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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 
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INTRODUCTION 

Helicopter maneuverability at moderate  and high forward speeds 
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 
capability  than any other,   as shown  in Figure 1.     The AH-1G 
(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. 

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 associated with 
these boundaries.     The referenced  studies do not address  them- 
selves  to determining the causes  of  the maneuver limitations. 

The objective of  the present investigation 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 hiqh-g turns at low 
airspeeds." This difficulty 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 sooner than 
another because he felt that the pitch rate was too great.  In 
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 limitations as other limits are encountered first. 
Among these are the absolute 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 si:<e, 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 Crr/a of about 
0.17 to 0.19. 

These different types of limitations have been studied in the 
current: effort.  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 
symmetric pullups and all the maneuver data have been statisti- 
cally analyzed.  In 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 determine the interrelationships among the 
variables and to determine the mechanisms which 
high-g maneuvers. 

limit AH-1G 
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FLIGHT 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 atmospheric conditions.  The Bell 
Helicopter Company tests were conducted to demonstrate the 
structural integrity of the aircraft throughout the specified 
flight envelope while the Army tests were intended to determine 
if any maneuvering limitations should be imposed on the AH-1G. 
Although the tests were flown for different purposes, the air- 
craft were instrumented in a similar manner and the data gen- 
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 set 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 ana 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. 

Several instrumentation problems were encountered during the 
reduction of the data which caused either the loss of data for 
one or more variables for a particular maneuver or introduced 
uncertainty into the data set.  As an example of data loss, 
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the oscillogiaph 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 different 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.  In particular, the sample correla- 

tion coefficient between the i  and j   variable, r. ., depends 

on the number of observations of each variable contained in the 
data set.  Formulas for r. . 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 
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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 

7 

9 

10 

13 

15 

17 

35 

Variable 

Oscillatory Copilot Vertical Acceleration at the 
time of Maximum Mean Normal Load 

Oscillatory Main Rotor Pitch Link Axial Force at 
the time of Maximum Mean Normal Load 

A(Longitudinal Cyclic Stick Position)* 

A(Lateral Cyclic Stick Position) 

Engine Torque Pressure at the time of Maximum Mean 
Normal Load Factor 

Oscillatory Main Rotor Chordwise Bending Moment, 
Station 135, at the time of Maximum Mean Normal 
Load 

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

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

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 correlation coeffi- 
cient indicates the slope of the regression line. For the 
cyclic stick positions and the fuselage angular rates, the sign 
of the correlation coefficient 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 computed 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 variable 
at the time of maximum mean normal load and the value at the 
beginning of the maneuver record. 
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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-IG 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 average.  Since 
the sample covers the spectrum of AH-IG high-g maneuvers, the 
mean gives the average value of the variable to be expected in 

such maneuvers.  The standard deviation, s., of the j th variable 

is a measure of the "bandwidth" of that variable about the mean 
value, x..  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 (x. ± s.) and 95 percent of the 

values lie within two standard deviations of the mean (x. ± 2s.) 

For all distributions, normal or otherwise, s. 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 1.76g and a standard deviation of 
0.39g (Table V).  The sample data for maximum mean normal load 
factor varied from 1.19g to 2.61g. 

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 diagram for maximum yaw rate versus maximum 
mean normal load does not show clustering about zero, but rather 
an almost equal 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 
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variable versus the maximum mean normal load (Figure 5) shews 
a cluster of zero values and considerable dispersion.  Attempts 
to relate these variations to other measured quantities are 
further discussed in the next section. 

2 
The square of the simple correlation coefficient, r, , gives 

th p 

the variation in the k  variable associated with the variation 

in the p  variable, with no «consideration taken of any varia- 
tion in the other variables.  For example, if r,,  = -0.21479, 

2 P then r,     -  0.0461,   which means  that 4.6 percent of  the variation Kp 
in variable k is explained by the variation of variable p.  When 
several variables are interrelated, the simple correlation co- 
efficients between the pairs may be misleading.  A correlation 

2 
coefficient r.. such that r.. is near one may indicate that 

1] xj * 
x. and x. are two similar quantities, or that there is a formal 

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

Data are included for pairs of variables such that one repre- 
sents the value of the 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 quantities 
and the correlation coefficient for each pair follows: 

Variable 
Numbers Variable 

Correlation 
Coefficient 

2 and  3  Oscillatory Copilot Vertical Accelera-    0.90 
tions 

4 and  5  Oscillatory Main Rotor Pitch Link 
Axial Forces 

0.93 

i 

13 and 14 

' 15 and 16 

• 
17 and 18 

25 and 26 

27 and 28 

29 and JO 

10 and 11   Engine Torque Pressures Ü.95 

Oscillatory Main Rotor Chordwise Bending   0.8 2 
Moments, Station 135 

Oscillatory Longitudinal Cyclic Stick     0.95 
Forces 

Oscillatory Lateral Cyclic Stick Forces    0.3i 

Pitch Rates Ü.86 

Roll Rates 0.85 

Yaw Rates 0.9 6 
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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, 

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

The formal linear relationshie between the referred thrust 
(max~mum mean normal load dlv~ded 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 

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 co~fficient of 0.88. In the scatter 
diagram for referred thrust~ivariables 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 th,e 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). 
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The specific cause-effect or input-output connections r< 
to maneuver limits are principally the oscillatory loads 

related 
Is 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 

6 

8 

22 

10 

32 

35 

25 

27 

29 

34 

Variable 

Longitudinal Cyclic Stick Position 

Lateral Cyclic Stick Position 

Collective Stick Position 

Engine Torque Pressure 

Referred Thrust 

Mean Normal Load Factor 

Pitch Rate 

Roll Rate 

Yaw Rate 

Advance Ratio 

The dependent variables considered are: 

Variable Number Variable 

2 

4 

13 

Oscillatory Copilot Vertical Acceleration 
at the time of Maximum Mean Normal Load 

Oscillatory Main Rotor Pitch Link Axial 
Force at the time of Maximum Mean Normal 
Load 

Oscillatory Main Rotor Chordwise Bending 
Moment, Station 135, at the time of Maxi- 
mum Mean Normal Load Factor 

17 

i^a^mimilmmmt ... -    , -   



15 

17 

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

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 coefficient, rij' and number of obser-

vations, Mj' the value of t is computed as 

' /1-r~. v ~J 

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

degrees of freedom, then the probability that rij is not signi­

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 t is greater than 1.64, comp 
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 

Whence 

jr .. l /119 
~) 

' /1-r~. v ~) 

> lr· ·I = 0.15 
~J 

> 
= 1.64 

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

The correlation coeff i cients 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 
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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 moments.  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 nultivariable 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, X., obtained from the 

variables, x., given in Table V, by the relationship 

X. = 
i 

x. - x. 
i   i 

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

the regression plane for the case of several variables as 

1    R12     R13 Y   — —       V   —        V   — 
1 " *11   2     ^11   3 

Rlk „ 
R^Xk 

where X, indicates the approximation to X-, from the regression 

plane and the R, . are the oofactors of R, the corr' lation coeffi- 

cient matrix.  The coefficients in the equation ave  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: 

Note that m. • ^ m-\i' 

m   -   Ri^ mii - - — 
11 
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Tcüale VIII gives the coefficients of partial regression for the 
standard normal variables corresponding to the variables listed 
in Table VII. The coefficient m. . may be compared directly 

since the X.'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 coefficient of partial 
regression is the partial correlation coefficient. 

ij.kl... 
^ ii

Rji 

This is the correlation coefficient between X. and X. when the 

., are held fixed. remaining variables X, , X,, 

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 -00 to +00 with a zero 
mean.  The transformation is 

z = In ;i+rij.ki...; 

^ij.kL.J 

The  standard deviation of the  transformed variable  is 

a    = z 7 n-3 
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To establish the confidence levels for the partial correlation 
coefficients, the standard deviation is revised to 

o ■ 
z   x/n-3-k 

where k is the number of independent variables (Reference 8) 

For the variables in question. 

o = 
Z    v/65-3-10 

Further, the statistic 

z - E; 

= 0.139 

Z « H 

has the standard normal distribution when c, the actual mean 
of the z-distribution, is equal to CH» the hypothetical mean 

(Reference 8),  To test the hypothesis that there is no  cor- 
relation of x. with x., take ?„ = 0, 

1 ] H 

Since Z 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 r....   ,,., for  the  5-percent con- 
fidence   level  is  found from ij.kl... 

1  ln  1+rlj.kl. 7 In i,r; ^ 
ij.kl... * zcrit =  l'96 az = 0-272 

Whence rij.kl...  "■  0-265 

Therefore,   only  those values of  r 

retained  in  the 
vations  made in 

ever,   note  that 
torque  pressure, 
cant correlation 
Furthermore,  osc 
with any of  the 
The  strongest re 

ij.kl.,. 
results listed as Table IX, 

greater than  0.265  are 

Most of  the obser- 
discussing  the m .. hold for the r.. ,.   .  How- 

1J XJ.KX... 
longitudinal cyclic stick position, engine 
and mean normal load factor show no signifi- 
with any of the five vibration variables, 
illatory cyclic stick forces do not correlate 
selected input variables to a significant level, 
lationships are; 
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Oscillatory Copilot Vertical 
Acceleration 

Lateral Cyclic Stick Position 

Oscillatory Main Rotor Pitch 
Link Axial Forco 

Oscillatory Main Rotor Chord- 
wise Bending Moment, Station 
135 

Maximum Mean Normal Load, 
Advance Ratio 

Collective Stick Position, 
Advance Ratio 

MULTIPLE CORRELATION COEFFICIENTS 

The coet 
prated i 
cient. 
from the 
the coef 
is given 
which is 

y     k' 
multiple 

ficient of multiple correlation is computed and inter- 
n a manner similar to  the simple correlation coeffi- 
However, the standard error of estimate used is derived 
multiple regression equation.  The interpretation of 
ficient of multiple correlation is most clear when it 
in terms of the coefficient of multiple determination, 
just its square.  If x. is the dependent variable and 

... are the independent variables, the coefficient of 

determination can be expressed as 

R i. jkl... 
associated variation 

total  variation 

Thus   R.   _., , is  a measure  of   the  usefulness of   the   regression 
l.JKX... 

plane for estimating purposes (Reference 8). 

Coefficients of determination were calculated using program 
JRSW03 (see Appendix I) for the variable combinations considered 

2    2 previously. This program is capable of computing R, ?, R, -^, 

etc.  That is, the ratio of variation of x, associated with 

x- to the total variation of x, is computed first, then the 

ratio of the variation in x-, associated with x0 and x., to the 

total variation in x,, and so on through the specified list of 
X 

input  variables.     Further,   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   correlation  coefficients   except   for  the  role  of  pitch 

2 rate.     The  maximum contribution of  pitch  rate  to  any  R.    ., , l.JKl. . . 
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is 3 percent when it is taken with the oscillatory copilot 
vertical acceleration.  The strong relationships previously 
noted appear again, and the v/eakness of correlation 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 between the 
test plan and performance and the analytical objectives.  The 
design-of-experiment concept indicates a critical relationship 
when statistical methods are to be applied to the data.  A 
charye in objectives generally requires a change in the test 
plan and new objectives stated after the fact may not be 
achieved. 

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 is essential for extensive statistical analysis.  Control 
over identification and accuracy cannot otherwise be maintained. 

Better methods for analyzing data should be used.  Multiple 
linear regression analysis as employed in this study may yield 
improved information with a broader data base.  Possibilities 
of polynomial or functional linear analysis should be explored. 
Statistical methods can be used with data from the entire flight 
spectrum to clarify relationships between variables and to 
determine the reliability of test information. 
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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, 

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 using 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 Cm/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 
cruise speed of about 132 knots (p = 0.30) and a collective 
stick position of 27 percent for the configuration used in this 
study.  For true airspeeds in excess of 132 knots, a rate of 
sink was chosen that gave about the same collective stick posi- 
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 
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The maneuver simulations were conducted to determine the value 
of Cm/a at which the onset of retreating blade stall occurs, 

as a function of advance ratio.  In 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 absolute aero- 
dynamic limit were determined. 

For teetering rotors, the onset of retreating blade stall is 
accompanied by a sharp increase in oscillatory 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 C„/a,    As shown in Figure 9, significant retreat- 

ing blade stall is signalled by the change in slope ("knee") at 
a Cjp/a 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 (a ) exceeded the 

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

incipient stall boundary computed from the simulated autorota- 
tional pullups (0.15 < y < 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- 
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 
into stall.  Such highly stalled marouvers do not cause flying 
qualities problems with teetering rotors 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, 
bat at slightly different values of CT/a.  The lines defining 

the onset of retreating blade stall as determined by these 
parameters are given in Figures 11 and 12.  (There was no sharp 
increase in the oscillatory pitch link axial force at p = 0.40.) 
The retreating blade stall band of Figure 13 is the result of 
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- 
quired 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 Figure 15. 

The flapping stop in the AH-lG 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 
\i -  0.40 and CT/a = 0.174. 

A cyclic force feedback limit line cannot be predicted from 
the maneuver simulations because the complex dynamics of the 
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 All-U control system, but 
the cyclic boost system is identical to that in the AH-lG). 
Any boost tube load in excess of 2220 pounds will cause vibra- 
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 fatigue lives 
of all nomponents of the rotating control system and the blade 

26 

  III nil 



mms^mm' iiiiiiiwn wj JII.L ppnminp mrntammfi •'•'•m^" j'wmwm'vyjmwyr.vv-^:-'  i..ili>f.'uiiiiilj.>u.,iiff.ii.^-  —,- 

qrip are qiven in terms of this parameter (Reference 19).  Of 
these components, the rotating swashpiate (swashplatc outer 
ring) has the lowest reduced endurance limit, with a life of 
9806 hours under a continuous oscillatory pitch link load of 
14 31 pounds.  The thrust levels at which this value is exceeded 
transiently are above the line qiven in Figure 16.  (The pitch 
link load line between y = 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/a 

above this 
for only a 
damage, so 

level, the pitch link load will exceed 143.1 pounds 
few cycles, doing a very small amount of fatigue 
maneuvers can be flown past this fatiyue-iife 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. 

1 

The maximum 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 chis 
procedure is given in Figure 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 Figure 17.  These data show that allowinq 
collective motion significantly improves the low speed maximum 
Cm/o capability of the helicopter.  This is reasonable, as 

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

ABSOLUTE AERODYNAMIC LIMIT CONTOUR PLOTS 

The absolute aerodynamic limit is reached when the rotor is 
operatinq at the highest average C  (which is öC^/T - Reference 

20).  For the fixed collective symraetiLc pullups simulated, the 
average C  at the absolute aerodynamic limit, Figure 17, is as 
follows-. 

Advance Ratio 

0. 15 
0. 20 
0, 25 
0. 30 
0. 325 
0. 35 
0. 40 

L, 

58 
70 
83 
95 
"9 
06 
17 
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The maximum average CL observed in the flight test symmetric 

maneuvers is about 1.01 over the whole range of advance ratios. 

To get these high values of CT with the an.ount of cyclic pitch 

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

a significant portion of the disc.  Computer generated contour 
plots of c.   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 c r 
Contour plots for the unaccelerated entry condition (C /a = 

0.057, CL = 0.40) were used to establish the baseline data for 

each advance ratio.  High values of c, (>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 (a>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 c* 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 autorotatiolal 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 (y = 0.15) 
and 25 percent (y = 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 c^ >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 
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area. The maximum value of C„/a  observed for the simulated 

maneuvers was 0,196 at p = 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.  Therefore, 0,196 is about the maximum value of C^/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 variables at the time of occurrence of maximum mean nor- 
mal load were analyzed in the same manner as the flight test 
data.  Corresponding C8I variables are available for seven of 
the nine basic flight test 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 normal 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 sane manner as for the test data.  For partial correla- 
tion, there is 95-percent certainty that the value of the 
coefficient is significantly different from zero if its magni- 
tude is greater than Ü.2^J.  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 role of engine torque pressure is 
much greater than was indicated by the simple correlation 
coefficients.  The following relationships predominate: 

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

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

Oscillatory Main Rotor Chordwise Bending Moment with 
Engine Torque Pressure, Roll Rate, and A(Longitudinal 
Cyclic Stick Position) 

Cumulative coefficients of determin 
oscillatory variables. Results are 
four most effective independent var 
group. These figures indicate subs 
tions as listed for the partial cor 
suits. Again the levels of correla 
the C81 data than for corresponding 
test data. Here SO percent or more 
oscillatory variables is associated 
listed independent variables. 

ation were computed for the 
shown in Table XV for the 

iables and for the entire 
tantially the same connec- 
relation coefficient re- 
tion are much higher for 
quantities from the flight 
of the variation in the 
with variations in the 

Higher values of correlation coefficients were expected from 
the C81 data than from the test data since the computer program 
is based on many functional relationships.  However, the vari- 
ables used in the multiple regression analysis are not the 
entire set which influences results.  For instance, the remain- 
ing 17 percent (or less) variation in fuselage vibration may 
involve variations in fuselage attitude relative to the flight 
path.  Fu'ther, the various nonlinear effects may bias the 
analysis, even over a relatively limited speed range. 

SIMULATION OF FLICHT TEST MANEUVCRS 

Maneuvers similar to the three most severe maneuvers in the 
AH-1G flight test data have been simulated with C81.  The type 
of maneuver, aircraft configuration and entry conditions are 
given in Table XVI.  For the autorotational pullups (counters 
775 and 340), the collective and longitudinal cyclic motions 
were input and the lateral cyclic and pedal were controlled 
by the C8i autopilot.  All control motions were input for the 
left rolling pullout maneuver 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 given 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 maximum 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. 

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 zero pitch rate 
at the ti.Tie 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 position.  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 
motions agree quite well over the latter portion of the maneu- 
ver. 

The zero-horsepower-required condition of autorotation was not 
reached, as a small amount of horsepower required was indicated 
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 vibration.) 
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 is 
that the required horsepower is effectively zero and the rate 
of sink is about the same as that measured in flight, so that 
the actuaJ 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 maneuvers. 

The true airspeed trace shows that the aircraft deceleration 
has been matched well.  Unfortunately, the recorded data do 
not provide accurate rotor rpm data, so theie is no way to 
determine if the rotor deceleration in the simulation matches 
that of the flight test maneuver. 

The oscillatory main rotor pitch link axic'il force computed, by 
C81 is greater than that measured throughout the maneuver, but 
the time histories have the same shape.  The computed oscilla- 
tory chordwise and beamwise bending moments at station 135 
reach their peak values at the same time as the measured loads, 
and are somewhat greater than the flight test loads.  The 
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low chordwise and bearawise 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 lift 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-third 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 eg 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 
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 
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 the beamwise bending moment at 
3.3 seconds. 

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. 

At the time of maximum mean normal load factor, values of c* 
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. 

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- 
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. 
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The computod oscillatory pitch link axial force is in qood 
agreement with the raeasurod load for most of the maneuver and 
is lower during the peak-g portion of the maneuver.  Correla- 
tion between the computed and measured oscillatory chordwise 
bending moments is generally good, although the dip in the 
computed time history at 2.5 seconds is not reflected in the 
test data.  This dip also occurs in the oscillatory beamwise 
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 uost 
maneuver. 

The contour plots at the entry of the maneuver (Figure 31) show 
a small region of  high lift coefficients and no stall.  At the 
time of maximum mean normal load factor, the blade is operatiruj 
at high lift coeff-i.cients over about 25 percent of the disc and 
stall is observed, 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 factor achievable in a symmetric pullup 
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 load factors can be attained in 
the pullup if it is ended by a right roll similar to a v/ing- 
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. 

