.73%2 -0.1342 37,2069
10 0.5007 2.0 0.2 -0.1138% 0,2950 0,307% -0.7287 ~0.1543 39,2914
11 0.5%0¢ 0.2 0.0 -0.0%0 0.3%74 0.3019 ~D.6%%& -0.1714 41,2197
12 0.6001 0.0 0.C -C.0854 0,4232 042999 ~0sh?2R2 -0.1850 42.9%7
13 0.6%01 0.0 ¢.0 ~0.0400 0.9911 0.2940 =0.5274 ~0.194% w4 .46532
1 0.1901 0.9 0.9 -0.0140 0.5607 0.7858 -0.3908 -C.1990 45,3119
15 G.7%01 0.0 0.0 C.Qi24 0,6149 Vel 154 “0.21NT7 -0.2010 bb.9612
'h 0.8001 0.0 0.0 0.0389 J1.T042 0.20681 ~N.0148 ~0.t987 AT.A126
Lt 0.8501 c.C 0.0 0.08%53 Qe 718 0.2040 0.2160 -0,1937 48,5751
ie 0,9000 0.0 g.cC 0.0916 0.8514 0.20)8 O.4611 ~0.1068 4Y,0360
19 0.79500 0.0 0.0 O.1i78 0.9257 Ce20%4 0.7310 -N.1781 LR L
29 1.0000 0.0 0.0 0,164 1.0000 0.2660 1.0000 =00 1698 49,5103
43t SHavF FOR WOUE 4 ®mANE SHAPE FOR MODE 3 MONE SHAPE FNK MONE &
STA  0OUY-QF -PLANE  INPLANE TORSION QUT-Ur -2LANE  ['PLANE TNASTON NUY-0F -PLANF 1 NPLANE TR stnN
J G.2 0.7 0.0 0.0 0.9 «1,2185 d.0 0.0 0.0
1 9.0229 0.9 0.0 0.01319 0,011% $3. 71922 0.0 0.0 2.0
2 0.0678 0.0 0.0 G.onsl 3, 0229 40,0040 0.0 0.0 9.0
Al 0.11 % e .0 Ve le39 J.034C b5, 8116 ¢.0 0.0 .0
L] [ L L] 0.0 e.0 "e1981 7.046408 6R, 3870 c.0 n.o NN
s pPYAA A 0.0 0.0 C.2417 0.0%40 T1e73%6 0.0 0.0 “e0
A O.2869 ed 0.0 J.2%98 0.0615% 15.54%7 Q.0 9.0 0.0
1 a3 J.0 0.0 0.3234 nD,0870 19,7147 J.0 0.0 A0
L] 0.3591 [ G.0 [PELRd 0.0703 A2,9927 0.0 0. 2.0
9 Qabll’ n.0 0.0 0.3629 2.0716 88,5076 2.0 n.0 J.0
[T Lokt )0 [ f.0 0. 3607 n.0r07 CAPRIR] S D.0n c.0 2.0
1" Y n169 [ P 0.3603 2.0674 98,3609 Qe 0.y 0.0
12 J. 5700 0.0 DAY 0.3378 V.61 102,9917 J.C J.0 n,o
(8] 0.6234 0.0 Qel234 C.2v61l 0.051+ 101,046 C.0 0.0 0.0
ie Db ln9 Nels “Je1652 Da2341 0.0342 110.49136 0.0 2.0 0.0
15 S 730 0.0 7.1¢95 lel53) 0.021% 111, 4938 2.0 0.9 0.0
(1 LR o,¢ -, 1898 0.0%40 0.0 1157613 n,0 0N 0.0
17 0.8342 3.0 -0, 1952 -0.0474 -0.0167 111.6219 0.0 .0 C¢.0
18 0.8971 Q.0 -2.1987 ~0.1%98 -~0.0317 118.9400 2.0 0.0 £,
{9 Q9640 0.0 =0 1946 -0.2%65 -4 359) 119,712 Ne0 0.0 0.0
27 1.07%0 0.0 -0.1938 ~0.39%1 -n, 0811 119.9999 0.0 0.0 0.0
D NUMHE R 3 2 3 0 5
NOOE T YRS il RIDY [STH R 1A cveese Lt eCTIvVE COVLFCTEVE
LAMP af, DAY Yo i 2.2009¢ -0l (e 200008 - 01 0. 20G00F-01 0.100.0f 00
GEMERALI/ED INERTIA LR D RALTNI] J.24641¢ O D 3084E 01 0.2R128F N} O, T548<¢ 0|
NATORAL FRELHENCY,/REY [Pl AR N D] Cel S22 0y 0. 2168F O1 0106196 01 7. 28207 O
CHBRACTEWICTIC CASFHTCIENTS AV vt 4)f W)
PLAM AENN [N, WAMENTFT -LR B PR Y LTSI ~“0.2Th0F G2 Nelad29t U3 D.6bbbbt N [T+ LIRS
CHE R0 H-NIVING Mie TNT kT (R N9 Del 3670% 06 ~0.11481€ 36 a0 Ueul0 % U~
VWS {ONAL MMt Ton 0.0 JeloT20F Q2 e 12554t 05 =5, TIARE O} PR L B 1N
VECTILAL SGnbad gt Nonzilib 4 (0., 19906F G4 -0.c4%43 0% 0,55094F [+ N.1271AF 0%
[<PLANY AR GLR ] 0.1027°F 0%  -0.0ef19f Q4 .0 0.308 71+ 06
wOMENT COFRTILTENTS al v = 38,00 1%,
HEAM BENNING MMENT,FT-L A ~U. ¥"00RF 01 ~L,a 80127 04 Q. 26260 05 0. 19019 Js LR DL TR LY
CHNan PENING WONENT,TT-L A n.L 0.10834° 06 -Co96290t L a0 0. WY6NE DY
TURSINANAL MOMENT BT R J.0 0.16900¢ 92 0.12006F NS SG.2T1M0E 51 DANRALE 08
154
et e K b i ik i A A, Iiilillilii .
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TABLE XXI. DF1758 INPUTS FOR THE 540 ROTOR

Number of Hub Segments

2 00

VMASS, HMASS, VSOFT, RSOFT 0.C
HSOFT -6.5/(106 1b)
Segment Length 13.2 in.
Rotational Frequency 324.0 rpm
Root Collective Pitch 16.0¢
Twicst -10.0°
Number of Blades 2.0
Chord 27.0 in.

Control System Stiffness

.9 x 10° in.-1b/rad

LIB EIC CG Offset
Segment X10~6 x10~6 Wt/in. Bean Chord
1 13.3 4110.0 4,440 0.0 -0.20
2 508.0 1970.0 6.060 -0.20
3 694.0 1750.0 7.240 -0.20
4 256,0 6550.0 2.120 -0.20
5 89.5 4240.0 0.952 -0.36
6 63,1 4050.0 6.761 -0.48
7 50.0 3950.0 0.678 ~0.48
8 46.3 3890.0 0.651 -0.52
9 42,0 3640.0 0.611 -0.58
10 37.5 3420.0 0% ST -0.64
11 33, 3200.0 0.541 -0.68
12 33.0 2990.0 0.690 -0.74
13 35.0 2830.0 1.180 1.02
14 35.0 2620.0 1.180 0.96
15 32.6 2390.0 0.780 -0.94
16 32.3 2200.0 0.501 -0.%6
17 32.5 2060.0 0.501 -1.02
18 33.2 2080.0 0.504 -1.04
19 46.4 2260.0 1.670 0.04
20 46.4 2290.,0 2.260 0.0 0.C4
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TABLE XXI. - Concluded

= —

GJ Shear Center Offset

Segment IBB 1CC x10~6 Beam Chord

1 0.004 0.168 36.00 0.0 0.0
2 0.004 0.168 36.00
3 0.004 0.168 36.00
4 0.004 0.168 75.00
5 0.002 0.155 52.95
6 0.002 0.106 42,60
7 0.001 0.096 37.10
8 0.001 0.088 33.50
9 0.001 0.082 29.40
10 0.001 0.083 25,54
11 0.001 0.093 22,10
12 0.001 0.083 21.45%
13 0.002 0.075 21.45
14 0.002 0.075 21.45
12 0.001 0.070 21,45
16 0.001 0.066 21.45
17 0.001 0.066 21.45
18 0.001 0.066 21.45
19 0.001 0.066 21.45
20 0.001 0.066 21.45 0.0 0.0
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] TABLE XXII. FLIGHT CONDITIONS FOR AH-1G LEVEL FLIGHT DATA

4 Flight Gross CG Pressure
i Number Confiquration Weight Station Line  OAT Altitude
34-A* 4 Empty 7309 194.3 32,0 2100
t XM-159 Pods
40-A* 4 Full 9617 195.2 68.0 1200
XM-159 Pods
277-B** 4 Empty 9645 192.6 83.0 1200
XM~-159 Pods
p 280-A** Clean Wing 7405 191.5 35 2500

*Reference 27

**Reference 28
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APPENDIX III

DATA USED IN STATISTICAL ANALYSIS

The data used in the statistical analysis are provided in
this appendix. The data are given by flight number, oscillo-
graph counter and variable number. The following table
identifies the variables by variable number. An entry of
-.10E+10 was used whenever the value of the variabhle was not
available.

