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PREFACE

This program, which utilized wind tunnel test results of the Multicyclic Con-
trollable Twist Rotor to optimize rotor performance characteristics was per-
formed by Kaman Aerospace Corporation, Division of Kaman Corporation, Bloom-
field, Connecticut, under Contract No. NAS2-8726, for the Ames Directorate,
U.‘S% Army Air Mobility Research and Development Laboratory, Moffett Field,
California.

The program was conducted under the technical direction of Mr. John L. McCloud,
III, Staff Scientist, NASA-Ames Research Center.

At Kaman, the program was conducted under the cognizance of Mr. H. E. Howes,
who is the CTR Program Manager. The program was conducted in the Research
Department, managed by Dr. A. Z. Lemnios, Director of Research and Technology.

Mr. A. Weisbrich, co-author of the report, was responsible for the analysis of
the data, the generation of the regression equations, and optimization using
CONMIN. Mr. Weisbrich left Kaman before completion of the program. Dr. F. S.
Wei, co-author of the report, completed the technical study. This work was
done under the supervision of Mr. R. Jones.
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INTRODUCTICN

Analytical studies (References 1 and 2) of a multicyclic controllable twis*
rotor (MCTR) have shown that rotor blade bending moments and hub shears, a
major source of helicopter vibrations, may be largely attenuated through opti-
mized higher harmonic deflections of the servo flap.

To verify these positive analytical predictinns, the present wind tunnel test
of an MCTR was planned and executed in 1976. The objective of this program
includes generation of predictive mathematical relationships of rotor param-
eters of interest (such as vibration, horsepower and blade bending moment)

as functions of collective and multicyclic servo flap deflections. It also
includes optimizing servo flap deflections to obtain minimum vibration for
various conditions of velocity, shaft angle and root end collective and remain
within specified constraints on other rotor parameters, such as horsepower and
bending moments.

To accomplish the above-mentioned objectives, a full-scale model of an MCTR
system was designed, fabricated and tested in NASA Ames 40x80-foot wind tunnel
facility. The theoretical studies and previous wind tunnel test of the CTR in
the NASA Ames 40x80-foot wind tunnel are well described in References 2 and 4,
respectively. The Controllable Twist Rotor (CTR) described in Reference 4 was
modified to a multicyclic cuntrollable twist rotor.



TEST PROGRAM

ROTOR SYSTEM DESCRIPTION

The MCTR system as configured for wind tunnel test (Figure 1) included rotor
blades, rotor head and associated controls. Those components were all fabri-
cated, adapted and modified by Kaman, and interfaced with a test module sup-
plied by Army/NASA at the Ames Research Center. A readily available and adap-
table CTR hardware system existed and was previously tested in the NASA Ames
40x80- foot wind tunnel (Reference 4). It was easily modified and used as a
multicyclic controllable twist rotor. Modification of the CTR hardware to
accommodate transformation to an MCTR consisted primarily of additional turret
head controls, such as actuators and input linkage components, for multicyclic
actuation of the servo flap. Appendix A fully describes the system.

ROTOR QUALIFICATION TESTS

Prior to entry of a rotor for testing in the NASA Ames 40x80-foot wind tunnel
facility, whirl tower tests, tunnel shake tests and bench tests normally must
be successfully completed. However, the MCTR system hardware additions to the
CTR were minimal and did not affect results of prior extensive whirl tower
tests or shake tests conducted on the CTR (Reference 4). Therefore, these
tests on the MCTR were not required. Furthermore, MCTR test operating condi-
tions were planned within previously tested CTR wind tunnel test conditions.
Therefore, the comprehensive and successful wind tunnel shake tests conducted
at the Ames Research Center's 40x80-foot full scale wind tunnel with CTR also
applied to the MCTR. The reason for such shake tests is to insure stable oper-
ating conditions for a rotor, the test pod, the test pod support struts, and
the balance frame configuration, and to evaluate roto- performance and blade
dynamic behavior. Details of CTR shake tests are presented in Reference 4,
and details of shake test procedure, the data analysis, and the test results
for the rotor hub are presented in References 5 and 6.

BENCH TEST

Bench tests of the MCTR were conducted at Kaman. This involved thorough check-
out of all components in the MCTR turret head assembly. Blade servo flap loads
were simulated with springs and counterweights on the walking beams while rods
for collective servo flap input remained fixed at a pre-set collective input
level. A1l mechanical linkage and contre) rod mechanisms were checked for
travel with subsequent electronic inputs activated to check out proper phasing,
amplitude and harmonic input to actuators in the MCTR turret head assembly.
Concurrent bench test checks of the hydraulic system for the turret head
assembly revealed an 0il cooling problem which was remedied by adding a
cooling unit to the top of the turret head.

Thereupon, endurance tests were conducted on all these components to establish
an adequate and safe baseline for operating cycles. Finally, installation and
set-up procedures were established and tunnel build-up check out procedures

implemented. Additional details of these procedures are given in Reference 7.
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MCTR TEST PLAN

The effect of numerous independent variables, including wind tunnel speed,
rotor shaft angle, root end collective pitch and servo flap multicyclic deflec-
tions 60. Gls' Glc' 625. 62c' 635. 63c, 645. 64c. on dependent variables of

interest (i.e., measured vibration, flatwise blade bending moments, pitch link
loads and horsepower) must be assessed in testing an MCTR. With three levels
of the independent variable to determine the dependence of the parformance

response variables on the dependent variables, 531,441 (3‘2) combinations of
the 12 independent variables, are necessary to exhaust all permutations. More
traditional testing methods which involve varying one independent variable at
a time are obviously impractical and too time consuming. Statistical tech-
niquaé and experimental designs were thus planned for the wind tunnel test of
the MCTR.

The test plan was based on a test methodology called multiple balance which
reduced the number of test points required to less than 500 out of a possible
531,441. Therein, design and randomization of test points virtually eliminate
confounding of results under subsequential analysis of variance (ANOVA) and
regression analysis (confounding is the inability to distinguish which vari-
able or interaction is responsible for an observed effect).

Replication of each test point would also allow calculation of residuals which
account for all variation in a dependent variable not explained by the inde-
pendent variables selected. Ranges of the controlled variables were selected,
based on previous analytical data, to provide sufficient information for estab-
lishing mathematical models of the main effects, non-linearities, and princi-
nal interactions of the controlled variables on the dependent variables of
interest. Appendix B, Table B-1, delineates the planned test conditions.

Because of practicai time restrictions v » access of wind tunnel facilities
and difficulties in quickly varying parameters, such as tunnel velocity and
rotor shaft angle, randomization of test points was sacrificed somewhat,
together with replication. Independent variables such as wind tunnel velocity
and rotor shaft angle were instead sequentially varied throughout the modified
test plan. Also, due to limitations of rotor load during testing, certain pre-
scribed control input values from the test plan had to be modified for oper-
ating safety reasons. Unfortunately, this did not permit the benefits of an
analysis of variance method to be realized for speedy and sure identification
of independent variables and their interactions which significantly affect any
particular dependent variable under consideration.

WIND TUNNEL PERFORMANCE TESTS

Before installation of the MCTR blades on the rotor test apparatus module, aero-
dynamic forces and moment tares were obtained of the module and rotor head with-
out blade grips. These tares were incorporated mathematically into the NASA-
Ames data reduction computer algorithm for rotor performance. The reduced rotor
performance data thus reflect only the forces and moments generated by the MCTR
blades.



Steady-state tests to evaluate rotor performance, blade dynamic behavior and
control sensitivity were conducted at wind tunnel speeds of 41 kts, 80 kts,
120 kts, and 135 kts and at a rotor tip speed of »5b fps. Longitudinal and
lateral cyclic pitches at the blade root were vari¢d to maintain zero (+ 0.2
degrees) longitudinal and iateral cyclic flapping. Root collective pitch
angle and servo flap pitch angles were indepundently controlled.

As on the CTR, a limitation was imposed on the MCTR tes: program because of
the use of existing flightworthy hardware. The standard H-34 lag dampers that
were instalied on the rotor head had an internal relief valve that opens above
1750 pounds. At this force level, the lag damper force is constant and does
not vary with lag velocity; i.e., the damping is frictional, rather than vis-
cous above this load level. The reduction in equivalent viscous damping above
this point causes the rotor to approach its mechanical instability boundary.
To avoid this instability region for the MCTR blades, blade lag amplitudes
were continuously monitored and were usually maintained at less than + 0.5
degrees of 1/rev motion.

The dependent variables measured and monitored during the test included the
rotor aercdynamic force and moment characteristics, blade stresses, blade root
motions, servo flap stresses, control loads, control motion, and support
module accelerations. Details are given in Appendix B. Rotor aerodynamic
characteristics were measured dircctly on the main balance in the Ames 40x80-
foot wind tunnel. The raw p:rformance data was automatically corrected for
tare values by the NASA-Ames data-reduction computer code. This corrected
data was reduced to standard wind-axis aerodynamic force and moment coeffi-
cients by the same program. Rotor power and torque were independently mea-
sured by strain gages on the main driveshaft and by yawing and rolling moments
on the main balance. All four blades were fully instrumented with strain
gages for stress measurements and angulators at the blade root for blade
motions. Data were recorded from all four instrumented blades. Strain gage
locations and measurements on the blades and the servo flap are shown in Fig-
ure 2. The blade angulators measured tlapping, feathering and lagging angles.

Longitudinal, lateral and vertical accelerations were measured in the module
by accelerometers, as illustrated in Figure 3. Additional uetails on instru-
mentation and the control system are given in Reference 8 and Appendices B
and C.

DATA ACQUISITION AND REDUCTION

Several systems were used during the wind tunnel test to acquire test data.
Those systems and their functions are synopsized below:

Datex I - Used primarily for tunnel balance data. Also interfaced
other selected inputs to the computer.

Peak-to-Peak Display - Used as a test monitor for critical para-
meters. Provided a permanent record of peak-to-peak
levels.
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Dynamic Analysis System - Used for on-line analysis during rig
resonance tests and for control optimization.

High Speed Di: . Acquisition System - Digitized and recorded all
test parameters on digital tape.

Dynamic Recording System - Recorded all test parameters on analog
tape. Operated continuously during test as a backup for
safety considerations.

Oscillograph - Recurded all critical parameters for test moni-
toring and to check the validity of the data on the other
systeme,

A complete listing of parameters recorded and monitored is given in Appendix B.

Actual testing of the MCTR in the wind tunnel was accomplished with a two-
shift operation. A combination of Kaman and NASA Ames personnel interfaced
during test operation to handle the various monitoring and control functions
in the wind tunnel control room. The procedure of arriving at a test plan
point during the wind tunnel run entailed:

a. Bringing rotor to operating rpm with pre-set steady root end
control and servo flap collective and 1/rev controls while
maintaining zero flapping with root end cyclic

b. Increasing wind velocity in tunnel to desired speed, again,
maintaining zero flapping

c. Setting rotor shaft angle to desired level, maintaining zero
flapping

d. Advancing servo flap higher harmonic controls to prescribed
test level while maintaining zero flapping of rotor. Ampli-
tudes and phases of 2/rev, 3/rev and 4/rev were each gradu-
ally adjusted while the clcse monitoring of rotor parameters
was maintained to assure safety of operation.

Shutdown procedure consisted of reversing the above steps.



DISCUSSION OF TEST DATA

The MCTR wind tunnel test parameters of interest are presented in Table I.
Many parameters were recorded and monitored only for operating safety anc
check-back purposes. Duplication of instrumentation on niore than one rotor
blade of various outputs of interest was carried out to circumvent failure of
any single instrument or monitoring device. Based on screening of raw data
time history plots for signal break up, blade number four outputs were estab-
lished as being most suitatle for analysis.

Raw data was filtered to minimize deleterious effects of high frequency noise
by a Bessel filter. Subsequently, those data are put on magnetic tape for
selective retrieval of data for analysis. Tuble Il illustrates a sample output
test data point from the wind tunnel runs. Appropriate rotor parameters were
harmonically analyzed over eight revolutions, and mean, half peak-to-peak, and
harmonic values were recorded. Fifty-three percent of the test data was ana-
lyzed as if the rotor were operating at 293 rpm, rather than the actual 200 rpm.
This resulted in a correction which was 6 degrees per revolution (in lag) too
large for all parameters.

The parameters of principal interest are the servo flap control deflections
(collective through 4 per revolution), vibratory flatwise bending moments,
pitch 1ink vibratory load, rotor profile torque coefficient, horsepower, trans-
mission mounted vertical accelerometer vibrations, rotor thrust, and propulsive
force coefficients at specified velocity, shaft angle and root end collective.
Table IIl provides a composite listing of data seiectively transformed from the
data tapes. Note that the data used for the flatwise bending moments, pitch
link load, etc., are the one-half peak-to-peak values from the raw data analy-
sis. Table IV gives an overview of all test conditions.

The flatwise vibratory bending moment was selected as an analysis parameter
because it is a measure of blade life. The maximum flatwise bending moments
were obtained at Station 283. This station was chosen for data analysis of
bending moment. Actual endurance limit of the rotor blade in flatwise bending,
as reported in Reference 4 for the CTR wind tunnel investigation, was + 7730
in.-1b peak-to-peak at Station 283.64. Pitch link vibratory load is another
measure of rotor performance in that it is an indicator of stall flutter. The
signals used to measure the pitch link load were obtained from strain gages on
the rotating-star portion of the control swashplate. The ratio of profile
power coefficient to the solidity characterizes the aerodynamic efficiency cf
the rotor and may also define the onset of rotor stall. The total rotor power
was measured indmpendently with two separate systems, the main balance frame
in the wind tunnel and the torque strain gages on the rotor shaft. A1l force
and moment data from the balance were reduced to dimensionless coefficients by
the NASA-Ames data reduction computer program. Because the test procedure
resulted in variations in 1ift force and propulsive force in contrast to the
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theoretical work, a profile power coefficient was calculated at each test
point from these coefficients. The profile torque coefficient was calculated
from the total torque coefficient by means of the following equation:

2
c c c
o, ¢ [ Xe
—6'2 = .59. - [_O_EJ %] - {T] u




ANALYTICAL METHODS {

The best procedure in doing an analysis on large random wind tunnel test data
is considered as curve fitting. The Rotor Multicyclic Analysis, (References 2
and 9) and REGRESS Analysis have this curve fitting ability to obtain a multi-
variate regression equation for modeling behavior of rotor parameters and also
can be used as an optimization method on the regression output to determine
optimal rotor control settings.

ROTOR MULTICYCLIC ANALYSIS

Rotor Multicyciic Analysis (ROMULAN) is a second phase computer proyram devel-
oped at AMES which is concerned with the analysis of the results of several
performance and oscillating load parameters by a typical rotor performance cal-
culation. The main idea of ROMULAN is based on the concept of a transfer
matrix which calculates the linear relationships between several output param-
eters and selected input parameters by least squares regression techniques.

The only restriction of this program is that the input and output elements have
a linear relationship. ROMULAN performs weighting of selected output parameters,
and calculates iaputs necessary to achieve a minimum of a roct mean square sum-
mation of selected weightad output parameters. It also performs a correlation
analysis of the basic output vectors, as well as correlations of various root-
sum-of-squares combinations and point-by-point comparisons. The latter assume
several of the output elements are harmonic components of some function,

REGRESSION MODELING

ROMULAN calculates relationships between output parameters and selected input
parameters on a purely linear basis. However, the effect of higher order
interaction terms in such relationships can be of interest and also signifi-
cance. The effects of these higher urder interactions can be evaluated using
the REGRESS computer progran.

REGRESS is considered for analysis of test data to determine and isolate inde-
pendent variables or combinations such that it was most significant in
affecting a particular response parameter. Because REGRESS permits a stepwise
or term-by-term inspection of each model equation, it became the predominant
regression tool.

The regression model equations of rotor parameters were subsequently developed
based on engineering judgement and past regression modeling of the CTR test
data. The basic model form of each regression equation is:

ey
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where Y‘j are the dependent response variables (j = 1 to m)
X; are the independent variables (i =1 ton)
A’.J are the coefficients of the independent variables

+ . . + A

Table V lists all the terms considered in the behavioral modeling of rotor
parameters. These terms include the servo flap deflection (collective, 1/rev,
2/rev, 3/rev, 4/rev, sine and cosine components), rotor 1ift coefficient (CLR)
and propulsive coefficient (CXR). Rotor parameters of interest (dependent
variables) are tabulated in Table I. These include flatwise bending moment,
pitch link vioratory load, horsepower, rotor torque coefficient, and transmis-
sion vertical accelerometer (vibration) output.