Rotor 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 postpone 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 whenever: 

the rotor pitch rate is negative 
the rotor roll rate is negative, or 
the cyclic stick moves forward 
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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 flight test data that cyclic rate limiting was 
encountered.)  This corresponds 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 10 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 10 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 10 cycles fatigue life, but 
the life of the rotor and rotating control system will be de- 
creased in proportion to the time spent at high loads. 
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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 limit at lower values of C /a 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 y = 
0.40 and C^/a =  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 340 and at least 70 percent of 
the disc for the fixed collective symmetric pullup. Deep stall 
(ot>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-1G hiqh-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 
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  C^/a.     This  information was  then converted 
into contour  lines  on C^/c versus  y  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 C81.     Comparison between 
the measured and  computed  time histories  of  performance and 
oscillatory  load data  showed excellent correlation.     Rotor 
aerodynamic  contour  plots  for  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 by 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   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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Figure 11. Onset of Retreating Blade Stall for Fixed Collective 
Symmetric Pullups as Determined From Engine Shaft 
Horsepower Data and as Determined by the Method of 
Gustafson, With Flight Test Maneuver Points. 
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Fiaure 12. Onset of Retreating Blade Stall for Fixed Collective 
Symmetrie Pullups as Determined From Oscillatory 
Main Rotor Pitch Link Axial Force Data and as 
Determined by the Method of Gustafson, With Flight 
Test Maneuver Points. 
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Figure 13. Onset of Retreating Blade Stall for Fixed Collective 
Symmetric Pullups as Determined by Combination of 
the Three Parameters and by the Method of Gustafson. 
With Flight Test Maneuver Points, 
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Figure   27.     Time  Histories  of  Symmetric   Pullup  From 
Autorotation,   Counter   B40. 
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No Stall 

No   Stall 

(a) Stall Contour Lines at the Time of Maximum Mean Normal 
Load Factor for the Simulated Autorotational Pullup of 
Flight 119, Counter 840.  y = 0.277, CT/a = 0.148 

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

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

Type 
Number of 
Maneuvers 

Banked Turns: 
Constant Airspeed, Constant Altitude 
Constant Airspeed, Varying Altitude- 
Varying Airspeed, Constant Altitude 
Varyinq Airspeed, Varying Altitude 

Rolling Pullups 

Symmetric Pullups (Power On) 

Symmetric Pullups from Autorotation 

13 
31 
14 
13 

9 

34 

18 

TABLE II.  FLIGHT TEST VARIABLES EXAMINED 

Normal Load Factor 
Airspeed* 
Pressure Altitude* 
Fuselage Angle of Attack** 
Pitch Attitude 
Pitch Rate 
Roll Attitude 
Roll Rate 
Fuselage Sideslip Angle** 
Yaw Attitude 
Yaw Rate 
Collective  Stick Position 
Longitudinal 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 quantities not measured during Bell Helicopter Company 
tests. 
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TABLE III.  MAXIMUM VALUES OBSERVED FOR PR1MAK\ VARIABLES 

Variable Maxi  i. Value Observed 

Mean Normal Load Factor 2.61 g 

Mean Pitch Rate 21.8 deg/s 

Mean Roll Rate -58.8 deg/s, 66.8 deg/s* 

Collective Stick Position 89.9% 

Longitudinal Cyclic Stick 
Position 79.2% 

Oscillatory Longitudinal 
Cyclic Stick Force 6.58 lb 

Lateral Cyclic Stick Position 38.6%, 74.7%* 

Oscillatory Lateral Cyclic 
Stick Force 3.50 lb 

Mean Engine Torque Pressure 59.0 psi 

Oscillatory Copilot Vertical 
Acceleration 1.34 g 

Oscillatory Main Rotor Pitch 
Link Axial Force 3010 lb 

Oscillatory Main Rotor 
Chordwise Bending 
Moment, Station 135 145,000 in.-lb 

*Extreme 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 

5 11 1.19 1.3 g on pilot card 
13 1.25 1.4 g on pilot card 
14 1.33 
15 1.37 
16 1.44 
21 1.21 1.35 g on pilot card 
23 1.26 1.35 g on pilot card     * 
25 1.38 
28 1.22 1.35 g on pilot card 
29 1.27 1,40 g on pilot card 
36 1.25 1.35 g on pilot card     j 
37 1.28 1.50 g on pilot card     f 
38 1.26 1.40 g on pilot card 

1  6 

5 
6 
8 
9 

10 
11 
17 
18 
19 
21 
22 
23 
25 
26 
27 
30 
31 

1.39 
1.47 
1.58 
1.36 
1.44 
1.68 
1.52 
1.50 
1.67 
1.53 
1.68 
1.66 
1.47 
1.63 
1.73 
1.59 
1.56 

Engine Torque Pressure is \ 
negative for all counters 
in Flight 6.            | 

32 1.29 1.7 g on pilot card      | 

7 18 
21 

1.60 
1.67 

8 7 
8 
9 

1.72 
1.67 
1.76 
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TABLE IV. - Continued 

Oscillo- Measured Maximum 
Flight graph Mean Normal Load 
Number Counter Factor Comments 

1  9 
18 1.46 
19 1.44 
20 1.75 
21 1.78 

1 10 7 1.39 
9 1.47 

11 1.36 
12 1.48 
13 1.42 
14 1.40 
15 1.58 
16 1.33 
17 1.39 

| 11 7 1.39 
14 1.64 
16 1.43 
17 1.38 
18 1.46 
19 1.62 
21 1.63 
22 1.59 
23 1.57 

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

5 1.54 Lateral Cyclic Stick Force  ! 
6 1.66 Lateral Cyclic Stick Force 
7 1.40 Engine Torque Pressure 
8 1.5C 
9 1.56 

10 1,31 Engine Torque Pressure     | 
12 1.71 
13 1.71 Longitudinal Cyclic Stick 

Force                   | 
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j                  TABLE IV. • Continued 

Oscillo- Measured Maximum 
Flight graph Mean Normal Load 

1 Number Counter Factor Comments 

14 1.68 Longitudinal Cyclic Stick \ 
Force 

15 1.61 

111-A Longitudinal Cyclic Stick  | 
Force, Lateral Cyclic Stick 
Force, Fuselage Angle of 
Attack and Fuselage Side-  | 
slip Angle unavailable for I 
the remaining counters    | 

336 2.35 
337 2.24 

112-B 496 1.98 
497 2.21 
498 2.17 

112-C 520 1.41 
521 1.45 
522 1.73 
523 1.96 
524 1.92 
525 2.12 

113 596 1.41 
597 1.37 
598 1.37 
599 1.66 
600 1.33 
601 1.82 
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 
725 2.29 
726 2.40 
727 2.28 
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116-B 

117-A 

TABLE IV. - Concluded 

Oscillo- Measured Maximum 
Flight graph Mean Normal Load 
Number Counter     Factor 

737 
738 
739 
740 
741 

7/2 
773 
774 
775 

2.33 
2.14 
2.06 
2.59 
2.43 

2.44 
2.45 
2.43 
2.46 

Comments 

117-B 

118 

785 
786 
787 
789 
790 

814 
815 
816 
817 
818 
819 
820 
821 
822 
823 
824 
825 

2.45 
2.49 
2.34 
2.50 
2.21 

1.80 
1.76 
1.78 
1.88 
1.89 
1.86 
1.80 
1.94 
1.92 
1.89 
2.09 
1.56 

119 838 
839 
840 
841 

1.95 
1.36 
2.06 
2.07 

Main Rotor Pitch Link 
Axial Force not available 

120-A 879 
881 
882 
883 
884 
885 

2.17 
2.26 
2.17 
2.54 
2.61 
2.41 

Main Rotor Pitch Link 
Axial Force not available 
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TABLE XV .  CUMULATIVE COEFFICIENTS OF DETERMINATION 
- C81 DATA 

Dependent 
Variable Independent Variable 

Cumulative 
Coefficient 

of     i 
Determination 

Oscillatory 
Load Factor 

Normal  Pitch Rate 

Engine Torque Pressure 

Maximum Mean Normal Load 

Roll Rate 

0.55 

0.73 

0.75     I 

0.80 

+ Others 0.83 

Oscillatory Main 
Rotor Pitch Link 
Axial Force 

A (Lateral Cyclic Stick 
Position) 

Engine Torque Pressure 

0.76 

0.83 

Maximum Mean Normal Load 0.86 

Advance Ratio 0.89    | 

+ Others 0.91    | 

Oscillatory Main 
Rotor Chordwise 
Bending Moment 
Station 135 

Roll Rate 

Pitch Rate 

Engine Torque Pressure 

0.55 

0.68    | 

0.80 

A (Longitudinal Cyclic 
Stick Position) 

0.84     i 

+ Others 0.88 
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APPENDIX I 
STATISTICAL ANALYSIS 

The classical techniques of 1 
statistical inference are pre 
References 7, 8, 22, and 23, 
tended to describe the modifi 
of data containing incomplete 
scription includes an explana 
Bell Helicopter Company Progr 
on IBM Scientific Subroutine 
SSP subroutine MISR (Referenc 

inear regression analysis and 
sented in detail in works such as 
The discussion given here is in- 

cations reguired to analyse a body 
sets of observations.  The de- 

tion of the quantities computed in 
am JRSW03. This program is based 
Package (SSP) program STEPR, and 
e 24). 

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

x. . 
ID 

i=l,2, ... ,111^=1,2,... fn 

The mean value,   x.,   of  the  j       variable  is  defined as 

m 
I    x. . 

-   i^l  1J 
X . =  rz  j      M. 

.th 
where M. is the total number of values observed for the j 

variable (M.<m).  No value is entered in the summation for 

those values of i for which x. . is unavailable.  Defining 
the deviation as ID 

d.. = x.. - x. 
ID    ID    D 

with d.. = 0 when x.. is unavailable, the standard deviation 
13 ID 

of the sample, s., is 
__ 

s .   = 
D 

1*1 (V 
M. 

When the  sample is   large,   the  standard deviation of  the popula- 
tion,   a.,   can  be estimated  from  s.  as  follows: 

D D 
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JRSW03 prints out this estimate for the standard deviation and 
UKVJS it throughout the calculations. 

4-1. +• Vi 
The  correlation coefficient  for  the k and p       variables. 
r,    ,   is  computed as 
KP 

m 
I    d 

1=1 
.. d. ik  ip 

kp 
/-(Mk-ir(Mp-l)ak ap 

No value is entered in the summation for a given value of i 
if the value of x,. or x.  is unavailable. 

XK       ip 

If the matrix of the simple correlation coefficients, r 

R, its determinant is R, and R,  is the cofactor of r 

is 

kp 

kp' 
then 

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

.th   . kP' variable, with 

R. 
i.jkl.. 

1 - R 
R. 
XI 

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.    . =    r, 
ID 

If more  than one  independent variable  is  introduced  in the 
analysis,   the  degrees  of  freedom of the data  are reduced. 
JP.SW03  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   tvvo quantities   are   the   same. 

The  standard error of  estimate is 

V 
A'^i.jk!..."«:-1"1^ 

The denominator in this expression, N, is the total number of 
observations reduced by the number of independent variables 
introduced, q, plus one. 
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N  =  M.   -    (q+1) 

A regression hyper-plane can be determined for any sample 
containing three or more variables. If any two variables 
(x.j.   x.iD'   i~l»   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   (m,    ,   the regression coefficient)   and  intercept 
(bk)   are computed as 

mkp = rkp 6) bi   = -nv^ x    +  x, k kp    p k 

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..<M 
then the standard error of the regression coefficient is 

k' 

1 
M, 

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 

2 2 
by R. .,,   . The variation, or variance, is a.  and the sum 

l • D^J-.. • o   D 
of the squares of the deviation is (M.-l)a. .  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 

«i.jki...'«:-1'^2 

2 
while  the  "proportion reduced in  this step"  is  R.    •, ,       .     If 
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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The computed t-value is 

comp ■ 

and is used to determine the significance of the sample corre- 
lation coefficient as a measure of the population correlation 
coefficient. 
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APPENDIX II 
CALIBRATION OF C81 INPUT DATA 

The Rotorcraft FMght Simulation Prograrc C81 has been mder 
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 results of the C81 
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 to 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 Logic 
Group govern the oper ;tion of the program.  The user determines 
the mathematical repiesentation 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 yroups accordingly. The 
first 14 entries in uhe Program Logic Group control which input 
groups are read by the program.  For the AH-IG model, the non- 
zero or activated read options are: 

Variable 

IPL(2)  = 1 

IPL(3) = 

IPL(6) = 

IPL(9) = 

IPL(IO) =-- 

5 

2 

-1 

3 

Input Groups to be Read 

1 Airfoil Data Table 

5 Mode Shapes 

2 Rotor Airfoil Aerodynamic Subgroups 

Wing Group (without control linkages) 

3 Stabilizing Surface 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 th-it 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(16) =  1    Yaw angle is held constant in trim 

IPL(18) =  1    Main rotor steady-state aerodynamics are 
computed according to Rotor Airfoil Aero- 
dynamic Subgroup 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 

TPI,(20) = -1    Bell unsteady aerodynamics model is used for 
main rotor 

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

The simulation of the left rolling pullout maneuver (counter 
74 0, 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(2fS) to 1.  This latter selection yields the optional 
trim page which contains the nondimensional flight parameters, 
such as CT/a. 

The Iteration Logic Group contains inputs which are used in, 
and control, the numerical solution procedure.  XIT(l) 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 harmonic 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 values used have been found to 
give good 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 
center of gravity and the flapping moments on both rotors are 
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 C81, the aircraft 
is considered trimmed if the absolute values of the net forces 
and moments are less than the values input for the allowable 
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 

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

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 
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. 

MODE540A contains the information necessary to compute the main 
rotor dynamic response.  The constituents of this group are 
the mass, pi and pi distributions, and the five main rotor '  x     y 
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, I,,-, and !_,_ 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. 

The mass distribution input to the Myklestad program differs 
from the one input to C81.  The latter is the mass distribution 
for the blade as given in Reference 25, while the former is the 
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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 

a value for HSOFT.  The value of -6,5/(10 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 
shear center distribution is not known and was accordingly 
input as zero.  Since the airfoil section is structurally 
symmetric, the beamwise eg offset is zero. The inplane eg 
offset also differs from that given in Reference 25,   but in 
conjunction with the input mass distribution, control system 
stiffness and GJ distribution, gives a good match of blade 
torsional response, as determined by the computed natural 
frequency and the C81 computed pitch link loads. 

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

Mode 
Type 

Hub Boundary Conditions          ! 

Out-of-Plane Inplane Torsion   1 

Cyclic 
Collective 
|Scissor 

Cantilevered 
Pinned 
Cantilevered 

Pinned 
Cantilevered 
Cantilevered 

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. 

The mass and aerodynamic properties of the fuselage sre 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(l), 
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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  the helicopter.     The mass  properties   in  the 
basic   fuselage group  used in   this  analysis  are  those  of   the 
light gross weight,   aft eg 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   (Rererence  2b)   by  usinq  computer  program 
AS812A.     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  selected by the  unitary 
value  of  YRR(13)   and the yawed  flow model  is determined by   the 
values  of   XMR(20),   X>R(21)f   and  XMR{28).     The  remainder  of   the 
values   in  this  subgroup  supplement  the  information 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  tho   tail   rotor well. 

The  Main   Rotor  Group and  Tail   Rotor  Group give  the  nonaerodynamic 
properties  of  the  rotors and  all   the  properties of  the   rotor 
roast  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   rotor  hub  drag  is   included  in  the  pylon  drag,   so   the 
main  rotor  hub drag  coefficient  is  set 
and bending moments  are printed out  in 
number  input  in XMR{15).     It  should be 
purposes,   segment  20  is  tho  hub,   while 
the plots.      (This  can be confusing,   thus  the  program will  be 
modified  so  that  segment 1  is  the  hub  for both printout and 
plots.) 

to  zero.     Blade   response 
maneuver   for  the   segment 
noted  that  for   printout 
segment 1   is  the  hub   for 

The  geometric  and  aerodynamic  properties  of   the winq,   elevator, 
and  fin are  given  in  the Wing  Group and  Stabilizing Surface 
Groups.     These  properties are  either measured or  computed   in a 
straightforward  manner  and  require  no   further discussion. 

If  the  helicopter  configuration  being  simulated  has  external 
stores,   the   Stores  Group  is   included.     The  data   in  this  group 
represent   lour  empty  XM.159   stores.     The   aerodynamic  properties 
were   calculated  by  assuming   that   the   stores   are  right   circular 
cylinders   and  all  wing-store   interference  draq  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. 

Flight 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(l) through XFC(3)) are in ground reference 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(l.l)) give the approximate aircraft attitude and 
control 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 
program 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 rpra (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 QF FLIGHT TEST AND COMPUTED DATA 

Four different series of AH-1G level flight tests were simu- 
lated with 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 proper 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 
it should be noted that the measured horsepower required at 
M = 0.314 for flight 40 indicates that the helicopter is most 
likely in a dive.  The. fuselage and pylon equivalent flat plate 
drag areas had to bo 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 dr tg 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.  In 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 is presented in Figure 41.  The correlation is 
excellent for flights 34 and 40 and good for flights 277 and 
280,  When the estimated breakout friction of the pitch bear- 
ings is taken into considerauion, 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 n = 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.  In 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 end  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). 

The computed oscillatory beamwise bending moments compare 
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 
flight:- follow the trends of the measured data (Figure 45) . 
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Figure 35.  Comparison of Measured and Computed Pitch Attitude. 
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Figure 36, Comparison of Measured and Computed 
Engine Shaft Horsepower. 
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(d) Flight 280-A, 7405 lb, 191.5 in. eg, Clean Wing Configuration 

Figure 37. Comparison of Measured and Computed 
Collective Stick Position. 
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Figure 38. Comparison of Measured and Computed 
Longitudinal Cyclic Stick Position. 
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Figure 39.  Comparison of Measured and Computed 
Lateral Cyclic Stick Position. 
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Figure 40. Comparison of Measured and Computed 
Pedal Position. 
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Figure 41. Comparison of Measured and Computed Oscillatory 
Main Rotor Pitch Link Axial Force. 

140 

- —   ■ ■!■ i.i-i- ■■ i^^Mm 



mmpi***"- ■ ' i HP   " '  "-."i'i ^^—^^— ^^^^—^^^^— 

o 

U1 

OS 
c 

•H 

c 
DI 

CQ 

2 
■o 

o 

c 

o 

u 
o 

52000 1 1 ! 1 1 1 1 1 1 M " — ._.! 
r_ -, 

"" — 

48 000 - - Ö     Flight Test Data 
—    Computed Data 

/ 
- / 

44000 0 
/ 

40000 L^ 
/ 

■jftnnn 
/ 

/ 
32000 / 

- - - / 
28000 / •\ ] / 0 

24 000 
/ * 

- - - s ,  - - ■ 
— - - "V - - - - -- 

20000 1 
i 

1 --f - ■ —1 - — 4- 
16000 0 1 

l 
1 " 

9 q 
12 000 1 i 

8000 t 

- ~ - - 
4000 

1 

__ - — — .— - - - ~ ■-1 — o 

60000 

(a)    Flight 34-A,   7309  1b,   194.3 in.  eg,  Hog Configuration 

/ i 

56000 
J 0 

/ 
■i^noo / 1 

/ 
48000 / r , 

/ 3 
... -- - 

i 
- — 

44000 / i 1 

40000 
^ / i 

"s m^. ,-, 
c 

36000 o c, 

3200C - r 

28000 3 

24000 

20000 
- 

■~ 

16000 
" 

— - - - - - — 
\ 7000 

~ - --r — 
8000 

j 

4000 
1 

1 i 
- — 

n 1 
0. 0                                 0.10                               0,20                                 0.30 

Advance Ratio 

20 40 60 80 100 
True Airspeed  (kt) 

120 140 

Figure  42. 

(b) Flight 40-A, 9617 1b, 195.2 in. eg, Hog Configuration 

Comparison of Measured and Computed Oscillatory 
Main Rotor Chordwise Bending Moment, Station 60. 
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Figure 43. Comparison of Measured and Computed 
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Bending Moment, Stations 135 and 160, 
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TABLE XVII.     C81 INPUT  LISTING  FOR AH-1G 

no«2o«f J.R.   VAN C44StflK       102-02-74) 
NOOEL   20* MOCIUN  LOCIC  C*OUf 

►«PC««"  lOCIC  GKOUf 

AC 

0 1 9                   0 0                  2 0                  0 -1 J 0 0 0                  0 
0 1 0                   1 2                -1 1                  0 0 0 1 1 0                  0 
0 0 0                   0 

CLCD9474 

0                  0 

P.V.HSIEH 

0                  0 

M-24-74» 

0 0 0 0 a             o 

NOOEl   20«  N/K  4IIIF0II   041»  TttlF AG 

NODE9404 J.K.   V«N  G«4SBEEK        14-2-741 
940290          940 «140E VI7M   70RSI0N       MSPF7"-*.^ 

r LIE 20*4 J.n.   y«N  G44SBFEII          (J-22-741 
CIE4N CO*««  FUSE14GE ,   AF7  CG 

FUSFLACE   GAOUF 
1*11.000 200.0000 0.0 94.00000 200.0000 0.0 6C0CO0O 
ilti.000 IUOO.OO ««00.000 9F0.0000 0.0 0.0 0.0 

-4.111T»* 0.0 0.0 0.0 0.0 0.0 -C.I«49200E-el 
o.iT»»sooe-oi 0.2731770 -0.1«0)aOOE-02 0.7I0«««aE-03     ■ 0.«462««7E -02 -0.15300006-03 0.'050000(--03 

9.S00000 0.0 196.1000 At.70000 0.0 0.0 -G.76«6200i-OI 
o.*3«noo(-oi -a.7a220*9E-01 -O.l«70O00E-O3 0.%7A0OOOE-O3 0.1264100E -01 O.lOOOOOOt -0* 0.69««««l-04 

1     -4.*0M0O 0.0 0.0 0.0 100.0000 b.U 0.43l)«17O 
1  -O.T6»76»i€-OI 4.a4«at7 O.I9«OOOOF-OI -o.aoioooof-02 -0.969I100E -01 o.mioooE -02 -C.31010001-02 

0.0 11.74000 49.orooo 0.3««9940 a.4197100E -01 0.4|00«««F -03 -0.36»9«««C-04 
I.63S49] a.414««OOE-01 0.2391000E-O2 -O.397tO0OE-0J -0.276«««af-03 P.24I4000C -Oi" -0.47V«4««E-04 

0.0 -1*0.0000 49.00000 0.994*««7E-02 -0.220»679 -0.13»«700E -01 O.R11»«««F-01 
-*.2*9*t* -0.»«060 OOf-01 -O.4240OO0F-a7 O.3011O0OE-a2 -0.99*»««»f -04 -0.4C42Ü0ÜE -07 -0.;o20O00t-O} 
400.0000 0.0 0.0 -4.797111 0.66)«7««F-0I 0.<>?64000E -07 -0.10400001-02 
1>.*4I42 a,l254OO0E-O2 -0.3040000F-02 o.iTmoof-oi n.7!>ioaooE -07 -0.3029000f -07 -O.I6«0O001-O3 

4E*020«4 J.H.  V4N GAtSFFEK 104-09-741   /   CAAL   NA77HVS   106-01-701 
NOOEl   20«. NAIN «07011   IS   I'l  GtOUF  ONE  ANP  Till  »OTOF   IS   IN  GRCUF   Iwr. 