Variable )

Number Variable Units
1 Maximun Mean Normal Load b
2 Oscillatory Copilot Vertical

Acceleration at the time of

Maximum Mean Normal Load g
3 Maximum Oscillatory Copilot

Vertical Acceleration a
4 Oscillatory Main Rotor Pitch

Lin% Axial Force at the time

of Maximum Mean Normal Load 1b
5 Maximum Oscillatory Main Rotor

Pitch Link Axial Force 1Lt
6 Longitudinal Cyclic Stick Position

at the time of Maximum Mean Normal

Load %
7 A{Longitudinal Cyclic Stick

Position)* %
8 Latcral Cyclic Stick Position at

the time of Maximum Mean Normal

Load %
9 A(Lateral Cyclic Stick Position) S

10 Hngine Toroue Pressure at the
time of Maximum Mecan Normal Load nsi

*A( ) indicates the difference between the value at the *ime
of maximum mean normal load and the value at the beginning of

the maneuver.
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‘; Variable
‘ ‘ Number Variable Units
1 11 Maximum Engine Torque Pressure psi
: 12 A{Engine Torque Pressure) =
? 13 Oscillatory Main Rotor Chordwise
1 Bending Moment, Station 135, at
1 the time of Maximum Mean Normal
g Load in.-1b
: 14 Maximum Main Rotor Oscillatory
3 Chordwise Bending Moment, Station
: 135 in.-1b
3
Y 15 Oscillatory Longitudinal Cyclic
3 Stick Force at the time of Maximum
Y Mean Normal Load 1b
16 Maximum Oscillatory Longitudinal
Cyclic Stick Force 1b
E 17 Oscillatory Lateral Cyclic Stick
Force at the time of Maximum
N Mean Normal Load 1b
18 Maximum Oscillatory Lateral
Cyclic Stick Force 1b
19 Gross Weight 1b
20 Outside Air Temperature deg C
21 Pressure Altitude at the time of
Maximum Mean Normal Load ft
22 Collective Stick Position at the
time of Maximum Mean Normal Load 3
23 Calibrated Airspeed at the time of
Maximum Mean Normal Load kn
24 Density Ratio at the time of Maximum
Mcan Normal Load =
25 Pitch Rate at the time of Maximum
: Mean Normal Load deg/s
26 Maximum Pitch Rate deg/s
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Variable

Number Variable Units

27 Roll Rate at the time of Maximum

Mean Normal Load deg/s
28 Maximum Roll Rate deg/s

3 29 Yaw Rate at the time of Maximum

Mean Normal Load deg/s
30 Maximum Yaw Rate deg/s
31 Speed of Sound at the time of

Maximum Mean Normal Load ft/s
32 Referred Thrust {(Maximum Mean

Normal Load) / (Density Ratio)} 1b
33 Disc Loading (Cp/0) at the time

of Maximum Mean Normal Load -

& 34 Advance Ratio at the time of
3 Maximum Mean Normal Load -

35 Maximum Normal Load Factor g
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3
7
3 £
F [ Variable Number
g s B
1 f. 2 §
4 = 9o 1 2 3 4 5 6
3 ]
: 5 11 11251, «47800 «49900 822.30 877,00 56,800
¢ 5 13 11819, +55100 «56700 794,00 849.00 54,900
’ 5 14 12575, « 64600 +68200 1010,0 1110.0 55.400
: 5 15 12953, «67200 «70300 1210.¢C 1310.0 $6.300
1 H 16 13615, « 17700 «T7700 1420.0 1420.0 54,400
i 5 21 11441, « 47800 «51400 1490.0 1610.0 61,600
3 5 23 11913, «57200 «59300 1290.0 1310.0 64,000
] L} 25 13048, «54100 066700 1840.0 1840,0 61,600
3 S 28 11535, 952500 56100 1120.0 1150.0 68,700
3 5 29 12008, «ST7C0 «560900 986,00 986.00 68,700
1 5 36 11819, «37700 «58800 1070.0 1070.,0 67,300
% S 37 12102, «95600 «5%5600 1230.0 1230,0 60.100
A 5 38 119113, «40400 +4300C 877.00 904,20 55,800
3 6 s 13248, « 71900 « 74000 121C. ) 1230,0 52.500
. 6 6 14011, «65100 «65100 1180.9 1230.0 49,600
i [ L] 15059, «45700 «%6200 986,00 1070.0 42,900
: 6 o 12962, « 73000 « 75100 1340.0 1370.0 59,700
[ 10 13725, «66100 «69800 1780.9 1920.0 57.700
6 11 16312, 48300 «63000 1640.0 1750.0 54,900
4 6 17 14214, «90300 90309 1620.0 1620.0 65,400
] [ 18 14297, «94500 «96100 1590.0 1590.0 63,000
4 6 19 15917, « 77200 +7980C 1840.0 1890,0 62,000
- [ 21 14582, 97600 +97600 1590,0 1593.0 63,000
(] 22 teol2. «69300 « 78200 2140,0 2140.0 60,100
[ 23 15821, « 74500 « 74500 1750.0 1780,0 60,600
] [ 25 14911, « 79300 «82400 1920.0 1920.0 71.600
. L] 26 15536, «77200 «TH6 30 227C.0 2270.0 68,700
k 6 27 164849, «58300 «6510C0 2990,0 2990.0 64,200
. 6 30 15154, « 76100 « 77700 1676.0 1769.0 55,400
) 3] 1496A, «41500 «42500 1150.0 1150.0 46,800
i 6 32 12295, « 30400 «32500 267640 2470.,0 76,800
E 14 18 15234, « 92400 «97100 184C.0 1940.0 64,400
k- 7 21 15995, « 17200 +99290 2080.0 2160.0 66,300
F‘V A 7 16292. « 72400 «86600 1920.0 2110.0 54.900
a A 15818, «45720 « 71907 1640.9 1730.0 47,200
3 3 Q 16671, «64600 » 719300 1940.0 2050,0 51,500
. 9 1R 13104, « 78200 «91300 137G.9 1530,¢C 56,800
4 9 19 13615, 814720 +A5690 1260." 1645G.C 57,700
] L) 290 16546, + 64500 «A920¢C 208V.0 2360,0 60.100
. 9 21 16932, 69300 « 724060 24404 2520.0 57,370
. 19 7 131A3, 1.2420 1.3400 1670.0 1730.0 63,500
] 1¢ Q 13741, «62500 «Al400 167649 1730.0 51,500
11 21 15646, «33100 <5830 12604 1400.0 36.700
11 22 153567, «46720 «69300 1310.0 1340.0 42,900
11 23 14477, «4572C «9562C 1510.0 1640,.0 51,100
10 11 17378, « 73130 « 73500 1150.0 1260.0 55,400
4 1c 12 1406, 1.1100 1.1900 1640.0 1640.0 64,400 ;
3 10 13 13467, 1.1100 1.1400 153C0.9 1590.0 63,500 4
9 10 14 13274, 1.1400 1.142¢C 1700.2 1810.7 70,200 P
10 15 14935, 1.0900 1. 1700 I1R90,0 1890,0 68,200 |
10 16 12614, «29900 «32500 986,00 986,00 43,800
12 17 13183, « 30409 «32520 ar7.30 931,00 444,400
11 14 13tr2, 1, 0400 1. 060UV 1720.,0 1700.0 67,R00 i
11 14 15541, «91300 « 98700 159u.2 1620.0 §9.700 E
3 i 16 1355]. » 69300 44500 1700,0 1700.0 39,800 1
1 11 17 11717, «567C0 56732 1610.7 1070,0 55,800 ;
11 19 13435, « 44300 LI b 959,07 1150.0 53,900
: 11 19 15351, » 4?7000 +4R3IV0 1230.9 1340,9 51,500
f 22 ) 12651, -« 10000k e10 = 1D00GFeIC =+ 10UDDE*) ) -.1J00CE+10 77,500
1 22 g 12192, =¢ 1UGONE+]) =e1JICAFeYY LR GaAlamA X3 & ] =«1n0%0F¢10 79.200
22 14 13314, =« 10030 ¢1u -« 1J0UOFe 1D ~elUCJIFe12 ~+1J000GFs1C 764400 b
E 22 A 1427, -+ 1JUNOF+1N -:1200u¢ 410 -+s13000£¢10 VIOC00E el ¢7,329
22 9 14447, ~«10700E¢]) =e1JQ0UF 1O ~«12000E+10 1J000F+10 656,300
22 10 1264524 - 10900F ¢ 10 -« L0000F*1) - 1UCNYESLD -+ 10000F+10 73.000
22 %4 153LA, -.10000€+10 ~17J00E+ LN - 12020NE¢1) -+1000%€¢1¢C 71.100
22 13 16267, =+ 10000F ¢10 =« 190930E+10 -«10C00F 12 -.10000F+10 78,300
2 S
i
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pac -

[9%.1
11s
1l
113
118
118
118
1114
1 98]
11R
17
1
1
17
117
117
117
138
17
19
19
119
120
[ §]
120
120
120
120
L1l
19§
113
113
113
113
113
1)
113
113
(81
116
114
tia
118
118
118
ila
tis
e
119

Usrilliograph
Counter

9520
521
Sy
LYY
824
528
635
LEL
637
53R
121
124
125
126
27
Ale
81s
LAY
A7
CRR)
°19
82°
772
e
174
1%
785
1784
TAT
149
190
433
439
80
879
881

15147,
19315,
14409,
Lraal,
10018,
Lo92?,
112137,
137,
15190,
1e440.
16447,
1al75.
16995,
167183,
16935,
15656,
17674,
17672,
LA2 34,
L7554,
| L T
166R3,
164973,
17821,
17915,
1141,
14747,
LED2.
LR618,
13456,
1930,
18418,
1A922,
177%,,
1R99%,
167 19,
18434,
124391,
20291,
1 ~A690,
17874,
16490.
1931,
19343,
18304,
1332,
11483,
108473,
10%41.
10541,
12695,
102133,
14003,
L 3695,
13695,
L7705,
16242,
155°%,
L7052,
19184,
19200,
| W
17811,
19605.
19292,
19n11.