REGRESS can be used to analyze the effect of servo flap harmonic components,
their squares and cross products on the dependent variables. In addition to
servo flap deflections, rotor 1ift, propulsive coefficients, and their squares
and cross products were 21so used as independent variables. REGRESS chooses
terms from the entered equation on the basis of relative combination made to
predict the behavior of appropriate dependent variables under consideration.
Quantitative contribution made to the sum ot squares (multiple correlation
coefficient) by REGRESS determined the final terms of the model equations for
each rotor parameter. Table VI provides a summary of rotor paramete: gyva-
tions, such as coefficient, terms and multiple correlation coefficients, with
conditions for which they apply. Because of the amount of these data, they
were not considered adequate for regression modeling at V = 80 knots condition.
The multiple correlation coefficients for rotor parameter model equations under
various ranges of conditions at V = 120 knots are given in Table VII. The test

data consisted of results at V = 120 knots, ag = - 6°, 60 = 10° of all condi-

tions investigated (Table IV, a, b, ¢ phases). Correlation coefficients of the
model equations are degraded as one proceeds from a-models to c-models. In

i = 1 models, only servo flap deflection terms were considered. In i =3
models, CXR and CLR terms were included into each of the model equations, in
addition to servo flap deflection terms. It is evident from Table VII that the
correlation coefficients are highly improved with the inclusion of the CXR and
CLR terms.

When examining the independent variable terms of the model equations in Table
VI, horsepower (HP), rotor torque coefficient (CQ ), and rotor propulsive

0
coefficient are predominant in models a-3, b-3 and c-3 as.anticipated. The
servo flap collective is also a major influencing factor in models a-1 and b-1



in these parameters. Higher harmonic terms of servo flap deflection are found
to be most pronounced in the flatwise bending moment (BMF), transmission verti-
cal vibration (TRVT) and pitch link vibratory load (PLV) equations. As noted
above, the regression model improved correlation coefficients by introducing
CLR and CXR terms into model equations. Since this permitted optimization at
desired 1ift and propulsion level, only models including these terms (i = 3)
were considered for optimization. Furthermoi'e, since the c-models were more
global than either a-models or b-models, c-3 models were chosen for optimiza-
tion on servo flap controls.

Table VIII provides a composite listinr ccmparing the actual test data of the
rotor parameters with the estimated vilucs determined by regression model equa-
tions. The predictive capability of ‘h. ,del equations for the various rotor
parameters was considered fair to good, ¢: compar:d to the values listed in
Table VIII.

When attempting to compare present data and models with that of the 1975 wind
tunnel investigation on the Controllable Twist Rotor, one is very limited in
doing so, insofar as conditions tested in the CTR test did not coincide with
MCTR conditions, except for the V = 120 kt, ag = - 8%, 6, = 10°, 12° condi-

tions. However, the models generated do not completely coincide for similar
conditions tested. Furthermore, CTR wind tunnel test data was analyzed using
the SURGEN regression routine. Unlike REGRESS, it does not have the ability
to identify and sequentially select terms from prescribed model equations and
determine those which are most influential in predicting rotor parameters.
Examining relative importance of terms in equations of a given parameter from
both tests is thus not possible.

In MCTR regression model equations, the rotor parameters of interest are
achieved to at least 88.6% or better correiation when all 57 terms of servo
flap interaction are exhausted. Tables VI and VII are the lists of model equa-
tions and multiple correlation coefficients which were obtained when using the
first ten to twenty most significant terms (except PLL (b-3), PLL (c-3) model
equations which are more than 20 terms). These simplified regression model
equations were used to give a more detailed insight of the future MCTR design
factors, and also gave better correlation than the 57 term MCTR regression
equations when compared to CTR regression equations. Thus, the multiple cor-
relation coefficients of the less terms model equations reduced to 80.1% or
better correlated to wind tunnel test data.

Table IX illustrates results of comparing the flatwise bending moment equations
at station 283 for both the CTR and MCTR within the nominal control range and
at a condition investigated in both tests. The fifteen term MCTR regression
model equation gives better correlation with the CTR than the forty term MCTR
regression model equation. Therefore, the comparison here is based on the fif-
teen term regression model equation. The models give comparable results under
the indicated controls. Variation of predictions may be attributed to dif-
fering model multiple correlation coefficients. One may thus conclude that

the models generated from both sets of test data are mutually supportive in
behavioral predictability.

10



OPTIMIZATION OF REGRESSION RESULTS

In the optimization of the regression equations, two procedures were used.

The first procedure was an optimization code designated CONMIN (Reference 10)
and the second, a feedback control system. These two procedures were done
because of two major reasons. First, the CONMIN optimization depends on the
initial conditions for optimization, whereas a study of a feedback control sys-
tem reported, in Reference 11, that oniy one optimum condition existed. The
reason for only one optimum in that study is because of the assumptions that
higher harmonic control did not affect trim and a variation of collective and
first harmonic servo flap inputs was not required. Therefore, the collective
and tirst harmonic effects are theoretically lumped into constant terms and
higher harmonic inputs have no influence on collective and first harmonic
inputs. The linear regression model of each independent rotcr parameter expands
to only 27 higher harmonic coefficients for the independent control variables,
such that all the higher harmonic inputs are utilized to trim the higher har-
monic effects of the rotor. Second, if an optimization method is fabricated
for a test vehicle, the CONMIN procedure requires regression type equations.
Thus, exhaustive testing and analysis must be done to determine the regression
equations for the vehicle. However, once this is done, optimum conditions
could be predetermined and control requirements pre-selected. The feedback
control system, if fabricated, does not require regression equations, but
would optimize on measured parameters during flight.

CONMIN

A constrained minimization or optimization code designated CONMIN was used to
determine optimum servo flap control settings at specified trimmed flight con-
ditions which minimizes a desired rotor parameter while constraining other
rotor parameters within desired bounds. Table X and Appendix & illustrate the
typical CONMIN optimization plans for MCTR. Regression model equations can
have multiple minimums under certain desired constraint conditions. Hence,
many different servo flap control settings may satisfy the constraint require-
ments. For this reason, CONMIN results depend on the initial servo flap
control settings. This is similar to the CTK optimization process where many
intersecting contours are established. A three-dimensional optimum servo flap
control region specifies multiple control combinations satisfying prescribed
constraints (Reference 4).

With MCTR one deals with a 9-dimensional space. The visual presentation of
optimized results by means of contours is no lenger practical or possible.
CONMIN provides specific servo flap control values for desired conditions and
constraints. It is, therefore, the responsbility of the experienced engineers
to choose those controls which might be the best to meet the needs of a par-
ticular situation. Table XI presents the results of the CONMIN optimization.
Optimum servo flap controls are given which minimize horsepower while con-
straining flatwise bending moment, pitch 1ink vibratory load, trancmission ver-
tical vibration and root end collective within the prescribed bounds. Because
the choice of initial conditions can affect the optimum value of the objective
function, the objective function was also constrained to a given level to

n



obtain a desirable optimum value for the objective function. A reason for
choosing horsepower as a parameter to be minimized may be attributed to the
rationale that by minimizing energy input (horsepower) requirements into the
system, one may also reduce the dissipated energy (i.e., vibration) within the
system. The prescribed upper bounds on vibration in the CONMIN search for
optimum servo flap controls further assures appropriate vibration level.

FEEDBACK CONTROL SYSTEM

CONMIN optimization program depends on the initially chosen servo flap deflec-
tions which would generate "local minimum" instead of the best optimization
within a 9-dimensional space. Those initially chosen servo flap deflections
used as initial conditions input to the CONMIN program are obtained from
flight trimmed vehicle. Reference 11 has shown that the optimum region of a
dual control rotor was uniquely determined by providing higher harmonic con-
trol to the controllable flap on the rotor blade through feedback of selected
independent parameters. The study work was extended to arrive at a prelimi-
nary circuit design that would condition the selected parameters, weigh
limiting factors and provide a proper output signal to the multicycle control
actuators. The rotor parameters and limits are used as a measure of the effec-
tiveness and determination of secondary control optimization. Multicyclic con-
trol was investigated with the trimmed rotor gross weight and propulsive force
corresponding to CLR = 0.092 and CXR = 0.0071.

The REGRESS predictive model is used here under the trimmed case to generate

a closed-1oop circuit. Servo flap deflections, thrust and drag coefficients
are used as independent variables. Each dependent variablec can be expressed
in quadratic form in terms of the independent control variables which are cal-
culated from the predictive model. With these models, a tradeoff study was
made to establish a region of flap control that would produce value of the
rotor parameter that meets the criteria established.

CONTROL FUNCTION

The purpose of the multicyclic control is to minimize certain parameters to
the greatest extent possible while keeping others within acceptable limits.
To accomplish this with feedback control, the definition of an "optimization"
parameter as a function of the various controlled parameters is required.
Feedback is then used to vary certain controlling, or independent variables,
in such a way to minimize the optimization parameter. A more important cri-
terion will be the ease and repeatability with which the parameters can be
measured on an operating rotor system. Here the selected control parameters
are:

Bending Moment (BMF)

Horsepower (HP)

Pitch Link Vibratory Load (PLV)
Transmission Vertical Vibratory Load (TRVT)

12



The function of the feedback control system is to determine the effect of each
independent variable (x's) on the controlled parameters (y's) and thus, on the
optimization parameter (P). The system then manipulates the x's to minimize
P. Mathematically, the general case is:

Optimization Function

P = flyy;s Yo Y30 ¥g)
Change in P

4 .

ap
AP = ) —— Ay
S

where:

Ayk = gk (x"’ x2’ X3. x4) xs) X6, X7’ X8' XQ. X]O. X]])

o
Ay, = = OX,
ko goy 9%y
4 9 ay
] K
P = ) ogyr Lok A%
k=1 "k i=1 "7

The change in P caused by changes in a particular X; is:

4 ay
aP k
AP, = a0 * Eo A,
i k<1 ayk axi i

and the sensitivity of P to changes in a particular X5 is:

AP, 4 3P ayk

S:.......l: —— .

1 A, k=1 Syk BXi

From this, it can be seen that the feedback control system requires two kinds
of information. The first is the relative importance of each of the controlled
variables. The second is the sensitivity of each of the controlled variables
to changes in each of the independent variables. The first is determined by
the characteristics of the defined optimization function; and the second is
determined by the rotor characteristics.
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OPTIMIZATION PARAMETER

The optimization parameter provides an integrated measure of the "goodness" of
the rotor operation as described by measurement of each of the controlled

parameters. In effect, it provides a measure of the relative value of changes
in :ag? of the controlled parameters. An optimization parameter has been used
as follows:

P = f, (BMF) + f, (HP) + f4 (PLV) + f, (TRVT)

The individual functions associated with each of the controllable parameters
have been established with individual thresholds based on practical operation
point of view as follows:

a. Maximum out-of-plane bending moment < 7000 in.-1b

b. Rotor horsepower < 750 HP

c. Maximum pitch link vibratory load < 350 1bs

d. Transmission vertical vibratory load < 0.€ 1b

Bending Moment

BMF < 3500 £, (BMF) = 37 + 100 [ont - 172

BMF > 3500 f, (BMF) = 37 + 100 [zoh - 1% + 10 (2, 350048
Horsepower

HP < 750 £, (HP) = 20 [ - 177

HP > 750 £, () = 20 [oi0 - 132 + 10 [HE 579048
Pitch Link Vibratory Load

PLV < 350 f, (PLV) = 30 [gg% -17°

Transmission Vertical Vibratory Load

TRVT £, (TRVT) = 100 [TRLL32

14
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The normalizing functions are as follows:
(Nf), = BMF/3500

(Nf)z = HP/750
(Nf)3 = PLV/350

(Nf)4 = TRVT/0.5

Figure 4 provides plots of the magnitudes and normalized slopes of each of
these individual functions.

It is desired to keep bending moment, horsepower and pitch link vibratory load
below their thresholds of 7000 in.-1b peak-to-peak, 750 HP, and 350 1bs. Oper-
ation above the thresholds beconies undesirable at a very rapid rate. The 7000
in.-1b peak-to-peak bending moment was selected on the basis of the calculated
infinite blade life. A large decrease of TRVT is considered more valuable as

a tradeoff than BMF, HP and PLV under the threshold values. The search strate-
gies based on a feedback control system are listed in Appendix D.

The use of this particular optimization function here is not a limitation on
the applicability of the results. It represents a variety of subfunctions.
The effect of some other optimization functions are discussed in Reference 11.

For the multicyclic flap concept, the range of cyclic control is limited to

+ 5 degrees for each harmonic, such that the resultant maximum deflection for
second and higher harmonic controls is + 8 degrees. The restriction of the
resultant of the 2nd and higher harmonic input to a maximum of 8 degrees is to
prevent excessive flap deflection. Two different control ranges are estab-
lished as the bases:

a. Steady 60 = - ]°
First harmonic sine and cosine Gls = 3°, Glc = §°
Second harmonic sine and cosine 8§, = + 5° to - 5°
Third harmonic sine and cosine 62 = + h° to - 5° Random
m e 3 selection
Fourth harmonic sine and cosine 64 = + 5° to - 5°
J
b. Steady 60 =+ 10° to - 10°
First harmonic sine and cosine §; =+ 5° to - 5°]
Second harmonic sine and cosine 8§, = + 5° to - 5°| Random
2 r selection
Third harmonic sine and cosine 63 =+ §5° to - 5°
Fourth harmonic sine and cosine 64 = + §5° to - 5°

15



The reduction of transmission vertical vibration is of primary interest. The
modeli;or }RVT is used to predict higher harmonic controls which achieve mini-
mum vibration.

Table XII shows the results of the control feedback optimization. Each case

here presents a high decrease of TRVT keeping BMF, HP and PLV under the
threshold values.
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COMPARISONS OF TEST WITH THEORY

In the design stages of the MCTR, an analysis was performed to evaluate rotor
performance and blade dynamic bohavior. Also, an analysis was made using
selected test points as trimmed conditions and rotor performance, °n¢ blade
dynamic behavior was determined. In these analyses, the Kaman-developed 6F
program was used. This aeroelastic loads digital computer prog:am was devel-
oped to account for six blade response modes. The response modes include
blade flapping, blade feathering, blade lagging, blade flapwise bending, blade
torsion, and control flap feathering. The blade feathering and control flap
feathering modes incorporate control system stiffness su that control loads
can be calculated. The program retains all non-linear coefficients in the
equations of motion and uses tabular airfoil data.

In MCTR regression model equations analysis, the multiple correlation coeffi-
cients of the rotor parameters of interest (such as blade bending moment,
horsepower, pitch link vibratory load and transmission vertical vibratory load)
are achieved from 88.6% to 98.5% correlations between theory and wind tunnel
test data by using 57 terms of servo flap deflections, their squares and their
cross products from collective to 4/rev harmonic. The results are also inves-
tigated to compare the flatwise bending moment equations at blade station 283
for both the CTR and MCTR predictive models within the nominal control range.

Curing the design phase of the technology demonstrator, aeroelastic analyses
weire conducted to substantiate the design and to define the ranges of servo
flap controls required for optimum operation. An in-depth analysis that was
performed to evaluate rotor performance and blade dynamic benavior of an MCTR
is reported in Reference 2. The aeroelastic analyses were made at a wind
speed of 120 knots and at a tip speed of 613 fps. The MCTR was analyzed at
this wind speed for three levels of vertical force, 11,500 1bs, 12,500 1bs,
and 13,500 1bs, and sufficient propulsive force to fly a helicopter with an
equivalent flat-plate drag area of 20 square feet. As noted previously, the
wind tunnel tests were conducted at wind speeds of 80 and 120 knots, and at
tip speeds of 586 fps. Because of the nature of wind tunnel testing, the MCTR
was tested at many levels of .ertical force and propulsive force, which are
comparable to the substantiating aercelastic analyses previously conducted.
The operating conditions of Reference 2 do not differ significantly from the
MCTR technology demonstrator reported herein so that a direct comparison can
be made from that study to this wind tunnel test program by interpolation of
the regression model equations derived from test data.

In the testing, higher harmonic terms of servo flap deflection are found to be
most important in the flatwise bending moment, transmission vertical vibratory
load and pitch link vibratory joad equations. Blade flatwise bending moments
and root actuator control loads are greatly reduced by introducing higher har-
monic servo flap controls at various flight conditions.
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Table XIII shows the comparison between test and analysis. It is seen from
this table that the analysis predicted the required pitch horn control reason-
ably well when compared with the wind tunnel. Prediction of rotor horsepower
by 6F aeroelastic program analysis was 3% to 6% lower than the measure from
wind tunnel test due to optimistic spar drag coefficient inputs. The analysis
also compares well with performance. The analytical program used to obtain
the regression equations in the design stace was perfectly adequate to predict
trends of the rotor.