A 7« AEROOVNAMIC  CAOUF 
0.1400000 1.270000 1.2««*«« -0.7000000 0.0 0.0 0.7000000 
0.*4*««*TE •01 0.0 0.4790000E-«! 0.0 0.««««««RE -02 0.0 o.3aooooot-04 
0.40000001-01 0.1400000 0.4313324F-OI 1.000000 0.0 1.000000 COO 0000 
0.0 U.O 0.0 0.0 0.0 0.0 60.00000 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0400000 1.270000 1.2««««« -0.7000000 0.0 0.0 0.7000000 
a.«4*«««TE-0l 0.0 0.4790000F-OI 0.0 0.«««4««*E -02 0.0 0.3000000E-04 
0.4000000f -01 0.1400000 O.S««9««7F-OI 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 o.o 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 o.c 

MNRT204D J.A.   VAN GAASBEEK       106-22-7*1 
MODEL   20«  NAIN  •07P« CFOUP 

MAIN ROTOR SA0UR 

40 

2.000000 4.900000 0.0 22.00000 27.00000 -10.00000 12.00000 
200.0000 0.0 192.6200 479.000« 1411.400 0.49100006-01 CO 
1?.00000 0.0 10000.00 0.0 0.«700000 0.0 3.400000 
2.790000 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 O.P 
0.0 200.0000 0.0 192.4200 1.900000 -0.2900000 0.0 
0.0 0.0 

TLIIT20M 

0.0 

JOHN N. DAVIS 

0.0 

II0-O4-71I 

0.0 0.0 0.0 

04T*  DECK FURNISHED  70 USAANAOL   UNOE«  C0N7AACT  0AAJO2-72-C-O0«! 

TAIL  «OTOR CROUR 
2.000000 0.0 0.0 4.290000 1.410000 0.0 11.00000 
»20.7000 -14.19000 111.2700 14.44000 I.l«t000 0.2910000 0.0 

0.0 0.0 10000.00 0.0 0.0 0.0 0.9000000 
1.900000 0.0 10.00000 0.1I««««« 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 0.2900000 0.0 0.0 
0.0 0.0 40.00000 0.0 0.0 0.0 0.0 

MINC20«0 J.K.   VAN CAASSEEK       111-30-711 
NOOEl  20« MING  CROUP (FKED  SURFACE 1 

HING CROUR 

AG 

27.7»»«» 1*2.0000 1*.00000 62.00000 14.00000 1.900000 11.00000 
».»10000 0.4*70000 0.9170000 2.4I**«< 0.0 «.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 
0.9000000 0.9000000 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0400000 1.290000 1.200000 0.0 0.0 0.0 1.0««*«« 
0.1070000 0.0 0.9190000E-01 0.0 0.«**«««lE-02 0.0 0.3130000E-O1 

0.0 0.2000000 0.0 o.o 0.0 0.0 0.0 
-0.20000001-02 -0.40OOO0OE-O2 0.1200000 0.0 0.0 0.0 0-0 
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1 

TABLE XVII.     - Concluded 

STUIOOC J.*.  V*N CMSHIK       m-IO-7>» 
NOOtl   20» «/H HtWItONTtl   ST«HII(« 

STMIlltll  NO.     1 MOUr 

M 

?.»♦«♦♦ 1M.S000 ».04««« «4.00000 0.7000000 0.0 14.90000 
I.4V00M t.347000 0.0 0.0 2.000000 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 

1.500000 0.0 0.0 0.0 0.0 0.0 0.0 
0.(«00000 I.290OOO 1.200000 0.0 0.0 0.0 1.200000 
0.MWW-0I 0.0 0.O90000E-01 0.0 0.7444440E-02 0.0 

0.2000000 0.1900000 0.0 0.31200OOE-Ol 0.0 0.0 
-0.N00000t-«t 0.(200000 0.644»444E-01 0.0 0.0 0.0 

■     o.o 0.0 0.0 0.(273000 o.m«ooo 0.0 0.0                         1 
0.0 0.0 

SU(20«( 

0.0 

J.*.  V6N C6<t(fEII 111-90-731 

0.0 0.0 0.0                           j 

MODEL   20« l/H MORIIONTU   STMlltE« -*c 

STidLIIEII  NO.     2 tnCVP 
T.94««*« J»(.9000 -22.06444 96.00000 0.7000000 0.0 14.90000 

1          1.**0000 1.167000 0.6600000 0.0 0.0 2.000000 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 

1.900000 0.0 0.0 0.0 0.0 0.0 0.0 
i       0.(400000 1.290000 1.200000 0.0 0.0 0.0 1.200000 
I       O.M«*«*SE -01 0.0 0.6J90O0OE-OI 0.0 0.744444(E ■02 0.0 0.1263444E-OJ 

O.MIOOOOOE -01 0.200000O 0.1900000 0.0 0.3)20OOOE •01 0.0 0.0 
1     -0.?000000f-02 -0.40000 0OE-02 0,f200O0O 0.6444444E-0I 0.0 O.ü 0.0 
|       0.» 0.0 0.0 0.(271000 0.11)4000 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

STU204C JOHN H.   0«vr!     110-04-731 
Ott*  DEC« FU(NISHEO  TO USMMIDl IMDE«  C0N1MCT   Dt>J02-72-C-004« 

StJUllJf«   NO.     3 MCUI» 
K.JM«* 901.0000 0.0 »4.00000 4.900000 40. 90000 «7.00000 

!          >.!»»♦*« 0.4670000 0.6400000 0.0 0.4444446F- 01 0.0 o.o                     I 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1       0.0 0.0 0.0 0,0 0.0 0.1744444 U.2U0C00ÜE-02 
|       0.0 0.0 0.0 0.4000000 -40.00000 -20. 10000 0.0                            j 

0.«»00000 1.290000 1.200000 0.0 0.0 0.0 1.200000 
0.«<«««*6( ■01 0.0 0.900C00aE-OI 0.0 0.744444(E- 02 0.0 0.I370O0OE-0I 
0.4000000E -01 0.2000000 O.lfOOOOO 0.0 O.S)20000E- 01 0.0 0.0 

-0.10000001-02 -C.VOOOOOOf-02 0.(200000 -0.90000OOE-OI 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 

CNT(20«n 

0.0 

J.>.  VtN  G4«5«tE« 

0.0 

(11-30-731 

0.0 0.0 0.0 

CONKOIS  GKOU»  F0(  SM)I>  20002   I66-I9246I 

cnNiKtus C4nuP 
10.00000 (.900000 21.00000 0.0 0.0 0.0 0.0 
17.00000 -13.60000 '7.00000 o.r o.p 0.0 0.0 

;       l?.ooooo -4.744*44 I».00000 0.0 0.0 P.O 0,0 
(.900000 -10.00000 

11(1(204« 

10.00000 

J.ll,   V6N  t»<Sfff« 

0.0 

19-19-741 

0.0 0.0 o.o 

ITKäTION  IINM!  füUf m  CPNTXCT   D<«J02-T3-C-0042 

ITEMTION 6»CU4 
!         «I.0000C 10.00000 2.000000 0.9000000 0.0 0.0 0.3000000 
1      0.2000000 0.2000000 1900.000 900.0000 1.000000 0.«4444»6f-01 2U0O.OOO 
1         90.00000 90.00000 90.00000 

ElltHT 

100.0000 

rPNSTANTS otru» 

100.0000 100 0000 10,00000 

1         170.3050 0.0 -26.00000 »«00.000 -l.729«64 -4.71(634 -0.9000000 
!          )7.00Mt 69.41121 42.630(4 «6.444011 0.0 0.0 0.0 

-0.II«0000 -1. 116400 3.362430 -1.106604 7134.940 39* 044« o.u 
0.0 0.0 2000.000 6600.000 I.POOÜOO 3600.000 66.00000 
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TABLE  XIX.      540   AIRFOII TABLE  USED   IN C81 

SIIPE«   4«0   t ifrisup^» 
Cl 

'.((,0  0*1« lAhlFS   IHi n 

il«H*/MtlH ).0 0. 10 100 0.40000 0.60000 0.b4300 o.ioooo o. iw.o'ia O.UOOOO 0.84000 0,''OOO 1 t.00000 
-ISO.00000 1.D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0..) 0.0 
-WJ.OCOOO O.MOOC 0.7»noO 0. 7100) 0.780O0 0. 7l)0OU 0.78000 0.78030 0.78000 O.78Of,0 o. 7jeoo U.7H000 
-161.0100J O.K:OOO C.62000 0.62000 0.6200Ü O.o.'OOO 0.62000 0.42000 0.62000 C^.'OOO O.'-.VOO 0.t2O-'0 
•1*?.00000 l.OOOCO I.OCOO'i 1.00000 1.ooooo 1.00000 1.OOOOO 1.00000 1.OOOOC i.ooono 1.01-000 I.OOOCO 
-IJ'.OOOOO 1.ooooc I.OCIUO 1.00000 i.ooooo 1.00000 i.ooooo 1.OOOOO 1.00000 1.00000 1.OOOOO i.cuooo 
-.9.00^00 -I.UOOC -1.1S30J -i.iaooo -I.180U0 -1.1800C -1.14003 -1.18000 -1.18000 -1.1100C -1   1800.1 -i.: so/t 
-1^.00000 -i.UOJO -1 .l».-00 -1.11000 -1.18000 -1.18000 -1.18000 -I.1800C -1.14000 -1.18000 -I..-000 -i.inoor 

n.^oooo -cl.füüOO -o.anoo -0.84000 -0.44000 -0.84000 -0.84000 -0. 71430 -0.64000 -0.66*00 -0.6*000 -0.6*1 )C 
-1«.ocooo 0.li<«OC -o.a««oo -0.88200 •o.a'ooo -0.87000 -0.86600 -o. ;4*oo -0.7J200 -0.69 800 ■O.6'000 -0,67,800 
-It.00000 1.1 MOO -1.17300 -0.'12800 -O.S7100 -0.87200 -0.84100 -0.8*100 -o.aoioo -0.76.CO -3.'2800 -0.(2H10 

-u.ooooo -i.nooo -1.22000 -0.93400 -0.86700 -O.067O0 -O.B1900 -0.8*000 -0.81800 -0.77800 0. KJOO -0.Ü70Ü 
-11.00000 -l.ltOOO -i.iaooo -0.9J430 -0.86200 -0.86000 -0.82900 -0.B12OU -o.ai200 -0.77 70" -0.7*000 -0.12600 
•to.coooo -l.OTOOO -1.07000 -0.9»000 -0. S-JIOO -0.84400 -0.81400 -O.PIOOO -0.80100 ■0.'7O03 -0. M*00 -0. 704 ;l 

-«1.00000 -o.weoc -c.'taoo -0.92P00 -0.81800 -0.8*000 -0.80400 -0.80100 -0.78100 -0. I'.PIO - ".'1H0C -0,67J')C 
-1.00000 -0.II6OC0 -ü.a6000 -0.89000 -0.81300 -0.81900 -0.77800 -0.78000 -0.74100 -0.71000 -o.fiooo -0.6120C 
-7.00000 -0.7)100 -0.71100 -O.BJCOO -0.78*00 -0.78400 -0.75*00 -0.7*200 -0.72000 -0.70*00 -1,64200 -0.48100 
-6.C0000 -o.6«;0n -0.6« MO -0.71000 -0.764C0 -0.72200 -0.72100 -J.67400 -0.67200 -0.66800 -0.60130 -0.'2000 
-♦.ooooo -O.«1000 -O.«1000 -0.«76Ü0 -0.42400 -3.44600 -0.48900 -0.464)0 -0.5600U -0.4200L -O.*40OC -0.36000 
-^.00000 -o.jisoo -0.21^00 -0.21700 -0.26200 -0.27nOO -0.298jn -0. 11200 -0.11200 -c.26Coe -0.2.'WO -0. 18010 
0.0 o.O 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 
;.ooooo o.?noo 0.21400 0.21700 0.26700 0.27830 0.24800 0.31230 0.11200 3.26003 0.22400 0.18000 
«.00000 o.tiooa r.«iooo 0.«7«00 0.42«O0 0.44600 0.48900 0.4640O 0.46030 0.52000 0,*5000 0.16000 
6.00000 0.6«too 0.66400 0.71000 0.7*400 0.72200 0. 12100 0.6'900 0.67700 0.66800 0.60100 0.47100 
'.00000 0.75100 0. 74100 0.81000 0.78400 0.784U0 0.14*00 0.7*200 0.72000 0.70*30 0.6"?00 0.48100 
a.ooooo 0.16000 0.86300 0.89000 0.81 ICO 0.81930 0.77BOO 0.7800C 0.74100 0.73CO0 0.69000 0.6123Ü 
9.ooooo 0.061100 o.waoo 0.92000 0.81800 0.8*300 0.8040i: 0.80100 0.78100 0.74200 0. 11800 0.6771-0 

10.00000 1.07400 1.07400 0.91000 0.84100 0.84600 0.81400 0.82000 0.80100 0.77OO0 0.71*00 0,70500 
11.00000 1.1««00 1.18600 0.93600 0.86200 0.86000 0.82900 0.81230 0.81200 0.777O0 0.7*or.i; 0.72600 
i.?. ooo oo 1.22000 1.22000 0.91400 0.86 700 0.46 700 0.8<900 3.4*000 0.8I80C 0.77800 0,7*000 0.11700 
1».ooooo 1.17200 1.17200 0.92800 0.87100 0.87200 0.84130 0.8*130 0.80100 0.7670C 0.72810 0.7283C 
ia.ooooo o.aMoo 0. 84 800 0.88200 0.87000 0.3 7000 0.86*00 0.74*00 0.72200 0.69800 0.6T00O 0.66«00 
.71.00000 3.60000 o.eiooo 0.84000 0.84OCO 0.84000 0.84000 0.71500 0.68000 0.66*00 0.6*000 3,(.*10C 
ji.eoooo i.iaooo 1.18000 i.iaooo 1.18300 1.18000 1.18000 1.18000 1.18000 1.18300 1.18000 1.18000 

«0.00000 i.iaooo i.iaooo i.ieono 1.18000 1.18000 1.18000 1.18000 1.18000 1.18000 1.14000 i.iaooo 
izv.ocoao -1.00000 -1.00000 -I.ooooo -1.ooooo -I.OOOOO -1.00000 -1.00000 1-00000 -i.oooor -1.Ooooo -I.ooooo 

i»f.ooooo -1.00000 -1.00000 -1.00000 -1.00000 -I.OOOOC -1.00000 -1.000 00 -I.ooooo -i.oooco -'..ooooo ■ i,O0'i0O 

iBi.uoooo -0.62000 -0.62000 -0.62000 -0.O2000 -0.62000 -0.62000 -0.63000 • 0.62000 -0.620C0 -0.62000 -0,(,2003 

ir?.soooo -0.7«000 -0.78000 -0. 78000 -0.78030 -o.raooo -0.78000 -0.7JOOO 0.79000 -0.780r,0 -0.78000 -0.78000 

Ub. ooooo o.c 0.0 0.0 0.0 0.0 0.0 0,3 0.0 0.0 ).0 0.0 
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TABLE XIX.     - Continued 

SWE*   «40  ElVOSUtM   5*0 fut'O tlCfl  0»f»   TtSLES  USE1 
CS 

-HO.00000 
-IT5.00000 
-iro.ooooo 
-1*5.00000 
-1*0.00000 
-1*0.00000 
-120.00000 
-110.00000 
-100.00000 

-40.00000 
-ao.ooooo 
-ro.ooooo 
-*0.00000 
-50.00000 
-JO.00000 
-25.00000 
-2*.00000 
-2*.00000 
-22.00000 
-20.00000 
-11.00000 
-I*.00000 
-15.00000 
-11.50000 
-12.50000 
-11.50000 
-10.50000 
-5.50000 
-5.50000 
-T.50000 
-*.50000 
-5.50000 
-*.50000 
-1.50000 
-2.50000 
-1.50000 
-0.50000 
0.0 
0.50000 
1.50000 
2.50000 
3.500 00 
*.5000C 
5.500O0 
*.50OOO 
T.500OC 
5.5000« 
4,50000 

10.50900 
11.50000 
12.50000 
11.50000 
15.00000 
1*.00000 
15.00000 
20.00000 
22.00000 
2*.00000 
2*.00000 
25.00000 
10.00000 
50.00000 
*0. 00000 
TO.OOOOO 
50.00000 
40.00000 

■00.00000 
110.00000 
120.00000 
1*0.00000 
1*0.00000 
1*5.00000 
1T0.00000 
175.00000 
■50.00000 

0.0 
0.02200 
0.0*200 
0.11200 
0.2*200 
0.10200 
1.0*200 
■.»5200 
1.55200 
2.00200 
2.02200 
1.4*200 
■.5*200 
1.5*200 
1.14200 
O.MMOO 
0.5*000 
0.*S000 
0.52000 
0.15000 

24400 
,2*000 
■ 4100 
■*T00 
11500 
■ 0050 

0.0**00 
0.02*00 
0.01750 
0.01250 
3.01020 
0.00420 
0.00550 
0.00500 
0.00740 
0.007*0 
1.00M6 
.1.00»«0 
5.« 
*. 

i>, wog 

0.M550 
0.0O410 
5.•■020 
t.ttIM 
5.01150 
0.02*00 
0.0**00 
0.10050 
0.11500 
0.1*700 
0.14100 
0.2*000 
0.24400 
O.15500 
0.52000 
0.55000 
0.5*000 
0.60000 
1.14200 
I.»»200 
1.5*200 
1.4*200 
2.O2200 
2.00200 
1.55200 
■.»5200 
1.0*200 
0.10200 
0.2*200 
0.M2C0 
0.0*200 
0.0220 

0.10000 
0.02200 
0.0*200 
0.11200 
0.2*200 
0.10200 
1.0*200 
l.*5200 
1.55200 
2.00200 
2.02200 
1.4*200 
1.5*200 
l.**200 
■.14200 
0.40000 
0.5*000 
0.55000 
0.52000 
0.15500 
0.24400 
0.2*000 
0.14100 
0.1*700 
0.11500 
0.10050 
0.05*00 
0.02*00 
0.01750 
0.01250 
0,01020 
0.00420 
0.00550 
0.00500 
0.00740 
0.0075« 
O.MMO 
0.00*50 
0.00*50 
^.M*50 
0.M7I0 
f. W5C 
il.Mi«» 

0.0*51- 
0.005«« 
0.0U2« 
o.oiito 
0.01750 
0.02*00 

.0**00 

.10050 
11500 

,1*700 
,14100 
.2*000 

0.24400 
0.15500 
0.52000 
0.55000 
0.5*000 
0.60000 
1.14200 
1.4*200 
1.5*200 
1.4*200 
2.02200 
2.00200 
1.55200 
1.55200 
1.0*200 
0.10200 
0.24200 
0.11200 
0.0*200 
0.02200 

0.50000 
0.02200 
0.0*200 
0.11200 
0.2*200 
0.10200 
1.04200 
I.«5200 
1.(5200 
2.00200 
2.02200 
1.4*200 
1.5*200 
■.**200 
1.14200 
0.*0000 
0.5*100 
0.52200 
0.5*400 
0.40400 
0.15100 
0.10000 
0.25100 
0.21200 
0.20200 
O.IT500 
0.15200 
0.11000 
0.07500 
0.04400 
0.02740 
0.01240 
0.0I0OC 
0.00420 
0.005*0 
0.00750 
0.00710 
5.00*50 
1.00*70 
3.00*50 
0.00710 
o sow 
■• ii« 

■. •..■.►■ 

»."1 ■•>■ 
• .•2f*B 
O.U4400 
0.07500 
0.11000 
0.14200 
0.17500 
0.20200 
0.21200 
0.25100 
0.10000 
0.15100 
0.40400 
0.4*400 
0.52200 
0.5*100 
O.*0000 
1.14200 
l.**200 
1.5*200 
1.4*200 
2.02200 
2.00200 
1.55200 
1.55200 
1.04200 
0.10200 
0.24200 
0.11200 
0.04200 
0.02200 

O.*0000 0.45000 0.70000 0.75090 0.50000 0.55900 0.50000 1.00000 
0.02200 0.02200 0.02200 0.02299 0.02200 0.02200 0.07200 0.02200 
0.0*200 0.05200 0.0*200 0.0*200 0.0*200 0.05200 0.0*200 0.0*200 
t.11200 0.11200 0.11200 0.11200 0.11200 0.11200 0.11200 0.I120C 
0.24200 0.2*200 0.24200 0.2*290 0.2*200 0.2*200 0.24200 0.24200 
0.10200 0.10200 0.10200 0.10200 0.10200 0.10290 0.10200 0.1O290 
■.04204 1.0*200 1.04200 1.94200 1.0*200 1.05200 1.04240 1.0*210 
■.«5200 1.45200 1.45200 1.45200 l.*5200 1.55200 1.55200 1.45290 
1.55200 1.55200 1.55200 1.55209 ■.55200 1.55200 1.55200 1.55200 
2.00200 2.00200 2.00200 2.90200 2.00200 2.00200 2.90200 2.00200 
2.00200 2.00200 2,00200 2.00200 2.00200 2.00290 2.00200 2.00200 
1.4*200 1.5*200 1.4*200 1.4*200 ■.4*200 1.4*200 1.«(200 1.4*200 
1.5*230 1.5*200 1.54200 ■.54200 1.5*200 1.54200 1.54200 1.54290 
l.*»200 l.**200 1.54200 1.66200 I.»»200 ■.4*204 1.4*200 1.66200 
1.14200 1.14200 1.14200 1.14200 ■.14200 1.14299 1.14200 1.14200 
O.kOOOO o.*oaoo 0.59000 0.60000 0.40040 0.69000 0.60003 0.60000 
0.57*00 0.57500 0,55100 0.55100 0.55100 0.55100 0.55100 0.55100 
0.5*500 0.5*500 0.54700 0.5550C 0.55500 0.55500 0.55500 0.55500 
0.50000 0.50200 0.51200 0.52*00 0.52*00 0.52*00 0.52*00 0.52600 
0.44500 0.5*100 0.47200 0.55400 0.49100 0.54190 0.44100 0.5410C 
0.14*00 0.41*00 0.41100 0.55100 0.45100 0.45100 0.45100 0,45100 
0.1*500 0.17000 0.15*00 0.50740 0.41400 0.41400 0.41409 0.41490 
O.1OO00 0.12*00 0.1*100 0.15500 0.1*700 0.55100 9.15440 0.1540C 
0.27500 0.10100 0.11500 0. 11100 0.14200 0.14500 0.17200 0. 17200 
0.2**00 0.27100 0.25100 0.24400 0.10400 0.11400 0.15000 0.15100 
0.22000 0.2*400 0.25100 0.27*00 0.25500 0.12104 4.11500 0.11400 
0.15500 0.22*00 0.21500 0.25100 0.2*100 0.10200 0.11400 0,12100 
0.15500 0.14500 0.21200 0.22400 0.2*000 0.25700 0.10200 0,10500 
0.12700 0.1**00 0.15500 0.20400 0.21500 0.2*400 0.25700 o.moo 
0.04*00 0.1IIOO 0.15200 0.15009 0.14500 0.25090 0.25400 0,27100 
0.0**00 0.10200 0.11200 0.15590 0.17100 0.21900 0.25040 0,25700 
0.01400 0.07100 0.10200 0.12700 0.15*00 0.21000 0.21000 0,21400 
0.02210 0.0*150 0,07150 0.04550 9.12000 0.15700 0.21100 0.22090 
0.011*0 0.02000 0.05100 0.97900 0.10000 0.1**00 0.14000 o.^*«oo 
0.00540 0.01250 0.02*00 0.045(0 0.07000 0.1*100 0.15*00 0.1T600 
0.007*0 0.00410 0,01*50 0.02700 0.0*200 0.11000 0.1*000 0.15000 
0.00700 0.00710 0.00550 0.0U5O 0.02*50 0.07009 0.10500 0.12000 
il   00* ' ■ 0.00*50 0,00720 0.995*9 0.01650 0.05000 0.07200 0.04500 
a.CM*c 0.30*50 0.00*59 0.09740 0.01500 0.0*500 0.05400 0.04100 
0.09*70 (1.00*50 0.00720 0.00540 0.01550 0.05000 0.07200 9.0450C 
0.00700 0.00710 0.00450 0.01650 0.02*50 0.07040 0.10500 0.12090 