[

vVariable Numbter

LTSS RNNIXI D] ~e LUOCHLE LN

“o ISUIOF LN LS TV [ X 3 KA
P 36100 » 6590
B YV Yo ] eH2900T
« 39900 « 625070
£27.03 « 43000
28100 LN
«35120 « 15100
«36RCH o JO8G
«41 700 «49010
« 50420 «53970
« 64200 LY I
<5800 L& TIC
«49RQ0 b TT00
« 39R00 «06900
«65000 67200
62809 «62800
«93600 L1 Y0e]
56400 . 5R420
07600 «43800
405006 «4050)
37600 37400
«40190 w4202
«42700 40630y
«4%120 «51290
» 50300 «2550
52100 LN
» 36400 «4RH00
32200 1607
«36200 8GO
« 38820 501700
. 35700 «36220
. 38400 62604
«33130 o Yasuuts
« 30400 «556uC
« 15900 « 30400
« 40800 «40R5D
.12600 17700
«38190 « 39499
« 19000 «26300
«11000 + 45900
«31800 «52500
22500 «65300
. 43190 «9591 20
« 26900 e bG40Y
« 20500 «4360C
<0200 «©2300
«43700 + 72400
«170C0 « 31000
+28400 « 35400
« 29300 «29700
« 24900 «39BCD
+ 35800 «36700
+ 35800 «315800
« 31000 + 38590
+«31000 « 69100
55400 262900
2062900 «$6 3400
« 27600 «62300
.41200 «56300
«18200 + 59200
«21800 «4%3600
«301790 « 39600
.« 4t100 «%3500
49300 «57100
. 45600 52300
~
162
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[ $ [
~elUvIgF el ~e12COCH LT 75.900
- 1092617 ~e1205 it #1C 11,979

1090.0 ft1o.n 63.5(0
1atu.n 2110.0 1h .80
1812, 1910.2 69,000
709,90 1229.0 48,100
A57,9%% 1430.0 47,302
861.%2 94040V 41,209
| PRI 1370,C 424400
1730.7% 17430 %9,-20
218040 2214040 41.300
17600 1889.0 48,020
1580, ! 20:3.0 424702
i°00.0 2020.0 45,300
152044 1930.C 51,900
2320.0 2312.0 83,790
2770.0 285C.0 554509
285v.0 3013.7 47,930
2740.7 298J,.0 %4, 100
266049 2660.0 504 AQ9
1550.0 1890.0 214500
183042 2040.,0 56,600
168G, 0 1920.C 52.000
1R75. 2179.0C 51.700
186C. 0 1860.0 50.400
243G.0 2610.9 59,200
2050.9 2150.1 66,730
1680.9 1680.0 39,230
929.00 1630.0 38,700
1760, 2 176049 19,620
1016.0 2053.0 37,500
1660,9 2510.0 45.100
196u.9) 2350.C 43,6C0
165060 1860.0 464300
2920,0 2740,0 44,000
652,00 480.00 2R, 700
-2 1COYCF 1Y =2 10ICnE4I0 644100
~+17000E+10 -«10000E+10 36.330
?7640.0 2630.C 52.100
-« 1C000F 10 ~.12000t+13 21.600
~e10000F¢12 -+ 10CO0F ¢10 25.7090
~+10003F+10 -a1J000F ¢ 10 {64770
~.10GUJE+1D -+1700Gt¢10 26,200
-el,JUOE#1D “« 1370t +10 26,000
-« 1CONDEe 10O -e LUNGOF+ L0 26,700
685,00 116545 71.400
1060.0 1240,0 24,100
1264040 1630.0 36.390
1140.9 13€0.0 315,200
R%7.00 1680.0 50,100
142.00 1550.0 %0.%00
1240.0 21640.0 61.960
1290.0 14%0.,0 57,900
155041 15%0.¢ 5h.800
122040 1580.0 54.200
2180.,0 2300.0 324400
2580.0 2790.0 49,170
2870.0 2950.0 5%, 300
191C.0 221n.0 54,200
1940,0 20593.0 33,600
2150.0 23%0.0 1,800
2510.0 26¢0,.9 «9,3C0
25700 1099.0 56,000
2560, 0 29L4.0 « 1,400
2150.0 2600.0 14,.2C0
2530.9 2020.0 ©7.300
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“lewad)
~e 22537

~he LAY
L PSP
=21 0%,

50,200
50.200
48,900
46,400
46,400
51,209
©9,1730
LLPED ]
44,830
45,400
50.7C0
5¢.700
51.270
49,120
£0.700
55.500
45,990
47.300
50,200
51,200
50. 700
55000
51,209
564400
564 400
46,400
49.200
55,598
§0.79¢C
524100
544590
68,309
49, 7u0
514203
49,200
4R, 320
47,970
49,250
53,400
5let20
40.4GC0
%6,900
48,930
41.8CC
R, $u0
1,220
404800
464300
44 ,9C0
LATEID]
F4eNG
934000
45400
T1.2%0
“hu,t
83.1.0
2,122
4,502
4hAG2
H0e s
49,220
90 750

5le200

w4200
52,100

LI A
thaRaS

Vaciable Nuober

9 10

«J 17.200

-0 38,900

o0 45,100

o 52.302

Y ©9.702

.0 37.800

o0 32.17)

«0 “8,130

0 43,309

0 4R8.%2)

0 39,700

Y 39,400

Pie] 40,020

«0 -+ 10C0%E+10
e -+ 10G00Ee LD
0 ~«10Q09E«10
Y -+100005+10
0 -+ 1N0COE+1N
o0 ~+ 1COGUE+10Q
o0 -+ 1U002F¢10
o0 ~+1000CF¢19
) -+ 1000CE*1D
N -+100U0E*13
0J ~+10000F¢10
1le 1700 -+ 10050€ 10
o0 -.13000F+10
0 -« 10CO0FE+10
o0 -+ 10000€¢10
oD ~+1002CFe)C
o ~e 1J0U0SF+10
D -+ 100)0E*10
-1.9390 42,200
=3,37C 3746030
=1.16)0 32.50u
by 15720 34,470
9. Tl 32.30
-8, 1800 37.300
~he210D) 371,230
-e43uC0 34.1)0
=3.A7)2 29,7132
2.9100 494600
T.1120 62,930
2t.117 &2.300

Ihe THD 43,250

156 340 62,009

o) 29,302

o 37,332

o3 M. L0y

o LY PR ]

ol 42,999

o) 168,109

Y 164930

N 49,40

. 33,10

o) 17,100

i 30,00

o) 29,10

d 2950,
“l.% 20 U, 500

LR TS “l.2.5
let™30) e 130, 40 1N
S IR § 0,00

RRA R 42,81
Set2.u —eiunlfel”
E X A LAY M
Q.47 3,60
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37.309
38,900
45,100
50.300
49,700
33,000
32.100
4R, 100
43.300
49,500
39,73¢C
39,400
40,00C
-« 10000F¢10
~+13000E¢10Q
~+10000E+10
~«10000€+10
-+10000E¢10
-«10000F¢10
-«1N00CE*10
=+10000E+10
-+ 10000E+)0
-+ 100U0E¢10
-+10000F¢10
~+1J0000€¢!0
-+1600CF*10
~.10000F¢10
-« 1000010
~«100J70E¢10
-+ 10000€¢10
-.100G9F¢10
44,640
42,900
41,400
€3,050C
42.600
39,879
40,959
41.550
41.559
47,300
45,780
44,790
44,360
44,790
29.300
38,009
39.690
46,300
46,100
18.13C
17.300
45,404
34,200
32.100
30.00C
29,903
254507
$0.27¢C
49,M)
el TOUCF 10
LT 1%
44,0100
=e 10008 1L
42.75)
414,367

.0
~.10000E+10
-.10000E+10
-« 10000E+ 10
~+10000E+10
-+«10000€+10
~.10000E+10
-+ 10000E+10
-«10000€¢10
-«10000F¢10
~+10000€+10
-+10000E+1n
-+10000E+10
-+10000€+10
-+10000E+10
-+10000€¢10
-+ 10000€¢10
-e10000FE+10
-.10000€+10
-2,4400
-31.,300
-R.%320
~R.6%500
~10.300
-2.5700
-3. 7500
-h,85%0
-11.869
-+ 26030
-2.8820
-2.4910
~le 1600
~2.7920

.0
-+ 70000
-1.6C00

-0
-1.2000

0
-+40500

%)
-, 70000
-2,1020
~.100CNF 1D
-1e 3500
-1.2770
~+}Z000E (D
-31.3%%
- e =00
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Flight

22

22
112
112
112
112
12
112
112
112
112
114
114
114
s
116
11¢
114
1o
1é
114
1e
11K
118
11A
18
118
17
117
17
117
117
117
117
117
17
119
119
119
12C
12C
120
120
120
120
111
11
113
113
113
113
113
13
113
113
116
116
116
118
118
118
118
118
118
116
119

Oscillograph
Counter

125
124
121
Al4
Als
816
817
AlR
819
825
112
1
174
7%
TRS
786
187
789
790
838
8139
840
8719

L1

8n2
LB
884
aas
336
i
596
597
598
599
600
601
602
603
37
738
739
820
821
822
823
824
740
741
841

“l4 I
-e 31 N
12,110
5.9200
12.500
11.297
11,707
19,2070
17,20
194 342
22,390
8.2
17420
8.23uC
“le9:139
~15.900
=12, €00
=-9.9)0n
=133
=164500
=5.17000
-4 50000
=6.2000
=546200
-T7.5100
=-9.5%00¢
-6,9000
=-3.17°00
~2.8200
-1.7200
=-8.5300
~3,5200
=5.0000
-1.4700
-1.1030
-«3%000
=240
=13,20C
«40200
«30200
= 30000
« 70020
-+60000
«60020
«10300
36,300
33,900
10. 220
6.8000
1.9000
1.2000
1.5990
3.9000
4.9000
2.8000
-19.900
-2.,8000
2.3200
-1.1000
-21.100
-6.4000
~4,8%00
-4,3000
-23.600
-28,100
-20.000

51.600
«8, 890
51.90)
48,9900
5Cab7 Y
63,90
62,700
63,2070
62.770
61,600
58,700
63,100
63,330
€2.300
62,200
5§9.6C0
58,100
55,700
57.,90C
59,500
58.200
65,503
55,720
55,130
53,700
51,500
57.500
65,020
68,500
65,600
€9.4%0
10. 700
69,100
73.700
68129
65.600
58,200
65,720
72.200
63,600
62.900
62.800
64,900
64,100
61,700
64,200
63,100
46,700
50,000
63,500
63,6800
69,300
56.300
61.100
63.800
45,900
64,000
60, 300
46.300
38,600
39,900
74,700
58,600
73.500
63,600
69,100

Varisble Number

#4200
=e92003
61T
«SULEN
1.49cC
le2000
«30360
«9592200
«R 3009
te 2
13740
3.,5)C0
e OO
1.9
~1a7000
=1,30Ju
-1.7300
~he4) )
=2.1200
"90,30
-e 500U
8.5200
=3.622)
643200
-6.3209
=3.1930
1.8202
=6.3200
-1,4000
-6e 3330
=1.0204
=3.9700
-3.1200
1.3039
-3,2000
» 30200
-1.8200
1e60UC
-1.6000
-1.3600
=1.6000
-2.4000
=+60000
-1.4000
~« 2000V
+59000
«60000
19.000
15,700
5.3000
246000
12.600
3.9%000
2.7000
46,3000
-17.000
542000
3,0000
~14,600
=23, 700
~18,5%00
19;600
$.7000
12.100
*.3000
12.200