18



CONCLUSIONS

The objectives of the full-scale multicyclic controllable twist rotor wind
tunnel test program were to generate information that would rclate to predic-

tions and to provide a data base for advancing the state-of-the-art.

Defined

goals were specified at the outset and were used as a checklist to measure the
success of the test results:

1.

The MCTR
1.

Demonstrate the MCTR principle through the use of existing
CTR hardware

Establish functional relationships between rotor performance,
blade vibratory loads, and control settings

Provide a firm data base for future tests over an expanded
test envelope

Correlate the test results with predictions
Compare the test results with previously CTR-tested rotors.
wind tunnel test program conclusions are summarized as follows:

Multicyclic control produced significant reductions in blade
flatwise bending moments and blade root actuator control
loads at various forward flight conditions.

The existing test hardware represents a satisfactory config-
uration for demonstrating MCTR technology and defining a
data base for additional wind-tunnel testing.

Functional relationships have been generated between rotor
performance, blade vibratory loads, and dual-control settings.

The regression model improved correlation coefficients by
introducing CLR and CXR terms into model equations. The rotor
propulsive coefficients are predominant in horsepower (HP) and
rotor torque coefficient (CQ ) equations.

0

The servo flap collective term is also a major influencing
factor in horsepower (HP) and rotor torque coefficient (CQ ) in

0
models a-1 and b-1. With only 60 one term existing, the multiple

correlation coefficient can do 62.5% or better in horsepower
and rotor torque coefficent equations.

Higher harmonic terms of servo flap deflection are found to be

most pronounced in modifying the flatwise benc.ng moment (BMF),
transmission vertical vibration (TRVT) and pitch link vibratory
load (PLV).
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Figure 1. MCTR in 40 x 80-foot Wind Tunnel.
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Figure 2. MCTR Blade Strain Gage Locations.
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Locations A, H, F and G
each contain three (3!
directional accelerometers:
vertical, lateral and
longitudinal.

Figure 3.

Locations B, C, D and E
each contain two (2)
directional accelerometers:
vertical and lateral.

Accelerometer Locations.
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TABLE I. MCTR WIND TUNNSL TEST PARAMETERS

INDEPENDENT VARIABLES

Servo Flap Deflections (#4 Blade)

%

6lc
1s
2c
2s
3c
3s
4c

)
4s
Pitch Horn Collective, 0, (deg.)

Rotor Shaft Angle, o (deg.)
Velocity of Wind, (knots)

Rotor Thrust Coefficient, CLR/o
Rotor X Force Coefficient, CXR/O

Gy O O O O On

DEPENDENT VARIABLES

Flatwise Bending Monent, 1/2 peak-to-peak,
@ Station 283, #4 Blade

Horsepower, mean

Transmission Vertical Accelerometer,
1/2 peak-to-peak

Transmission Vertical Accelerometer,
4/rev magnitude

Pitch Link Load
Pitch Link Load Vibration, 1/2 peak-to-peak
Rotor Torque Coefficient, CQ /o x 100

0

OTHER NOMENCLATURE

Test Run Number
Test Point Number

(COMPUTER CODE)

(D0 )
(D1C)
(D1S)
(D2C)
(D2S)
(D3C)
(D3S)
(D4C)
(D4s)
(THETA)
(ALPHA)
(VEL)
(CLR)
(CXR)

UNITS

(BMF) in.-1b
(HP ) -

(TRVT) g

4/R) g
PLL) 1bs
PLV) 1bs
€Q0) -

P T
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TABLE IIT. LIST OF MCTR WIND TUNNEL TEST DATA

oo o1c 'R $3 oa2¢ D2s 03l 035 0o 045 anF PLY ne TRVT —&/R CLR xi wo VEL ALPYA INETA RLn-PT
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TT2.66-2,130 1,665 0,202 V.13 1.669-1.899 0.259 1.142 2681, 265.- 933, 0.075 0.040 .0T46¢ 00814 190 ——QU———f—— @—— 24~ 3 -
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~3eJ4 1e038-Ca4bt-Uohtt 12430 0.CHT-Coliv 0. 1BA-1.015 3833. 137, 1% . 0.081 0.US0 G883 UIlTs ~2ul (17 -8 1¢ 2%-11
T =hee1=0.2208-0.2412-3.353-1.159 U503 2,039 00992 1.CEY L7%4. 219, - 158, 04101 0.06% 0902 .0i3U% o198 —— QU s — 30— 26-3C -
=4.53 0,099 1.6419-0.668 1. 188 2.62] 0.353-U.C41-0.765 2277, 335, 719. 0.094 0.072 U889 01299 .222 80 -8 40 26-31
=661 1e9%8 1.571-0.143-0.359 0.717 2.74% 0.118-1.560 3383. 238, 240. 0.050 0.015 0971 .0le2¢ «219 v -8 10 26-32
TTe0e53-1.839 2.1SC-C.567-0.221 1.1UT-2.619 1.074-0.781 5241, - 4lle 915+ 04170 0.151 0992 .0Le9e 255 v 8§ — 36— 26~33 -
~8418-00131-0.012 Lelu0-1.007-1-302 Jat56—0,458 U116 3763, 205, %ol. 0.127 0.106 1095 ul6d9 .éel s) -8 10 26-34
=896 ULLTT 1oGit 1ac27-14202-1eC57Ua$57-Ua%30 0.38S 49 e 275. 37%e 0.129 U106 1098 0ILGL o268 su -8 10 26-3%

T =3022 1.753-0.326-0.851 1,054 0,031 J.Uu% U.259-1.0172 46lJ. 2060 95%. 0,093 0.073 L1065 01557 415> () *—12 — 25-12
=3.29-0.130 1.616 1.015-0.740 2.552 C.546~0.363 0,255 3197, 271, 979, 0.086 0.051 1086 .0L579 .25 80 -8 12 2%-1)
=60.57-1.808 2.371-0.UB%5- 1080 0.557-0Le$36 VaC39-0.T7L06 5689, 3501. IN24e 0.195 V. 146 <1106 Ol720 276 (1] -8 12 260~ 3

=876 1,967 2,110 1.69) 0,421 0.357 0.C48 4,455 Q.867 4C23. - 252+ 10D24e 0.081 0.025 .1195 .Ol8l? -.<91 W0 —12— 26~ 2 —
3,67 0.529 1.88%-0.723 lald% Ced2l 2.643 0. 098-0.130 35212 39, 10260 0.100 0.006 1108 01333 .329 89 -8 2 26~ 3
~8e96~02330-0.218 1,258-0.%01 1.421 0.3u% 0.421 0.961 4113, 368. 1026. 0,165 0.C55 1203 01733 <315 8y -8 12 26~ &

= =4.36 0.017-0.358 0.901-0.937 0.482 2.3951.031 0.982 2407, 148, %27, 0.11) U.07% .1103 01650 o<ud 80 ——=0 - — 12 — 26~3¢ -
~4e69-14831 1.£626-C.682 1.191 (o450 2.592 1.395-0.314 3496, 363. 968. 0.107 0.054 1080 .0lu68 .260 [ D] -8 12 26~-33

=6¢52 1.567-0.200 0.018 0.091 1.347 0.270 1.124-0.318 9220. 249« 1021 0.139 0.09% 1171 01737 .238 80 -8 12 2038
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TABLE III. LIST OF MCTR WIND TUNNEL TEST DATA (continued)

co DicC o1s ca¢c 02s u3c V3S D4&C DéS

=7.26 1.828 2.290-0.228-1.212 1.33} C.430-0.127-0.216
T=3.48-2.260 C.(IM~0.791 1.025 -1.240 0. 317 0.236 0.347
=572 1.616 1.751~1.239-0.254 1.496 0.3u50 0.214-1.130
=Te91 1.10%-1.S4E-0.627-2.362-2.386 0.$94 0.455 1.021
—=T.99 1.069-2.C5% 1aU66-0.843-1at57- leBel-1.145-1.035
=8.16 1.608 2,173 1.129-1.153~1.167 0.6U2 0.331-1.22€
=7.84-2.882~1.%11 2.733 0.622-1.628~1.819 0.236-0.967
T3.65% 1.631-0.327 2.437 0.882 1,318 0-2>8-0.23% Q.1€2
=3.40~2.400-1.46¢ 0.123-0.034-2.116 1 Ud2-1.29¢-0.727
=520 1.262-1.79C-0.948-2.339-0.738-0.943 1.285-0.16%
T592-2.514=1.7¢0 1.196-0.978~0.732-U.8b50.621 0.235
=268 2,015 1,047 1.131-0.1076 1.515-1.476 1.C32-0.0%3
<496 0.310-Coll1-0a093-14229-042C5 2e7cY Ue435~1.162
——T7.27 2.136-2.179-C.B69 1.U33 1.131-1.260-0.055 1.113
=739 0,443 1,873 1.5649 0.622-0.703-1.049-0. 079 1.068
=7.35-00352-04216 2725 1.31i O.thd Ue3B1-0.154~Co2 71
T3.12 1.784-UE77-0.403-1.17¢6 l.lal-2.%38 U.699 0.906
~2e79-0.589~1.5€5-0334~2.613-2.35% 0.685 0.¢560-0.553
=159 5.792-0.434-0.06% 0.216 0.C63 0.102-0.122-0.184
T=T.91 6.230-Co047-1.582 1.952-0.982 0.3b2-1.3682-0.628
=311 1.755-C.4¢8 0.113 04007 CoC48 UaCI6~U.103-0.CH5
=535 1760-C.l6l Vo168 CuCU9 0.059 U.U9i~0e185-C.LG9
= ~3428 1.633-0.326 2.128-2.160 0.C67 0.097-0.242-0.008
=735 1e831-0.120 2.2719-2.203 U.002 9.105~0.271-0.00S
=5.81 1.727-C.218 2.196-2.176 1.276-0.193~0.275-0.10¢
—=&e30 1.824-C.343 C.16C 0.028 C.C26 0.086~0.127-0.08E3
=5.59 1.875 04599 £.247-2.126 1.273-0.22% U.T19 0.242
=560 1.853-C.365 2.392-2.03S 1.249 0268 0.731 0.21%
T=4.45-0. 7606 CeB61 2.291-2.(31 0.853-Co 196 0.723 (0.395
=8.38-0.805 €.907 2.230-2.116-1.183 C.440 0.€62 0.457
=6.61-0.733 1,162 2.404-2.1791.i8% Ca64J 0.588 C.e26
“=640:3-0.797 1.C77 3.341) U.U37-1.208 U.371 ue6Tl6 0.202
~THU-0T1Y 1.2C2 2.423 0.033-1.20U C.416 0.€97 0.20%
T6.06~0.752 1.C5H 2,364 B.0Y1-1.262 Ue 385 0.165 C.T739
=6.10-2.576 1.527 2,412 0.100-0.189 De4l2 0.078 G. 759
=3.70 2.014-0.346 0.136-0.000 0.040 0.079-0.30%~0.09%
=571 1.963-0.13C 0.1565-0.020 0.063 0.098~0.209-0.087
T=6.60 2,123-0.135 0.267-0.039 0.032 0.112-0.217-0.093
“6.09 2.006~Cua222 14758-C.128 Cu.C4U D.C5>7-0.232-0.C68
~0et4 2,078-C.321 1.810-U.82) 0.5%d0-Ce192-0.235-0.161
T=6e83 2.007-C.240 1.935-0.71% 0.628-0.104 U.582 C.4G52
~5.24~0.739-0.5666 1.d8B8-0.669 0.646-0.1064 2.545 €.605
=5.16-0.856-C.5¢R 1.806-0.837-1.591 0.825 0447 0.570
—=5.21~2.571-C.224 1.852-0.851-1.567 C.633 U.362 0.542
=5.19-2,413-0.217 1159 1.349-1.613 0.857 Ue591 04657
=5036-0.633-0.%58 0.%70~1.739-1.556 C.I74 0.45¢ 0.644
—=5.34-0.458~0.5B¢ 0.242 0.010 CodUl 0.107-0.243-Co097
=59e28~0+532-Ce723 14138 1,423 12632 GaT43-0.169 1.C%9
~5025-0.594~C.5¢0 1.092 1.342-1.683 0.813 0.724-0.288
T=3e2970.61 102571 133 1.8%9~1.675 0651 Ua786~0.289
~5.32-0.630-0.578 1.327 1.759-2.262 1.CI7 0. 788-0.255
=5.34-0.60608-0.548 1.308 1.797-2.2%1 1,098 1.229-C.3 171
—=5.36=0.670-Cab10 14462 1.750~2.245 04524 1.180-0,4%3
=5e37-0571-0.€64 14341 1.877-0s94% 2.3065 1.319-0.392
~5438-0.423-0.859 1.404 1.924 0.109 2.573 1.418-0.4312

L1 J

4572,
2649,—-
3303,
28217,
Si4e8.
4071,
4573,
27182.-
$434,
“l26.
40801,
3592.
2850.
3el8. -
3¢€39.
“415%.
2307, -
37152,
3045«
6362, -
3a11.
4180,
418u. -
4sT2.
4455,
3¢014 -
3903,
3 €04,
3809,
3602,
4160.
4C52.
469,
3823,
© 393,
3229.
4165
4683,
4212.
47199,
3939.
3512,
3685,
3519,
4C8l.
317%.
4947,
4Ce7,
3es2.
4226, -
4241,
4l4y.
5133,
37182,
4451,

PLY

302.
229,
262,
25,
290 .
221.
288,
2713,
315.
294 .
243,
Y4,
193,
2964
349,
335,
29%.
219,
286,

“65. -

219,
270,
334,
3r3.
372.
229.
3rse.
351.
318,
2%,
L 173 1N
329,
318,
2917,
3vl.
228,
280,
330.
354,
349,
33,
Jil.
2rm.
328,
308,
345,
363,
3e2.
288,

29, -

3y,
302,
304,
359.
44l .

ne

1024,
- 89%.
930,
1026,
1024,
1024,
1024,
1024,
1024.
1024a
1026,
LLL,
660
7524
T8,
Yol
$T5a
587.
738.
655,
t87.
Th4.
—t23.

940.

871,
- 126,

Beb,

871,

bi1l.

mn.

907,
h ' ' XY
915,
YuL .
G26.
Tabe
b08.
869.
9uY.
Yulbe
894.
847,
cil.
851.
839.
6ll.
8li.
802.
607,
8%,
HUS5.
6358,
-bid.
813.
83v.