.00750 0.00410 0.01550 0.02700 0.05200 0.11000 4.15000 0.15090 
1.00540 0.01250 0.02*00 0.0<500 0.07000 0.1*100 0.1**00 9.17400 
J.01140 0.02000 0,94100 0.07000 0.10000 0.1*500 0.1*000 0.14540 
0.02210 0.04150 u.07150 0.04550 0.12000 0.1*700 0.21100 0.22000 
U.01400 0.07100 0.10200 0.12700 0.15*00 4.21000 0.21000 0.21400 
0.05500 0.10200 0.11200 0.IS500 0.17100 0.21000 0.25000 0.25740 
0.0450C 0.11100 0.15200 0.15000 0.14540 0.25000 0.25400 0.27100 
0.12700 0.1**00 0.15500 0.20400 0.21500 0.2*400 0.25700 0.24190 
0.15500 0.14500 0.21200 0.22400 0.2*000 0.25700 0.10200 0.10500 
0.15500 0.22*00 0.21500 0.25100 0.2*100 0.10200 0.11400 4.12100 
0.22000 0.24400 0,2*1CC 0.27400 0.25500 0.12100 0.11500 0.11400 
0.24400 0.27100 0,2510) 0.24400 0.10400 0.11400 0.15000 0.15190 
0.27500 0.10100 0.11500 0.11100 0.15200 0.1*500 0.17200 0.17200 
0.10000 0. 12*00 9.15100 0.15509 0.1*790 0.15100 0.15*00 0.1540C 
0.14503 0.17000 0.15*00 0.40700 0.41400 0.41400 0.41400 0.41400 
0.14*00 0.41*00 0.41100 0.45100 0.45100 0.45100 0.45100 0.45100 
0.5*500 0.4*100 0.47200 0.55490 0.44100 0.54140 0.54100 0.44100 
0.50000 0.50200 0.51200 0.52500 0.52*00 0.52*00 0.52500 9.52*90 
0.5*500 0.5*500 0.54700 0.55500 0.55500 0.55 590 0.55590 0.55500 
0.5T500 0.57500 0.55100 0.55100 0.55100 0.55104 0.55100 0.55100 
0.50000 0.50000 0.60000 0.40000 0.50000 0.50000 9.49000 0.40000 
1.14200 1.14200 ■ .14 200 ■.14200 1.14200 1.14200 1.14200 1.14200 
l.**20a l.**200 1.66200 1.4*200 ■.**200 1.5*290 1.4*200 1.55200 
1.5*200 1.55200 1.5*200 1.5*200 ■.5*240 1.0*200 1.54200 1.5*200 
1.4*200 1.4*200 1.4*200 1.4*200 ■.4*200 1.4*200 1.45200 1.4*200 
2.00200 2.00200 2.90200 2.00299 2.00200 2.00200 2.00200 2.00200 
2.00200 2.00200 2.00200 2.90200 2.00200 2.00204 2.90290 2.40209 
1.55200 ■.55200 1.55200 1.55290 ■.55200 ■.55200 1.55200 1.55290 
1.45200 ■.«5200 1.55209 1.55200 ■.55200 1.55200 1.65204 1.55200 
1.04200 1.9*200 1.9*209 1.0*200 1.0*200 1.05209 1.05200 1.04 200 
0.10200 0.10200 0.10200 0.19299 0.10200 0.10200 0.10200 0.10200 
0.24200 0.2*200 0.2*200 0.24293 0.2*200 0.24240 0.24200 0.24200 
0.U200 0.11200 0.11200 0.11200 0.11200 0.11209 0.11200 4.11240 
0.0*200 0.0*200 0.0*200 0.0*200 0.0*200 0.0*200 0.9*200 0.04200 
0.02200 0.02200 9.02200 0.02290 0.02200 0.02204 0.02200 0.02200 
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TABLE  XIX.      - - Concluded 

5UPM   160  {«T'OSUM« 160 Ut'O CICO  DATA T6(LES   USED 

UPM«/«UCH 0. -oooo 0.13000 0.60000 0.13030 0.60000 0,79000 0.75000 0.(0000 C.90000 
-190.00000 3.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 
-I TO.00000 0.60000 3.60000 0.60000 0.60030 0.60000 0.60000 0.60000 0.60000 0.60000 
-16».00000 '.10000 0.10000 0.10090 0.10000 0.I0000 0,10000 0.10000 0.10000 0.10000 
-160.00000 J.30000 0.J0300 0.10900 0.19900 O.IOOOC O.IOOOO 0.10000 0.10000 0.10000 
-11».00000 o.toooc 0.19000 0.1C000 0.10000 0.10000 0.19900 0.50000 0.50000 0.10000 
-90.00000 o.soooo 0.53000 O.'OOOO O.IOOOC 0.10009 o.iooo- 0.10099 0.10090 0.10000 
-13.00000 3.17600 0.11600 0.19600 0.21600 0.21100 0.21000 0.26630 0.27700 0.29(00 
-2>.00000 O.IUOO o.naoo 3.12CJ0 0.16600 0.11700 0.17100 0.1(100 0.20600 0.21200 
-16.00000 3.07133 J.07«00 0.38600 0.09700 0.10109 0.11700 0.11700 0.17600 0.20000 
-H. 00000 0.0»600 9.06100 O.C7I09 0.91600 0.99700 9.11100 0.11100 0.17100 0.19109 
-16.00000 3.C 0.02 700 9.01600 3.06«00 0.9(690 0.10100 0.12790 0.16700 0.1(900 
-I1.000PO 3.0 0.90110 0.02100 9.01090 0.07600 9.99199 0.12200 0.16100 0.1(600 
-1?.00000 J.O O.O 0.0020C 0.01000 0.06000 0,9(100 0.11690 0.11700 0.17600 
-u.coooc 0.0 0.0 -0.00100 0.01600 0.06600 0.07600 0.10(00 0.16900 0.17000 
-IO.OOOCO 0.0 0.0 -0.00200 0.00200 0.01200 0.06100 O.IOOOO 0.16200 0.16100 

-g.ooooo 3.0 0.0 0.0 -0.90100 0.0160O 0.01600 0.0(900 0.11200 0.11600 
-a.ooooo 3.0 0.3 0.0 -0.00603 0.00100 0.06103 9.0(230 0.12100 0.16100 
-r.ooooo 3,0 O.O o.c 3.0 -0.00*00 0.02719 0.97290 0.11250 0.1)600 
•6.00000 3.0 ".O 0.0 0.3 -0.30100 3.01600 0.06290 0.10000 0.12100 
-6.00000 3.0 0.0 o.o 9.0 0.0 0.00500 0.06000 0.07600 0.10200 
-1.00000 3.0 O.O 0.0 0.0 0.3 -0.00100 0.02600 0.06610 0.0(700 

-neooee 3.0 0.0 P.C 0.0 O.C 0.0 0.01190 0.01100 0.07000 
-I.ooooo 0.3 0.0 0.0 0.0 0.0 0.0 0.00110 0.01100 0.06100 
0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 
1.CJC00 3.0 0.0 0.0 0.0 0.0 0.0 -0.90600 -0.91100 -0.06100 
/.ooooo 0.0 0.0 0.0 0.0 0.0 0.0 -O.OUOO -0.01100 -0.07000 
l.POCOO 0.0 CO 0.0 0.9 0.0 0,00210 -0.02600 -0.06700 -0.0(700 
6.00000 3.0 0.0 0.0 0.0 0.0 -0.00100 -0.06000 -0.07600 -0.10200 
6.ooooc 0.0 0.0 0.0 0.0 0.00100 -0.01600 -0.06100 -0.10000 -0.12100 
r.ooooo 0.0 0.0 0.0 0.0 0.00600 -0.02(00 -0.07200 -0.11100 -0.1)600 
a.ooooo 0.0 CO 0.0 0.00600 -0.00100 -0.06100 -0.0(200 -0.12100 -0.16100 
g.oocoo 3.0 0.0 0.0 0.CO100 -0.01600 -0.01600 -0.0(900 -0.11200 -0.11600 

10.00000 0.0 0.0 9.00110 -0.90200 -0.01200 -0.06109 -0.10000 -0.16200 -0.16)00 
11.00000 0.0 0.0 0.00100 -0.01600 -0.06690 -9.97600 -0.10(00 -0.16900 -0.17000 
W.90000 0,0 0.9 -0.00200 -0.01090 -0.06900 -0.9(!09 -0.11600 -0.11T00 -0.17600 
u.oocoo 3.0 -0.00200 -0.02100 -0.01090 -0.07600 -0.99100 -0.12209 -0.16)00 -0.1(600 
16.00000 0.0 -0.02700 -0.01600 -0.06100 -0.0(690 -0.10100 -0.12700 -0.16700 -0.1(900 
16.00000 -0.0*600 -0.06100 -0.07100 -0.01600 -0.09700 -0.11100 -0.1J100 -0.17)00 -0.19100 
16.OOOOC -3.07100 -0.07100 -0.0(600 -3.09700 -0.10(00 -0.11700 -0.11700 -0.17600 -0.20000 
2).OOOOO -0.11?00 -o.naoc -0.12600 -0.16600 -O.lltOO -0.17100 -0.1(100 -0.20600 -0.2)200 
10.OOOOC -3.17600 -0.11600 -0.1960C -0.21*00 -0.2U00 -0.21000 -0.26600 -0.27700 -0.24(00 
lO.OJOOO -3.10000 -0.10000 -0.10000 -O.IOOOO -0.10000 -0.10000 -O.IOOOO -0.10000 -0.10000 

Mi.OOOOO -O.iOOOO -0.10000 -9.10000 -0.10090 -0.10000 -0.10000 -0.10000 -0.10000 -0.10000 

160.OOOOO •C.3000C -0.19900 -0.10300 -0.10009 -0.10000 -0.10000 -0.10000 -0.10000 -0.10030 
165.00000 -0.10000 -0.19000 -O.JOOOO -0.10000 -0.10900 -0.10000 -0.10000 -0.10000 -0.10000 
iro.coooo -3.60000 -0.63000 -0.60900 -0.63000 -0.60000 -0.69000 -0.60000 -0.60000 -0.60000 
lao.ooooo 0.0 0.0 0.0 0.0 0.0 0,9 0.0 0.0 0.0 
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TABLE XX.  540 AEROELASTIC BLADE DATA USED IN C81 
«tin M.itn« AFmmsnt  ni'Of ntSTHimmiKis >NU   •»!• 

»1 > IE    SUIKIM <( ir.ni 
N'Mffa UK/INI 

J.1i60 
7.6rro 
?.6V0 
?,«»e 
O.^^.'O 
O.KOIO 
e.Tiio 
a.6iio 
O^'lO 
0.ISU0 
o,<«io 
o.rtio 
1.7200 
l.HOP 
C.B700 
3.^*11 
O.-I.IC 
o.^^o 
P.OUID 

/.11«0 

.lf»«KlSf INfKIl» 
(iN-i"-m"?/iNi 

0.00*0 
0.00«0 
0,00*0 
o.ou»o 
O.OOJO 
0.0020 
1.0010 
0.0010 
0.0010 
0.0UI0 
0.0010 
0.0010 
O.Ü02C 
0.0020 
a.ooio 
o.ooio 
0.0010 
0.0010 
0.0010 
0.0010 

CHOHOtmC    IXF'TIt 
IIN-ll>-<EC««2/INI 

0. IM< 
o.tap» 
0.16«r 
0.1612 
0. IS-.) 
0.106 
').0<>6» 
O.OMI 
O.OB 7« 
0.01116 
0.0'«56 
0..)S»0 
O.OT«? 
o.oTri 
0,0711 
0.0672 
o.06n 
0.06H 
0.0660 
0.0660 

Tir«i  mnr *' ICMI m «nf   ii» «F ir.Hi 

•not SHAH fo« urmt i 

ST«    out-or-»i«Ne    iN»i.»Nf 

10 
11 
!2 
11 
I» 
15 
•It 
II 
1» 
I'I 
?0 

0.0 
o.oioo 
o.iooi 
0.1S01 
0.2001 
0.2'i02 
0.1002 
0.3502 
0.6002 
0.6502 
0.500.' 
0.5501 
0.6001 
0.6501 
o.rooi 
0.7501 
0.5001 
0.1501 
0.4000 
0.1500 
1.0000 

0.0 
0.0 
0.0 
0.0 
n.o 
0.0 
0.0 
0.0 
0.0 
o.o 
o.o 
o.o 
o.o 
0.0 
0.0 
0.0 
0.0 
O.P 
0,0 
o.o 
0.0 

0.0 
1.0 
0.1 
o.o 
0,0 
D.O 
0.0 
0.0 
1.0 
0.0 
o.-i 
0.0 
o.c 
0.0 
0.0 
0.0 
0.0 
0.0 
o.c 
0.0 
0.0 

tUJI    ^«»i •   fO*  *U\ll   5 

sr»      mil-Qf-PL AM       IVPUNt 

10 
11 
K- 
11 
1» 
15 
16 
17 
16 
11 

0.0 
0.022» 
0.06 7« 
O.ll<• 
c. \r-,*n 
1.207'. 
0. .'56» 
.•1.10 7« 
O.l^-»! 
0.61!.' 
o.»>l» 
I.-»!!.") 
J.5/J0 
0.6216 
O.li 76« 
P.710'- 
>..»•.) 
0.äH2 
o.a-j'i 

i.oioo 

o.: 
o.o 
O.o 
i.O 
O.'i 
o. o 
o.o 
o.o 
O.o 
".0 

Ü.0 
0.0 
0.0 
0.0 
o.c 
3.0 
0.1' 
0.0 
o.o 

0.0 
0.0 
n.O 
1.0 
CO 
0.0 
0.0 
0.0 
0.0 
0.0 
' .0 
o.o 
0.0 
0.l?'.5 
1.1*5; 

-0,U«5 
0.1H59 

-o.r)^2 
-0.1167 
-0.11*6 
-0.1H5 

1 .'.E>it"l I2fl 
NAl.IftAl    FPfijUr 

r ti F! c .111% HM» ^Nl,» 1 - 

•<'l"fM   rjIFM IL IfNI 

'.|''*|AI     M.iMi- 
Vf-Mt.*!    '. 

I  .PI ^N- 
I     •■     - 10..,IJ 

hf ft««  PFhOIW,   H IMf'l 
CHfWIi   PF'.'MN".   "nNlN 

f >tfSI'iNftL    NM^FN 

«'Of   iH«Pl   flW   "'lOF   2 

FitppiDr,  iNr«r n/ium   •       1*85.6  s> 'r.n«»2 

H ini   5M»P?  Fnn  ^I'D«"- 

CUI-UF-Pl«Nf INPL6NF ntilON OKI-Of-PI»N( IXPHNf inMMnN 
0.0 -0.0(15 0.1171 0.1 0.0457 70.1512 

-0.01)6 -0.0660 0.2J»i ■0.1417 0.0411 .'7.1651 
-0.07*2 -O.0561 0.2572 .1.7*6» 0.0111 75.r151 
-3.11*0 -0.0^50 0..'916 -O.V.«0 0.0150 2a.Jf6'> 
-C,1*«0 0.0 0.2107 -0,4*66 o.o ?''.1601 
-0.1610 0.0100 0.2112 -0.5!~1 -0.0154 10.^611 
-0.17*7 0.0721 0.1055 -0.6160 -0.0620 17.16*7 
-0.16S* 0.1211 0.1011 -0,6'77 -0.0876 11.86*1 
-0.15*2 0.1757 0.310} -0,7171 -0.1118 35.51H2 
-0.1151 0.2112 0.1017 -0,7152 -0.11*2 17.*061 
-0.1115 0.21*0 0.10 75 -0.7787 -0.15*1 11.2'I16 
-colon 0.1W* O.IOH -0.616* -0.171* 61.2117 
-C.065* 0.*212 0.2111 -0,67112 -0.1850 *?,H*7 
-0.0400 0.*1ll 0.246(1 -0.5.''« -0.11*5 «*.*517 
-0.01*0 0.5607 0. '«5« -0.110« -CHIP 45.1171 
C.012* 0.6111 0.275* -0,2I«7 -0.7010 46.^61.' 
O.OIM 1.7062 0.2641 0.0146 -0.1187 *7.8776 
0.0651 0.7775 0.26*0 0.2160 -0.1117 48.5751 
0.0116 0.051* 0.261f 0.6671 -0.1866 41.0148 
0.117« 0.W57 0.265* cm -O.lFPl 41.407H 
3.16..Ü 1.0000 0.2660 1.0000 -0,I6«5 41.5101 

pnnt  SIUPF fn« mioE  5 Mnoc 5H»PE »np »nnf 6 

OI)I-UF-»l«NE 
0.0 
0.0111 
0.0181 
0.1411 
" . 118 1 
0.7477 
D.2118 
0.171* 
C.I*'« 
0.1671 
0.3671 
0.1601 
0.1)76 
C.?>I61 
0.7341 
:.1511 

O-O'-.O 
-0.0474 
-0.151» 
-0.2765 
-0.11' 1 

F ; uio i mv 
i.i 
0. !07'I4I    01 
O.T)'ct't   00 

I'IPLtNE 
0.0 
0.0115 
0,0221 
:.014C 
0.0**6 
0.05*0 
0.0615 
0.0670 
0,0701 
.1.0716 
0.0 707 
0.0674 
0.0611 
O.OM* 
0.0*87 
0.0711 
0,0 

-0.0167 
-0.01/7 
-C,0511 
-P.0811 

roasinn 
47.2115 
51.7122 
60.00*0 
65.1111* 
68.)H70 
71.735* 
IS.i'l,! 
71.7147 
8'.U?' 
88.5076 
11.11*6 
18.1600 

102.1117 
107.0664 
110.4H6 
HI. 1116 
115."-13 
lir.6711 
I1P.141C 
111.7172 
111.1111 

nuT-(lf-PIANF       INPl»f4f 
0.0 
0.0 
0.0 
o.o 
o.o 
0,0 
o.o 
1.0 
0.0 
0.0 
0.0 
0.0 
3.C 
0.0 
0.0 
0.0 
0.0 
0.0 
^.0 
1.0 
0.0 

0.0 
P.O 
o.o 
0.0 
0.0 
0.0 
0.0 
O.P 
O." 
0.0 
0.0 
0. 1 
0.0 
CO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
o.r 
1.0 
1.0 
n.o 
■■.0 
0.0 
1.0 
'.0 
0.0 
o.o 
0.0 
0,0 
0.0 
0.0 
0.0 
o.^ 

CO 
0.0 

-0. 15 75v 

-U. t'OCIF   01 

O.I I' 
0,200)01-01 
0.7.6»!'   01 
C15077F   01 

-0.?76.'6f 02 
0,1 16 701 06 
0,167701 07 

■0.111667 04 
0.1077-f 05 

-0.801711 04 
0.10411' 06 
0.16100t    07 

i 
CtClIF 

0.20000»-Jl 
0.. 106 IF 01 
0.7 7471F 01 

.1.164711 0) 
0.1118 It 06 
1,175511 05 

-0./414(t 0". 
-0.048111 04 

1.76760t 05 
-C,16"10t U- 
0.17006t n4 

con tritvt 
0.700007-01 
0.78178F 01 
«.10411/    01 

0.6*446t    04 
".0 

-'1.771861    01 
Ü.1500'.1    ("■ 
0.0 

O.llOUt    D* 
CO 

-0.7I716E   01 

rniitcivi 
O.IOOOF 00 
n.76*6'f 01 
0.78287 01 

O.ll CO»'- 1.5 
0..70»56 U- 
;.<2.'i6i j'. 
0.177181 05 
0. 106 ' It 0* 

0. 1414 't 
-0. 1016« 

0,108811 

i** 
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- 

j         TABLE XXI.  ÜF1758 INPUTS FOR THE 540 ROTOR           j 

Number of Hub Segments 
VMASS, HMÄSS, VSOFT, RSOPT 
HSOFT 
Secjment Length 
Rotational Frequency 
Root Collective Pitch 
Twist 
Number of Blades 
Chord 
Control System Stiffness 

2.0 
O.C 

-6.5/(106 ib) | 
13.2 in. 