10

41, 7C0
31,692
344020
4,000
19,599
312,000
31,000
2R, G349
25.50)
30,0950
~e 1UCYIELD
24,930
27.G00
28,010
244507
45,509
48,u0C
42.C00
46.0VJ.
46.000
34,099
34,600
41.070
36,000
37.600
52.500
45,800
4.00G0
4.0000
2,00N)
2.C000
2.,0000
2.0020
2.,0003
2,0C00
2.0000
4,0000
4.0000
4,0000
4.0000
4,0000
64,2000
40000
4.0000
4.2000
36,000
35.000
38.000
39,500
34,500
29,200
42.000
29.600
28,000
29.000
30.000
28,000
30.000
47.000
49,000
53.000
404,000
41.000
34.000
20,000
28,000

11

44,360
31,800
48,020
50.J00
48.000
39.800
36,000
31,000
32,700
46,000
-~ 10N00F¢10
35,000
3R, 000
32.000
28,030
50,u0C
49,000
46,000
48,200
44,000
49,000
48,000
49,000
49,000
49,200
53,000
53.0920
4,0000
4,0000
2.0200
2.,0000
2,0000
2,0000
2.0000
2,0000
2.,0200
4,0000
4,0000
4.0000
4,0000
4,0000
4.,0000
4,0000
4,0700
4,0000
41,000
38.000
40.000
40,000
38,400
30,000
48,000
48.000
46,000
42.000
30,000
31,000
38,000
57,000
49,000
59.000
44,000
46,000
44,000
30.000
41.000

caliadid Al i Xl i el (gadig el il LY S Vit

12

=246600
220000
3.0990
4, 0000
4.5C00
«0
5.0000
3,0000
4.5000
7.0000
-+10000E¢10
1.,0000
1.0070
.0
-3.5000
-2.5090
.o
~4,0000
-2.0000
«0
=3,0000
~%,0000
6.,0000
-1.0000
-1.0090
2.5000
-3.,2000
lo

o0
50000
3.0000
10.000
13,500
3.9000
+80000
6.0000
16,400
8.0000
1.0000
«0
-3,0000
-8,0000
7.0000
4.0000
10,000
=2.0L00
~5.0000
-5.0000
=14,000
-12.000
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Oscillograph
Counter

oyt g
L R

15

12
18]

13

21800,
23400,
28000,
44300.
48600,
40600,
42400,
60700.
42100.
41200,
44N00,
44300,
28600.
38120,
40020.
40600.
73400,
52600,
33890,
67700,
70100,
$2300.
64620,
52000.
52030,
4R3N0,
44320,
61400,
44390,
24390,
«0600,
15190,
23100,
46A90,
33230.
55620,
61800,
59470,
54100,
$56U0.
80010,
5010v.
64300,
454 )0.
©49)0,
51297,
45820,
493)0,
424100,
65900,
32390,
32079,
52310,
4433,
492230,
41510,
45500,
1530,
-+ 10200F )0
= 1270%F 10
e lLJUNEe]C
X Plab it X 3 18
=« 1NJOVIF 19
=+12203€¢10
=+ 1N00TEeL"
-« 1700ufF ¢10Q

14

24300,
23700,
2960C.
44300.
48900,
42800,
44900,
62100,
44900,
43100,
45500,
44300,
29200,
39100,
44300,
44300,
78490,
5260C,
40000.
67790,
7639C.
52300,
64900,
55100,
52900,
48300,
£6400.
74700,
47700,
33200,
40900,
48000,
41000,
68000,
48900,
71130,
71100,
65800,
56900,
65810,
91470,
535100,
70702,
5350C.
5179C.
57200.
67750,
73800,
47100,
10100,
32000.
32670,
52300,
50820,
52990,
452300
47100,
41500,

=+ 10CN0E¢19D
=+ 100CGFe1)
~« JOJ0CGF ¢ 10
=e 10000F ¢ 10
-« LUONOE* 10
~«10000€¢ 10
-+ 10000€¢lC
=« 1000GF* 12

dhindiriiate s

Varisble Number

13

89600
«67200
+89600
1,0100
1+3400
1.3400
1.6800
1.9000
1.9000
1.4600
1.8700
1.9%0¢
1.1200
1.4800
1.6800
1.2%00
240600
1.7900
1.5730
2.9100
2.8000
243530
2.R80C0
1.9C)0
24,2400
2.5TNW
3.02C0
6,5800
1.7900
1.6830
1.5700
3. 5800
3.3600
2,130
1.3420
1,6%00
23520
2.3500
2,2400
19000
6. 7600
1. 1900
1.123C
l.010¢
11299
2,260
3.310¢
35300
3,16%0
4,2300
1.5700
67200
3, c20n
12,3200
1.6400
2.2600
2.6900
lel26C
[Y% LY
e 1U30UESLN
2.5700
2.4600
2.910L
?2.40600
4,4100
« 15600

165

16 1?7
+89600 1.1400
1.0100 1.4100
1.0100 1.8700
1.2300 2.0200
1.3400 2.2300
1.5700 1.4000
2.2600 1.1400
1.9000 3.3000
1.9000 1.6300
1.7900 1.5200
1.7900 1.3400
1.9000 1.%600
1.1200 1.4400
1.5700 2.1700
1.7900 1.3200
1.9700 1.6800
244600 2.9900
1. 7909 1.9300
1.7909 1.3200
2.9100 2.0500
3,130 2.2900
2,5700 1.6800
2.8000 1.8100
2,0200 1.6830
2,8000 1.9300
2,5700 1.8100
3. 3600 1.6830
6.,5800 1.5600
1.7900 2.2900
1.6800 1.8100
1.6800 1.4400
346900 2.1700
3,690) 1.3100
3. 2500 1.9300
1.5791 1.6900
3,580 1.68100
3.2500 2.2800
2.8009 2.0200
3,2900 1.8900
2,3500 3.1300
5.2500 1.6600
1.6100 1.5800
2.0200 1.8200
1,460 1.8800
14 7900 1.2000
2.7600 2,930V
4.6500 2.5100
4.87)0 2.4000
13,3902 1.9200
403400 1.6900
1.5707 1.8000
+99600 1.9200
3,6500 1.9307
3.02G0 1.6800
1.6802 1.9300
20.460) 14400
2,9200 1.5600
1.570) 1.560¢C
4e410) =«1J00CF 10

=+ 1V000F+1) ~e10000E¢19
3.1300 2.5500
2.7130 2.2909
‘e 1790 2.410C
2.4600 1.8700
6,080 1.4400
49290 2.4100

b laatiid bbb dlia i

18

1.5200
1.6500
2. 0000
2.3700
2.35%00
1. 6400
1.5900
3.3000
1.6300
1.5200
1. 4600
1.6800
1. 4400
2.6500
1.9300
1.8100
2. 9900
1.9300
1.9300
2.0500
2.2900
1.9300
1.8100
1.6800
1.9300
1.8100
1.8100
1. 6800
2.4100
1.8100
1.8190
2. 6500
2. 8900
2.9500
2.3120
3.0400
2.3700
2.25%00
205300
3.5000
1.8100
241600
2.1900
242600
1.8100
2., 1400
2,6300
2.4020
2.1500
2.,1700
1.8000
2.1500
242900
1. 6800
1.9300
1.6830
2.0700
2.1900
~+10000E+19
-«10000€¢10
2. 5500
2.5300
2. 6500
2.1600
2.7700
2. 6500




YT YT
e o

b

Flight

22
11°
112
1
1
112
12
112
112
112
ilea
1l
(3 8
l"’
Iln
1in
s
116
11a
IR
114
11e
118
[ )
ity
ii8
17
11
1?7
7
17
17
17
1
117
119
119
119
120
12¢
120

123
127
(81
il
13
113
113
113
13
113
‘13

13
116
116
tte
18
118
118
118
118
116
116
b1

Oscilicgraph
Ceunter

——
P

«e,
497
403
L)
904
527
52
824
‘25
LRL
LB
£17
Ay A
123
T2
1725
6
rd
a4
als
Alr
ar
a14
19
n24
17°
e
174
174
T8>
784
razr
189
(A ]
EER
434
He !
AT
a8l
A82
apl
LLT
/95
3is
337
596
597
SR
5499
609
601
607
603
737
L
739
az20
a1
L P
42
H2&
Tan
T4l
841

13

- lUINDESL"

= INNQCF el
39290,
h2230,
53500,
39430,
410C,
8940,
2A39C,
72020,
Rle~D,
« 119007 ¢ 08
42170,
103908 60
e 12KUGT Q¢
Jl160LFeChH
«11570F 00
99477,
«JLLG E oQr
«12502F 00
92310,
aLe00,
184721,
1100,
16150,
96330,
2050C.
2630,
hasif0,
2.
42100,
19799,
639G0.
50400,
76920,
43300,
51800,
20391,
15430,
49230,
«6209.
46430,
39205,
30703,
41800,
31120,
593900,
14300,
16430,
©3%00.
33210,
49700,
50570.
61300,
40400,
«123IN0E+ 06
«10700E*06
«11500F +0¢
«1C500F ¢ Q6
A9CJ0.
+11200F+00
S9%30.
10600,
565,23
78490,
33200,

14

« 10700k ¢ 10
1S3
©THNy,
62000,
L2002,
45072,
AT100.
95830,
62609,
a14ann,
8IS,
199,
K2P0G,
«14320F N4
e 139000 )0
« 11600F406
« 11500k
«101NCE 450
«1L10CTe0~
« 12900F U6
/050C.
R4200,
39000,
91100,
HaTnn,
9R2720.
558010,
/700,
49190,
S9400.
« L1 300F 04
*«107G0F¢ )0
« 1UQCNF Qs
93600,
- 11100E+38
£4900.
S1H0C,
?23100.
R1900,
49200.
44200,
72000,
©1400,
5490C.
~ 71700,
21900,
72800,
99500,
95900,
94400,
Je6ul.
«12J00E*06
56200,
621700,
40400,
«13600F+006
« L4500€E+06
« 12300E ¢ 08
« 11 T00F+06
12500,
«11800E+CH
n»%00,
89500,
T4900.
78400,
60200.