Tavy

0.133
0.068
0.128
0.066
0,199
d.136
0.206
0.066
0.191
0.144
O.141
0.188
0.G617
0.122
0.lo0l
0. 167
0.155
0.085%
0.102
0.318
0.109
D.181
C.l67
0.210
0.i78
Q.138
0.138
0.197
0.160
0.162
0.215
0,203
0,241
0.183
0.236
0.101
0. 169
0.213
0,146
Q.89
Q.125
0.129
O.i78
Q0.205
0. L90
0. 243
0.231
o.207
0.171
0.183
J. 199
0.183
0.248
0.112
0.172

—-—&/R

Q.07
0.036
0.063
3. 068
0.17¢
0. 100
0.166
0.035
V. 162
0.12%
0.124
0.13)
0.053
0.087
0. 136
3. 106
0.uv%6
0.067
0,060
0. 236
0. 065
Q.135
0.130
0.152
Ja. 139
0.JR0
g.127
0.123
0. 108
0. 109
9.161
d.13)
0.152
0.124
0.169
0.063
0. 132
J. 165
G 110
0.129
0.090
0.088
0.129
0.155
0.145
0. 1064
Ja 162
0. 104
0. 128
0.135
0. 145
0. 127
0. 181
0,027
C.074

LR

-11835
0885
«0921
<1035
«1051
<1043
«1083
«1023
<1062
«1055
1124
20466
<0029
.0702
-0709
0714
«0531
-0738
.0728
<0174
0704
0802
~Ub23
-0e96
~0880
-0860
0832
0834
0802
~0T178
<0848
«0858
~UBTS
OBLHE
+0459
«J706
+0803
.0807
<0870
3863
~0863
«0816
«0799
<0793
0761
+0797
2769
3772
<0769
-0737
SLUIT4
1789
<0759
<0807
~0784

(413

«0le97
01545~
«01a42
«0isly
<0 lave
-01l808
01956
<0182l
«0i9%d
«Ulved
«02s05
«0usl?
«J30uUU
«00al?
<0070
«00251
«00397
«007>7
<0012
« 0032
«UUBLS
+03 796
+0Q0706%
« G090y
«0031%
« 00316
« 00287
«0UY ie
«VUlue
- 00780
« 00997
e 00943
«C0ivul
«004% 20
« 009
« 0074
«00769
« 09860
«00371
«00u 75
« 005082
« 00439
« 0vsly
+0030d
«00u2¢
«00zuy
«0UauUY
«00818
«00841
» 003uS
+003veL
« 00799
o 00sue
«008uS
«00a07

wo VEL ALPHA THETA RLM-PY
«27¢ [ D] -8 12 301
«219 W ——40—10 — 30~ 2
«236 al -10 10 30~ 3
ecbl v ~ju 10 3~ &
¢ 54— -gu-—=30 — 0 - 30~ S
.43 W -0 10 30~ &
271 80 -10 10 30- 7
«239 s ——=iju—§2— 30~ @
«23d [ 1] ~-10 12 30 s
«l%d LT -iv 12 3010
269 d0-—=10——12 - 3C-11
.06 120 - [ ] 20- 1
«-<10 1¢0 -6 [ ] 20~ 2
e3d— 120 — =6 —— 8 --~ 20~ 3
o317 0 -8 [ ] 2C- &
358 [P -6 ) 20- $
«dd¥ - Y ——=p—— 8 -~ 23~ @
ol &V - [ ] PL g |
«321 220 -6 ° 20-23
«352—— )20 66— 11 — 26-28¢
PPLTY 429 -0 30 1~ 3
«308 120 -8 10 18- 2
a9 j2¢ 6 — 10— - 186~ 3
e363 120 -8 10 16—~ &
«355 120 -6 10 16~ 3
«355 — 20 6—80—- 16~ ¢
353 120 -6 10 16~ 7
352 120 ~b 10 1e- ¢
e326 20— =6 — 10 - 16~ @

o312 0 -6 10 16-1C
o367 120 -® 13 16-11
035 — 120 ——wb——)0-—- 36~)2
«37l 9 -6 10 16-13
<337 | P4Y -6 10 1614
e -— §2Y-——=6 - - 30 - 16~1%
« 30V 120 -6 10 - 1
313 420 -6 10 - 2
«338—120 ®—— 10— -87- 3
.43 120 -6 10 n- &
«351 120 -6 10 -

¢

7

)

9

33 — 420 —=6 — 30— P~

<338 120 -6 10 -

<308 120 -6 10 17-

«335—— 12V ¢ —-10 — 1~

<338 120 -8 10 1-i¢
«322 120 -6 - 10 -
«330— v e —-10 — 11-12
o312 120 -6 10 17-12
«319 120 -6 10 17-16
el ——1420 ®—-30 - A¥-19%
313 120 -6 10 17-18
<3ie v -6 10 17-1?
0338 je¥ ——tg ~— 0 —~ L P~10
<318 120 -6 10 17-19
336 120 -6 10 11-2¢
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TABLE TIl. LIST OF MCTR WIND TUNNEL TEST DATA (continued)

co D1C o1s c2¢ b2s D3C 335 D&C De S L1 4 LY “"e TRYT —4/R CLR G <o VEL ALPMA THETA RLM-P3

=3.36-0.375-0.946 1.452 1.970 1.002 2.360 1.448-0.457 5098. S18, 849, 0.228 D.130 .OF76 .00WUS 365 120 -6 (1] 17-28
T=5.65-0.652-0.75¢ 1.963 1.333-0.€97 2.381 1.321-C.47 3738, 339, @13, 0-113 0.0 0817 .QU8VL o3l — 120 ——— —- 10— 10-22--
=5.44-0.637-0.674 0.393 2,198-0.909 2.400 1.301-0.355 3376, 30L2. 812, 0.1U6 0.033 0776 .00540 -7 120 -6 10 17-22
~3.R6 2,0U00-C.315 00149 0.U43 0.C4¢ Coli3~0.104-C 133 35% . 236. Tole 0.137 0,080 0765 0UJUE o< 120 - 10 i~ 1
T=3.91 24092702252 0.143 0,088 CeC48 ColiV~0.116-0.136 3693, 2645, 738, 0.136 0.086 0764 +UUTVS e 1'7 14— — 10— 18~ 2 -

=519 2.137-C.101 C.193 0,067 0.C45 0.1¢6-0,141-C.158 6118, 256. 809, 0.i71 0. 309 .0806¢ 00803 <304 10 - 1] 1= 3
~5¢19 2.127-C4143 0.196 0.042 0,045 0.1¢4°0.151-C. 158 4337, 280, B800. 0.168 0.119 .080% 00790 395 10 -6 18 1- &
T=4.08 2.004-0.592 2.037-0.253 C.013 U.U46~0.154-0.162 367%. 324, 784, 0.130 0,073 .OT7S 0074l o306 —i20——=6—-§0 — JO= § —
=542 2.030-C.345 2.C81-0.270 0.C48 0.067-0.225-0.143 4182, 386. 829. Uol?3 0.110 -006) oCOTBG <352 ey -6 i 1Y o}
~4238 2.203-0.£23 (.066-0.312 1,509 Uelos 0.C39-0.417 44C3. &13. 690 0.177 0.114 5010 4OVt <358 2v -6 10 18- 7
T =%e9d 2.283-U.608 1.096 ULU30 1.590-0a 096 0.(55-0.412 4323, 429, £58. V.18 U 122 .UBUO 00794 <0< — Y -——=6— 10 - )08~ ®

~6e97 2.150-Co€¢00 2.149 0,191 1.65%-0.195-0.C02 1.658 360U. 3b6l. BGU. V.lol 0.082 0820 J08uL o397 v -6 10 18- 9

~eeT6-2.295-24896 2.296 0.263 12237 1.203-0.13C 1.839 2912, 322. 697. 0.133 0.059 .0858 .00vue «ds0 120 -6 10 10-30

%92 2.233-0.445 2,091 0,167 1o1t! 1.206-0,072 1.632 4103.- 373, 836, U.169 0.095 0807 «00013 31 —120——6— 30 —~ 10~} -~
“8.9% 2.181-C.275 2.061 0.002 1.C34 1.26% 0.402-0.130 3387, 348, 823, U.139 0.061 0RIS Q0794 o309 20 -& 10 18-12
~4.69 2.0381-0.4%6 1.575-0,307 1.460-0.2606 0.UT3-0.360 4465, 430, 863, 0.181 0.113 0813 00771 .3>9 023 -6 10 1813

T e4.72 2.U10-0.342 2.0C3 0.U23 0,023 0.055-Ca139-0.135 3778, 340. 61%e D.139 0,077 0639 03890 o313 — 420 ——=6 — 30 -- 40-46& —

%79 2.116-C.128 0,198 0,039 0.065 C.111-0.156-0.122 37265, 259, 786, 0.168 D.112 0731 00807 -<98 12 -6 10 10-1%
~4.03 1.990-C.35% 2.154-04370 C.CCU 0.004-0.197-0.129 3830, 342. #l15. 0.156 0.099 0813 00806 o314 140 -4 10 18-1¢
T=T.23 2.176~C.C2 2.2350.400 0.C71 0.0t6-(€.259-0.169 4875, @Jl. 979. 0.212 0.145 .0978 .00V<L o366 — 420 66— 10—— 3020 —
=Tel% 24030-2.251 20330-0.370 Colll Lod23=0e331-Call9 4898, 335, 953. 0.216 0.140 0693 00939 o306 120 -6 10 1030
=5.85 0.090-2.173 2.337 U.031 0.140 0.4%0~0.262-0.3U5 4699, 332, 922, 0,239 0.143 .UBT2 .0IILY <3es 120 -6 10 10-19
T5e81 0.084-2.203 2.196-0.092 0.16% 0.256-0.361-C.265 4705, 342.- 928, 0.207 0.135 0676 00528 2325 ~— LU — = — §0 -~ 38~28 —
~5.9% 0.233-2.324 9,930 2.865-0.C12 0.183-0.201-0.150 522). 3)e. 89l. 0.213 0.133% 0829 00941 .32 20 -6 10 -1
“6.02 2.060-2.5E0 C.852 2.950~-0.140 0.087-0.C88-0.135 275 300. 863 0.160 0.087 .0842 .00372 <336 120 -8 10 1022
T=6.03 1.967-2.515 0.673 2.125-0.U78 0.132-0.161-Cal33 4336, 266, 856, 0.178 0021 .08%6 003)3 o6& 0—=e — 10—} 8~23 —
=50 1.B74-2.0€9 2.178-0.411 U116 0.034-0.29%-0.181 4610, 305 582, 0.190 0,127 L0863 00585 <265 tev -8 10 18-24
=5.84 2,017-0.241 2.116-0,676 Colld 0.UEI-U.19C-0.081 &350, 351, 876, 0.182 0.117 .0RGT .GI3d5 o361 10 -6 10 10-23
TT0.09 2.206-C.668 0.63C 2,018 0.L07 0.136-0.086-0.159 4433, 315, 869, 0,182 0.101 UB2 < 0084Y o268 — 4<0 ¢ — 16— 10-2¢ -
~5.7% 0.600-2.056 0.201 0.098 0.017 0.U64~0.146-0.20U 359. 310. &48., 0.206 0.151 <0823 00794 L3646 120 -6 16 | § o

=5.63 0.627-2.128 0.251 0,124-0.65C 2.007-0.214-0.149 3254, 142. 823, 0.099 G.073 .0838 .00844 .08 420 - 10 19
T=5.69 0.557-0.1¢6 0.192 0.012-C.690 ¢.101-0.183~0.158 3250, - 206.- B22. 0.103 U078 U831 .005LD o303 ~— 420 ———@ —— §0 — § 9=
=579 0.638-0.423 C.408 2.C21~-0.740 2.U%2-0.117-0,007 3229. 330. u29. 0.078 0.035 LUBIT .30uul osl2 120 -t 10 18-
=52.69 04573 0.C12-Col09-1.51(- 0,083 2.033-0.153-0.266 3442, 228, 829. 0.151 0. 402 UR0) JObsu <3u9 12u -6 10 13 o
T=S5el9 04205 0.C25 2.478-0.283-1.963 0.951-0.221-0.20% 4223e  299. 835, 0.221 0.177 0863 .GO3uB o326 — 420 — =6 — 30 - 18-
~5.78 0.313-0.01C 2.221-0.321-2.924 0.199-U.209-0.267 4837, 328, 846, 0,260 0.218 0833 .00836 .33) 420 -6 10 -
~5.57 1.920-2.15% 2.15%1-0.053 0.(5¢ 0.079-0.164-0.211 3815, 269. 839. 0.150 0.09¢ .0846 .00798 «330 1¢0 -6 10 19
TT0.61 0,256-2.024 2.286-0.C14 0,100 0.197-0.188-0,324 4455, - 263, 915. U.198 0.134 .0873 00899 345 ~— J20———@-~— 10 — [P § —
=—6.02 0.556~2.272 04333 2.153-0.064 C.142-0.167-C.1%2 4879, 321. 8681, 0.227 0.158 .0316 o 0001¢ 303 12u -® 10 19-1¢
=3.37 0.2%1-C.223 0.123 G.U3B 0.C2% 0.G66B8-0.074-0.109 30l5. 21%e T3 D.126 0.092 0764 o0CalY <87 " -6 10 1911
T =3.35 1.931-C.1 13 C.lC2 0061 0.015 V. UY8-U.C6T-0.096 3C98. 2hke 590, D106 0.065 0730 .CULLS odvl —— J<O ~———@ -~ - 20 19-412
=5.62 1.983 C.110 0.180 0.055 0.CO7 0.114-0G.181~-0.1107 &4C1B8, 250. 792. D.i63 0.118 0831 .0UI76 .305 193] -6 10 1%-13
=3.46 14956 1,525 G114 0.013-C.021 Cod%2-CaCP6~0.128 3i47. 257. 690, D.106 0.067 0702 .006e? <293 0 -6 10 1%-1e
T=3.39 1.909-0.274-0.093~1.860 0.027 0.127-0.C93-0.157 3392, 239. 899 0.132 C.102 0742 .0063% 290 — 120 ——6-— 40 —~- 194 -
~3.62 2.137-0.301-1.629 04223 2.097-C.C40-0,100-0.1%% 32C7, 257, ¢8le Dolll 0.084 0706 o00uce o281 140 -6 11} 18-t
~3.51 2.097-0.595 0.226 2.C01~0.C04 0.096-0,025-0,055 2818, 392. 069%. 0084 0,033 0710 00612 .29 29 -6 10 15-1?
T=3.51 1857 Cob44 2.015-U.105-0.007 0.016-0.C91-0.140 2509, 242. 726, 0,101 G.055 0796 «00643 +2¢® —— 120 —=6—— §8 - B9~18
~3.49 2.013-0.326 0.132-0.017-2.CC5 Je395-04427-0.0¢2 3700. 251, &8T. 0.157 0.126 L0731 .000%6 272 12v -6 10 1919

LXK R KXY g

=% % 2.116~0.4€0 0.019 0.031 0.350 2.U5«-0.,C85-0.C81 2702. 248. 6R78. 0,068 0.027 0732 000351 .28l 120 -¢ 6 . 1520
== . 24082-0.%17 0.070 0.09% 2.032-0.319-0.C40-0.127 3036, 360, -728¢ 0.160 0.C97 0730 00046 .326 — 124 ——=@ —~ 10— 19-21 -
- - e925-066%7 Col¥6 0.001-0.234-1.958-U.C1-3.126 451U, 32le 725. U197 0.160 OT18 00036 o323 o -& ic 19-22
~3eve c.071-0.462 Co105 0.103-0.040-0.U20-0.C75 2,127 3056, 250, 635, 0,091 0.061 0733 00u%6 o275 (4] -® 10 19-23

" =356 2.027-0.515 0.175 0.002 0.044 C.129 2.190-0.263 4815, - 302, 109. 0.197 0.139 .0732 .00015 308 —— J2i' —=¢— — 10 — 19-2¢ -
=3.66 1.927-C.426 0.054-0.104 0.103 0.060-0.321-2.399 5895, 335%. T2ue (el6) 0.225 0726 0020 o333 120 -6 10 19-2%
1e922-0.468 0.033 0.005 0.085%0,027-2.402-0.006 5251 300. 710. Go219 0.i80 <0720 .-N0663 300 ko -6 10 19-2¢
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TABLE TII.