324.0 rpm 
16.0° 

-10.0° 
2.0 

27.0 in. 
^.9 x 105 in.-lb/rad 

1              EIB 
Segment     X10"6 

EIC 
X10"6 4t/in. 

CG   Offset   j 
Bean     Chord 

1         13.3 4110.0 4.440 0 .0     -0.20 

1   2        508.0 1970.0 6.060 '      -0.20 

1   3        694.0 1750.0 7.240 -0.20 

1   4        256.0 6550.0 2.120 -0.20 1 

i   5         89'5 4240.0 0.952 -0.36 

6         63.1 4050.0 0.761 -0.4R 

!   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 

j  10         37.5 3420.0 0.577 -0.64 

11         33.1 3200.0 0.541 -0.68 

|  12         33.0 2990.0 0.690 -0.74 

i  13         35.0 2830.0 1.180 1.02 

14         35.0 2620.0 1.180 0.96 

i  15         32.6 2390.0 0.780 -0.94 

16         32.3 2200.0 0.501 -0.96 

I  17         32.5 2060.0 0.5C1 -1.02 

18         33.2 2080.0 0.504 -1.04 

19         46.4 2260.0 1.670 ,       0.04 

1  20         46.4 2290.0 2.260 0 .0       0.04 
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TABLE XXI. - Concluded 

1                                                                    "1 

Beyment IBB ICC 
GJ     Shear Center Offseti 

X10~6     Beam       Chord 

1  1 0.004 0.168 36.00       0 .0      0.0  | 
•               1      ! 

1  2 
0.004 0.168 36.00 

3 0.004 0.168 36.00 

1  4 
0.004 0.168 75.00 

i  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 

I  9 
0.001 0.082 29.40 

I 10 0.001 0.083 25.54 

11 0.001 0.093 22.10 

1  12 0.001 0.083 21.45 

i  13 0.002 0.075 21.45 

14 0.002 0.075 21.45 
I 

15 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 1 

19 0.001 0.066 21.45 

20 0.001 0.066 21.45       0 .0      0.0  j 
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TABLE XXII.  FLIGHT CONDITIONS FOR AH-1G LEVEL FLIGHT DATA   1 

Flight 
Number Configuration 

Gross 
Weight 

CG 
Station Line OAT 

Pressure 
Altitude 

34-A* 4 Empty 
XM-159 Pods 

7309 194.3 32.0 2100  | 

40-A* 4 Full 
XM-159 Pods 

9617 195.2 68.0 1200 

277-B** 4 Empty 
XM-159 Pods 

9645 192.6 83.0 1200 

28Q-A** Clean Wing 7405 191.5 73.5 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 variable was not 
available. 

Variable 
Number Variable Units 

1 

2 

5 

6 

7 

8 

9 

10 

Maximum Mean Normal Load 

Oscillatory Copilot Vertical 
Acceleration at the time of 
Maximum Mean Normal Load 

Maximum Oscillatory Copilot 
Vertical Acceleration 

Oscillatory Main Rotor Pitch 
Lin1: Axial Force at the time 
of Maximum Mean Normal Load 

Maximum Oscillatory Main Rotor 
Pitch Link Axial Force 

Longitudinal Cyclic Stick Position 
at the time of Maximum Mean Normal 
Load 

^(Longitudinal Cyclic Stick 
Position)* 

Lateral Cyclic Stick Position at 
the time of Maximum Mean Normal 
Load 

A(Lateral Cyclic Stick Position) 

Knqune Torque Pressure at the 
time of Maximum Mean Normal Load 

lb 

g 

g 

lb 

lb 

I'Sl 

*A(   )   indicates   the  difference  between   the  value  at  the  time 
of maximum mean normal  load  and  the value at  the  beginning of 
the maneuver. 
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Variable 
Number 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Variable Units 
Maximum Engine Torque Pressure psi 

A(Engine Torque Pressure) pSi 

Oscillatory Main Rotor Chordwise 
Bending Moment, Station 135, at 
the time of Maximum Mean Normal 
Load in.-lb 

Maximum Main Rotor Oscillatory 
Chordwise Bending Moment, Station 
135 in.-lb 

Oscillatory Longitudinal Cyclic 
Stick Force at the time of Maximum 
Mean Normal Load lb 

Maximum Oscillatory Longitudinal 
Cyclic Stick Force lb 

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

Maximum Oscillatory Lateral 
Cyclic Stick Force lb 

Gross Weight lb 

Outside Air Temperature deg C 

Pressure Altitude at the time of 
Maximum Mean Normal Load ft 

Collective Stick Position at the 
time of Maximum Mean Normal Load       % 

Calibrated Airspeed at the time of 
Maximum Mean Normal Load kn 

Density Ratio at the time of Maximum 
Mean Normal Load 

Pitch Rate at the time of Maximum 
Mean Normal Load deg/s 

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 

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)}        lb 

33 Disc Loading (Cf/a)   at the time 
of Maximum Mean Normal Load 

34 Advance Ratio at the time of 
Maximum Mean Normal Load 

35 Maximum Normal Load Factor g 
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IN u 
2 

1 

5 11 11251. 
? 11 11819. 
5 I* 12575. 
5 15 12953. 
5 16 13615. 
5 21 11**1. 
5 23 11913. 
5 25 130*8. 
5 2« 11535. 
5 2<» 12008. 
5 36 11819. 
S 37 12102. 
5 38 11913. 
6 5 13268. 
6 6 16011. 
6 n 15059. 
6 a 12962. 
6 10 13725. 
6 11 16J12. 
t. 17 16216. 
6 18 1629T. 
6 19 15917. 
6 21 16582. 
* 22 16012. 
6 23 15821. 
fr 25 16011. 
«i 26 15536. 
6 27 16689. 
A 30 15156. 
IS 31 16568. 
6 32 12795. 
T 18 15216. 
7 21 15995. 
B 7 16292. 
H a 15818. 
a <) 16671. 
t 1« 13H06. 
i» 19 13615. 
4 70 16566. 
9 !l 1683:. 

10 7 13113. 
\0 9 13961, 
11 21 15666. 
11 22 15067. 
11 '1 16877. 
10 11 17518. 
If 12 160->6. 
10 1 J 13667. 
10 1<. 13278. 
10 15 16955. 
10 16 12616. 
13 17 nisj. 
11 7 1)172. 
11 14 15561. 
11 16 135M. 
11 1 7 130 77. 
11 IS 13H35. 
11 1 ) 15351. 
?2 5 l-65n. 
^? ' i;7-l7. 
;v J nun. 
?? R l*27,j. 
2^ ') 16^ '. 
?? 10 12612. 
2' 1? 15316. 
12 1 3 162'.7. 

Variable Number 

.67800 .69900 822.30 877.00 56.803 

.55100 .56700 796.00 8*9.00 56.900 

.66600 .68200 1010.0 1110.0 55.600 

.67200 .70300 1210.C 1310.0 56.300 

.77700 .77700 1*20.0 1*20.0 56.600 

.67800 .51600 1*90.0 1610.0 61.600 

.57200 .59300 1290.0 1310.0 66.000 

.56100 .66700 18*0.0 1S60.0 61.600 

.52500 .56100 1120.0 1150.0 68.700 

.577C0 .60900 986.00 986.00 68.700 

.57700 .58800 1070.0 1070.0 67.)00 

.55600 .55600 1230.0 1230.0 60.100 

.60600 .6)000 877.00 906.90 55.800 

.71900 .76000 1210.3 1230.0 52.500 

.65100 .65100 1180.9 1230.0 69.600 

.65700 .66200 986.00 1070.0 ♦2.900 

.73000 .75100 1)60.0 1370.0 59.700 

.66100 .69800 1780.9 1920.0 57.700 

.68300 .6 3000 16*0.0 1750.0 5*.900 

.90300 .90)09 1620.0 1620.0 65.600 

.96500 .96100 1590.0 1590.0 6).000 

.77200 .7980C 18*0.0 1890.0 62.000 

.97600 .97600 1590.0 1590.0 6).000 

.69390 .78200 21*0.0 2160.0 60.100 

.76500 .7*500 1750.0 1780.0 60.600 

.79300 .82600 1920.0 1920.0 71.600 

.77200 . 766 lb 2270.0 2270.0 68.700 

.58130 .65100 2990.0 2990.0 68.200 

.76100 .77700 1670.0 1760.0 55.600 

.61500 .62500 1150.0 1150.0 66.800 

.30600 .32500 2*70.0 2670.0 76.800 

.92600 .97100 186C.0 19*0.0 6*.*00 

.77200 .99200 2080.0 2160.0 66.300 

.72600 .86600 1920.0 2110.0 56.900 

.657C0 .71900 16*0.9 1730.0 67.200 

.66600 .79)00 19*0.0 2050.0 51.500 

.78200 .91300 137Ü.9 1530.C 56.800 

.81600 .85630 1260.^ 1*50.C 57.700 

.66600 .8920C 2080.Ü 2360.0 60.100 

.69300 .72*00 2**0.} 2520.0 57.390 
1.2600 1.3*00 1670.0 uao.o 63.500 
.62500 .8160(1 167Ü.9 1730.0 51.500 
.3310? .58 300 1260.3 1*00.0 36.700 
.66730 .6930J 1310.0 13*0.0 62.900 
.6573C .55630 1510.3 16*0.0 51.100 
.73090 .73500 1150.3 1260.0 55.690 
I.1100 1.1900 16*0.0 16*0.0 66.600 
1.1100 1.1*00 1530.9 1590.0 63.500 
1.1600 1.16JC 1700.0 1810.0 70.200 
1.0900 1.1700 1890.0 1890.0 68.200 
.29900 .32500 986.00 986.09 65.890 
.3Ü609 .32500 877.30 931.00 «*.*00 
1.0600 1.ööOu 1700.0 1700.0 67.800 
.91300 .98700 159J.0 1620.0 59.700 
.69303 .4*500 1700.0 1700.0 39.800 
.56700 .56703 1070.': 1070.0 55.800 
.*'3300 .5*600 959.Oj 1150.0 53,990 
.67000 .*830ü 1230.0 n*o.o 51.500 
.lOOOOtMO -.loooof»ir -.lotooEu: -.DOOCEMC 77.500 
.IU0O0MH -.IOK0FH0 -.int;'.FU3 -•noOOFMO 79.200 
. 1000C' »lü -.lOOOOFMO -.IJC03FH3 -.10000FMC 76.600 
, UOnOFUO -;1000CCM0 -.13000E*10 .locooEHc 67.399 
.10900FMO -.UOOiyFMO -.10000EM0 13000FM0 66.300 
.K'OOOfHC -.10O00FM0 -.10C90EH9 -.10000FHO 73.000 
.10000EM0 -.nooof »IO -.locooEtn -.lOOOOFUC 71.100 
.lonoofMO -.noooEno -.lÜC00F»10 -.10000f»10 78.300 

161 

L. ^tfMMM« -■      IÜM — -   - MM '•   ■   ■      mt 



^mmmiimmmmtm'"**** „„t.mnnvmi11 .IIIIIII.I.II)J »m-_mm,< 

Variable  Numlcr 

?? 11 I-- M?. -. n uof »i 5 ■.IJOCFMC -.lOuJor ♦ i: -•looacMio 7 5.900 
?;• ■ •; 1ft -l-.. -. IOJ-IOOII -.10Ü3CEM0 -.1000 IfHT -.noojf »ic 71.910 

ii-- '.9 ft 1'.4".9. .16700 .4ft9.1(i 108U.0 1110.0 63.5C0 
11? <.«; l^ft"1.. .ft^liO .i,?900 I81i,.a 2110.0 76.800 
u? A'<» If 8 18. .59900 .625'^: 1810.3 1910.0 69.000 
u? S2>- 10927, .27.,00 .4i00i) 709.00 12J0.O 48.100 
u? ft21 U237, ,28100 ,4M"i0u 85'.30 1410.0 47.103 
u? '■■2? l\<-:i. .351 JO .35ieo 841.00 943.00 41.203 
u? •>?i 1 ft I'll). .36800 .  lO^.H, 1290..1 13TII.C '.2.400 
1W ■>?'. ls8HC. .41700 .45110 1730.' 1783.0 49.-30 
11? ^25 tfc«.!';. .50400 .5 39':.c 2180.0 22)0.0 4 7.100 
1U !.)S 1 ».174. .64200 .6420, 1760.:i 1880.0 48.000 
i w ft 1ft lhS'.5. .5f8(j0 .ft47JC 1580. ' 2o:o.ü 42.703 
li« 63 7 16783. .49800 .f>7700 I^OO.O 2030.0 45.100 
ll» ft'JO lom. .39800 .66000 lft2o.J 15)0.C 51.900 
Ut 7?1 1'•'6^. .65000 .ft720r 2130.3 21)0.C 51.700 
lift 72* 17<.78. .62800 .6280o 2770.0 2850.0 55.500 
lift 72 5 174?2. .51600 .6060.1 285U.0 3010.0 57,900 
Ut 72^ IV «8. .5*400 .5X430 2740.3 298 3.0 54.100 
116 727 1 7ftft4. .1.7* JO .83a.j0 2660.0 2660.0 50.800 
118 8lH 1. Jft?. .40500 .40503 155o.0 1890.0 «1.500 
llfl »11 = Iftft83. . 3 7400 . 17400 I8i0.3 2040.? 56.600 
111 816 16873. .40100 .f27uJ 168C.0 1920.0 52.000 
m 817 17821. .42700 .ftblOu 1870.J 2100.0 51.710 
m «!8 1791ft. .4-130 .512TI 1860.0 1860.0 50.400 
118 "19 1 7<,U. .5'.. 300 ..6503 2430.0 2610.0 59.200 
11« iZr K.787. .■^lOO • frOSflj 2050.0 215,1. •) 66.730 
117 772 1Sft*?. .36600 .48500 1680.0 1680.0 19.2 30 
U7 '73 18618. .12200 .4 760 1 929.00 1610.3 10.700 
III 7 7^. IS'.be. .14C1C0 .^ftGJO 1760.5 1760.0 39.630 
1W 7 7ft li'iOi, .18800 .50700 1010.0 2053.0 3-?.50O 
117 78S 18613. . 15700 .36230 1660.0 2510.n 45.130 
117 78ft 18>?2. .38400 .62600 1960.0 2150.C 43.603 
IW 787 1778/. .nno .34SOO 1600.0 1860.0 46.300 
III vvt 1819-i, .30400 .55600 2020.0 274r.0 44.000 
!17 lie If,' '•,. .15900 .10400 652.00 880.00 28.700 
119 83.» IS'.I'.. .40800 .408,-,0 -.iroooF 1Ü -.IGlOCfUO 65.100 
ll* HJ1* 128 n. .12600 .17700 -.lOOOOEtlO -.10000t»10 16.130 
lit eio 20301. .38100 .19400 7640.0 2930.0 52.100 
123 «79 lft<.90. .19000 .26000 -.ICOOOFUfl -.IJ0U0f*13 2 7.600 
120 881 17174. .11000 .45900 -.10000F»13 -.lOCOOF'lO 25.700 
120 HH2 lf>'.90. .11800 .52500 -.lOOOOPMO -.lOOOOfHO 26.700 
1?0 BHT 19*01. .22500 .65J3C -.10ÜÜOEHO -.iiooot*io 26.200 
120 88« 193 41. . 31100 .591 JO -.1.3U0E»13 -.10030E+10 2ft.000 
120 8SS '«J»4. .26900 .64400 -.10003E«10 -.10O0OFH0 29.700 
111 33ft la342. .20500 .■.1600 685.00 106J.3 /I.400 
111 337 17483. .40200 .42300 1060.0 1240.0 24.100 
113 596 108'.?, .4 8?O0 .72400 1240.0 1630.0 16.100 
113 511 10ft4l. .i7':co .31000 1140.0 1360.0 T.. 200 
113 598 105*1. .28400 .35400 857.00 1480.0 50.100 
in 599 12695. .29100 .29700 742.00 1550.0 50.500 
113 603 102)1. .24900 .19803 1240.C 2140.0 ftl.900 
111 601 1400 3. .15800 .16700 1290.0 1450.0 5 7.9UO 
m 602 11695. .35800 .35800 1550.) 1550.C 56.800 
113 633 1 J6'I5. .31000 .18500 1220.0 1580.0 54.200 
116 737 177Ü6, .31000 .69100 2180.0 2300.0 )2.4ü0 
116 738 16262. .55400 .62900 2580.0 2790.0 49.110 
lift 73'' 156-4. .6 2900 .6 3.100 2870.0 29'iü.0 55.800 
li« 820 I'0ft2. .2 7600 .62100 1910.0 2270,0 54.200 
118 8?l 1° 1^9, .47200 .58100 194U.0 2050.Ü 11.600 
UB 82? 18200. .1H200 .59200 2150.0 ^".O-O 51.800 
111 823 11-91 5. .2 I 800 .43600 2510.0 ?6'.0.0 '■8. SCO 
1 ..1 »2* i';8U. .10 700 . 39600 2570.0 )030.n 56.000 
'.1ft 740 1960ft- .46100 .' 3,0C 2560.J 29VJ.0 -.1.400 
lift T*l 1839.-. .48300 .57100 2150.0 2500.0 »■..2C0 
11« 8*1 19r, !1. .45600 .52300 2510.J 2820.0 47.300 
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Varfatile  Ni„.b»-r 

10 

5 
3 
ii .0 50.200 .0 37.200 37.300 .0 

s n -.5'. OJ.t SO.200 .0 38.900 38.900 .0 
', i-. «i *8.«00 .0 «5.100 «5.100 .0 

ic. , Ü -^..AOO .0 50.300 53.300 .0 
1 ift .0 '.6.'. 00 .0 «9.70D «9.700 .0 

s ?i • J iI.2QJ .0 37.800 38.000 .0 
r ?3 . 1 <.o, 700 .0 32.100 32.100 .0 
h ?■! .3 ♦ ft.vJO .0 «5.100 «8.100 .0 
', ?8 .0 <.d.»00 .0 «3.300 ♦3.300 .0 
S J'> .3 *ft.4u0 .0 «B.503 «8.500 .0 
s 3ft .0 SO.TCO .0 39.700 39.700 .0 
S 3? .0 5C.70O .0 39.«00 39.«00 .0 
s ^•l •  w 51.2-0 .0 «0.000 «O.OOC .0 

») ft • 0 *«."00 .0 -.lOCOOFMO -.10000FM0 -.lOOOOEMO 
h ft # r 50.700 .1 -.lOOOOf» 10 -.10000E HO -.10000E»10 
/, M • 0 55.500 .0 -. IÜOOOE» 10 -.10000E ♦ 10 ■.10000EUO 

ft 9 . j *5.900 .0 -.loooot:* 10 -.lOOOOE ♦ 10 -.lOOOOEMO 

« K' .0 *7.}00 .0 -.100006* 10 -.10000E ♦ 10 -.IOOOOE»10 

ft 11 .3 50.200 .0 -.1GÜQOE» 10 -.10000F ♦ 10 -.10000E»10 
ft 17 . J 51.200 .0 -.luOOOf» 10 -.1000CFH0 -.10000E»10 

s 10 .3 5(>.7v,0 .0 -.10000F» 10 -.10&00E»10 -.10000E»10 

ft !■' .0 55.000 .3 -.U'ÜOOE» 10 -.lOOOOE ♦ 10 -.10000F»10 
ft .'1 .0 51.200 .1 -.10ÜOOEMO -.lOOjOf«10 -.10030E»10 
ft ?? .J 56.*00 .0 -.10000F» 10 -.10000F ♦ 10 -.lOOOOE^lO 

•> ?! . 'mou 56.«00 i.noo -.10000E« 10 -.lOOOOE »10 -.10000E+IÜ 
ft P5 i A «fc.-JOO .0 -.10COQE*10 -.looocr ♦ 10 -.10000E»10 
ft »"ft .   ) <.9.200 .0 -.10ü0üE»10 -.lOOOOFMO -.10000E»10 
fr ?7 ,   ', 55.500 .0 -.10000E» 10 -.lOOOOE »to -.lOOOOF^lO 
»; t: m r 50.700 .0 -.IOOOCFH; -.10030E»10 -.lOOOOE^lO 
'> M • '■ 52.1U0 .0 -. lOOOOf* 10 -.ioooot»io -.lOOOOE^lO 
^. \7 • J 5'.. 5)0 .0 -.lOOOOE» 10 -.lOOOOE ♦ 10 -.lOOOOEMO 
7 1' 11. J,qT *R. V;0 -1.9000 «2.^00 ««.6«0 -.'.♦«00 
T 21 It). 7'10 «■9. ;uo -3.37C.' 39.600 «2.900 -1.3300 

•1 1 ".. 11-) 51.200 -7.1«)0 32.50u «l.«00 -S.'JDOO 
< ■t (ft. J«.' ft^.IUO -«.75;o 1«.«00 «3.050 -8.6500 
■1 <) 2^. nc *f.3:o -5.7,^0 32.300 «2.600 -10.300 
1 I« "">. ^'JT «7.500 -H.l'OO 3 7. JOO 39.870 -2.5700 
1 n ?■-.. 

ir: «I.230 -ft.2700 3 7.210 ♦0.950 -3.7500 
■1 7T 21. ".a 53.ft00 -.«3JC;0 3«.7)J ♦1.550 -6.8500 
'. 21 2*. 71 j 51.ft}0 -3.«700 29.70: ♦1.550 -11.850 

1' 7 U. "jxO '.O.ftCO 3.>U00 «ft.600 «7.300 -.96000 

K ^ 3 '. SSO '.«.'loo 7,1100 «•».900 «5.780 -2.8800 

II il .2. '•>0 «8,500 21.Il" «2.3JC ♦♦.790 -2.«900 

11 2i I". '^0 «7.HC0 l'..7ft0 «3.2;j ♦♦.360 ■1.1600 

11 ?1 »ft. 7C0 «H.JJO 15. i«0 «2.LO0 ♦♦.790 -2.7900 

1) 11 • J ftl.200 . J 29.400 29.300 .0 

ir U' .il «O.500 .0 37.30.'' 38.000 -.70000 

i.- 1 I ■  » «6.ICO .1 IM.LOJ 39.600 -1.6C00 

i "i 1'. 