Variable Number

15

-+ 120GNE 010
1.5200
EER e FILE S D)
~e 1LOOCF LD
- 19700E*1C
-« 1JUUCF 1D
~o10220F¢10
~e1JU9LF 210
~e 1UNICEeL
LTS SFILE S )
=«1)J0CFe 0
~e12000F¢10
=e11JCOE LT
-« 12220€¢10
~s 1UDCCF 10
S UIeRh LE T
“e1300F 010
-e1JCOGESLIL
-ellNNIERLC
-+ 1OOUCEe10
-« 190J0€¢10
-« 10200E10
-«10000F¢10
~«10N00Fe 10
~e13270EF 410
-+ 1032CEe 10
=~ 1200({Fe1N
~elGCIIF+10
=« 15200€¢10
= 1209090cEe 1)
-« 13000ELQ
=«1723CEel0
=« LINIOFelC
~«10J00€+10
-~e1J0JVECLD
-« 1JO0VUFe12
-« 1003CE+ 10
=+ 10000%¢10
-« 102GOES10
-« J000UES LD
- 1COIUF *10
=a 13J00F¢12
-« 10000€¢]0
~«10J)00F o1 C
-« 10J00F¢10
-+ 100U0E*1D
~+1J00GE® 10
~«10200F¢j0
=« 10000+ 10
-~ 109GCF 10
-« 10000F ¢y
-+«1300CF+10
- 12000£¢10
-+ 1000CE+10
-+ 10000E*1Q
-« LOO0OF 10
=« 100Q0F¢10
- 100NQE+10
~« 1O0UCE®10
-« 1000UF¢10
-+ 10000k 10
-+ 10000F+10
~+13000E+10
-+ 1000CF el 0
-~ 10000E¢10
-.10000€C¢10

16

- 1N033F ¢35
3,5290
-+10000F¢l0
-« 1000%E¢10
=« 100)7F¢10
~«10020F¢1Nn
=+ 1OLIQF#10
=.13C)0F¢1C
~e120JUFe1)
-+ LNOONES]D
=s 1OUDUF¢1)
~s LULIVF 1D
-« 13000F+10
~s 10CICF &L
= 12CONEL IO
~e LICNNFeLT
-o LOCOUF LT
~e1000JE ¢}
-.10033E+17
-+ 10UJ0ES 1Y
-e100GNDEeLL
=e10077F 1)
-« 10000E+1C
= 17099410
- 100U 01N
-+ 100000F ¢19)
= l0NLreLD
=« 13009F 1)
~s 10090E+19
~o 102J%F &1V
-« 10GO0F¢1D
=+ 14000€ ¢10
=«17097€¢10
~s 1C0JVE 10
-+10003€¢10
= 17000F 410
-+.10000€¢13
-+ 10002€E 1)
-+10000t¢1D
- LUOUUESTD
-« 10CNNE®)Y
~+10000€¢10
~.10000%¢10
~«10020F 19
=« lJ0DUE+1D
~e17000E¢1)
~«17C00Fs]C
~o 10COJF+ 10
~+10000t¢19
-+1Q0000€+19
-o k00005412
-+ 1000NE+1)
-« 12C0CEeLC
-« 10C00E* 10
-+ 10V00E+10
-+10000E+10
~-+.10000€E¢10
~«LJCUOF¢1C
~e10CGOUESLD
~+1JGOO0E +10
-+ 100N0F #10
~s L0GIVE*10
-.10000E+10
-+ 10000F+1)
-« 10000E+10
=+ 10C0CE¢10

kil s i i i it el Dy b e T A e

17

242300
1.5800
~e1J000F 10
=-.100G0F¢10
-.10C00F¢ 10
-+13000F+10
-+10000F¢1C
-+17003F¢10Q
-+ 170003F¢1C
-.100COF«1C
~«10700F¢10
—e1JUOUFE 10
=+17000k¢10
~«1J000F¢10
-+1000CC»1C
-.13703E¢10
-.1J)000F¢10
-+10000€+10
~«10INCESLN
~«10000F+10
~«102000€¢10
-«10000F+ 10
-« 10000F+10
~a10700F¢1C
=« 10000k 0
-+ 12000¢+10
=«100t e 10
~+«i0000f¢19
~+LUGOCE*10
=.1I000Ee10
<«10000E+10
=+ 10000F¢10
~+1200CE+10
=+10300F 10
~«12000£¢10
-+ 10000F+10
-¢10000F ¢1C
~+ 17000Fe 10
=«10000E+10
-«10000E¢10
=¢17000E¢10
~«10000F*1C
-«17000E¢+10
=«12C00F¢10
< +10000F+10
~.10070E+10
-«1J000E¢L0
~el10)00E+19
~+1G00CE+1D
-+10000F¢10
=« 10000F¢1C
-+10000F¢+1C
~¢10000f+10
-« 10000F¢10
=+10000F¢}0
-+10000F¢)0
-«10000€¢10
=«13000E¢10
~e10000f¢10
~.10000€¢10
-« 1J0NGE*10
=~¢10000F¢ 10
~+10090¢010
-+ 10000F¢10
=« 10000E10
-«10000F+10

18

24100
t.9500
-+10003f ¢ 10
~,10000F+10
-.10200E+10
-.10000F+10
-«107"00F+10
-«10002E¢+10
-+ 100C0E* 19
-.1G000F+10
~+10200F¢10
-+10N00E*10
-+ 10000E+10
-«10000€+10
-.10000t+10
-+10790€¢10
-.10000C+10
=+ 10000F+10
-«10000F¢10
-« 10000F¢ 10
~+10000E+10
~«10000F¢10
-+ 10000F¢ 10
-~ «1000NF+10
-«10CG0F+ 1)
-«10000E+10
. 10N00E+10
-+ 10000€¢10
-.1CN00F+ 10
-+ 10000E+ 19
-.10200E+10
-.13000E+10
-+10000F¢10
~+1J000€¢10C
-+10000E+10
-+10000&+10
-«10000F+10
~«10000F¢10
~.10000€+10
-~«1C000€+10
-+ 10000E¢10
-.10000€+10
-.10000F+10
-« 10000€+10
-« 10000E¢ 1O
=«10000E¢10
-+10000E+10
-+ 10000F¢10
-.10000£¢10
~+10000E+10
-« 10000E¢10
-+10000F¢10
-<10000€+10
~«10000%¢+10
~«10000E¢10
~+10000F¢10
-«10000E410
-«10000E+10
~«10000€¢10
-.10000F*10
-.10000f+10
-+10000F+10
~+10000E¢10
~o10000€¢10
~.10000€E+10
~+10000€¢10
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¥
H
i
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3
) L i ' i
B E,g variable Nunber :
2l
E‘ = B 19 20 ut 22 23 24 i
g 3
5 11 4455,) 10.000 314%).0 35,609 59,200 .90703 1
5 1 9455,0 10,500 4959,0 37,899 60.100 84583 F
5 16 9455,0 10.500 4940,0 42,100 59,130 +85032 3
. 5 15 1455,0 10500 4889,0 45,300 58,500 .8490% p
i S i 09455,1 1u.000 476040 45,300 61,700 oA5437 b
| 521 9445,0 11.400 2960.C 35,600 83,600 +90892 3
[ 5 23 9455,9 11.300 532v. 0 39,500 78,000 84224 3
3 5 2% %58, ) 11.600 301,0 02,10 80.500 « 96594 \
5 A 9455,0 12,000 4950.0 39,500 98.309 84553 4
[ 5 2 9455, 11,200 £330.0 42.700 99,800 .B4222 E
] LOEE TS 945%5,0 11.800 §u29.0 36,700 100.00 «A4076
b 5 37 455,0 11.200 4911,0 36,200 82,300 .84601 ]
¢ 5 3 9655,1 11.100 115%.0 36,200 60.000 «90352 4
¥ 2 [} 9831,0 12.%00 5477,0 41,600 65,600 82447 4
4 h 9531,n 12.500 «720.0 414600 63.300 848106 !
A ] 9531.¢ 12.500 44R0,0 42,100 64,900 85579 :
6 9 9531.0 12.500 4230.0 41,600 86,400 «86380
& 10 9631, 12.50C 8729.0 41.600 84,600 81696
2 6 11 953140 12,590 4550,0 43,200 82,000 .85356 X
3 6 A7 9151,0 124500 5R30,0 41.100 104,00 .N1358 J
6 13 931.) 12.508 546,C 41,100 99,000 82498
. 6 19 9831, 12,500 456U, 0 1,600 99,800 85324 E
3 6 21 Q531,0 12.500 5713.0 41,109 103,09 .81727
e 22 9f31,0 12.590 4910.C 4C.539 102.00 84216 |
b 6 3 3551,0 12,500 110,90 40,500 102,00 «86702 !
6 2% 5511.9 12.59 8710,0 44,230 125.00 81542
6 2 9831,0 12.%00 S11440 6,300 123,00 73598
621 9511, 11,609 HT10,0 43,200 125,70 «R1985 :
6 9931,0 11.600 531,75 G4, 300 87,20¢ «93915% 4
.} 831,90 11,609 5197.0 40,530 65,006 B 3601 3
[ P2 P53140 11.600 410,90 364 700 11100 86R14 5
Poo1s 9v21." o0 £000.¢ 43,200 109,20 «R4538 3
L 3 9521,) . 20000 £739,0 42,100 102,00 +A43R1 i
q 14 9alr,u € 2300 532).0 49,000 94,520 JR5762 3
" R 94712, Y% Yot LI 41,530 19.100 85487
; L] bl Qel2.2 5e 5300 8163,C «0, 50y 88.600 «A5527
- a1 4RSS,y 12,700 S070,C 38,990 82,900 83626
3 9 1 LITL P 13.100 %037.C 38,900 84,900 «83663
[ a 2y 245540 14,350 559;,0 39,50) 9,300 .R13127
P a 21 qiRe A 16,107 5084.C 39,5)¢ 94,000 83278
: 1) ’ e, N 12,430 ©930,0 43,200 102,00 84183
: 14 o V44,3 12.200 4930,0 43,200 68.40C .A6301
- t1 3] A Te.? 4.1000 4843, 39,533 61,200 «ATELT
1n 2 9476,0 6 100D 44201 19,599 94,300 «B 7080
1 hid 976, 5.0000 4n60.0 40,507 12,700 YY)
1m 1 9494, " Ya.uTu 24,0 36.LuC ¥1,%00 .92912 H
i 1 46, " 1heous 51,0 7,370 106.30 .82979
3 0 YaRly) 16,00 XGRS LYY 98,500 .81508
1 17 14 LIET ! 15.9¢9 4390,0 42,1239 124,00 LYY |
: | N 1494, 15e0000 “liv.0 41,100 123.90 LA60L4 .
3 v 1 ey, 15,0000 4930,0 264150 61.100 43570
.o i, l 150U 4w et 26,107 %R, 970 «86302 P
A 11 ? q4ts,; 7.90JC 391,90 39,532 150,20 ROLTS
F 1 14 1678, 7,30:¢C 21, 36,60, 97.807% 91872 1
8 LI YaTha 4. ANI0 TE0. T 13,60) 83,000 «85938 i
3 1t 1 Wik, 4,8U.LY 590,20 12,300 84,190 . 85968 i
1 an Yo, L2309 LY LS 31.4¢" Ré, 600 «R6632
(S ] CYS 798 7. 2000 50,9 314ALy 79.900 89041
22 £ 513, LIPS 5637, 42,130 108,00 .83%39
20 IS ELI N £ ,00 )0 LY S 42,10 113,90 .A3912
] » 1 a513,0 P RINY 1440 11,996 - 1000CE e .R6208
3 . are, L 000 LT R AT Ve, 000 = 12730515 <9197
22 5 9513, : 3,900 atia,, I a0y 111,00 T L]
| PR L R 140000 R ES N 18,990 119,00 85156
' C 1 LTS P 7410004 GEP) 3v, 900 1€9,39 JA4ALS
3 A B 5130 LRNTAVIY N EYRY 37,520 1iJ.00 YT