LIST OF MCTR

WIND TUNNEL TEST

DATA (continued)

co o1c 01s £2¢ v2s 03C L3S DaC Ds S

=3,10-1,651-2,291-0.754 0.825 0.34)-0.028-1.132 0.129

LT3 11-1.222 1,656 (.845 1.3590-1.326 0.310-0.307 C.e92

~5.37 2.210-(.149-0.026-1.300 0.C57 0.093-1.128 0.217
=5.19-1.560~2.0€2-0.965-0.221-0.281 2.809 U.C65 1.1G2
Te=5.65-1.873 1,862 0.257-C.450-0.817 0.2%50-0.126~0.115
=T.97 24678 2.C32-0.567-0.387-0.2:9 0,462 0.959 0.143
=299 12515-2.4059-0.889-2.422-1.139 V.066 0.320 1-.173

T =5.19-0. 169-0. 368 1.656 0.999 2.763 0.42U-0.993 0.723
“7.51 2.398-0.4¢8 1.706 0.332 0.057 C.liv 1.C06-C.%26
~5.U6 0,840 1.400-1.5017 1.675-2.4206 1340 U276 1,206

T =Ted® 2.369 0.160-1.026 2.134-1.C31 Usone-1.267-0.3%0
=773 0Le209-0.495-1.625 1.563-1.071 0a369%1.256-0.461
=T.95 6.293-0.441-1.584 1.955-0.961 0.39%1.415-0.527
~——=8.19 2.293 0.016 0.347 0.073 0.092 0.1lo8-0e149-0.27%
=194 2.531-C.309-0.776 2.5B1-C.635-1.077 0.8%3 0.312
<8429 La219-Cab92-Ce953 3115-0.6%91a3uy LoC1T 00352
——b8.U3 5.685-0.659-0.308 1.6%9-0.271-0.479 U.343-0.053
~Te?? 5.708-C.4669 0.680-2.364 1.186 l.241-1,002-0, 017
~0.02 S5, 0¢E-C.7(8-0.022 £.355 0.4510.041-0.%2C-0.080
—=0.03 2.414-C.166 0,363 U.139 O.i/Y U.03/-0.195-0.117
=3.63-2.3719-C.517 €.287 0,041 O.133 0.056¢-C.206-0.141
=3.41-2.470-C.52:-U0. 761 2.393-0.43%0.912 U546 0.289
=3.29-2.370 C.853 1.270-2.364 0.677 L.0+¥V.668-0.610
~3.32-2.342 (.851 C.827-1.1%01 0.38Y Cutsn-0.814-0G.235
—3.32-2.4069 C. 781 1.0050-0.911 0,386 Coec3-vaa18-0.2¢83
—=3.26-2.315 0.6¢C 0.378-1.259 0.432 0.532-0.430-0.239
=3.91-2.%95 0.78% 1.316-1.011 04323 J.629-0.437-0.253
=3.83 3.622-03.37 2,183 0.190 0.027 0.035-0.C28-C.129

T =3.04=0.216~2.7€9 2.676 0.796-0.5150.722-1.127 C.5645
~8.20 0,271 1.6C1-0.407-0.297-0.251 0.148-0.229-0.32%
~B.14 2,259-2,200 G.095-0.638 0.063 U.006 0.119-0.455
— =8.25 2.047-2.175 0.008-1.130 0.0Et-0U. 021 0.196-0.629
=926 1a409-Cabt2 1.255-Ge505 037 > Co338-U.t53-0.112
=9.28 1.535-C.3%1 1.370-0.711-C.U 3 C.0lu 3.193-C.592

= =9.55 1,476 1.5%€4 Cod46-0.1C3-1.2 5 U.d9J Vabl17-0.C20
~11e21 2.525~-(0c05~U.796 0.773-0.U06 0.U90-0.262 Q. 1598
-3.1% 0.203~C.702~1,381 1.88% 1.090-2.270 0.515 1.028
— =~3,01 1.803-0.763-0.333-1.188 1.175¢.40> U.683 0.920
~10e92 20422 1,213 1.639 0.852 2.3%3 1.110-1a045 0,227
“3.03 1.593-2.31C 1.134~04813-0.9T4-bodbe Va357-1.082
=T.19-lecdS 0.02e-1.420-00v0l-Locty Lonwtl—UeS26C.852
~10.16 24302 1.235¢-2.037 1.532 C.107-0.033-0.113-0.940
“l0.12 0.208~2.3C3 1.174-0.65]1 1.253 C.odl-1.13% 0.296
—=2.54 1.852-2.,207-0.920 0.934 0,341-0.17-1.023 0.3t
«2.59 2.013 1.173-0.148-0.103-0.208 2.44%-0.C03-0.133
~4e99 1997 1e822 0.226-0.110-2.929-4.279-U.C3T Q. C3S

— =132 2.377-1.506-1.135-0.500-1.1140 U.l46 V. 112-0.568
“7.31 0,121 0.110 1.3230.926~1.105 Co353 U.215-0.640
=527 2.0+3-0.557-0.893 1.079-0.91U-C.bo4-1.3550.53%
T3 2.229-0.156 1.115-1.33) 0.45e O.leu J3.515 0.978
~7.51 0.9%9 3.t:3-0.731 1.030 0.7U% 2.8136-0.C081-0.718
“T.57-1.463 2.0(t4 0.405-0.211 94,132 J.1J0-0.240 0.01¢
~=B8e35 1.871-2.216-0.130-1.296-0.592 1.190-0.452-0.4G0
~8.17 0.458-0.455-1.902 1.559 0.0+8-0.C18-0.833-1.303
~8ok1=10903-2240 2,379 1.268-2.412 0.551-1.429 0.213

SPF

3853,
4789,
3ail.
313i.
4523,
5354,
3C00a
3620.
€S9,
5574,
5156,
S8ar.
6209,
4636,
4569,
&“C3r1,
4049,
3804,
3gol.
4613,
3522,
3974,
3sic.
3671
3700.
31718,
ELYS
3317,
Qeb63.
44063,
4024,
4225.
4Cul,
4123,
3S3¢.
4749,
S&cl.
2962,
4077,
3982,
315v.
2852,
2076,
2665,
2649.
§$635,
5352.
4963,
5040,
2500.
2i20.
=732,
271
4373,
4176,

Ly

s,

3.

217,
323.
433,
445,
297.
436,
350.
Shb,
4db.
429.
4Tv.
300.
3n.
3N
3ub.
3J1.
290.

342. -

306,
358,
309.
230 .
3J8.
328.
284,
234,
236,
3.
210.
243,
358,
anz.
335.
355.
438.
314,
Sis.
264,
245.
309.
198,
..
237,
ldo.
3.
329.
3352.
269.
a4
Stbe
218,
340
231.

He

To6,
736.
Tal.
856
vil.
902,
697,
ars.
9sh,
T90.
8J2.
7.
841,
940,
9J9%,.
Evl.
tho.
862.
854,
892.
T54e.
134,
151.
7i8.
1.
135.
3.
127,

- 91%5.

866 .
81r.
86ie
921.
95
[ 318
LTH N
884,
St
1uib.
SEd,
STi.
olil.
703.
52H.
Sib.
e3l.
o6,
.
Loede

Y.

T9de
692
Jo%e
722«
189

TRYS

Q.17
Q. 197
0.192
0.089
0. 262
U.236
O.139
0. 100
O.174
J.306
C.323
0. 296
0.33)
0.248
0.213
0.1%¢
Ve lst
0. 155
O.120
0.223
0.1%0
G173
0.15%3
Vellds
0.137
0.154%
0.130
0.121
v.2190
0.22%
0.180
0.239
0.22J
d.179
0.2%%
0.2%4
0.196
V.55
0.121
0.1%82
0.121
0.112
0.ud8
0.123
0.038
0.230

e 245
0.232
J268
0.u3s
g.u73
9.223
0.193
0.189
0.226

—&/R

.10
0.1
0.139
0.021
0. 197
0.175%
0.0719
0.ud3
Ge 136
0.222
Q. 249
0.232
0.258
0.167
0.147
C.093
0.101
0.107
0.097
0. 149
0.125
0.135
0.136
0.114
0.119
0.122
0.108
0.088
O.l0%
O.1686
0.122
0. 140
0.139
O.136
0.13%
0. 153
0.124
0.392
0.053
0.143
0.U%9
0.082
0.054
0.080
G.0e6
0. 197

<200
0. 186
Ve 223
Qe 069
0,058
V. 81
0.160
0.163
0.182

an

0693
0662
«0784
0787
«073¢
«0804
0725
0818
«0362
06178
«0706
0125
«0722
-0825
~0r787
«J135
~828
~U872
«0843
.0813
-ur1s
20583
«0638
<0696
0716
0817
«072%
0728
<0183
0833
<0883
<0879
0486
«0A62
«J208
<0897
«0895
0787
0423
<0393
<0435
«0403
<0509
<0521
«G691
<0623
<3105
«0750
0% 19
«0692
- 0599
«0%92
<0626
<0602
<0669

CaR

<007 35
« 00089
«0U7 58
«0U0s6 3
« U3V
«0C8e0
<0065
« 0039y
«0Ud2e
« 00732
«007172
«007%0
«007145
«0090e
+ V038>
«0U32)
« 00429
e 004 30
« 00832
« 00399
DUy
«007112
«001%s
« 307 30
-00229
« 00740
«0072u
« 00723
«U0Yue
«QUP 62
00855
« 0094y
X R PRTY
+J0%¢3
«00s93
«0lu2e
«00vue
<0041
QU ebT
« 003>
«0Gboo
« 00% ¢
<0024
+006 iy
e 0G40
00,4
«00333
+ 00747
«J0432
«QU>54
«Quail
<0019
.0C76
«00125
«3093s

CL XX 'R XY VY ]

wo s ALPHA THETA RLM-PD
«30% 120 -8 10 20- &
«292——120——6—— §0 — 20~ 1
« 305 120 -6 10 20- ¢
o323 &0 -e 3 20- 9§
«3ol — lu— =8 — 10 — 20-1¢
« 30> (oL -9 10 20-11
«280 120 -8 10 2 1
el —— 20— —-10 — 2» 2
«333 2v -® 10 2> 3
390 le0 -6 1o 23 6
«338 —— WV & — 10 — 20-2)
139 120 -® 10 26-2¢
-6 o -® 10 2629
«3ob—— 120 ——6— 10— 28~
337 429 -6 10 a8~
«35) 120 - 10 a8~
o309 —— ig0 ¢-— 10 -- 28~
PETS) 140 - 10 s
355 120 -& 10 28~
o308 ——129 o—— 10 — 28
o3l 40 -6 10 28
316 120 -6 10 28~
3261206 — 10 -—28-1C
«340 129 -6 to 2011
<315 120 -6 10 12
«315 —jev ¢— 10 -— 28~13
322 129 -s | T] 28-14
«305 120 -6 1C 28-19
°3cU “— 10 e —Q312 — 23 %
-3l 120 - 12 21- 2
«330 120 -6 12 21- 3
858 — 2V e-—— 12 — ~ 21~ &
oS 129 -0 2 al- &
LY 829 -6 a2 21- 6
e337 —— 29— — 12— 2~ 0V
-l 120 -® 12 - ¢
356 \20 -6 12 E3 o )
3! — 29— — 12 — 23~ 7
237 "0 -8 [ ] 21- 9
o<l | ) -8 [ ] 21-1¢
e11 —— 9 ~— =8 — 8 1=l
o276 129 -8 [} 12-12
<26 120 -8 [} 21-13
233420 e—8 - 22-9
289 (93} -9 ] 22-1¢
292 12 -8 [] 22-11
edud " I =8 -— 8 2-12
e223 29 -8 22-13
«297 2¢ -8 8 23- 9
e3le¢— 1220 ¢ — -8 — 23-1¢
o331 ¢ e [ ] 23-11
<320 120 -8 [ ] 2312
314 — 140 —=8 — 10 - 21—1¢
291 193] -8 10 21-19%
%2 128 -6 10

2118
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TABLE III.

(4] oic "1 33 cac 02$

~2.80-1.836~3,1:2

w5, T1-1.028 $.040-~0.038-2.110
3.3 2.0491

~3.38 0.52) 1.746-0.1"1-2.87¢

=%236 0.6462 2.0:6 (.c2&0.176-2.531
TT=4.95-1.5%3 1.515 2.696 1.U8T-).222

=532 2.673-C.180 0,232 U.034
=529 0.285-0.21% 2.568 1.0%6

T = %,99 G.597-2.000-1.400 1,690,101
=5.12 0.327-2.154 2.50) 1.12%-0.2102
=1eU=0,302-2.113-1,161-0.350 0.C00~0.038-0.468 0.306

T =1e75-0.600-2.270 0.520~0.9-0.688-0.%91-0. 056~0.586
=41V 1.920-2.3%5~2,.778 1,4%4-2.333 1.003-0.133-0.%60
—6226 0,145 1,666 2,014 D767 0uhde= hoUU 0.L45-0.275

=6 3U-1. Tl ULL43-0.772 0.871 0u500~GeS558-CoUS6-0. 582
=6.30 2.379-0.014-1.731 2.08C 2.642 0.54% G.C.T7 G.607
—6.31-1.71)3 C.542-0.321-1.268-2.368 1.00% 0.43) 1.208

0.138-0.116-1,037 0.623

Cotl9 0.C11-0,192-0.C42

0.C06 0.UZ5-VU. 130,182

UeU53 Youi2-0.160-C. 110

0.050 Co.ud8-0.127-0.150

2297 1.127 0.078 L. 47

T =4.21 1.939 1.607-1,037-0.551-C. %499 1.0¥i-0.121-0.076
~%.89 1,895 1.517 Col0%-0.157-Ua%341.01U-U.976~0.907
—T.22-14653 2387 1.6S7 0.509-

— =T7.34 0.206-1.982 1.%38 0.0064~0.093
~T.6l 2,126 C.066 1.321-0.817-2,3%¢
~5.03 0.253-Ca012~0.212-2.366-1.C91

—=5.16 2,254-2.321~0.923 0.971-

6. 211,065 CLERE-D,.052-0.%€4
~2e37-1.836-C.27¢ C.204-0.C01
=470 J.401 M.212 0.U99-0.936

T =0e92 2.616 1.387 0,202~0.021
~6.82 0,698 1.5E€ 0.345-C.(C5
—%.06-1.055-0.025-0.,C%3-1.137

=2.00-1.90€-1.722-0.275-2.259
~2.95 U.lvl 1.9

=3.00 2.0601-0.676 1,309 0.4174

~&o14 0.303-2.125-0.789 0.915-1.327
—==5.87 0,311 0.C950 0.042-1.424-1.330
~bel% 0,300 CLI8Y C.0NL-1.38E-2.010
~6e2% 0.3T46~2.C0q U242 0.104~CadV
—=2.38-1.720-1.522-0.63%0.3117 0.CO0e
“~3.06-1.794-1,950-1.,759 1.731-0.222
~2.27 L1.1846-1.552 1.948 0.797 0.054

1.528-U.855 0.7121-C.5%~1.0%1
=3e25 0.3526-C.3¢0 1,310 0.5V2-C.534
T 3032 Va%65 1.69¢-0.136-1.335~

1.030 0.399-
—=3.00 1.97-C.4%1 1.23¢ 0.355-0.21>

03C wv3s

1.266 2,455

2.500
[ IR %P4
0.099 Ualit-u.%?
Caos06-1.222
Cet19-1.019
1eC2¥-Uel32
0o MU4-0.S76
led54-0. 108

1.037
l.214

1.3¢8

0. 3865
0.0«%
2.129

2,267

Co FID-0a (01

LeC  Des

=10.50 2,423-0.330 0.121 0.042 1.160 0.693 1.059 0.102
TT12479 2,190-2.108 2,762 1.271-1.359 C.4UT C.465~1.386
=12.83 2.620-1.085 0.195 0,122 1.148 C.6>%0.165 0.276
=611 0,624 1.S48 0.G78-1.239 1.220 ¥.015-0. 128 0.434
T=2.95 1. BI0-C 1%0=0.293-2.6250.001-1 006~ 1.1469 0.402
1175 0.287-0.9U9 U.254
=3.10-0.057-1.709-0.33%2.665-2.103 C.3%%

0.416~0.0821
0.C84-~0.445
0.432 t.130
0.%83 0,110
0.229-0.%81
2.571-0.C98-0.153
0.ti2
0.548
0.32¢
0.3C1
¢.203
l.uq8
1.990 0.162-1.293

U 39A-1.319 0.448
2.81%~1.302-0.95¢
C.7ur~0.022 G.400
U.433 1.C50 C.115
2.460 0.€C17 0,487
2.701-C. 115 N.C36
0128 Va&26-1,.:59
2.481-0.¢at 0,23
G. 990 0.369-0.858
0.319-0.C01-0.396
C.e19-0,.026 0.318
C.313
2.T01-1.237-0.954
lo3vu 0.189-0.387
2.459 U.168-0.572
C.395-0.813 0C.343

[ 144

3V¢s.
(321N
3600
371e.
5129,
4C36.
«871.
32C5.
4542,
2805,
2192,
4025,
5236,
6371,
3Ivl9,
3203,
316%.
4 72¢,
2342,
37153,
4330,
LN IS
4429,
14628,
s4d1,
4934,
3432,
3oty
4l82.
€623,
332s.
4219,
2246,
s,
E13:-7.8
3636,
3558,
2632,
1983,
3304,
3650,
3955,
€580,
40S7.
42067,
42106.
3ge2.
3416,
3Q0s7.