1ft 

. 3 

• ■ 

«4. »CO 

««.••uo 
«k.3.10 
«2.900 

♦6.300 

♦♦.100 

.0 
-1.2000 

1 ' 1ft .: "«.TIC . i 15.100 18.IOC .0 

i; 17 .) ftl.ftÜO .0 16.901 17.300 -.«0000 

ii 7 • *. «i.'/oO ,0 «ft.« )0 «5.«00 .0 

ii \ h , ; r.\.!10 ,  1 33. 700 3«.2,10 -.ftonoo 
1! 1ft <*''. '-wC . J '2.100 32.100 .0 

11 17 53.UQ 3".(.00 30.00C .0 

11 n , ft2.i;3 .  1 39. 3)" 29.000 .n 
11 i' , " ■^«.SOO . j 2V.50J 25.50: .0 
V ft -7." k J: «ft.n-,0 -1.'. ) A' «-..50"' 50.21C -.70000 

?S - 1 <•. •» 7 "■ 50.2 rO • . ift.,.. « /. 2 -; «9,'ftO -2.1000 

>? 7 -<.." 1 .';■ «I.^OO I.«"1 IO -.ioc: ji > 10 -.1 )ÜOCF • 10 -. lOOOOFM"' 
> ' l -1.- ■».U 51?. "JO .j'.•:■(..'-■. I 'A0...'.;. «j.9ftC -1.1500 

n , -.o: ;o i 5 '.200 ."..3 1.10 «'.i! J • «♦.070 -1.2 700 
/ > 1 -ft. i«').- •. ll. ' 0 0 •.'I2.,i. ". -.;" Of» 1" -.1) JUC" »u - . 1 a.OOEMO 

?z i i -i.i J  jw 52. l'..0 -.9-7-.   ,. 39.«3i «2.750 -i.iftoo 
> -» 1 ! - ? i, llj ' '.. 5 j j 2.«i-- J9,«<1 « l.3«0 ->. -HOO 
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i i VtrUble Number 

1 -• o 
u 

7 8 9 10 11 12 

.V V -14. n-1 51.6C0 .1? ■)<;:< 41.700 44.360 -2.6600 
?? is -.31 ;j" 48.800 -.42J0J 31.600 31.800 .20003 

112 4«. U. I'm 51.O0J .6uVi'", 3f,.030 48.000 3.0030 
IW 1,^1 5.9000 48.900 .50000 40.000 50.000 4.0000 
U? «qp 12.5J0 SChCJ 1.40i;0 39.530 48.000 4.5C30 
11? SZii 11.2)« 63.9n 1.21CJ 30.LOO 39.800 .0 
11^ s?l 11.70^ t.2.7uü .ioor,o 31.00C 36.000 5.0000 
11? s?? n.;()o 63.000 .50000 28.000 31.000 3.0000 
11? s?» 17.200 62.700 .■nooo 25.50) 32.000 4.5030 
11? S2<. 19. UD 61.600 UOJu-O 30.000 46.000 T.OOOO 
U? '»25 22.300 58.700 i.r.vi -.10COOF»1) -.10000f»10 -.10000C»10 
11«. 63S 5.701O 63.700 3.50CO 24.000 35.000 I.0000 
U<. his I'-.VJO 63.300 .(.OOU 27.000 38.000 1.0030 
11* 63 7 8.20J( 62.300 1.931(1 28.COO 32.000 .0 
m **3» -l.^jj 62.200 -1.7000 24.500 28.030 -3.5000 
116 72» -15.'■00 59.6C0 -1.30JU 45.503 50.oor -2.5030 
lit 72* -u.too 58.100 -1.7000 48.U0C 49.000 .0 
His 725 -9.1)0" 55.700 -4.40J0 42.COO 46.000 -4.0000 
llo 726 -13.30J 57.90C -2.i:or 46.OO0 48.300 -2.0000 
1U 72/ -16.600 59.500 -.90)00 46.000 44.300 .0 
UH "14 -5.0000 58.200 -.5000t 34,003 49.000 -3.0000 
UP BIS -.50J00 65.503 8.5000 34.000 48.000 -3.0000 
UH 816 -6.0000 55.TOO -3.6000 41.030 49.000 6.0000 
un H17 -5.6000 55.100 6.3000 36.COO 49.000 -I.0000 
UH Bin -7.5)00 53.TOO -6.3000 37.000 49.000 -l.OCOO 
111 810 -9.500^ 51.500 -3.1J0O 52.500 53.000 2.5000 
Ud «25 -6.9000 5T.500 1.8000 45.800 53.030 -3.2000 
117 772 -3.1?00 65.COO -6.3031, 4.CCC0 4.0000 .0 
117 771 -2.8000 68.500 -1.4000 4.0000 4.0000 .0 
117 774 -1.7000 65.6P0 -4.3000 2.0003 2.0300 .0 
117 77c -8.5030 49.4-0 -t.ooac 2.CG00 2.0000 .0 
117 7H5 -3.5000 70.700 -3.9000 2.C000 2.0000 .0 
117 786 -5.000C' 69.100 -3.1000 2.0000 2.0000 .0 
U7 787 -1.1100 T3.7O0 I.330O 2.0003 2.0033 .0 
117 78<) -1.1000 68.103 -3.2000 2.OCO0 2.0000 .0 
117 700 -.30000 65.600 .30000 2.0COO 2.3300 .0 
110 838 -2.400O 58.200 -1.80O0 4.0COO 4.0000 .0 
U<» 839 -13.'OC 65.TOO 1.60U0 4.0003 4.0000 .0 
119 840 .40300 T2.2C0 -1.6000 4.0000 4.0000 .0 
UC 8 79 .30100 63.600 -1.3C0O 4.0003 4.0000 .0 
l?C 881 -.3UJ00 62.900 -1.6000 4.0000 4.0000 .0 
1?0 882 .70000 62.800 -2.4000 4.0000 4.0000 .0 
120 883 -.60000 64.900 -.60000 4.0C00 4.0000 .0 
120 884 .60030 64.100 -1.4000 4.0000 4.0300 .0 
120 88? .10300 61.TOO -.90000 4.3000 4.0000 .0 
111 336 36.300 64.200 .50000 36.000 41.000 5.0000 
111 3JT 33.900 63.100 .60000 35.030 38.000 3.0000 
113 596 10.230 46.TOO 19.000 38.COO 40.000 10.000 
113 597 6.8000 50.000 15.700 39.500 40.000 13.500 
113 598 1.9030 6 3.500 5.3000 34.500 38.400 3.9000 
113 599 1.2000 63.800 2.8000 29.200 30.000 .80000 
113 600 1.5000 69.300 12.600 42.000 48.000 6.0000 
113 601 3.9000 56.300 3.3000 29.600 48.000 16.400 
113 602 4.9000 61.100 2.7000 28.000 46.000 8.0000 
113 603 2.8000 63.800 6.3000 29.000 42.000 1.0000 
116 737 -19.900 45.900 -IT.000 30.000 30.000 .0 
116 73« -2.8000 64.800 5.2000 28.000 31.000 -3.0000 
116 719 2.3300 60.300 3.0000 30.000 38.000 -8.0000 
UK 820 -1.1300 46.300 -14.600 4T.000 5T.0OO T.OOOO 
U8 821 -21.100 38.600 -23.TOO 49.000 49.000 4.0000 
119 822 -6.4000 39.900 -18.500 53.000 59.000 10.000 
US 82 3 -4.8000 T4.T00 19i600 40.000 ♦4.000 -2.01,00 
118 824 -4.3000 58.600 5./000 41.000 46.000 -5.000O 
116 740 -23.600 T3.500 12.100 34.000 44.000 -5.0000 
116 741 -28.100 65.600 '.3000 20.000 38.000 -14.000 
119 841 -20.000 69.100 12.200 28.000 41.000 -12.000 
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mm. ■ m mm^mmmmmmmmmf i i.i in     ■•■■im. ■■luinn miip^mu,-«-    iiimi ■■ imv/nm'^min 

Vtrtiblt Nurab«r 

13 u 15 16 18 

I. 21BOO. 24100. .84600 .89600 1.1400 1.5200 
U 23*00. 21700. .67200 1.0100 1.4100 1.6500 
I* 2 8000. 29S0C. .84600 1.0100 1.8700 2.0000 
15 4*300. 44100. 1.0100 1.23ÜO 2.0200 2.1700 
16 48600. 48900. 1.1400 1.3400 2.2300 2.1500 
21 40600. 42800. 1.1400 1.5700 1.4000 1.6400 
21 42400. 44400. 1.6800 2.2400 1.1400 1.5400 
25 60000. 62100. 1.9000 1.9000 3.1000 3.1000 
28 42100. 44900. 1.4000 1.4000 1.6100 1.6100 
2<> 41200. 41100. 1.4600 1.7900 1.5200 1.5200 
*» 44000. 45100. 1.5700 1.7900 1.3400 1.4600 
37 44100. 44100. 1.9906 1,9000 1.5600 1.6800 
38 28600. 29200. 1.1200 1.1200 1.4400 1.4400 

5 38133. 19100. 1.4600 1.5700 2.1700 2.6500 
6 40030. 44100. 1.6800 1.7900 1.1200 1.4100 
8 40600. 44100. 1.2100 1.5700 1.6800 1.8100 <» T3800. T8400. 2.46C0 2.4600 2.4400 2.4400 

10 52600. 5260C. 1.7400 1.7903 1.4100 1.4100 
11 33800. 40000. 1.5730 1.7400 1.1200 1.4100 
ir 67700. ft 7700. 2.9100 2.4100 2.0500 2.0500 
18 70100. 7630C. 2.8000 3.1133 2.2400 2.2400 
10 52300. 52J00. 2.1530 2.5700 1.6800 1.4300 
21 64630. 64900. 2.80C0 2.8000 1.8100 1.8100 
22 520^0. «100. l.9C)0 2.0200 1.6830 1.6800 
2i 52030. 52900. 2.2400 2.8000 1.4100 1.4100 
25 48510. 48100. 2.5730 2.5700 1.8100 1.8100 
26 64330. 66400. 1.0200 1.3600 1.6830 1.8100 
27 67400. 74700. 6.5800 6.5800 1.5600 1.6800 
30 44390. 47700. 1.7400 1.7403 2.2400 2.4100 
31 24300. 11200. 1.6830 1.6803 1.8100 1.8100 
32 40400. 40900. 1.5700 1.680? 1.4400 1.8100 
18 '5100. 48000. 1.5800 1.6900 2.1700 2.6500 
21 23100. 41800. 3.360b 1.6403 1.8100 2.8400 

7 468')0. 68000. 2.1130 1.2503 1.4100 2.4500 
8 33230. 48900. 1.1400 1.5700 1.6400 2.3130 
0 55430. 71130. 1,6800 1.5800 1.8100 3.0400 

18 61800. 71100. 2.3530 1.250J 2.2SOO 2.3700 
l« 50410. 65800. 2.3500 2.8000 2.0230 2.2500 
23 54100. 56900. 2.2400 3.2400 1.8400 2.5300 
21 55*J0. 65800. 1.40C0 2.3500 3,1100 3.5000 

7 8000. 91400. 4.7600 5.2500 1,6600 1.8100 
q 5010J. 53500. 1.1400 1.6100 1.5800 2.1600 

21 64303. 70703. 1.12 30 2.0200 1.8200 2.1400 
2," 44*30. 51500. 1.010C 1.4600 1.8800 2.2600 
23 44030. M70G. 1.1200 1.79Ü0 1.2000 1.8100 
11 57200, 57200. 2.260',' 2. 76013 2,0100 2.1400 
12 45830. 67700. 3.310C 4.6500 2.5100 2.6300 
13 4833Ü. 73800. 3.5300 4.8733 2.4000 2.4030 
U 42430. 47100. 3.16CÜ 3.3900 1.4200 2.1500 
15 65803. 70100. 4.7330 4.3400 1.6400 7. 1700 
16 32:)0, 12000. 1.5700 1.5703 1.8000 1.8000 
17 12J30. 12630. .67200 .84600 1.9200 2.1500 

? 57 300. 52100. 3.C200 3.6500 1.9300 2. 2400 
1* 443)3, 50800. 3.5200 3.C200 1.6800 1.6800 
It 49730. 52900. 1.680C 1.680: 1.4300 1.4300 
17 41500. 45230. 2.2400 2.4603 1.4400 1.6800 
1H *55'J0. 47103. 2.6900 2.9200 1.5630 2.0700 
r> 41530. 41500. 1.1200 1.5703 1.5600 2.1400 

•> -.10000FHO -.10C00EM0 4.3830 4.4103 -.1300Cf»10 -.10000EMO * -.nmoFMo -.lOOtOFMO -.l'.00'jE«10 -.loOOOFMO -.nOOOEMO -.lOOOOEMO 
t -.ICMOfMC -.1000&F»10 7.5700 3.13JÜ 2.5500 2.5500 
H -.U^VtH' -.10000F.IÜ 2.4600 2.'110 2.2900 7.5300 
<J -.10300F»1'J -.lOOCOEMO 2.9101, '.1700 2,4100 2,6530 

10 -.13 3O0f»lO -.10000E»1C 7.4600 2.4600 1.8700 2.1600 
12 -.looort»'.'- -.iooooe»iü 4.4100 6.0830 1.4400 2.7700 
M -.lOOOjf»10 -.1000CFH3 .15600 .49730 2.4100 2.6500 
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'"■»Il! I.,,..,, j.ii.m.il   im •■-nr^- ■■^r™- -—■-■   ■    -■ •'"«•" '    ■•r" 
..■p.m'j.'HIUW*"! ■'!'        Vl^'^ ''    T^^^W^W^F^W1 

VartabU Number 

u. 
--   1 
**   0 
J 

13 14 lb 16 17 18 

' ? 1- -. lüOnOEM" -. 10100f»lf, -. laoooMio -.lOOJ5F»li 2.2900 2.4100 
7tl l". -. lonooF»lu -.ICOOE+U' 3.52O0 3.5200 1.5800 1.9500 

11   > ^'J', 3'V200. 4 7HOj, -.nijcC'lO -.10Ü00F»10 -.1000OFMÜ -.loooof»io 
1U *9 7 ft'CO?. (,2 000. -.uoorp^io -.lOOOOEMO -.lOOOOEUO -.loooo'tio 
11? *'. I ^)60J. »2002. -.niooF»ic -.iooo->F»n -.10C00FM0 -.10a30E»10 
IW ^.J) ) )6,3n. 8JÜ--D. -.UOOO'HO -.10000FHO -.lOOOOEUO -.10000E*10 
11? ■..-i »noc 87100. -.103.'OF»10 -.lOtOOFHO -.10000f»lC -.10nOOE*10 
11,' 62:: I'J'Oi.i. 058:in. -.IOL'OI^MO -.lotoot^i: -.10000F»10 -.10003E*!0 
II' 62. •>»30C. 62603. -.10010F*10 -.IOOJJFM ! -.noooF»ic -.IOOOOEHO 

11? ^7i. 7231^. 8140". -.10 jjjc^n -.iooooF«n -.100C0FHC -.10000F*10 
n? «25 81'.^,'). 83*0-. -.1 )30UF»IC -.I0u3uf»l3 -.10 )00F»I0 -.io?oof*io 
114 61^ , ll^OiK^Oft T)Hn . -.1J0Ü0FM0 -.UuO^eHO -.IJUOU^^IO -.1Ü000EM0 
n* M~ «./no. 6280U. -.rocoE»iü -.lOOOOFUO -.lOOOOEUO -.IOOOOEHO 

IK. 63 7 .lf'33;'t»'V, .l*3J0f»O6 -.10300E*10 -,ioeocE*i'j -.13000f»l0 -.10000E»10 
11 -. ».^ ; .126002 »C .l380'jF»Jt -.1U,1CCF*10 -.13C00EHO -.ioooor»ic -.lOOOOEMO 
US f2 3 . 11601. «^Cf. . 116l!0F»06 -.ll}f;MF»lO -.lOCO'.f*!-; -.noooE»io -.10003E»10 
llh r.". .11S13F»06 .I1500f-»:.6 -.no:c^»K -.10(,OOF»10 -.UOOOF «IO -.lOOOOCMO 
110 72'. '»■j*:';. .lOIOOft'ja -.IJCOOE»IU -.10C03FH0 -.iooooE»io -.10000E+10 
lib 7'h .lll&-f»0f. .niocr»^ -.uo^rFtic -.100J3t»ll -.l&jTF^lO -.IOO03FH0 
11». m .i2sr:t»C6 .IZOOOf»06 -.IOJOC6»lO -.lüu00E»lü -.IOOOOFHO -.10000E»10 
1H *\: ')230ü. 80600. -.IJOOOFflO -.10Ü00E»IJ -.10000E*10 -.10000E»10 
Hi Plr- rt2t0t. 86;oo. -.U0006*IO -.KOO-^IO -.lOoooF-ia -.lOOOOfMO 
11° ■\\^ 78400. 'WÜOO. -.10000F»10 -.lOOOOEUO -.IOOOOFHO -.100ÜOF»10 
MR "17 7:30«. 01100. -.10000€*IÖ -.lOOOOCMO -.1J000F»1C -.lOOOOF+lO 
119 Hl'l ')<.'r)n. HO7fi0. -.IJ?T,F«10 -.u'OOjtfio -.UOOOHMO -.IOOOOF»I3 

11" •\\  1 ■JbOCJ. 98200. -.IO00CFHO -.irlOOOFHO -.IOOOOEHO -.10000E»10 
ilB »?', t*^ac. S'.fUKi. -.iooocc»n -.IO:'0'-F»ID -.looooi «IO -.lOOOOfMO 
in 77' »«''jo. 6 7700. -.lOJOOF+lO -.lOOOOf »M -.10000F»10 -.lOOOOEflO 
111 7' > 64^30. ■'0100. -.iorJOE»io -.10000E*10 -.1JC0GE»I0 -.1COOOF»10 
11» f/". '2J.3C. <9rt0ö. -.IOO'JOC»10 -.1030&E»10 -.IOOOCEHO -.10000EMO 
i I» 77. 4 MOü. .11300F»06 -.ijOüue«io -.10&OOF»13 -.liOOOEMO -.10300E*10 
11' 7H3 79700. .10700F»J6 -.1O330EMO -.1JOOOE»10 -.10003F»10 -.I.IOOOEMO 
11/ ?s- bSQCP. . l(lOCflF»06 -.DOOOF.IO -.IOÜ03FH0 -.1300CF*10 -.10000F»10 
117 7ri7 S040Ü. 93*00. -.10000E*1C -.ICOJOF.10 -.IOOOOFHO -.13000E»10 
11T ;H') 76000. .11100E*J5 -.10ÜJÜE»IC -.10003F»10 -.IOOOOFHO -.iooaoE«io 
IU Ti- 43300. !*ooo. -.noooFno -.ICOOiFtlO -.I0030F*10 -.I0000f»10 
1 1^ 1' 1 51800. ilHOC. -. lOOOOEUO -.lOOOOEUO -.ioooor»ie -.10000EMO 
ll<* H3' 20300. 23IC0. -.loooo^^io -.10003E»13 -.noooF^io -.10000E»10 
IIS HV. 7S630. 81000. -.100C0E»10 -.1000CF«10 -.13000E»10 -.10000E«10 
120 47. 40230. 49200. -.lOOOtE»lO -. lOOUOEtlO -.lOOOOEMO -.1C000F*10 
l?C 891 44200. 4*200. -.1C'JJUF»I0 -.lOOOOEUO -.noooE*io -.10000E«10 
120 ^62 «6400. 72000. -.lODOCPHO -.IOOOOF*1U •.lOOOOf »1c -.100006*10 
i?: H81 30200. 4 1*00. -.10000E»IO -.IOÜOOE»10 -.noooEtio -.IOOOOFHO 

120 88'. 30700. 5*900. -.10J00F»1C -.looooFtio -.10COOF»10 -.10000E»10 
121 MH5 4 7800. 67700. -.10000F»10 -.10U0JE»10 -.1000'JF»10 -.lOOOOEUO 
111 3)6 3I8J0. »1900. -.lOOUOEOO -.13000E»1) -.lOO'-OEtlO -.lOOOOEtlu 
111 317 •;0300. 72«00. -.nOOGEMO -.lOCOOFMC -.100JOE*10 -.10000EMO 
113 r,')n 74300. 99"i00. -.IOOOOF«IO -,10C00F»10 -.103OOE»IO -.IOOOOFHO 

113 5 "»7 76430. t^OO. -.10000F»10 -.10030E+10 -.1000CEMO -.10000E»10 
UJ '. »8 41'.00. 98800. -. l000C'f»l0 -.lO0O0E*10 -.10000F»10 -.10000E»10 
in 5<,q 33210. 3*600. -.10000F»10 -.10000**ic -.IJOOOF^IO -.IOOOOFHO 