Flight

22

Oscillograph
-% Counter

&> 8
DO D~
L~

S2u
521
622
324
52¢
528
LX%]
[ 14
637
b0
173
724
725
126
1”1
1%
AlSs
RlG
Aal?
Als8
Al19
n2s
112
LAA]
114
718
78%
TR
187
789
T
A3AR
H39
%)
are
a8l
a82
883
LY-1)
LA LY
33s
3N
596
597
598
599
60J
601

603
37
738
739
820
a2l
822
82}
824
740
Tel
841

19

951 3,0
M1y
7530.0
71537,
7750.)
17504 !
17530
775).7
L RATT
T152..
T15%,v
7594,
1594,
1594,"
7594,
15uq9,9
7€99,0
7599,u
7599,
7599,°2
A479,°
0%79.4
9479,
YaT9,.0
9479,3
9479,9
7479,
7599, 0
7599.0
1%99,0
1599,¢
7599,
7699,
7529,9
7599.0
7599.0
9479.0
9479,0
9479,0
7599,
7%99,2
7599.0
7597, 0
71599,0
7599.0
780%.0
7805.0
1694,0
7694,.0
7694,0
T694,.0
7169440
1694,0
1696 ,0
T7696,.9
7599,0
71599.0
1599,0
9479,0
9479,0
9479,9
9479,.0
9479.0
7599,0
7599.0
979,0

20

9,900
9.36730
17.290
17,29
17.230
lae4)
l4sor0
lbhatd?
150%.C
15,00
15,008
3917
4.309)
Te8uUO
3,900
11,809
21100
21170
21.120
21.17C
13.9%,
13,900
13,930
13.9%0
13,900
13,930
15.730
13.900
13,902
13,909
13.920
11.100
11.700
11,700
11.700
11730
1.7009
1. 7030
2.R000
13,300
13.3)C
1%. 300
13,300
12,27
13,300
17.810
16,100
9.4000
9, 4000
9, 4000
10,000
16.000
11.100
11.100
12.700
18,300
18,900
18.300
13,900
13.900
13,900
17,200
15,000
18,900
19,400
3,9000

Variable Number

21

522t
522)40
EL RNV
3342.0
336N,
ISR )4
ITE .0
1732.9
T2,
21,0
3634,0
352,0
354 ).
3640,0
139).¢
4090, "
I6557,0
3E ety
367).0
3770
37337.9
I9L9.0
412%.9
3520.0
355C.0
3410,0
235)2.,0
31953.0
395¢.0
319540
©103,0
33cc.0
39532.0
41935.0
3680,0
3880,0
30)0.9
3900.C
3900.0
3300.0
3709.0
335v.0
3650.0
?2955.0
3450.,0
2099.0
2700.0
3000.0
260ue 0
2480,0
2630.0
375040
2430.,0
2330.0
1780.0
3630,0
3370.0
3690,9
3500.0
3200.0
3160,0
3049.0
3129%.0
3130.0
3100.0
2600.0

168

2 bl

22

39,500
30.H0°
29,000
46,600
43.49)
15,300
33, 500
38,590
38,900
4d.200
50.70)
81,90°
TFe40)
B1.02%
Al.400
69,A0%
51)e 772
73,377
10.72?
78.20)
15.909
77.19)
76,609
A2.200
16,909
T4.100
3,190
65,800
76,30
7%5.00
ACL30C
69,400
61,509
61.7%0
71.000
62.800
58,200
24,300
60,200
56,600
70.1%0
81.900
464.70?
719.200
17.800
49,100
51.800
31.700
28.900
33,900
35.300
47,790
47,500
45,600
38.10%
76.600
70.300
69,400
T76.600
53.800
79.700
72,100
~4.400
249,100
46.700
51.100

23

113.00
= 10ONNOF ¢ 18
96,420
154,00
128,50
106.20
103.00
100. 30
91.000
123,00
125,00
95.000
101.00
95,000
101.00
155,60
147,0C
143,0€
148,00
147,09
83,030
87.000
83,300
86,900
90.000
112.00
170.20
74.300
79,000
89,000
74,500
94,000
110.00
104,50
103.00
44,000
81,000
86,500
112,50
35.000
31.000
26,000
33.000
33,000
30.500
92.000
85.000
85,300
94,200
102,50
107.50
139,00
139,00
143,00
147,00
12%.00
115.00
116,00
100.00
100.00
100,00
108,00
105.00
147,00
139,00
130.00

24

«R&277
846277
«87316
«87835
206223
«AT906
«A%003
«87516
ALLDT)Y
+A8932
«ABO4A
89786
2A9611
«89771
«903R8¢6
95249
«86000
«85841
«A5618
«A5301
+RT5T71
+AT020
86633
08255
LLARYS
+88549
«91795
«86858
+ 86858
+«86858
« 86697
« 89853
«87529
«86752
«88411
«8775%
91220
+900882
«90520
+89163
«87852
+«88998
86013
«90671
«87364
«92086
092627
«91400
«92758
«93168
92459
«88711
«92781
«93123
« 94487
«86369
87227
«863177
80320
89306
+69438
808814
«89228
» 88004
«87951
«94599

Tt aa
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25

%.4300
7. 7300
9.307%0
9.9202
12.920
6.A10)
4,9799
T.9600
€.5100
404070
4,630
6.%100
6,810
12,900
16500
166402
1C. 4920
11,007
13,502
12. 700
Tebbh0)
11,992
t1.979
13.700
13,500
T.8%0"
16, 6u0
10. 809
14,500
13,400
47600
11.49)
12,699
14, 300
14.20)
15.19)
T.3600
T.7300
13,50
12.39)
9.690)
12.87"
21.30)
19.5).
14,20
A43%0.
Q1100
(XY LD
©e 2500
6.ALuD
| R PLIN]
12..03
T.5))0
1,.50%
lde 3w
9,400
1S L
12.1.3
Te459
| R TR
G50
9,560
19.820
“e1)7.C0¢10
LY Rl

11,600

26

5.8900
T.9600
9.2300
10.000
12.900
6.9300
5.,2000
08,3100
4,5100
5.3200
4.7400
7.27C0
T.6200
12.100
16.5C0
17.900
10.420
11.900
13,500
10.790
9.4650
11,900
11.62)
13,900
13,9900
7.8500
10,760
15,802
15.670
13,490
5.6600
11,520
16,470
14,47
15,800
15,100
9, 8910
R, 65350
19,030
13.9.0
Ve 6902
13,520
21,600
19,5030
15,200
9,030
94 ANDD
¢ TG3D
41700
7.537%0
11.499%%
12.600
9.65%0
10.A00
11.900
9.3400
11.9n¢
12.190
12.3350
16,910
6.5A37
94, 0NN
1C.9M0
~«10CIIFe 12
14,200
19. 190

Variasble Number

27

«65100
1.8100
2.3900
«65100
1.8100
249600
1.8:7%
1.23%00
«T2600E-01
1.2320
~+5060C
«63100

e T26C .= =01
647200

6. 1800
104560
4.1200
5,280
8,7500

€. 7900
=52,9%0
TeN1l00
5.36CN
7.%920
“.1200
5.5790
53602

o 14100
T.2120
55700
52400

« 126078901
20390C

et 51060
2.3900
-1.7000
-1.9500

¢ T26J0E-01
-e 59630
65100

Yo 300
7.5900

Be 7505
243909
“57,5)C

« 05100
«h5120
-1.6¢00
-« 79500
=1.,0%20
=21790
-149510
«65102
=e53570
=1e6ADL

« 126 3CGE-OL
-l.0802
=2426)y
06510
249630

e 12635)F -0}
¢ T2600F~C1
~e3061,
2,909
4,120

LR VR

8

«65100
1.8100
33,5400
1.9330
1.8100
2,9600
2+3900
1.2300
. 72600€-01
1.2300
~+50600
«65100
« 12600€-01
6,7200
73000
10,500
,2800
644300
A, 7500
6.4300
-52.000
7.0100
5.860°
7.5902
4,120
5.5700
35,8600
«T4120
T.7120
501509
%.860)
2,.390C
3.542)
1.8199
2.3900
“1.080¢
-3.1100
94000
=¢50602
4. TN
4,12))
11.909
23,903
4.7072
-87,80°
«65190
«940)7
=1.6807
- 79500
=2,2400
-1.1370)
24240
«65100
=1.27809
=1s 6629
1.3109
~1.662)
-2449200
3.532¢C
&.4400;
1.2300
e, 1200
LFS-DI 1 I
4.1200
T.5930
T.010%