Ly He
302, 8.
8. 97,
264, 960,
3%%. 964,
305, 104,
215. Va4,
338. 74a,
-42le 952,
319, vor.
289. 97d.
220. 915,
N. w21,
42, 97l.
«07. 1u26.
356, 102s,
3713, 1v2it.
291, ol
320. 1027,
158 S,
252, - 547,
s, 626,
4s1. Tul.
36s.~ 131,
36se M0,
3u. 45D,
- 304, - $%9,
258+ 196,
307. w52,
385, §92.
406, 1010.
369, 195.
362. ®il.
419, &E53.
397. Lu2?.,
212. 1026
2% . 1004,
291. 836,
2)2. 674.
206, 198,
338, 755.
288. 883,
43, 944,
292. ).
364, 1013,
Iv8e 995,
353, la2r,
- 219+ ~ 998,
297. 1004.
275. 985,

Tavy

O.le0
0.193
0.i10
0.12¢8
Y237
Ua.169
0.1
0151
0.183
0.007
V.00
0e209
0.323
0.219
0.153
0.0r8
0.099
0.1867
0.481
C.l62
a.185
0.1t37
0.191
0.113
0.1483
d.203
O.142
Jelde
v. 83
0.207
G137
0.19%
Q.207
0.223
0.120
0.174
0.142
0.084
0.052
0.175%
0.113
0. 187
G.202
0.218
0.234
0.17¢
0.170
d.071
0.07¢

—&/R

0.1}
0.15%
0.009
0.091
0. lve
Velan
O0.106)
0.057
0.t21
0.018
0.Us$
O.101
0.249
0. 166
0.090
0.046
Q.uls
O.t 16
0.0%6
0.119%
0.151
0,137
V. 152
0.0069
0. 150
0. 181
g.110
C. 14
0. lee
g.l63
0.10%
0.169
0.236
0.197
0.09%8
Q.15%1
0.117
O.ue?
0.035
0.1%2
d.087
0.130
0.162
o.172
Ve lvi
0.128
0. 126
0.05¢
0.037

ae

«0665
~U80S
0788
<0747
+0741
004}
-0650
+069%
<0760
0825
-0817
N1 (Y
0798
0863
«0863
«0893
-0802
-089¢
<0326
0349
<0397
eUe I
«0652
0676
+056¢
<0514
«0523
-9592
-d6us
«0660
<0534
<0569
-0%9¢C
<0686
~0747
Q722
0629
0622
«055%
«05%¢9
-0688
<0881
<0736
057
~0r1s
«0793
«Us9?
0714
-0718

xa

«00v29
«Utus?
«0ll
TN
« OVoac
«00842
«0Vse?
«0Mu9l
«0luy
«0lies
Olive
«0luct
«03137
«0lZ30
01220
«Jl¢ 38
«0le3=
« 0124
<004 55
«00429y
« 0303
«Ciulo
e Jlul
e 0GT 15
«00% 37
« 00929
«0uvs?
« Q0% 19
« 019
«Clces
«COdae
« 00350
o UUYST
-013u7
«0132%
evicow
«01ldald
«Qlus?
«Cuvsld
« UUUN9
«0tie?
«01112
«0l327
«0le%0
«Jleis
«01332
«0icls
«012%8
«01210

LIST OF MCTR WIND TUNNEL TEST OATA (continued)

!

Wo VEL ALPHA TNETA ALA-PY
<327 120 -8 10 21-1?
380 1LY -—=8 -~ 10- ~ 2i=}¢
<327 120 -8 10 21-19
«332 129 -8 19 2= )
oL —— eV ——@-— L0 —— 22=14
<306 29 -8 10 29-10
. 296 <o -8 Y7 2%-19
o380 — 240 — 10-— 29~20
<319 [V ) -8 12 - 2
3 120 -8 12 22~ 3
292 — 29 8 — 12 —2ax &
°il8 20 -8 12 2- 3
b 120 -8 12 22- &
ed32— 120 e— 2 -- 22- 13
369 [P{'] -d 12 22~ 8
-S04 20 -8 12 2921
«3280- 120 — =8 — 12— 29=22

357 o -8 W2 29-23
<215 e =40 ] 2~ 3
«29%—— 120 ——10-— @ - 20~ 2
<9 | PV -39 8 ar- 3
.33 0 -0 [ ] 20- &
382 — 40— 14 — 0 — I+ S
« S e ~-19 [ ] 22~ &
«323 ke ~-io [ ] F 2 o
e338— 0 ——lu— 08— 21~ 8
«310 120 -0 10 27~ 9
323 29 =30 30 ar-10
.33 —O——=ju — 0 - 21}
309 140 -0 10 212
«330 120 -30 10 20-16
e WY 120~ 10— 18— - 29~ §
«de0 v =19 10 v 2
.30 v =-i0 19 %= )
«335 — 10 —10-— 10 - 29-12
323 429 -19 10 2913
«319 é9 bd U] 10 2%14¢
86— U ——=]19 — |0 — 2919
290 124 ~-10 10 2916
<3l 129 -10 i0 2917
el — Wu—=Id — - 2% &
«389 120 ~-a0 | P 29~ 9
«318 42€ ~-40 12 a2%- ¢
e —— O —=40 — 12— 29 7
325 120 -30 [ ¥4 2%~ 8
PEILY kv -0 12 2% s
©339-"— 240 =10 ]2 -~ 29~-1¢
<319 820 =0 12 29-11
M0 20 =10 112,

29-2¢




TABLE IV. MCTR WIND TUNNEL TEST POINT AND CONDITION COMPILATION

VELOCITY % % AVAILABLE TEST
(KNOTS) (DEG) (DEG) PGINTS
8 1
- 6 10 15
12 10
8 10
80 - 8 10 1
12 1
8 -
- 10 10 6
12 5
8 6
- 6 10 122
12 11
8 15
120 - 8 10 11
12 10
8 8
- 10 10 14
1¢ 9
CONDITION CODE v o %
p = 0.33 (KTS) (DEG) (DEG)
a - i 120 -6 10
b - i 120 -6 8, 10, 12
c - i 120 -6, -8, -10 8, 10, 12
i Independent variables considered in equation
1 60 - 645
2 89 = Sa5 O (Not analyzed)

3 60 -6 CLR, CXR

4¢°




TABLE V. INDEPENDENT VARIABLE CODE KEY
VARIABLE T variABLE VARTABLE
NUMBER VARIABLE NUMBER VARIABLE NUMBER VARIABLE
1 5o 20 S1c 15 40 8p°
2 S1c 2 $1¢ Sac 4 825 S3c
3 815 22 S1¢ S2s 42 S2s %35
4 S2¢ 23 S1¢ %3¢ 3 825 Sac
5 825 24 S1¢ O35 44 825 Sas
6 Sa¢ 25 51 Sac 45 Sac”
7 835 26 $1¢ Sas 46 83¢ 935
8 Sac 27 516 47 S3¢ 84
o Sas 28 $1s Szc 48 83¢ Sas
10 5° 29 85 Sp 49 835"
N 50 81 30 515 B3 50 S35 Sac
12 5 15 ) 515 635 51 S35 S45
13 S0 Sac 32 515 Sac 52 S
14 50§25 33 515 Sas 53 Sac S4s
15 5 B3 34 e’ 54 S45°
16 5 3 35 Sc Sps 62 CLR
17 S Sac 36 Soc B3¢ 55 cLR?
18 5 845 37 ¢ S35 63 CXR
19 8¢ 38 Sac Sac 56 cxR?
39 Sue S4 57 CLR*CYR

34
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TABLE VI. REGRESSION MODELS

BMF (a-1)

FCR 14 VARIABLES ENTEREC

PULTI FLE CCRRELATICN CCEFFICIENT .o C.51¢
“\"JLS'ED FCR D‘F.,.‘.‘....‘.. O.qcs
F-VALLE FCR ANALYSIS CF VARIANCE~.. 3E.35E
STANDAFD ERRCR CF ESTIMATEcececncwe 293,2EE
‘ADJDS‘ED FOR D.F.’...‘....C-. 311',019
VART 2ELE REGRESSICA STO. ERRUR CF

NUMBEF CCEFFICIENT REG. CCEFF.

10 -11.52840 15.88518

33 327.21655 50.94110

52 354.60596 35.2E447

T 54 274.60894 38.11928

7 -353.80469 4l.53C12

Z8 -45.1946% 17.251762

T2 -161.70319 19.75¢24

47 322.63452 48.70642

18 149.17683 19.021913

b1 5C4.20435 82.717505

45 90.13812 19.95268

4 -106.441173 28.2174172

26 91.27338 30.9€4136

1 ~451.4.504 176.476175

INTERCEFT

2191.16602

COMPUTED
T-VAL UE
‘00726
6.423
10.050
7.212
-2.613
~-8.185
6.624
7.842
6.09S1
4.518
-3,7¢5
2.G4E
-2.%58
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TABLE VI.

PLL (a-1)

IECR 14 \ARJARLES ENTERED
' MULTIFLE CCRRELATICN CCEFFICIENT e
[ (BCJILSTED FCR DoFadeocoseccesse
T F-VALLE FCFR ANALYSIS CF VARIANCE... 21
STYANDARD ERRCHR CF ESTIMATEeewovoooe
. (ACJUSTED FOR DeFedececcscscans

VARI £ELE

NUMBEF
e Y
11
15
—12
4
2
]
33
35
— 13
1C
25
Rt
37

INTERCEPT

REGRESSICN
CCEFFICIENT

-35.88011
=l1e13244
-0.39847

0.39831
-5.,22105
-11.08245
0.21098
-3.10981
ls4lole
~1.89517
=2.02143
1.04737
1.05362
-l. 11154
14.84932

ERRCR

REG. CCEFF

334274
0234617
0.11712
0.10134
201641
1.17398
0.24717
C.72080
0034231
0.3¢€108
0.32¢22
0.3C749
0.40720
0.61196

REGRESSION MODELS (continued)

0.cE2
C.SE]
4.5¢C
45174
S5e.c1¢

GF

COMPUTED
T-VALLE
-10.734
~4.826
-30402
3.930
~2.589
‘9.440
0.854
‘4.255
4.125
‘5.249
’60012
3.406
2.581
_1081t



TABLE VI. REGRESSION MODELS (continued)

HP (a-1)

.FCR™ 6" VARIABLES ENTEREC

MULTIFLE CCRRELATICN CCEFFICIENT s CaS¢€
' (ACJLSTED FOR D.Fo’.»-..o.aoo.. Ce€15
TTTF=VALUE FCR ANALYSIS CF VARIANCEee. 36EL43E
STANDAFRD ERRCR CF ESTIMATEcevoccees 16.153
| VARI 2ELE REGRESSION STDs ERRCR CF COMPUTCD
| NUMBEFR COEFFICIENT REGe. CCEFF. T-VAL UE
D S ~-47.88176 T 1456657 -29.990
13 ~2.85433 0.29503 -9.545
217 4.70904 0.85852 5.4179
T TTTTT36 0 T 8.22306 1.02990 7.908
11 1.83151 0019429 9.427
21 2.28745 0.64978 3.520
T TINTERCEPT 77 554.20947 - T T

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE VI. REGRESSION MODELS (continued)

TRVT (a-1)

FCR 13 V/RIAELES ENTERECD

MLLTIFLE CCRRELATICN CCEFFICIENT.cw 0.8S9
‘ACJLSIED FOR D.F.,‘......'... 0.887
TF-VALLE FCR ANALYSIS CF VARIANCE... 33.79¢
STANCARC ERRCR CF ESTIMATEccccccnee C.024
VAR] 2ELE REGRESSICN STD. ERROR CF COMPUTED
NUMBEF CCEFFICIENT REG. CCEFF. T-VAL UVE
I -0.02499 0.00202 -12.398
15 0.00488 0.00074 6.6C3
49 -0.00568 0.00226 -2.516
T 36 0.01298 0.00220 5.889
52 0.01733 0.00285 6.062
11 0.00239 0.00027 8.6%4
417 0.02358 0.00403 5.851
9 -0.02721 0.0C460 -5.91C
54 0.01490 0.00294 5.0¢5
45 0.00751 0.0C171 4.39S
7 -0. 02430 0.0C492 ~4.936
25 -0.00569 0.00151 -3.7¢1
" 48 -0.01245 0.0C373 -3.333
INTERCEPT 0.04805



P

TABLE VI.

€Qo (a-1)

FCR "9 VARIABLES ENTERED
MULTI FLE CCRRELATICN CCEFFICIENT cee

(‘CJUSIED FGR D.F.)...........

F-VALLE FCR ANALYSIS CF VARIAMN E... 5
STANCAFRD ERROR CF ESTIVMATEcewocmaee

6
2

—— g —— -

45
38

—— 54

34
26

INTERCEFT

REGRESSION
CCEFFICIENT

-0. 01550
0.01152
‘0.00514
-0.00817
0.00256
-0. 00745
0.00424
0.00118
-0.00211
0.24949

‘ACJLSTED FOR D.F.‘..Q....Q.‘.
VARI AELE
NUMBEF
———

ERACR

REG. CCEFF

0.00088
0.00116
0.00068

"0.00139

0.00068
0.00134

REGRESSION MODELS (continued)

0.SCE
0.S01
6.4S€
C.Cll
0.011

CF

0.0C135

0.0C043
0.00087

COMPUTED
T-VAL UE

=17.609

9.896
‘7.603
“5:871_

3.761
-5.546

3,134

2761

~2e443

39
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TABLE VI.

BMF (a-3)

FOR 16 VARIABLES ENTERED

REGRESSION HMODELS (continued)

MULTIPLE CORRELATION COEFFICIENTY (0@ 0. 926
(ADJUSTED FOR DeFeloccosscoces 0.915
F-VALJF FOR ANALYSIS OF VARIANCE... 37.991
STANDARD ERRNR OF ESTIMATE..ce0esee 278.805
(ADJUSTEO FOR DoFo’oooooooo}oo 2980602
VAR ABLE REGRESSIDON STD. ERPROR OF
NUMB E R COEFFICIENTY REG. COEFF,
10 -32.33427 16.64067
33 304. 89502 4S.61964
52 342.76128 34.98804
54 268.,37891 36.38094
7 -336.66406 39,1781 86
28 -38,77379 16.97258
2 -89.13074 28.69072
47 302.26270 417.30783
18 145.88553 18.10811
51 460.95532 80.30998
45 82.82631 20.36580
4 -5Q.86955 40004474
26 75.91814 29.77808
1 -621.43042 196. 638054
62 -67624.50000 18848.77344
57 3315954, 02000 1274817.00000
INTERCEPT 5060.21875

COMPUTED
T-VALUE
-1.943
6,145
9,777
T.377
‘8.663
-20284
-3.,107
6.389
84056
5. 740
4,067
’10270
2549
‘3-169
°30588
2,601



TABLE VI. REGRESSION MODELS (continued)

PLL (a-3)

FOR -9 VARIABLES  ENTERED <= === wommioos mmmm oo e o

MULTIPLE CDRRELATION COFFFICIENT..s 0.985
‘ADJUS‘ED FOR D.F.’........... 00984
“F-VALUE FOR ANALYSIS "OF "VARIANCE.:s ~~3933959——~ — == -
STANDARD ERROR OF ESTIMATE.essessss 4.591
. (ADJUSTED FOR DeFuedevenceccens 4.756
VARIABLE REGRESS [ON STD. ERROR OF COMPUTED
NUMBER COEFFIC TENT REG. COEFF, T-VALUE
s 63 < - 14092.80078 1 ———1439.35400 -~ — 9, 791~ -
31 -1.81817 0.52328 ~3.475
4 2.92509 0.48106 6. 080
el - s == - —28,39580 - ——— 0487962 - —"=9,545 -
2 -3.11756 0. 41542 =7.595
12 0.38834 0.09280 4184
SRR TR -= - =0.38878 - —— 0509840 ———=3595]" -
47 -1.85487 9.70306 -2.638

25 0.56141 0.27366

2.051
-~ - CINTERCEPT  — -12.16365 -~~~ =~ S
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TABLE VI. REGRESSION MODELS (continued)

HP (a-3)

FOR 7 VARIABLES ENTERED

MULTIPLE CORRELATICN COEFFICIENT,.. 0.979
(ADJUSTED FOR DeFedevesccccssse 0.978
F-VALUE FOR ANALYSIS OF VARIANCE... 363.963
STAMDARD ERROR MF ESTIMATE.oevacees 15.097
(ADJUSTED FOR DeFedococscocose 15.500

VAR ABLE REGRESSION STD. ERRIR OF
NUMB ER COEFFICIENT REGe CIEFF,
56 1591578.00000 307421.81250

13 -33,38795 3.11639

15 -N. 75688 0.48625

13 ~-2.32648 0.31797

36 6.72957 1.42001

11 1.06875 0.22668

27 2,14386 0.846 46
INTERCEPT 531.67725

COMPUTED
T-VALUE
S.177
-10.714
‘10557
-T.317
40725
4.715
3. 714



PO [e—e
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TABLE VI. REGRESSION MODELS (continued)

TRVT (a-3)

FOR 14 VARIABLES ENTERED - )
MULTIPLE CORRELATION COEFFICIENT ... 0.878

{ADJUSTED FOR DeFeodececccecsnces 0.862
F-VALUE FOR ANALYSIS OF VARIANCE,... 26,762
STANDARD ERROR OF ESTIMATEcceccecoe 0.026

(ADJUSTED FOR D.F.,........... 00028
VARI ABLE REGRESS ION STD. ERROR OF

NUMBER COEFFICIENY REG. COEFF,
1 -0.28220 0.N71741

62 -5.36528 0.90100

49 -0.9N0639 0.70225

13 =0.0%429 T 70600152 - -

34 0.00309 0.N0119

52 0.01961 0.70341

19 -0.00256 0.07046 -

53 0.03175 0.01256

54 N.01166 0.0N334

18 3.20680 - 0.70129

51 0.22646 0.00683

47 0.21855 0.00442

%5 J.20688 0.70189

31 0.01074 0.00421
[INTERCEPT 0.29357

COMPUTED
T-VALUF

T —he 647

-5.955
-2.845
-2.829
2.600
5.758
2.527
3.488
5.283
3.876
4.199
3.648
2.548

43



TABLE VI. REGRESSION MODELS (continued)

PLV (a-3)

FCR 18 VARIJABLES ENTEKRED

44

MULLTIPLE CCRRELATICN CCEFFICIENT 0w 6.8C% __ _ _ __ . _
(ADJLSTED FOR DoFc’ooooootoooo 0.863
F-VALLE FCR ANALYSIS CF VARI[ANCE.ee 260221
STANDARD ERROR CF ES3TIMATEcecaooove 25402 .
(ADJLSTED FOR DeFeloosencsncee 31.804
VARI ABLE REGRE SSICN STDe ERRCR_CF __ _ CCMPUTEC _
NUMBER CCEFFICIENT REGe CCEFF, T=-v AL UE
l =50. 02069 3.89545 ~12.841
- 3C_~__________ ___'_'00‘06781___ - . ‘0.60500 ——— ___"0010?,______
55 =42C16.32422 3302.753391 ~4.773
& 20. 01492 10.61681 2450
. 3L . -. 13.89782 2:27194____ .. 6.078 .
5C 35.90221 5.1762¢6 6.926
4% 11.84486 2.12837 5556
Y lo. 40040 5.24652 . . _3.127 __
11 3.97374 0.69591 5710
1 -18.04105 4. 76679 -3.785
2¢ - =7.31311 266274 =2e746
21 9.64190 1.81709 5¢3Ch
34 10. 51993 2044171 4.308
4¢ 12.56050 4.48549 2800
12 6. 80484 2042092 2.8206
12 -l. 54554 0.63789 -2.893
16 2054118 U.94358 2.6S3
52 %.17538 3.84648 20385
INTERCEPT 317.55640



TABLE VI.