It) 601 49700. .12J00f»06 -.lOOOCPMO -.10000EM0 -.IOOOOF»1C -.10000FM0 
113 601 S0500. 86200. -.10000F»IO -.IOOOCE»I: -.iooooE*ir -.100COE»10 
■ 13 60? 61300. 62700. -.lO00üE*lO -.10CO0F»lü -.IOOOOFHO -.lOOOOEtlO 

13 603 40400. *0*00. -.10000E*10 -.IOOOOE'10 -.IOOOOEHO -.lOOOOEUO 
11'. 737 .123O0E*0fr .li600F»06 -.10000F»10 -.10000E«10 -.10000F»I0 -•ionooF»io 
lift .•3« . 10700F»06 .l*600f»06 -. lOOOOFMO -.10000EMO -.IOOOOEHO -.lOOOOEtIO 
1 16 731 .11800 (•♦06 .12 3O0E»06 -.IOOOOE»10 -.10COOF*IC -.lOOOOE^lO -.10000E«10 
118 820 .10600* »06 .11700F»06 -.ioojoe»io -.10(OOE*1Ö -.loooortio -.lOOOOEtlO 
na 821 80000. ^2500. -. 10000F»10 -.l'JOOOFHP -.10000F»10 -.10000F»I0 
11« 82.' .U700E*06 .ii6üoc-»e6 -.lOOOOFMO -.1Ü00ÜFH0 -.DOOOFHO -.lOOOOFMO 
in 82 1 8'n00. 8*800. -.IOOOOF»10 -.10Ö00EM0 -.loooo«-« IO -.10000FH0 
na 82'. 70600. «ssoo. -.I000OE41O -.I0000E»10 -.IOOOOFHO -.10000E«10 
116 74 r. 56S0.D 7*900. -.10000F»IO -.IOOO0FH3 -.IOOOOFHO .10000E«10 
116 741 70400. 78*00. -.lOOOOEUO -.10000F«10 -.loocotno -.10000E»10 
11'' 8*1 ■)3200. 60200. -.I0O00CMO -.lOOOOEUO -.IOOOUFHO -.1000üE»10 
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IH^WIWI. I iiiMPHiiidHJiiiP ■IPIJIIPMVM ....»i«.^ mump^ap n ^■'."fl^'^'W.mII    ^llji-innii^ll^i^ fm«i|»   (. ■■«         -"i -■"■—.■»   ■■•~-mfj^ 

Variable  Number 

20 22 23 24 

s 11 ■»^SS.J 

5 13 9<,55.0 
S 1* 9*55.0 
•> 1^ 'KSS. T 
s I ^ 945«.'» 
s ?l 9'.'. 5.0 
s 21 945b.D 
■i ?«• 945^.J 

^ M 9',55.'> 
5 /- 1 9','i5,l) 
«. 56 945 5.0 
s 37 045 5.0 

■) )H 9455.r) 

(. S 9531.0 
6 /, 9531.') 
^ a 9511.1' 
6 >) 9531.0 
1. 10 9531.0 
ft !1 9531..) 
6 u 93S1.0 
(. is 9M1.3 
h n 95J1.0 

1, > \ 9531.0 

t ?.? 9'31.0 
f, .■>i ^531.0 
6 ?s 9531.1 

(■ ?t 9«»l.,-i 
ii ?7 9531.3 
6 10 9511.Ü 
», 1! 151l.T 

^ V ■1511.J 
; l". 957 I. •' 
r 21 95^1.1 (< I 947?,u 

H B 94 7?. •> 
4 T 947^.0 

'1 

1 1 

P 

94«5.  1 

94,= 5. I 
o ?J 9't5 5, 3 
V) ?1 c,j<;t>/> 

11 1 9*H*,0 
10 •; 9434,> 

n '1 9,7t.: 
ii ■v 9476.0 
ii T1 9476.3 

r I ! 94i4.: 
i1 1 ' 9404,I- 

i) H 
1'. 

9»«4,.J 
^4^4.j 

i. 
i' 

1 ' 
1- 

)4>'4, J 

■'.•<4.> 

u 17 •'■-14.: 

u 7 947»,.: 

11 1' 947>,.-' 
II V; 947h.^ 

11 \l 94/»..; 

11 m 9.-, /<..  > 

11 S i 94 7'., ; 
> 1 

c 
151 ).' 

2/ f. »M ).. 
?! 7 951«,0 
z? 9r 1 >. 

?! 9513. ! 
l } 1 O'l 4.' 

? ' 
I 

n 
'»^ll. 

511. ' 

10.000 
10.500 
10.500 
10.500 
lu.000 
11.400 
11.300 
U.^vOO 
12.000 
11.200 
11.HOC 
11.200 
11.100 
i?.sno 
12.500 
12.500 
12.500 
12.50C 
12.5J0 
12.5U0 
I2.,i0 
12.500 
12.500 
12.500 
12.500 
12.5)0 
12.5u0 
u.fcoo 
11.50C 
U.AOO 
1l.hOO 

.20000 
«■,20oC 
6.tf"Ü 
5.5J.)0 
12.»0C 
13.100 
14.1J0 
u.nr 
12.400 
12.000 
4.in00 
*.lil'jO 

5.''COO 
i «.■■:'L, 

Ift.OOC 
I «..000 

15.0.)'; 
IS.OJ,' 

15.000 
7.9&JC 
9.30 ;c 
4.R0.30 
4.8U.^ 
fc.JDOO 
7. «000 
n.i.xjo 
■..or i.i 
1.9." L' 
r.90' 0 
9,jj'n 
9.0000 
■...'OO'-; 
". JCOI 

1150,0 
495').0 
4H40,0 
4950.0 
4760.0 
2960.C 
502u,0 
3010.0 
♦SSO.O 
«010.0 
5^20.0 
4910,0 
3150.0 
5473.0 
4720.0 
44H0.O 
4210.0 
5720.0 
4550.0 
5*130.0 
5460.0 
4560.0 
5710.0 
4910.C 
4130.0 
5770.0 
511 '.0 
'.710,0 
5390.0 
519-,..0 
4130.0 
6JJO.C 
6330.0 
5D2J.0 
«UJJ.C 
516).C 
5070.0 
5033.C 
509;,0 
5;6ii.r 
4910,0 
493J.0 
4s4J.r 

4H2Ü.C 
4«60.C 
5 ;•<■>, p 

4<,<>).0 
* 5 10,0 
4990.:. 
4110.0 
"MO.f. 
■.„2J.C 
351.-.0 
?'7)., 
■•i^o.c 
5 390.0 
4 7-. :. , 
3H;.).0 

553),: 
56)..,:. 
-91 ,.0 
317 i.- 
4 11,., 

••■•*■':.' 

'■■■•■J.J 

M 1 J.n 

15.600 
17,800 
42.100 
45.300 
45.300 
35.600 
19,500 
42.700 
19.500 
42.700 
16.700 
16.200 
36,203 
41,600 
41.600 
42.100 
41.600 
4i.ton 
43.200 
41.100 
41.100 
41.600 
41.100 
40.500 
40.500 
44.«0 
44. 3J: 

41.200 
44. 300 
40.500 
16.700 
43.200 
42.100 
40.000 
4 3.5 0.0 
40.5J0 
18.900 
3(3.900 
19.50 3 
39.5)r. 
43.200 
43.200 
10.5;): 
39.500 
11,50: 
14.tjQ 
37.300 
17.HLv 
42.100 
41.100 
26.1;/- 
26.70'; 
19,550 
15.60^ 
31.403 
32.300 
31.8C- 
3 1.«CO 
42, 
4,', 

1 JO 
701 

3 1.9)0 
3,-,( 0-1 
18,401' 
3fl.9jn 
3H . 9Q.1 
39,530 

«9.200 .90703 

60.100 .84683 

59.130 .85032 

58.500 .84905 

61,700 .85417 

83.600 .90892 

78.000 .84224 

80.500 .90594 

98.100 ,84551 

99.000 .84222 
100.00 .84076 

82.300 .84601 
60.000 .90352 
65.600 .82467 

63.300 .84816 

64.900 .85579 

86.400 .86380 

84.600 .81696 

82.000 .85356 

104.00 .81358 

99.000 .82498 

99.800 .85324 

103.03 .8172T 

102.00 .84216 

102.00 .86702 

125.00 .81542 
121.00 .133588 
125.00 .81985 

87.200 .«1915 

65.000 .H36UI 

171,00 .86814 

109.00 .84518 

102.00 .84381 

94.530 .85762 
79.100 .85857 

88.600 .85527 

82,900 .83626 

«4.900 .83663 

94.100 .81127 
96.000 .«32T8 
102.00 .84183 

68.400 ,84301 

61.200 .8 7647 

54.100 .8 7060 
72.700 .86649 

ai.ooo .82912 

106.00 .82979 

98.'-OO .81508 

124.00 .81';4» 
123.00 .86014 

61.100 .•33579 

5R.900 .'16102 
150,00 .89175 
97.500 .91872 

83.000 ,85916 

B4,190 .85968 

H4.400 .86612 

79.000 ,89041 

105,00 .81539 

113.00 ,81912 
.1000CEM5 .86208 

.IC3.105»15 .9196, 

1IO,00 :J3?5 
113,00 .85156 

IC9..30 .84815 

113.00 .844ul 
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«^ "'   "  .■in iwi  i   v*m." 

1 
s 

-1 
u 
8 

i* 

19 

9111.t 
22 r- 9^l).■, 

11? ".Oft 7no.r 
11? in; 71)1.. 
11? 40'| 7 71). 3 
11? •>?o 7710. ! 
Ill r>?l 77ij.n 
11' s?? 771).- 
ll> 32» 77HI.'- 

1W S2i 771:.. 
u? S?< 7711.0 
11* MS 7194." 
114 i)( 719<,.; 
11«. bir 7194.n 
n* S?" 71'>4.: 
116 7?) 71«9.0 
llh »7* 7,'I9,0 
llf. 7?S 719<J.j 
11^ 72/. lill.J 
llh '7/ 7191.: 
11« 114 ■'479.': 
u* «1« »479.j 
u« «16 94 79,:' 
IH «17 9*79.L 
m «18 9479.0 
us «19 9479.1 
lia »2S 9479.0 
nr 77? 7199.0 
ill 771 7199.1 
lit n<. 7199.n 
ill 7 75 7199.C 
in 7«S 7599.0 
m 7Hf. 7199.0 
in 7D7 Tl«»9.0 
in 78« 7599.0 
m 7q.:. 7599.0 
119 «)fl 9479.0 
a« H)9 9479.0 
119 14 0 9479.0 
120 H79 7599.J 
120 881 7199.3 
120 882 7199.0 
120 88) 7199.0 
12) «34 7199.0 
120 «« 7599.0 
III ))6 7801.0 
III ))7 7805.0 
11) 196 7694.0 
U) 197 7694.P 
11) 198 7694.0 
111 199 7694.0 
11) 60 J 7694.0 
11) 601 7694.0 
in 60? 7694.0 
ID 60) 7694.0 
a* 7J7 7599.0 
n« 738 7599.0 
116 T39 7199.0 
lit 820 9479.0 
11* 821 9479.0 
111 «72 9479.0 
111 82) 9479.0 
118 824 9479.0 
116 740 7199.0 
116 741 7599.0 
119 841 9479.0 

VarUbU 

20 

9.JOO0 
9. JIMO 
17.2 JO 
17.200 
17.230 
14.4.13 
14.4r.O 
14.401 
IS.O'.C 
11.O..0 
ll.OCC 
J.9.)0') 
rt. 300.0 
7.H1J00 
a.900i 
If.-I.l 
21.100 
21.100 
21.100 
71.KC 
13.910 
I).«on 
13.900 
13.910 
13.900 
1).930 
11.000 
13.900 
13.900 
13.900 
13.930 
11.100 
11.700 
11.700 
11.700 
11.700 
1.7000 
l.TOOO 
2.8000 
13.300 
13.33C 
13.300 
13.300 
12.230 
13.300 
17.800 
I6.1U0 
9.4000 
9.4000 
9.4000 
10. (300 
IC.000 
11.100 
11.100 
12.700 
18.300 
18.900 
18.100 
11.900 
11.900 
11.900 
17.200 
15.000 
18.900 
19.400 
3.9000 

21 

•>22~.l 
5273.«' 
)l?j.O 
)343.Ü 
V14".1 
Tj«j.y 
)f5;.i. 
1700.0 
147:.,■■ 
S2K..0 
34«j.O 
)i':.o 
)64 3.^ 
3«,40.0 
1313.J 
4090.' 
3111.0 

367 1.0 
3773.t 
»73J.') 
)90').0 
4021.0 
3520.C 
3153.0 
)413.0 
2113.0 
3913.P 
3950.0 
3953.0 
4oo:.o 
33CC.O 
3953.0 
4193.0 
3683.3 
3880.0 
38 30.0 
3900.0 
3900.0 
3300.0 
37J0.0 
331J.0 
36«0.0 
791i.0 
3850.0 
2000.0 
2100.0 
3000.0 
260^.0 
2480.0 
2630.0 
3710.0 
2430.0 
23)0.0 
1780.0 
3630.0 
3370.0 
3690.J 
3100.0 
3200.0 
3160.0 
3040.0 
3120.0 
3130.0 
3100.0 
2600.0 

22 

Jo.lOO 
yj.w 
29.0CJ 
44,t0u 
43.400 
11.30" 
J1.SO0 
3«.510 
38,900 
4il.20G 
10.703 

7f.40) 
81.033 
«1.4J0 
69.fl0v 
10. TOO 
73.300 
70.7 30 
7«.203 
71.900 
77.133 
76.603 
82.200 
16.903 
74.100 
13.100 
65.800 
74.303 
75.003 
8r..3or 
69.400 
61.500 
61.710 
71.000 
62.800 
58.200 
24.300 
60.200 
56.600 
70.130 
81.900 
44.703 
79.200 
77.800 
49.100 
51.803 
31.700 
28.900 
33.900 
35.300 
47.700 
47.500 
41.600 
38.100 
76.000 
70.100 
69.400 
76.600 
53.800 
79.700 
T2.100 
'4.400 
'.O. 100 
46.700 
51.100 

23 24 

110.00 .«4277 
•.lHOOf Ml .94277 
96.430 .87316 
114.00 .87831 
128.10 .86723 
106.20 ,8 7906 
103.00 .««003 
100.30 .87116 
91.000 .«8081 
123.00 .88932 
121.00 .«8048 
91.000 ,89786 
101.00 ,89611 
95.000 .89771 
101.OR .9038* 
111.00 .11749 
147.OC .86000 
143.or .85841 
148.00 .«5618 
147,03 .«5301 
S3.030 .«7171 
87.000 .87020 
83.000 .86633 
86.000 .88255 
90.000 .««117 
112.03 .88549 
170.00 .91791 
74.300 .86858 
79.000 .86858 
89.000 .86858 
74.i-.00 .86697 
94.000 .89853 
110.00 .87529 
104.50 .86752 
103.00 .88411 
44.000 .87751 
81.000 .91220 
86.500 .90882 
112.50 .90520 
15.000 .89161 
11.000 .87852 
26.000 .88998 
11.000 .88015 
13.000 .90671 
10.500 .87164 
92.000 .92086 
85.000 .92627 
85.100 .91400 
94.200 .92758 
102.50 .9)168 
107.50 .92459 
139.00 .88711 
139.00 .92781 
143.00 .91121 
147.00 .94487 
125,00 .86569 
115,00 .87227 
116,00 .86177 
100.00 .88120 
100,00 .89106 
108.00 .89418 
108.00 .88814 
101.00 .89228 
147.00 .88004 
119.00 .87951 
110.00 .94599 
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a. 
s i 

V.tUblt Nunber 
4> 

Is 
25 26 27 28 29 30 

5 «n 5.4100 9.8900 .6S100 .65100 -8.3600 -8.6000 
5 13 7.7300 7.9600 1.8100 1.8100 -9.3100 -9.5900 
S U "».OOOO 9.2300 2.3900 3.5400 -9.7900 -10.300 
? 15 9.«»200 10.000 .65100 l.*tJO -10.000 -10.300 
5 1ft 12.400 12.900 1.8100 1.8100 -11.000 -11.0C0 
S ?1 A.^lOO 6.9100 2.9600 2.9600 -2.6400 -3.0000 
5 ?? 4.9 700 5.2000 1. 8 i 00 2.3900 -6.6900 -6.9300 
5 zs 7.9600 8.3100 1.2300 1.2300 -7.7600 -7.8800 
5 2.i 4.5100 4.5100 .726Ü0E-O1 .72600E-01 18.900 18.900 
S Z"? 4.4000 5.3200 1.2300 1.2300 -5.6200 -6. 1000 
S 16 4.6100 4.7400 -.5060C -.50600 4.7500 4.9800 
5 17 6.M00 7.2TC0 .65100 .65100 6.6500 6.6500 
S 3H 4.9100 7.6200 .726r..-01 .72600E-01 8.0800 8.5600 
h ft 12.000 '.2.100 6.T2Ü0 6.T200 -8.1200 -8.1200 
»■ 6 l^.SOO 16.500 6.15C0 7.3000 -9.4300 -9.9100 
h S Ib.ftOO 17.900 10.500 10.500 -10.400 -11.000 
IS 1 1C.400 10.400 4.1200 «.2800 -2.2800 -2.6400 
*. i; ll.JO') 11.000 5.2800 6.4300 -6.2200 -6.6900 
ft u 11.sno 13.500 8.7500 8.7500 -7.8800 -7.8800 
6 17 10.700 10.700 4.7000 6.430O -3.8300 -5.2600 
6 in ».*ftOJ 9.4600 -52.000 -57.000 -5.0200 -5.2600 
6 n 11. «0 11.900 7.01u0 7.0100 -5.9800 -5.9800 
^ ;i U.ftOO 11.600 5.86C0 5.8600 -5.9800 -5.9800 
ft 22 13.900 13.400 7.5400 7.5900 -5.9800 -6.9300 
ft ?* 11.500 13.900 4.1200 4.1230 -6.9 300 -7.6400 
6 ?' 7.fl5on T.«500 5.5700 5.1700 -4.1900 -4.1900 
ft 2h 1C.6U0 IU.7CU 5.8600 5.8600 -5.0200 -5.0200 
ft ?7 1C.1J0 10.800 .74100 .74130 -4.7900 -5.7400 
6 i: 14.500 15.600 7.0100 7.0100 -12.200 -12.600 
ft ii 13.4t0 I3.4J0 5.5700 6.1500 -10.400 -13.700 
ft 3? 4. 74 JO 5.66C0 5.2H00 5.8603 -3.2400 -3.2400 
7 i« 11.400 11.500 . 72600'=-Ji 2.390C -7.4100 -7.6400 
r ?\ 12. 600 14.400 2.1900 3.5403 -5.9800 -7.1700 

R 7 14.1uC' 14.400 .fcSICO 1.8100 -8.1200 -8.8400 
^ a 14.200 15.1100 2.1900 2.3900 -11.500 -11.700 
•( <? 15.103 15.100 -1.0800 -l.OSjr -9.7900 -10.000 
'-( n 9.34J0 9.B000 -1.4500 -3.1100 -7.8800 -8.0000 
•J n 7.7100 S.ftftflO .72600E-01 .94000 -8.120C -8.6000 
9 ^J 13.5 00 15.000 -.506 30 -.50603 -8.60CO -9.0700 
T "■i 12.300 13.9,0 .65100 4.70% -7.6400 -8.8400 

10 ? 9.690J >).6900 3.8300 4.123.3 5.8230 5.8200 
I' q 12.«'K 13.500 7.5900 11.900 7.1300 7.7300 
u 'I 21.JJ1 21.400 8.750;, 20.400 8.8000 10.500 
11 >■> I 9. 5.) I 19.500 2.3900 4.700) 11.500 12.400 
11 > < 14.20-« ift.ono -57. «Jc -57. 80.' 9.790C 10.300 
n 11 l.J-J. 9.0300 .(.5100 .65100 8.0900 8.0800 
10 1? 9.11M 9.8000 .ft5100 .4403: 6.1800 6.6500 
r n '.. 7 10'J «.7000 -i.ttoo -I.66O: 5.7000 5.4400 
13 i- 4,0S00 4.17u0 -.79!>00 -.79500 4.6300 4.5100 
u i *> ft.m.jj 7.5000 -I.C8O1I -2.2400 5.S2O0 5.4400 
i; !► 11.«00 ll.ftVj -.21700 -1.1703 9.3700 10.500 
i. 17 12.000 12.ft00 -1.9530 -2.24Ü3 10.600 12.100 
n 7 7.5))^ 8.65,50 .65100 .6«10? 5.4400 5.4600 
it 1'. u.so- 10.800 -.53ft-)0 -1.0800 8.320C 8.8000 
ii 1ft IJ.OJO ll.OL'O -1.6ftOC -1.6600 8.5600 8.8000 
u I 7 9.1401) 9.3400 .72t'J<.F-01 1.8100 8.0800 8.0800 
ii 1 > 11.ft" 11.900 -I.CHOC -1.6603 6.4100 6.4100 
ii 1   1 12.1 ,0 12.1 JO -2.2430 -2.f2J" 9.7500 9.7500 
?.? S 7.Hft0 ' 12.100 .651)1/ 1.5300 -.49600 -.49600 
« *> ll.'>r . 16.0)0 2.46)0 (■.4401: 7.8400 8.3200 
?? 7 4.J5.7) h^S-.'1 .726:jF-0l 1.2303 -.44600 -.49600 
i? ^ '^.s»J••' S.00^0 .7»6JC,'-01 4.1200 1.650C 1.6500 
>2 J 10.800 U.'OO -.5060: -.sot00 -.73400 -.73400 
ty n -.UO^CCHO -.locoo^n 2.3-JÜ0 4.120c -.25800 -.73400 
V i' 1.1""^ 14.200 4.12)0 7.5403 -1.0900 -1.0900 
?' i) 11.40- 19.70f 4.7j;0 7.010'■. -.496C0 -.49600 
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Vailahle  Numbfci 