29

-8.3600
-9,3100
-9.79%0
~10,000
-11.000
-2.6400
~6.6900
=7.7600
16.900
-5.6200
4.7500
6.6500
8,0800
-8.1200
-9.4300
-10.400
-2.2800
~-6,2200
-1.8800
-3.8300
=5.0200
-5,9800
-%.9800
=5.9800
=-6.9300
-4,1900
-5.0200
~4.7900
-12.200
=10.400
=3.2400
-7.4100
=-5.9800
-8.1200
~11.590
-9.7900
-7.8800
=-8,120¢C
-8.,630C0
=T.6400C
5.8200
T.130¢
A, 9000
11.500
9.792¢C
8,2309
6.1899
$.770%0
€.6309
5.9200
9.,3700
10,6090
5.4500
8.320C
8.5600
8.CANO
6.4100
9, 7500
- 49600
7.8400
-+ 49600
1.650C
-.73400C
~.2580¢
-1.0900
-.496C0

30

-8.46000
-9.,3500
-10.300
-10.300
-11.000
-3.0000
-6.,9300
-7.8800
18,900
=641000
4€.9800
6.6500
8.5600
-8,1200
=-9,919%0
-11.000
-2, 6400
=6,6900
-7.8800
-5.2600
=~5.2600
-5.9300
-5.9000
=4+9300
= T.6400
-4.1900
=5.0200
-5. 7400
-12,600
-13.700
~3,2400
=7.6490
-7.1700
~8,8400
-11.700
-10.,000
-8.0000
=R, 6000
~9.0700
-8.8400
5.8200
7.7300
10,500
12,400
10.300
A,0800
6.6500
5.9400
4.51N0
5.9490
10,500
12,100
S. 4600
A, 8000
84,8000
8.0800
6.4100
9.7530
~+ %9600
8.3200
=-+49600
1.6500
-+ 73400
~¢ 73400
-1.0900
=-+49600
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Flight

Ot
117
1/
ty?
[ R %4
18 ¥4
112
-
12
1n-°
ile
le
11%
11le
lis
11
11s
1A
s
(S8
1.8
118
ity
119
113
113
s
it
1!

i
117
1n?:
1nr
1
1SR4
19
(B K]
1
12
1eh
2"
120
122
122
1 i1
. 1!
; 13
13
13
113
i3
t13
113
113
16
L16
16
119
i18
114
118
118
116
1t6

usc. tloyTapn
Counter

9917

605
(I3}
602
t0s
737
i 1. )
T3
R2Q
a2l
R2¢
LVYA}
R?24
142
T4l

2

Hedauld
2eedil
TR
CPEL TN
“.2100
el Ju
Selb "
hoehiQn
lelan})
Tan4ade
1 %40
1 7.9
15, 2
13e 102
lenalne
A AT
11.707
RERI R
11903
13,997
e SR
4K00
10+RNC
13,0062
13.000
v.60C)
1. 160"
j.el0n
2250
4.2730
-+31307
FRLLY DL
6.9100¢
L« 780
6,420
~1.320n
~e23 10
4,8730
2.5600
~3.,1600
-1.,540M
=1.520)
-2.2300
=1.6200
=24 0%30
21 WO
17.390
26300
Se450
1.8904
-e 19802
1.R200
1.5R00
5.6100
1.4200
9, 6900
.10
7.900C
4.5100
1€.500
9,3800
10,800
8.2100
16,000
12. 500
10. 300

19. 500
EPR YD Je
13.¢929
17,100
1. 800
4o Y0
te S100
11.200
1%, 7.0
11,300
15,100
L4, 800
15.900
14,770
18,400
t2.399
15.4C9
Lo, 200
16.730
14,800
14,590
12.900
13.500
18.700
17,790
11.300
3. 1000
92,0900
9.0000
8.6100
-1.3220
lle 40O
11,300
2, 3900
12,300
-1.4270
~1.090
§,9100
16-020
-3.1%00
~1.9300
-2.3100
~242300
-1.6200
~2.5600
21.820
18,900
7.76400
1.5000
5.1300
-+ 71100
3.7900
«. 1800
5.6100
¢.0800
13,800
12.100
12.800
t1.700
16,400
14,200
14,400
16.900
19.500
13.500
11,700

LNkt s d b somi el sk s A e oL iecis il e

Vatriable Number

27

e 270
12600 =)
«23409
e 31300
. 73200F =01
«234)2
«3137.
«36120
«313u0
s 111350
« 23490
2500
IRA NN
~2et0920
-e 15400
-4, 113100
« 19000
1o 5530
o 147300
-+ 95802
-1,8200
LT AL
~e 39500
-1.030¢C
-2.0520
« 7800
« V1600
- 159C¢
« TBAQUF -
~he65Gy
3.8600
-4, 7302
~4. 7800
+86720
-.5%200
2,087
~e2320G%
~l. 1600
~2+9400
3. 0200
2.2500
~1.0900
3. 2600
3. 4100
2.7900
=2.4300
31.9900
-254+60¢C
=2R.,900
144300
-8.7500
13.300
L.1500
-28,300
-11.600
-15,100
13,600
10.400
~104 300
-16.900
-16.900
18,200
9,7200
b5, 2400
1.0900
2.9400

170

48

hebd)
«09109
4690
54720
4hYID
«39132
. 56720
«£2500
LLUDD]
LIS
«ht97
Seh10u
8,262
~3.48727
~beJUUT
“6Ha4ud0
12.7J9
6e 6300
©.0¢07
~6.2400
-1.820"
8.1401
-2.7T00
-1.1100
~2.0500
4s500 7
244529
-3.39010
2. 6800
~4.£500
4.9709
-4,7322
~7.6200
546800
=5,2000
7.3322
~1s 7800
-1.1600
=2.9401
3.0200
2.2500
-4,1100
3.2600
3.4100
6, 5900
-21.1350
17.200
-39,700
-46,60u
66.800
~49,4090
47,600
4.2299
-40,702
-58.800
-23.200
26,400
29.200
~17.600
-19.109
-20.800
21.300
26,600
9,2000
A.5000
5.650C

M

~e25K00
«c1902
-2+ 2900
-e£9700
-.314307
-e 19920
~1e1900
~e29937
-e¢1990C
=+ 99620F -1
«69700
1.2209
.71009
~1.9324
-e %0602
1. 5900
1.6900
99500
« 64600
1.5/900
1.2000
«B8U40C
20100
-.93500
«5C200
o0
-.1215C
-1.1030
-2,0100
-4.1200
-1.,0000
-5.,3200
~1.5100
-1.3109
-+9040C
«50200
-2+992C
1.1000
-¢59709
«59700
« 19900
29800
« 79600
-.59100
-WAS00F-01
-14,300
8.7600
2.29N0
3, AR00
4,980¢
-9,3600
2.4900
-5.7700
~4.%800
-5.1700
-1.%990
1.5900
1.2930
-2.9100
-3.%290
-+ 60300
«90400
2.3100
~6.,4700
-6.2700
-4.0L800

P At AL st o

0

~e44R00
«65730
-4,58%0
- 1le 2900
-1.6900
-¢39R00
-1.1900
-1.1900
~1.6%00
2.0%00
1.5990
246400
3. 3500
-2,3300
-.91400
3. 7AN0
2.4%800
24 6900
1. 7900
2. 1900
1.9200
2,0100
1.4100
«0
5.0200
2.2100
=+30200
~7.0300
-10.000
-12.100
-9,6400
-7.3300
~2.2100
~5.8300
-6.2300
«60300
-4, 2900
1.1900
-1.2900
1.2900
1, 7900
«29800
1. 3900
-1.6909
-2.2900
-14.500
11.200
T.4700
6,770
5. 5730
=9, 3600
2.+ 6900
-6.2700
-6,7800
-8.10600
-2+2900
3,9400
1+2900
~249100
-5,7300
-1.41Q0
6.1300
2.%200
~6.5700
- ek IN0
-4 6000