€Q0 (a-3)

FOR 9 VARIABLES ENYERED-

MULYIPLE CORRELATION COEFFICIENT .0

(ADJUSTED FOR DoeFelecoccvccconss
F-VALUE FOR ANALYSIS OF VARIANCE.r,e S5
STANDARD ERROR NF ESTIMATEceceoosee

{ADJUSTEC FOR DeFoedeosveocecces

VARI ARLE
NUMBER
!

5
2

7

45

39

564

34

26
INTERCEPTY

REGRESS ION
COEFFICIENY

-0.,21559
0.01152
-N.292514
-0.3%817
0.00256
-0.00745

0.2%424 - -

7.00118
-0.19%211
Ne 24949

STD. ERROR
REG. COEFF

0.29088

0.20116

0. 00068
0.20139
0.00068
0.N70134
-0.20135
0.00043
0.00087

REGRESSION MODELS (continued)

0.908

0.901
6.496
0.011
0.011

OF

COMPUYED

T-VALUE
'l.,a 609
9.896
‘7. 603
-5.871
3. 761
-So 5"6
3.134
2.767
‘2.‘43

45



TABLE V1. REGRESSION MODELS (continued)

BMF (b-1)

FCR 14 VARIPABLES ENTEREC
MLLYIFLE CCRRELATICN CCEFFICIENT .. C.€<S

“CJLS‘ED FCR OCF.,........... COECG
F-VALULE FCF ANALYSIS CF VARIANCE .o 19,122
STANCAFC ERRCR CF ESTIMATEceeeecoeae 4cCa4iS

(‘CJLS'EC FCﬁ C.F.,..'O....... 442.14’

VARI 2ELE REGRESSICNA STD. ERRCR CF CCMPULITED
ANLMBEF TCEFFICIENT REG. CCEFF. T-VALLE
R | -168.88148 ¢5.32C262 ~6.6174

52 350.3C061¢ 50.5€272 6.925
49 -124.4C158 23.0€554 -5.,363
-5 225.10410 35.62477 €.317
53 4£6.€5308 178.94162 2.552
ls -15.68178 7.42C18 =2.111
1¢ 69.81409 16.3912¢% 4.256
35 -81.C2997 30.21204 =Zeb6E2
54 220.27136 53.52124 9.116
45 82.45363 2€.C6717 2.1€2
47 267.173116 68.82402 3.860
34 31.05569 15.75141 l1.6172
3s ~154.¢306006 57.89£29 =-2.611
2 -59.367C2 29.81¢€41 -1.661
INTERCEFT 3034.66821

46
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TABLE VI.

PLL (b-1)

FCR 1G VIRJBELES ENTERLC

PLLTIFLE CCRRELATICN CCEFFICIENT .0
(LCULSTEC FCR LoFelocecacocces

- F=VALLE FCFR ENALYSIS CF VARIANCE...
STANCAFC EFRCR CF ESTINATteeeweocee
(ACILSTEC FCR CefFeaeleoecocesase

VARIZELE
NLMBEF
R O
1
1C
e -le
S
51
- 33
31
39
- 16
2
42
- 35
11
4

¢ - m——— Sc.. .-

44
16

— .._.._.-36-,.-

INTERCEF

T

REGRESSICN
CCEFFICLENT

4413311
=51, 14510
~4,208088
~1l6.,44018
-63.60165
-12.558213
~5.56111
-3.,408€63
-8.952006
-0.Cu028
-20.91418
“4,95484

4.381C2
-3.72352
-12.71643
~6+650449
-5.62270
-0.331217
" 1e13042-
-1ll.2¢&21C

ST0. ERKCR (F
FEve CCEFF,

Uettc94
4.125170
0634752
eS511174
1.5€171
1.94529
1.9¢299
«SEELI
1.88:71
0.362172
3.41622
1.56£36
C.81C44
O.7¢€112
3.82554
2.22186 -
2.28464
0.4C€LS5
“0.16¢594-

REGRESSION MODELS (continued)

C.S24
Ce€le
3¢.1¢€5
12.116

RPY 33

CCMPUITED
T-VALLE
"6.22‘0
-12.3¢€7
-12.111
-10.4¢4
~t.428
‘60456
-3.1CC
-ZolfC
'(00752
’0.219
-6.117
‘30131
€s4CH
-4-892
-3.3¢5
-3.124
-2.4¢€1
’2.047
le42C



TABLE VI.

P (b-1)

FLR —9 NSPRIPELES ENTEREC

REGRESSION MODELS (continued)

' MULLTIFLE CCRRELATICN CCEFFICIENT o 0.¢11
! (2CILSTED FCR DeFelewconnacnsce C.SC*
© F—VALLE FCR ANALYSIS CF VARIANCE..e. €8.53(
STANC2FC ERRCR CF ESTIMATEaceaccoea 28,501
(tCJL‘lED FCR CofFedecoscsncannse €, €6CC
VAR!AElE REGRESSICA STC. ERFCR CF
NUMEBEF CCEFFICIENT REG. CCLEFF.
S SE -37.07465 2.03492
4 -0.02886 5.03C0C
26 -7.77263 1.82£39
(el -9.00673 1.5¢6€54
‘ 51 17.40414 G 65522
. 34 9.159171 2.02¢€06
2S -9.2147¢ 2.1¢¢C?2
21 4.77651 1.4iC11
42 -5.33290 2422112
INTERCEFT 596.14819 -

48

CCMPUTED
T=VALLE
-18.216
-Orob
~4.,2%6
—4.513
3.72¢
4.46¢
~4e2Z4
3.387
-2‘»390



B .

Bevousmcigass

TABLE VI.

"FCR14 " VERIZBLES ENTEREC

'\ WULTIFLE CCRRELATICN CCEFFICIENT...
. FGR D.F.a..‘........
— F-VALUE FCR ANALYSIS CF VARIANCE...

STANCAFC ERFCR CF ESTINMATEwasecoaas
(‘cJLSIED FOR D.F.,.."...‘CO.

VARJ LELE

(LCJLESTED

TRVT (b-1)

/

REGRESSION MODELS (continued)

0.817s
CaECE
T S .€S1
C.Ccé€
C.Cc1

STC. ERRCR CF

RECRESSICNA
NUMBEF CCEFFICIENT REG. CCEFF.
T “'l i -0004360 00CC762
15 0.00413 g.CCC7C
1 -0.C2400 0.0C374
— TR E T - =0.00539 0.CC152
52 0.02093 V.00202
il 0.00197 C.0CC27
36 0.00781 0.0C21¢
41 0.C02756 0.00408
31 0.01390 0.0C204
=51 - 0.C2u98 0.00401
18 0.C0595 c.0Cc9o8
54 0.01311 0.0C215
-~ 1C -0.00213 C.00C64
45 0.00575 0.0C172
0..0905

INTERCEPT

CCMPUTED
T-VALLE
‘5072(:
5.9C1
€416
-30536
6.912
T.3¢1
3.622
6.7%6
4.574
5.233
6.1CC
4.1€7
_30337
3.324



TABLE VI. REGRESSION MODELS (continued)

€Q0 (b-1)

FCR 10 VARIABLES EANTEREC T T T e

PLLTIFLE CCRRELATICH CCEFFI(IEAT... 0.E=S
“CJL('ED FCR D F ,....‘...... COEZC
F-VALLE FCF ANALYSIS CF VARIAMNM Eeweo ZS.CCE
STANCAFC ERRCR CF ESTINMATEeeccceonws C.Cl¢
(&CJL‘IED FOR DeFelececoveccasn 0.(C17
VAthElE REGRESSICA STCe. ERRCR CF
ALNBEF CCEFFICIENT KEGe. C(CEFF.
Sy S -0.01166 C.CCC95
6 0.C2780 0.0C¢4l
34 0.00c17 L.0CC5S
1 E — 0.C0336 0.0G1zC
3S -0« CO630 0.0C184
2 -0.00322 C.0C090
7 -0.02356 V.0C¢57
41 -0+ 009" 0.0C110
5] 0.Cue688 0.0Cc3C
1¢ -0.CC356 0.0C127
INTERCEFT Oe c€665

50

CCMPUITED
T-VALLE
-12.21%
4.32S
3.661
2.815
-3.425
-JOSEO
-3.5€3
-2.€%4
2961
-2.8C4



FOR

TABLE VI.

PLV (b-3)

iS VLRIABLES ENTERED

MULTIFLE CCRRELATICN CCEFFICIENTeee .

(ADJLS‘ED FCR D‘F.'...........

F-VALLE FOR ANBALYSIS CF VARIuMEeoo 2
STANDAFRD ERROR CF ESTIVMATEeeocecees _ 3

VARTABLE _
NLMBER

34

3¢

S

3
S5¢
5¢
45
47
3s
55
22
3¢
44
54
41
2¢
42
16
4C

INTERCEPT

REGRE $S10A
CCEFFICIENT

6.53160

14.73876 _ _

19.55017
23.40¢42
18.02675

2631565.C0000

9.62290
14.73067

=2238l.27344

- Tele470
-7. 74755
~7.97003
14.10827
10. 59965
-9.23109

11e34775

220104
4.18003

264.8120})

‘ADJLS'ED FCR D.F.,..‘........ 3

REGRESSION MODELS (continued)

0.8178
0.857
0.€5C
3.8230

6218
STD. ERRCR CF .. _ CCMPUTED .
ReGe CCEFF. T-VALUE
1.35310 4.8¢7
1.9937%76 _ . _T.392__
3.37914 5.787
3.56730 6.5¢60
4002345 _ __ __. 4.480
37569656250 71.005
2015317 4.46S
5073425 __ . 2569
3.969‘06 -4 0026‘
5616.7T7734 ~3.745
2.00060 3.51.
2.736171 ~2.831
5.92125 -1.34¢
4.23850 3.326
274288 3.864
3.18102 3.567
0.78656 2.798
1.62503 2.5712

5



TABLE VI. REGRESSION MODELS (continued)

BMF (b-3)
FCR 15 VERIABLES ENTERED
MULTIFLS CCRRELATICN CCEFFICIENT ... C.B¢E
- T T (ACJUSTED FO.\ DoFo)ccnooooocoo qusz

F-VALLE FCR ANALYSIS OF VARIANCE... ch.7¢%8
STANCA2FC ERRCR Cr ESTIMATEceevesees 374,.C87
- == —-(L0JUSTED FOR UVeFoedewseoosoasse --394,€¢8

VAR] 2ELE REGRESS ION 5TD. ERRCR CF
-—— NUMBEF- - CCEFFICIENT REG.-COEFF.
1 -352.53606 119.€S1176%
52 358.57715 44.,3C4173
40— -124.,49873 ~~20436275 -
5 161.87633 31.4C¢€365
53 2717.93555 147.4€27¢
--56- 50087312.00000 JU262013.0CCO0
S -252.42131 T6.€2296
417 321.87354 58.1443¢
e H2e 42930 - 23e42¢18E8
54 2€9.06516 48.CC€5¢€
39 -203.74185 4T7.6CC4S
- =33 - 146.51083 - - -~ 53,05:38
35 -62.32120 26.2221¢
10 -29.90230 9.66¢8¢
R ¥ 4 ~3756982.C0000U 1271972.0G6G0G
INTERCEFT 2131.19116

52

COMPUTED
T-VALLE
“2.935
8.063
5.1%4
1.885
4.,8¢€1
-3.2F6
5.536
3.¢£E0
5565
~%.28C
2.7¢€1
-2.376
-3.1Cl1
-2.G%54



TABLE VI.

REGRESSION MODELS (continued)

PLL (b-3)

FCR 36 VEIRJPELES ENTEREL

MULTIFLE CCRRELETICN CCEFFICIENT o0
(ACJUSTED FCR Copo)oiooooco.oa
F-VALULE FCR ANALYSIS CF VARJANCE...
STANC2FC ERRCR CF ESTIMATEseecseasce

0.%¢1
0. €41
32,21¢
1C.CeC

e e - (BCJUSTED FCR CeFedecensccsncee - llateld

VARILELE REGRESSICN
——NUMBEF- - CCEFFICIENT
13 -4.,92¢283
l -50.77(t$q
-10 ~3.915%64
5% -57178.85547
18 -14,569517
f———---Q -55.56354
3 ~1.45535
51 -10.21565
63 B156.S6U94
31 -4.51396
50 ~7.€4020
—————-3 G- -6.84805
19 -0.25410
41 . -0.47448
—}6-——-— - - =6,62812
44 -7.0¢639
20 le€2721
——56--—-=4889287.00UN0
57 922126.50009
35 0.5%661
4-—- - - =17.67236
33 -2.12408
49 -1.85202
—15- - =4,91286
6 . -19.58951
la -4.74546
— 5= - - -24.41081
T -25.64265
53 -10.30502
- 36 — - ~3.20760
28 -1.47232
32 3.53490
2 - -=13,33801 -
30 -3.44163
Ceem - 42 -2.23333
INTERCEFT 3. 15962

STC. ERRCR CF CCMPUITED
KEG. COEFF. T-VALLE
Ce€4C6S -7.684
4.8€478 -10.437
0.44286: -8.821
3¢222.62281 -1.579
1.63C52 -8+654
T.45%424 -7.417
1.66277 -0.8€3
2.4C260 -4,25C
12786.7C212 0.€38
1.74741 ~2.5€3
Z.5€241 -2.682

- 1.5267¢ -4.,477
0.4C429 -0.629
0.9421C -0.5C3

= 1434746 -4,9147.
2.14562 -3,2¢66
0.821C2 1.983
3404492.00C00" -1.43¢
125401.,75C0C 1.271
0.9C751 0.613

-~ 34BCC1G .- - =4,426
'E.CClse -10061
l.02¢32 -1.781

— - l.12481 =4,3€8
$.6C29¢ -3.46¢
C.TEEG? -€.176
4,1€53C - -=5.833%
6.74211 -3,8C3
5.452¢82 -1.8S0

o - -la24831 -2.622
0.85887 -1.638
2.01252 1.7¢5
C e 23471542 - - =-3.533.
0.76781 -3.,2¢€2
1.€64225 -2.06¢%
1.2CC52 -1.8¢€0

' 7] A
IEYR DL .&c';,s' :;’w

RN
(I vy TV N e
oot LR

53
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TABLE VI. REGRESSION MODELS (continued)

HP (b-3)

FLR 5 VIPTLELES ENTFKEC
MULTTELE CCRRELATICN CCEFFICIENT 0 Ce€it
“CJL‘S'EJ FCR COF.)........... COQEC
F-VALLE FCFR ANJLYSIS 0OF VARIANCE..o 1€2.2%1
STANCAFLC ERRCR CF ESTIMATEecoeccosee 2l.4¢:
“CJUSTED FCR C.FC)........... 31.('26

VART 2ELE KECRESSICA STC. ERROR CF
MUMBE R CCEFFICIENT REG. COEFF,
56 3115729.00U00 201734.2125C

1 -51. 58096 9.2E6511

C 4 8.960894 2e7219C

10 ~-3.,20068 0.7€232

46 10.53693 3.12142
INTERCEFT 424,32128

COMPUTED
T-VALLE
11.6137
3,265
-4,061
3.4%3



TABLE VI.