21 i* 

/' r. '*• I'tUj 
T  I IS ?. **r/C 

11; *.'!- n.<>D< 
ii- fc'l  1 «.iiij.j 
ii.- -.'(.( s. -> 10 ) 
ii - E   '  - i.i.   J.. 

ii^ s/1 s.-.',/- 
1U' *>*' s.siO'' 
ii ■ "■'.'i l.'.S Jj 
11.! S,'. 7,6'.0. 
ll1 •i? - i '. wn 
11» «. 1 •, 1 '.B.'O 
u* ..3', n. ••in 
1 I'- r37 n. iJD 
ll'. r > ' r.hir" 
Us 7.' 1 t. .1 7 ■j" 

1U 7.'<» ll.JOO 
Uft r?«, ■i.sf.oo 

11*. ;.->. i u'ion 
116 7.^ lo.io'i 
IH «1. 'i, ißOi: 

1 14 ■in ^.I'-Oi 

11H HIS 10.HOC 
US 'U ' n.6i,: 
in •li. 1 l.';ci 
lit •in ".600 
m n?5 I.^6^1 

: i i • r • i.'.ir.^ 
u r ■ 73 2.?SüO 
ii 7:, *.?fi3 
u r 1 /s -.31303 
iw 71S .BS*00 
117 7H6 6.1100 
117 717 1.7R01 
11 ' T.n '••'•jno 
li 1 7')r -l.J.'lir' 
in H 1h -.7}«00 
in *3<) *.B'ioa 
U ' H".,-) ^.■=600 
I?J i 7) -3.16UO 
IJO ««1 - 1.6*00 
U'. hi«? -1.620 1 
uo 8P3 -2.2300 
1?J B«4 -1.6 2110 
1?.D SljS -Z. >''!". 
u: 336 2i. 100 
HI 33 7 17.310 
in SI». 5.6-3 00 
m ■. --; S.^IO 
113 •tti l.iHO'. 
113 ■j^l -.16900 
113 öOO 1.B200 
in tci 1.5B00 
11 3 60? S.hlOO 
U ) til 1 l.*2O0 
116 737 9.<.'»00 
U6 MB H.noo 
116 rjo 7.60OC 
in BiO *.5 7Ü0 
i la »n icnoo 
in 12/ <).3B00 
in Bit 10.BOO 
i la B?<, ß.21ÜC 
116 r*o n.ooo 
116 7*1 12.500 
119 B*l 10.300 

n.sao 
).*('J3 
n.i-oo 
i'. too 
n.soo 
«.h'Md 
fr.iiur 
11.300 
n. ruo 
11.3^0 
n.ioo 
n.MOo 
n.soo 
n.T^o 
1».*':0 
12.300 
n.*fo 
16.*IJG 
16.700 
n.Hoo 
K..500 
12.900 
13.SCO 
IB.700 
17. 700 
11.300 
3. 10J0 
9.0SOO 
9.0000 
a.6ioo 

-1.3230 
ll.*tiO 
11.300 
9.3900 
12.300 

-1.3?V0 
-1.U9J0 
^.9100 
10-000 

-3.IsOO 
-1.9 300 
-2.3100 
-2.2J00 
-1.6200 
-2.6*00 

21.B30 
lfl.900 
7.7*00 
7.9000 
5.1300 

-.71100 
3./900 
«.1800 
6.6100 
(.0800 
13.800 
12.100 
12.800 
11.700 
16. .00 
U.200 
l*.*00 
16.900 
19.900 
13.500 
11.TOO 

.'.»Till 6.**00 

. 7 260V>-C1 ."5100 

.2 36M .*690.i 

. )l too .5*7 31' 

.Tiioof-ei .*6930 

.2 3*3." .3<'n3 

.313-; .5*730 

.191JO .ft250u 

.JIJJP .*690 1 

.31330 .5*7)0 

. 2 3* JO .'.til-; 
2.0500 S.MOu 
.79 30.' 8.06i)0 

-?.f."?;;. -3.i)7c: 
-. IS BOO -6.JOOO 
-*.l 100 -6.<.uO(> 

. 39JÜI1 13.7 30 
1.5,->0u 6.^,300 
. 7ri JO" *.0tO0 

-.95B03 -6.2*00 
-l,B200 -l.BZOC 

.B690T 8.1*or- 
-.39500 -2.7 700 
-l.OJOC -i. uoo 
-2.0500 -2.0500 
.9*800 4.51IO0 
.31600 2.*530 

-.nBoo -3.390r> 
.TBROuF-^l .'^BQU 

-<>.hSÜJ -*.t500 
3.8603 *.9700 

-*.7 30; -*.T330 
-3.7800 -7.02O0 

.46730 5.6B00 
-.5S200 -5.2üU(i 
2.CO? 7.3303 

-.2 3200 -1.760.) 
-1.1600 -1.1600 
-2.9*00 -2.9*00 
3.0200 3.0200 
2.2500 2.2500 

-1.0900 -*.noo 
3.2600 3.2600 
3.*100 3.*100 
2.1900 6.5S0I1 

-2.^300 -21.130 
3.9900 17.200 

-2S.60C -19.700 
-2B.9O0 -*6.60o 

12.300 66.800 
-fl.7500 -*9.*00 
13.300 *7.600 
1.1500 *.22J0 

-2«.300 -*0.7J0 
-11.600 -58.800 
-is.100 -23.200 
13.600 2&.*00 
10.*00 29.200 

-10.300 -17,600 
-16.900 -19.100 
-16.900 -20.800 
18.200 21.300 
9.7200 2*.600 
6.2*00 9.2000 
1.0900 8.5000 
2.9*00 5.650C 

-.25*00 
...■1903 

-2.3900 
-.69700 
-.31103 
-.19930 
-1.1900 
-.29931 
-.11900 
-.9960Cr-')t 

.69700 
1.2200 
.71000 

-1.9330 
-.'.06C3 

1.5900 
1.6900 
.99*00 
.61600 
1.6900 
I.0000 
.80*00 
.20100 

-.93500 
.^C^OO 
.0 

-.13130 
-1.1000 
-2.0100 
-*.1200 
-1.JOOQ 
-5.3200 
-1.510C 
-1.3100 
-.90*CC 

.50200 
-2.5930 

I.IOOC 
-.59700 
.59700 
.19900 
.29«ao 
.79600 

-.59700 
-.99SÜ0F-01 
-1*.300 
8.7603 
2.2900 
3.B8O0 
*.980C 

-9.3600 
2.*900 

-5.7700 
-*.5800 
-5.77ÜO 
-1.5900 
1.5900 
1.2930 

-2.9100 
-3. ".'00 
-.60 300 
.90*00 
2.3100 

-6.*7no 
-6.2700 
-*.6B0O 

-.«iMiO 
.'.5700 

-*.5B10 
-1.2900 
-1.6900 
-.39BO0 
-1.1900 
-1.1900 
-1.6900 
2.0''30 
1.5930 
2.6'.00 
1.1500 

-2.3300 
-.91*00 

3.rnOO 
?.', 800 
.'.6900 
1.7900 
2.7900 
3.9200 
2.0100 
l.*100 
.0 
5.0200 
7.2100 

-.30200 
-7.0300 
-10.000 
-12.100 
-9.6*00 
-7.3300 
■2.2100 
-5.S30O 
-6.2300 
.60300 

-*.BBO0 
1.1900 

-1. 7900 
1.2900 
1.7900 
.29800 
1.3900 

-1.6103 
-2.7900 
-U.600 

11.200 
7.*700 
6.7700 
5.5730 

-9.3600 
2.6900 

-6.2700 
-«..7800 
-6.1600 
-2.2900 

3.9900 
1.2900 
7.9100 

-5.7300 
-l.*lOO 
6.1300 
'>.520i) 

-6.5 70C 
■s.*J00 
-*. 61100 
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£ 
Vtllahl 8  Nunbrr 

-J1 

Sj 31 32 33 J* ii 

s 
O 
p. 1107.«. .(il572r--2 9<iS"ilF-ol .UO-if 1.1900 

s ; ( non.* ,ft<l2 7Sf-')? 116*1 .1*769 1.7500 
s 1* HO«.* , 71<.C>.*'-U2 11276 ,1**')3 1.3300 

•> I« UOH.* .75727E-02 11632 .l*3V. 1.3700 
i is 110?.* .79lOOf-02 121SI .1509* l.**00 
s 21 111J.2 .62*77f-JZ 9'.,»71E-01 .19830 1.7100 
t ? t IUU.3 .702101-02 1078S .19720 1.2600 
c. _"' 1110.6 .7H,H9f-C2 10981 .19176 1.3800 
S ?^ Uli.) .f>f7lf.f-i\' 10'.'.'2 .2*175 1.7200 
c /o llOf.H .707Srf^'12 IJ871 .2*,>9i> 1.2 700 
t '>> 1110.9 .btlTif-C? 10718 .2*663 1.7500 

•J \ ( UO^.n .710061-32 10907 .2023* 1.2800 
^ J« UO'f.ft .t)5<.Mr-J2 lOOSI .1*774, 1.2600 
'. s 1117.3 .7<)7)»6-02 17 2*9 .16336 1.1900 

s ^ 1112.» .nn^3t-n2 l^'i'>^: .155*3 l.*700 
6 M III?.3 .873*3F.-02 13*17 .1586 5 1,5800 

^ •) 11W.3 .^««»«-Oi 11**1 .21022 1.3600 

fc 1^ lll?.1 .833B7I--J2 12809 .21166 l.**0u 
«J 1! 1112.3 .9311*F-r)2 1*303 .20071 1.6800 
h 17 111?.3 .«iS716f-Oi 13320 .2607* 1.5200 

t 11 1112.3 .BfcOWF-^J 13213 .2*6*8 1.5000 
fr !<) UK.3 .925'>'.-:-32 1*273 .2**33 1.6700 
h 21 iu.-,.j .sa6fi6r-02 13605 .25765 1.5300 
h .?2 1112.3 .9'.3 f'.F-12 1**97 .25135 1.6800 

f ' i 1112.1 .')0';7fr-j2 13911 .7*777 1.6600 
f> >« 1112.3 .M^i'MSF-.W 13101 ,3130* 1.6700 
', Jft 1112,1 .922^n-12 1*171 ,S0*?1 1.6 300 

t '/ 11 ly.b .99P.' )•. • 0.' l'>334 .31719 1.73U0 
•■ n 11 let .B'l^JM'- C.2 13769 .21526 I.'900 
ft u 11 1 K . f- .H32 7 7F-.V llSbO .16076 1.560C 

(. <? Hl^,' ,7C297f-02 1071» .*1503 1.2900 
7 in nH?.? .ncii,i,i<--j2 13739 .26309 1.600: 

r •1 1011.1 .Si.OllF-O? l**SJ .25110 1.6800 
t 7 1100.u .9<,J9U- 32 1**8* ,2 30 7» 1.7200 
a M 1 ■)<)•). (1 .II'.'.:F-J2 l*3*l< .193C5 1.6700 
M ') I09ft,ft .9^7^ce-t.2 1*«62 .21665 1.7600 
0 I« HI?." .Hllicr-r) I2r1' .2050? l.*60C 
n l'l lll'.s .t0777r-;? 12*08 .20990 l.**00 
•) 2 i Ul^.H .0RR„:,r-32 I'.l77 .23189 1.750C 

> 71 111'.« .lociif-.n IS*;9 .2 178 1 1.7800 

!'■ 7 1112.1 ,r7729r-ü? 119*0 .251*0 1.3900 
ir- Q mi.3 .>120Hflr-J2 U^OI .168* 7 l.*700 

11 .'1 lu9?.H .1747)F-;? n*37 .1*781 1.630C 
1 1 22 I Jfn.n .'is')C2r-o? ni9s .nifc: I.5900 

11 > i i jsr.f. , rf •>.??■. ■■-.:,■> ISO1*! • 1 7662 l.,;73U 

1 II U 1    . J .772I7'-02 M8f,l .'0116 1.360U 

! '/ 1' n i' .i .»iSftJt-.V l/l»''? .26)15 i.*eo.'/ 
IJ n 1119.1 .HOÜ«i:-72 12296 ,2*17' l.*200 
1  < i'. 1117./ .7n-iH ir-02 17117 ,3067M l.*000 

iC i ■. in?.: .eb^'if-o? .13781 ,79091 1.5800 
': i' i • Ill'.2 . 7*91 if-: 2 1 I Vj 7 ,1511* 1.3100 

1 1 i' i: 17. > .J',*Z.^-->? ll^^f .1*338 1.3900 

I I 7 11 j •.; .7331*.--!.'? 112h7 ,38316 1.3900 

1 1 I* n   ■ .1 ,fH9<-2r-:7 17H97 ,73:7« i ,6*nj 

11 1 ' 1   i/.. .7^fcH>:. A; 12023 .20 2*7 l.*100 

1 I 1 1 1   w. ■• .y^^Qit^-T/ US)« .70512 1.3830 

I 1 ! i tu .■■ ,in?^-\* -:s 1217', . 'am- i.*6-,: 

1  1 1 I IK '.1 ..I-IS 7',' - ■; 1 3l*S . ! " 9 "> 2 1.6700 

'i 11 v   t." .i<;r*'.( -0? I 3 37 I ,2»771 1.6*00 
J, «, 1 ■.Tl.* ,9 3*177-'? , It 3*9 , 2 Hi- I,'.600 
; i 7 lv   >".', . 7;,6H1! - .2 H77'< -,,'*1S'.'  »12 l,*0 3r 
i » •i 1    ;'<.' .7 7" l'l - -2 1 18 1' -, M'«IF»12 i.r.;nr. 
1 3 1 11  !'■. . «f. 3 11' -   2 .1 12-.1 , 'f ■'M 1.5600 
/ ' 1 11 '>.•• . 7Ji,f.',r-"' 11H2 ,23881 l.lbK' 

i I.' llJ..- ,n9f il'-l.- 13 7». ) ,26 765 1.6100 
,3.» 1 ' u:"*.- ^Sh»-'.!--'..' l*',^ »2TJ76 1.710.-' 
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i? i* 1135.5 
7? 11 1105.5 

112 *•<<■ 1171.* 
11? *<17 1121.* 
tu *"R 1121.* 
11? •>?o HI!..'' 
112 "21 Hit.: 
112 S22 int.: 
117 S2( 1117.2 
117 52'. 1117.2 
11? VS 1117.2 
11* hJ1» 11D5.3 
11* Cih 110*.1 
11* 63 7 1103.1 
11* tiH 11US.3 
llh 721 1122.6 
IH 77* 1178.« 
116 72 5 ll?1)." 
114 72' 112H.O 
116 72» 1121.9 
HI fll* 1115.0 
in 315 1115.0 
ill aih 1115.0 
lid «IT 1115.) 
111 918 1115.0 
118 819 1115.0 
11« 12? 1117.2 
117 77? Uli.C 
11T 773 1115.0 
11? 77* 1115.0 
117 775 1115.0 
117 785 11C9.6 
117 78h 1110.8 
117 787 1110.8 
117 7«« 1110.S 
117 790 1110.8 
111 838 1091.1 
ll<f 83" 1091.1 
111 8*0 1003.3 
120 879 1113.9 
120 881 1113.9 
120 882 1113.9 
121 883 1113.9 
120 884 1111.7 
120 «US 1113.9 
111 33» 1122.6 
111 337 1119.3 
113 596 1106.3 
113 597 1106.3 
111 598 1106.3 
113 591 1107.* 
113 600 1107.* 
113 601 1109.6 
113 602 1109.6 
113 603 1112.7 
116 737 1173.5 
116 738 1126.7 
116 739 1123.5 
11« 820 1115.0 
118 821 1115.0 
118 877 1115.0 
118 823 1121.* 
118 82* 1117.2 
116 7*0 112*.7 
116 7*1 1125.7 
119 8*1 1095.* 

32 

Vtrlabl« Number 

33 34 35 

.9*I2«!-V . .**59 .77097 1.6800 

.9(.206f-.j2 .l-'-.iT -.2*633r»l2 1.6100 

.1*T55<;-''2 .13019 .2337" 1.9800 

.9*J*2r-J2 .1***6 .3715« 2.2100 

.9681*^-02 .1*877 .317"5 7.1700 

.M703>:-0? .<<*7iir-(ii .25615 l.MOO 

.633«3r-,2 .971t2E-0l .2*0?') l.*500 

.76ü**f-0? .11611 .2*2*'. 1.7300 

.856Jlt-V .131*9 .'1977 1.9600 

.a3f5lE-f.2 .M7S7 .29*95 1.9200 

.92673F-02 .1*228 .30125 7.1700 

.89*21F-02 .13736 .22672 2.1300 

.91699!—r.2 .1*086 .2*121 2.1830 

.92 796E-C2 .1*25* .?267* 2.2100 

.92998t-':2 .l*?«« .7*02* 7.2300 

.91l*5E-;2 .1*001 .37963 2.0600 

.10C88F-01 .15*96 .358*6 2.3000 

.l?t6?f-01 .15*57 .3*903 2.2900 

.10573f-01 .162*1 .36171 2.4000 

.10214C-CI .15690 .359") 7.3100 

.9671IE-C2 .1*856 .20057 1.8000 

.951A1F-02 .1*61« .7109o 1.7600 

.96«72f-02 .1*850 .20166 1.7800 

.10023c-n .15 396 .23702 1.8803 
.10387E-C1 .15*95 .21677 1.8900 
.98830E-J2 .15181 .26915 1.8600 
.79959e-'52 .12283 .■.0125 1.5600 
.105968-01 .16276 .18C28 2.**00 
.10639F-C1 .163*3 .19169 2.*500 
•I0552C-01 .16210 .21595 2.*300 
.110518-01 .16975 .17972 2.5*00 
.10285f-Cl .15798 .22*75 2.*500 
.10730E-01 .16*82 .26588 2.»900 
.I017*t-Cl .15*28 .25372 2.3*00 
.I0666f-Cl .1638* .2*772 2.5000 
.9*988t-12 .1*591 .10672 2.7100 
.10C58E-31 .15*50 .19179 1.9500 
.70*08f-02 .10815 .20519 1.3600 
.10967E-'ll .168*7 .267*0 2.1100 
.91798F-02 .1*101 .S3821E-01 2.1700 
.97032f-f'2 .1*905 .7*7938-01 2.2600 
.91968E-02 .1*127 .623258-01 2.1700 
.10885E-01 .16721 .795*5E-01 2.5*00 
.I0S58E-01 .16678 .7837IE-01 2.MOO 
.10*05F-01 .15983 .737928-01 2.*100 
.91866E-02 .151H7 .21680 2.3500 
.93687E-02 .1*391 .19972 2.2*00 
.58915E-02 .90*99F-0l .20177 1.4100 
.56*06E-02 .86665E-01 .22118 1.3700 
.56157E-02 .86263F-01 .2*01* 1.3700 
.6M153E-02 .l')**9 .25282 1.6500 
.i7257F-02 .87952F-01 .3337* 1.3300 
.76916E-02 .11508 .32633 1.8200 
.729996-02 .11213 .33511 I.T800 
.7l9*5E-02 .11051 .3*199 1.7SO0 
.10152E-01 .1599* .30381 2.3300 
.92538E-Ü2 .1*215 .278*? 2.1*00 
.»9955E-02 .13818 .2(22!. 2.0600 
.9S890E-02 .1*730 .260«3 1.8000 
.10221E-01 .15700 .23930 1.9*00 
.10100E-Ü1 .15515 .21825 1.9200 
.10013E-U1 .15380 .25915 1.8900 
.11O21F-0I .16929 .25137 2.0900 
.11058F-01 .16986 .35*36 2.5800 
.10378F-01 .l»9*2 .33517 7.4200 
.10395E-DI .15968 .30226 2.0900 
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LIST OF SYMBOLS 

b 

b, 

c 

c. 

number of rotor blades 

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

rotor average lift coefficient, 6C /o 

blade chord, feet 

blade element lift coefficient 

CT/a 

d. . 
ID 

H 

ratio of thrust coefficient to solidity, 

T 

p(nR)   bcR 
.th deviation from the mean of the j      variable  for 

the  i      observation 

pressure altitude,   feet 

K 

k 

M 

m.. 

N 

n 

OAT 

P 

rotor blade chordwise moment of inertia, 

m,-lb-sec 

rotor blade beamwise moment of inertia, 

in,-lb-sec 

Southwell poefficient 

number of independent variables 

number of observations of j  variable 

slope of the regression line 

number of observations reduced by the number of 
constraints 

number of observations 

outside air temperature, degrees Fahrenheit 

probability in Student-t distribution 
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LIST OF SYMBOLS - Continued 

R 

R 

R. . 
ID 

R i. jkl. 

r. . 

r. ij.kl. 

S3 

t 

t 

t comp 

tz 

i 

xj 

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 

th 

partial correlation coefficient 

standard deviation, for the sample, of the j 
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 

standard normal variable corresponding to x. 

approximation to X. computed from linear regres- 
sion equation     ^ 

value of j  variable 

ID 

mean  value  of   j       variable 
i £   . th vie        . th     , value  of   j       variable   for   i       observation 
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LIST OF SYMBOLS - Concluded 

Z, z 

zcrit 

a 

ar 

^h 

M 

P 

a 

normalized variable used in z test 

critical value of z 

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/^R 

rotor blade weight per inch, pounds/inch 

be 
rotor solidity, —E 

th population standard deviation of the j   variable 

standard deviation of transformed variable z 

ü rotor rotational rate, radians/second 

4^3-75 
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