Eagaba

OO 0
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(e Rt s Ml el L

-3
. 2 Variable Number
I
& Bt
4 =2 3 32 33 36 39
o
&
5 11 1107.4 WB1ST2F =72 2 96591F-1] 14057 1.1900
LI 1108.4 6921%€-22 19641 14769 1.2%00
s 14 1108,4 e T36CHF=(2 11276 P 14493 1.3300
5 1= 1108,4 L157278-02 11632 214357 1.3700
5 16 11C7.4 . 79100¢-02 .12151 .15095 1.4400
52t 1119.2 V624 11F <02 2959 11E-01 .19830 1.21%0
2 11o,2 .7621CE-02 «10785 .19220 1.2600
5 28 1. e o T1GROE=(D . 10981 .19126 1.3800
23 1111.3 Y22 ULENH L10402 .26175 1.2200
LI 1179.4 70760802 .10871 245972 1.2700
& 1110.9 «69T15F =02 .10718 026663 1.2500
5 AT 1109, 11006822 . 10907 L2024 1.2R00
5 3R 1109.6 856441 -)2 100813 14274 1.26C0
o 5 1112.3 « 79739£-02 012249 16336 1.3900
6 ’ 1112.4 JB19915-n2 J1259% 15543 1.4700
6 " 1112,3 .B873635-07 13417 L 15865 1.5800
o 9 1112,3 T4GBLF =02 11441 221022 1.3600
6 1N 11243 «B33B7H-12 .12809 J211664 1,4400
6 11 1112,3 2 9¥116F=02 16303 220071 1.6800
A7 1112,3 LRATLIEF-02 13329 +26074 1.5200
¢ 14 1112.3 <R6O1TE=,2 .13213 24648 1.5000
& 19 111263 2 925% 1 =22 16223 24433 1.6700
6 21 mi=.3 BBSHAF =02 .13605 .25765 1.5300
62 1112, W43 14F=12 16497 225135 1.6800
& N 112,13 ISP =32 13913 246712 1.6600
s F 112,13 SHEIYSE= 32 13101 .31304 1.4700
[ T8 12,4 £92251+-)2 L6171 . 30421 1.6300
[N SR MY S99RS - DL .15334 .31219 1. 7300
PR R 1ic, e LBYLIYE. (P 13769 221526 1.5900
O} Nlvee SHAIIF-D) L19560 16076 1.560C
L2 e, s ST22970-02 10778 «41503 .2900
71 1107.7 N LTYS LEST 13739 .26309 1.6000
T2t 1049, 1 « 94091F=N? 16453 #25110 1.6800
) 7 1100,0 094293032 164RG 223074 1.7200
a u 1799, 4 21483602 o 1424k .193C5 1.6700
" ] 198, 6 W QATHOE(2 L 16862 W 21665 1.7600
9 1= 1t12,0 «81930°-r2 a3 .20507 1.460C
a1 1113.5 JAOTTIF 52 W 126400 £ 20990 1.4400
EIEB ISR L] L9RRLLF-D2 15177 .23139 1.750¢C
a0 tits,e L1063 1E-01 .16429 ERLE) 1.7800
1 ? 1121 JIT29F 02 .11940 «?5160 1.3990
10 Q 1M1, H20ARF-)2 .12509 RYY.IY 1.4700
12 1S W 976 74F- 52 NEri}; RYILE! 1.630C
22 1)99.9 RO 02 REILL o167 1,59G0
1t 1,904 WdR2261-22 P 1309] L Te62 1.5730
1 1! 1t} JIT2NTE-32 .11861 2118 1.3600 !
vy, 12 11,1 P P1G62E-)) 12847 26315 1e4800 :
11 IFRCI SHOCER 1= 2 L1229 W26437% 1.4200
Y14 ity JTRUASF =D 12117 L3061 1.4000
[ Y it L8647V =07 L1329 2999} 1.5800
TSN I s 14011872 L1157 L5114 1.3330
1 b’ i BLTENCERY PAlbal .14330 1.390C
1t 7 119, AL GERNE 11262 .38316 1.3930 L
AT 1.l R ELTO TS .t2807 W230T76 1.6629 4
o1 LA, W 74264502 212023 W 20747 1.4300 i
1 1=hit,b> RLTLITRL RECTL .20512 1.380C 3
o T W0 S T92840 =32 12114 o 20608 1.4600 ’,
[T [S R LYY L] 13148 L1993 144200 j
5 11 a,n N ELTA S L1137 26721 1.5402 i
N . 17,4 93612772 NEErY) LT 1.66C0
? ! 1o .4 o THOBIL - 2 Jdirry PR CYXIS P2 1,403 F
2 " 1594, B 2 L G BRI - 23TRLF )2 1.507% |
2 g | TR JARTILI- 2 2113241 TR 1.5800
AR 1l AT LN REITEN V24943 13100 :
2 12 1Ly, LA9€335-0p 13740 26165 1.6120
I 11I8. 2 9h6R5E-LD NTYAT 27278 1. 7100 A
#
y
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1
3
]
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Plight

22

112
112
112
112
e
112
11?
11?2
112
114
114
114
114
11s
114
11s
116
1ls
118
119
114
118
114
18
119
117
117
117
nr
117
117
1n7
17
117
119
119
119
129
120
129
129
129
129
111
111
13
13
113
113
113
113
113
113
118
116
116
118
118
118
118
[ §L.]
116
116
119

Oscillograph
Counter

16

737
738
739
a29
821
a2?
823
824
740
T4l
841

k1)

1135,%
1105.5
11?21.4
1121.4
t12l.4
11147
111ca?
1H1é.0
11ir.2
1nr.2
1117,2
1105,3
1134.1
117%1
1105.3
1122, 6
1128,9
112%.°
1124,0
1129.9
1115,
1115.9
1115,9
11154)
1115.2
1115,
1117.2
1115,°0
11i5.0
1115.0
11150
11€9.6
1110,.,8
1119,8
1110.9
1110.8
1991.1
1J91.1
1093,3
1113.9
1113.9
1113,9
1113.9
111L,.7
1113%.9
1122.6
1119.3
t10s6.3
1106.13
1106,3
1107.6
1107.4
1109.6
1109.6
1112.7
1123,.%
1124.7
1123,.5
1115.0
1115.0
1115.0
1t2l.¢
1117.2
L1124,7
1125%,7
1095.4

Variable Number

32

«9412RE~")
e M2IKE-02
e B6T1556~-72
0940420~ )2
2 96816F-32
«H1TAIC =02
«63383F- .2
» TAQ44F-D2
«AS6ulE~"2
«B3ICRLE-C2
«92623F=-2
oA9421F-32
«91699t-r2
«927965-C2
«92998F-"2
e VLLA&SE=-T2
« 1ICBAF=N]
«12062F-01
«10873F-01
o 12146-11]
«96711E-C2
e 9S161£F-02
«96672F=J2
«10023c-91
«10087¢-C1
«98030€-02
« T9959E-"2
«10596€-01
«10639F-C1
«10552€-01
«11051€-01
«1028%€-71
+«10730E-01
« 101 74€-C1
«10666F-C1
« 949RAE-N2
«13C58€-01L
« 70404F-02
«10967€-11
«91798F-02
«9T032€6~02
«9196AF-02
«10835E-01
«10858€-01
«10405F-0)
«I%866€-22
¢ 93I6ATE-02
«508915€-02
+56406€~02
«5615T7E-02
+6A153E~02
«57257F-02
o T4914E-02
« 712999€-92
« T1945€-02
+«10152¢-01
«92530€-02
«R9955€-02
«95890E-02
«10221€-01
+«10100E-01
+«10013€-01
«11021€-01
«11058£-01
«10378€-01
«10393%€-01
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L0659
PRAREY J
«13219
«lbase
164872
«96TRIE-0]
«9732€-01
«116A1
«13149
«12187
216228
13736
« 146084
e 14254
o1428¢%
«140C1
¢ 15496
«15457
16241
« 15690
+ 14856
16618
16850
«1539¢
« 15495
15181
.12283
16276
«16343
«16210
« 16975
«15794
216482
+1562A
«16384
«16591
«15450
«10815
16047
«16101
+ 14905
14127
l6721
«16679
+«15983
«151AK7
«1439]
«90499F-01
»86645€-01
+R62636-0)
« 10449
«AT952F=01
«11508
«11213
«11081
«15594
«14218
«13818
« 16730
«15700
«15515
«15380
«16929
«16986
«15942
+15968
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«21397
« 24633 ¢} 2
023320
+ 37189
«31204%
«25615%
«26R27
024244
«21927
« 29495
« 30125
«22K72
24128
222674
« 24024
e 379613
35846
« 36973
2361714
¢ 35993
«27087
» 2109y
«20166
23702
0216717
« 26915
«wJ125%
.18C28
+19169
«21595
17972
022425
226588
25372
«24772
«106722
+19179
20819
« 26749
+«83821E~-01
» T4793F-01
«62325€-01
«719545€E-01
«78371€-01
«73792€6-01
«21680
«19972
«20177
22118
« 24014
«25282
«33374
« 32633
«33511
+34199
«30381
«2784%
028224
224063
+23930
«25825
«29918
«25137
«35436
«33517
30226

35

1.682¢C
1.6190
1.9R9¢C
2.2170
2.171n0
1.4100
1.4500
1. 73920
1.9600
1,929
?2.1270
2.1300
241830
2.2170
242330
2,0600
2.3000
2.2900
2.,4090
2.3100
1.8000
1. 7600
1.7800
1.8800
1.8900
1.8600
1.5600
2.4400
2.4500
2.4300
2.5400
2,4500
2.4900
2.3400
2.5900
2.2100
1.9%00
1.2600
2.1100
2.,1700
2.2600
2.1700
2.56400
26100
2.4100
2.3530
242400
1.4100
1.3700
1.3700
1.6500
1.3300
1.0200
1.7800
1. 7800
2.3300
2.1400
2.0600
1.8000
1.9400
1.9200
1.8900
2.0900
2.5800
2.4200
2,0900
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LIST OF SYMBOLS

number of rotor blades }

intercept of the regression line with the axis ;
of the dependent variable 4

rotor average lift coefficient, GCT/o i

blade chord, feet

blade element 1lift coefficient

ratio of thrust coefficient to solidity,

T

o (9R) 2beR ]

deviation from the mean of the jth varia.le for

the ith observation Q

pressure altitude, feet

rotor blade chordwise moment of inertia,

in.-lb-sec?

rotor blade beamwise moment of inertia,

in.-lb-sec2

Southwell coefficient

number of independent variables

number of observations of jth variable

slope of the regression line

number of observations reduced by the number of
constraints

number of observations i
outside air temperature, degrees Fahrenheit

probability in Student-t distribution
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Fij.kl...
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tcomp
tz
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LIST OF SYMBOLS - Continued

number of independant variables introduced in
the analysis

rotor radius, feet

determinant of correlation coefficient matrix

matrix of correlation coefficients

cofactors of the correlation coefficient matrix
multiple correlation coefficient
simple correlation coefficient

partial correlation coefficient

standard deviation, for the sample, of the jth

variable

thrust, pounds

true airspeed, knots

time, seconds

variable in Student-t distribution

computed value of t used in Student-t test

height of trace zero above reference line, inches //A

standard normal variable corresponding to xj

approximation to X. computed from linear reqres- .
sion equation i

value of jth variable

mean value of jth variable
h

value of jt variable for ith observation
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LIST OF SYMBOLS - Concluded

normalized variable used in z test

critical value of 2z

angle of attack, degrees

retreating blade tip angle of attack, degrees

indicates the difference between the value at
the time of maximum mean normal load factor and
the value at the beginning of the maneuver

hypothetical mean used in Z test

advance ratio, 1.688 TAS/QR

rotor blade weight per inch, pounds/inch

bc

rotor solidity, =

population standard deviation of the jth variable

standard deviation of transformed variable z

rotor rotational rate, radians/second

4313-75
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