FC& 14 VEST2ELES

REGRESSION MODELS {continued)

TRVT (b-3)

ENTERECL

MULTIFLE CCRRELATICN CCEFFICIENT .0
FCR COF"...........

(ECJUSTED

F-VALLE FCR AN&LYSI> OF V2R[ANCE...

STANC2FC ERRCR CF ESTIMATEceececees
“EJUSTED FCP D.FQ’..I........

VARTZELE
NUMEEE

1

L5

- - 7

25

22

i1

36

47

31

51

18

54

10

4%
INTERCEFT

RECRESSICA
CCEFFICIENT

JeUU413
~Je02400
~0.Uub3ly

0.02093

Q0.00197

0.00781

0.C2756

0.01390

U.J29938

0.CC>65

O.01311
-J.00213

0.C0975

J.CU905

REG.

ERROR CF
CCEFF,

V.CCT62
0.0CC70
UeC0C274
0.0C152
V.0C2013
c.a0CC217
D.0C215
0.0C408
UesCCIU4
U.0C401
c.0CCs8
0.0C215
C.0CCHA
J.0CI1T72

29.€51

COMPUTED
T-VALLE
-5.,12C
5.9C1
-6.4 16
6.912
T.361
3.632
t.75¢
4.5174
5.233
6.1C0
4.1617
-3.337
3.334
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TABLE VI. REGRESSION MODELS (continued)

€Q0 (b-3)

FCR 10 VEARIABLES ENTEKEC

MULTL FLE CCRRELATICN CCEFFICIENT e C.8¢C
. (‘CJLSTEJ FCR OOF-,loo..o..o-. 0.871
STANCSFC ERRCR CF £STIMATEeeeaoncee C.Cl4
(BCIULSTED FCR LeFoldevmeesascns CeClE
VARTAELE RECRESSICN STC. ERROR CF
NUMBEF CCEFFICIENT REG. COFFF,
50 981.00171 111.24£38
6 0.02584 C.0C%8S
- 41 -0.00424 -CaGCC97
15 0.00282 0.0C107
1 -0.00387 0.0C10¢
48 -0.0085%4 0.0Cz12
7 -0.00537 0.0C1l45
45 0.00ct4 0.CCC9C
44 -0.,00749 0.0Cz11!
30 -0 C0460 0.CC154
INTERCEFT 0.24304

COMPUTED
T-VALLE
8.818
4.3E5
2.633
-3.68¢
-3.7C3
2.G4!
~3.547
‘2.9‘;6



P gt

TABLE VI.

CR 16 VERTAELES ENTEREC

REGRESSION MODELS (continued)

8, (b-3)

MULTIFLE CCRRELATICN COEFFICIENT 40o C.SCl
“CJUSTED FCR c.F.,........... C.eee
T F=VvALLE FCR ANALYSIS OF VARIANCEeee  32.8C2 — —— ——

SYANL‘FC ERRCR CF EST'"ATC....QQ... C.33C
“PJLSTED FCR CQFo)oooooo.Qooo C.ZSC
VARTLELE REGRESSICN STC. ERRCR CF CGMPUTED
NUMEBEF CCEFFICIENTY REG. COEFF. T-VALLE
TTTTTSET T T 116643.93750 777 34651.822037 T 3.3%6
13 V.C8725 0.01¢97 5.142
1 1.03064 C.l1272 9.143
AR ¥ ¢ R 0.07901 C.CC920 7 T B.SS1T
62 196.821721 49.26451 3.693
41 -0.12212 0.02370 -5.,152
T 400 o -0.02365 T 0.01511 T T T ~1.565 7
44 -0.07682 0.0£205 ~le41¢
31 0.CB260 V.02282 25117
18 0e25473 T 0402860 7 7T 6.599
9 1.C7567 0.16102 5.621
57 ~18726.73828 6778.51563 =2.7¢3
T30 T -0.1162S T 060327957 T =3.0¢8« T
4 0.3094S 0.06¢€l¢ 3.218
11 0.03294 C.01082 3.043
2 T 0614243 7 77 Q0.0€E77 T 20165 T
INTEFCEFTY 2.14310

57



TABLE VI. REGRESSION MODELS (continued)

PLV (c-3)

FCR L& VARJABLES ENTERED

58

MULTIFLE CCRRELATICN CCEFFICIENT 0w 0.82¢e ___.
(ADJLESTED FOR VUefFeloeoooccscnse OOSZl
F-VALLE FCR ANALYSIS CF VARIAMEees 24.0178
STANDARD ERRCFR CF ESTINATEeeeoeocos 38.568
(ADJLETED FCR DeFoldocecoscoscee 40,323
VARTABLE REGRESSICN STUe ERRCR (F CCMPUTEL
NUMBER CCEFFICIENT REGe CCEFF. T-VALUE
3 26052951 2039563 11.087
S 15424629 . 2445271 . . 6.216
3¢ 16, 74075 1.87135 8946
34 6.33576 1.19107 5319
45 9. 10341 1.60789 _ _ 5.662
4C 4.80320 1.42433 3.414
- 47 13.52521 4.02198 3.3¢3
1 -21.57013 6.06787 =-3.5%5 |
5C 14.78062 3.77315 3.917
1 -26.95424 3.95542 -6.815
¢2 £134.81641 1£32.41040 3.351
45 6.20719 1.79581 3,450
2 -9.03797 _ 2.02177 ~4.417C
2% -7.99992 2.13%83 -3.746
21 5.88037 1.28289 3.025
52 9. 84728 3.90456 2522
1C -l.13154 Ue46040 -~2+458
INTERCEPT 185.19930



TABLE VI. REGRESSION MODELS (continued)

BMF (c-3)

FCR 15 VERTBELES ENTEKEC
MULTIFLE CCRPFLATICN CCEFFICIENT 0w C.EC!
{£CJUSTFD FQO& CefFoeloevosecccesce C.7€4
STENCRFC FHRCR CF ESTIMAT teeececoese 4EB.ESE
(2CJUST eC FGF DeFedlaveosccosos 485,15¢

VAK] LELE KEGRESSIOMN STCe ERRCR CF
NUMEEF CCEFFICIENT kEGe CCEFF,
49 -25.07428 2l.4€2617
52 255.29501 46.5220E
--33 127.¢€0479 - 45.61184 -
26 -39.0u4418 36.218173
l4 -18.09uU50 4.9420C
62 14117.99009 2580.02808
7 =352.44360 46.1£25$
6 -180.54701 38.66202
36 109.21431 - 254023280
1 -370.00528 715.2Z¢€1¢€
10 -~¢l.82124 5.17€57
9 =31¢.53491 = -10.617435
54 170.€6581 49.17CC617
2 =97.32465 €3.8223C
25 -89.20L506 25.2€%20
INTEFCEFY 1749.87354
oy .,\\'./._‘ i '.1".:'t: :‘;
VO ey

CCMPUTED
T-VALLE
-l.1¢7
5.4 806
2.165
-10076
4.738
~7T.636
—4.6€6
4.3¢3
"l'ogll
-30951
-4.422
3.425
~4.,0E5
-3.5l9

59
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TABLE VI.

REGRESSION MODELS (continued)

HP (c-3)

FCR B VEIR)YLELES ENTERED
FULTIFLE CCRRELATICN COLFHICIENT ... 0.64C
“CJUSTED Fog COF.,..Q........ c.‘.?e
F-VALLE FCP ANALYSIS OF VAR1ANCE.es 182.37€
STANCAFC FRRCR CF ESTIMATEwcococece 3€.2€4
(2CULSTEG FCR CeFeleccenceansoe 26, C¢7

VART AELE
NUNMEBEF
51
1

- - -63

4
15
5
12
51
INTERCEFT

REGRESSION
CCEFFICIENY
209232.00u00
-9.4C768
26501.55409
14.0c202
-2.51965
10.75703
-1.590017
13.42356
417.39331

STU. ERROR CF
REuv. CCEFF.
Jul26.€2500
le4Cat
236U.1€4175
2e44281
Dea4111
ce2129°
«2E1l4cg
2.62162

COMPUITED
T-VALLE
S5«6E4
-6 7Cq
7.840
5.754
-50626
4.65l
-4.1E4
3. 6¢€6



ok nern

TABLE VI. REGRESSION MODELS (continued)

TRVT (c-3)

FCR 14 VERI2ELES ENTEREL

MULTTFLE CCRRELATICN CCEFFICIENT o 0.82¢
(‘fJUSTED FCR DeFedeoesescccnce 0.827
F-VALLE FCF ANZLYSIS CF VARIaANCEee 31.872
STANCAFC ERRCR CF EST AT Eewescccos CeC21
(BCUUSTED FCR CeFeleoosovenccse G.Ci2
VLRI ZELE RECRESSICN STC. EKROR OF COMPUTED
MNUMEBEF CCEFFICIENT REGe CCEFF, T-VALLE
15 0.Cae28¢C C.0CC45 6.262
7 =J.02/734 0.0C239 -11.452
- 28 -0.CuUbdl0 0.0C152 =54 349
1 -0.02242 0.0C458 ~4,5C5
417 G.02038 U.0C208 6.61)
10 ~J.00U115 0.0CC38 -2.985
l -0.00848 0.0C154 -5.5C?
52 Ue0lab3 0.0C202 4.8CC
26 Je0VL33 J.JC16€ 3.81l6
9 ~0.025¢4 UeUC435 -5.864
62 091035 V. 16762 4.6C6
51 0.Cl178 0.0C227 3.6C7
12 -U.0VUY 8 0.0CC31 -3.17¢

- INTRRCEFT

0.0£‘91
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TABLE VI.

CQ0 (c-3)

FCK 10 VEFIAELES ENTEREC
MULTT HLE CCRRELATICN CCEFFICIENToee

VAR LELE
NUMBER

51
7
1
6
1c
30
41
b
26
45

INTEFCEFT

RECRESS ION
CCEFFICIENT

8leb64dlU
-0.00685
~0.00554
0.01927
0.0G215
- 00 355
-0.00284
Ue.CUSS4
-0.0u337
O.0U1069
Ce25554

reGe

REGRESSION MODELS (continued)

‘tCJUStE[ Fcp C.F"...........
F-vALLE FCF ANELYSIS OF VARIANCEeee
STANCEFC ERFC(R CF ESTIMATEccecooocn

“EJUSTED FCR L.FO)‘..........

ER&CR Ct
CCEFF.

bet2661
0.CCl2e
C.0CC62
0.0C?6C
C.0C062
C.0CC99
0.0CCBE¢
Ve0C192
U.CC116
U.0CLT1

36246

COMPUTED
T-VALLE
12.261
~te34F
-5.651¢
5.586
3.5%7
~3.,5¢4
-30281
3.0¢¢
'2.91?
23174



v e sy § m

TABLE VI.

PLL (c-3)

FCR 36 VIRI2BLES ELTEREC
FULTIFLE CCRRELATICN CCEFFICIENT 0o

VARIZELE
—— NUMREE.

l
11

——-10-

62
13

03 e

2

18

—— 5]
57

52
—_——hy 4
3

39

—_—— 16
45

41

e .26,

48
15
e
25
14

e 237 ..

47

5
——22
20

S

——— 35 .

40
29
— 36
42
50
e - - 30

~17271e 47656 -

INTERCEFT

{2CJUSTED #CR LefFoelwwoonsensvse:
F-VALLE FCF AN2LYSIS CF VERIAN(Ee...
S,AACAFE EFQCR CF EST lMAT[.........

—"‘———"‘““":CJUST&G FO“ ’L;. F""".'.... L 2

RECRESSION
CCEFFICIENT

~43.66034

-l.72088
-3.C7678

- 2914175240

-2.01169

-10.62U89

'6. 881103

10. 24952 -

~1963¢3.0¢e2590

-3.93u51
~5.£633G4
~2.20965
-6 18"'54
~3.62781
-3.176712
3. 84538
-5.48015
B.13443

1.25731
13.4C466
241625
~4.59702
~2.990438
~4.4925¢

-19.230317

~=3.40413
-2« 40512

-2.61251
-1.86173
156966
~-2.€8031
3.30474
~le 0348

5¢G1773vu

STh.
-+ - REG

3.G€6554
0.5¢€621

0.2€£8¢

- —4807.58684

3.4:2417
l1.61681

- 2e8cE14- -
6713C.0€¢250

2.3€C62
~2«8c€84
l.€4171¢€
2e21c¢6E
1.11597
1.07231
l«4C283
1.9€8744
2.T1645S
0.4C292

REGRESSION MODELS (continued)

C.E27

- Ca1GE
1C.75°2
¢l €SS
--24eCEL

ERRCR CF
CCSFFa -

. —-0.3768% ..
512.6862¢€

572102 - -

1.281782
1.1C248

2.4:65¢
5.717C92

S ——-le67€02 -

- 1e01234. .

0eGE264
8.217550
l.3€73¢
1.0¢€¢€217
1.3C730
l.2:2C06
1.5C=99
2.7:E8¢
1.5¢ESS

COMPUTED

T-VALLE
~10.944
-2.812
"900328
'00569
-7.037

- - -3,5¢3

-30 093
"IOQZSC

""306210-

-2925
-1.6¢€5

-10993~

-1.341
-2.721
-3.2°51
-3.513
2.7170
‘2.757
2.55!
3.121
‘20343
le87¢€
-4.1¢€6
-10842
-3.334

-2.4S¢8
—10925
-2.1CE
'101024

1.45¢
‘10786

1.2C7
-1.C¢C

3



TABLE VI. REGRESSION MODELS (continued)

00 (c-3)

FCR 8 VIRIZELES ENTEREC
PULTIFLE CCRRELATICN CCEFFICIENT 40w 0.8sC
- (ACJUSTED FCR DoFQ)ooooooooooo"" Coee5

STANCARL ERRCR CF ESTIMATEveecevcees C.5C1
(ACJUSYED FCR D.FO)...Q'...O" -““CQSlC’ inane et e e
VART 2ELE REGRESSION STCe ERKQOR OF COMPUTED
- NUMEEF CCEFFICIENY REG. CCEFF, T-VALLE
57 6682.00250 408.22¢€28 16.3¢8
i U.€3906 U.07t913 8.066
- - 13 0.03425 J.0G499 - - 6.8¢9 - -
10 V.C3887 0.0C€03 6.448
56 -8117.98438 <c070.€142¢ -3.921
- 41 -~ ~0.08494 - 0.02832 - c=3e354
16 0.01977 V.0C711 2.780
52 0.10133 0.C4€80 2.0176
-—-INTERCEFT - JeTU12T - mmmm e e ————e

64



TABLE VII. MODEL EQUATION MULTIPLE CORRELATION COEFFICIENT
i - Equation Independent Variables Code

| CONDITION CODE
1 2 f 3
BMF |
a .916 ---- .926
b .829 ———— .868
c ---- ---- .801
PLL
a .983 -—-- .985
b .924 -——-- .961
C -—-- -—-- .940
HP
a .976 ---- .979
b 9N -—-- .928
c -——- ---- .940
TRVT
a .899 -——- .878
b .879 -——- .879
o c--- -—-- .839
€0
a .908 ---- .908
b .839 ---- .880
o ---- -—-- .819
Q. 0
CONDITION CODE v S 0
u=0.33 (KTS) (DEG) (DEG)
a - i 120 -6 10
b - 120 -6 8, 10, 12
c -1 120 -6, -8, -10 8, 10, 12
i Independent variables considered in equation
1 60 -8
2 8o - Sags By (Not analyzed)
3 60 - 840 CLR, CXR

65
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES

Y VALUE
3217.09000
41%0.00000
©180.,01199
45712,00700
4455,000n0
31671.00709
39173,00700
3804.00N00

©38737.022C)

3602.00009
4160.00000

4352,02C00

46946.090000
3823.0N300

3229.00000
4165.00N000
4593,0%7°00
6212.07070
«190.,0Nn0NN
3939.90700
3612.00000
3681.,00004

"4393,07009

3979.00009 -

4331.00000
3776.00009

“4947.09000

4047.,00009
3882.00039
4224,00000
4261.00000
4148.200222

~5133.00000

3762.00000
4451.00229
5098.00n07
3738.00009
3674.000N9
3556.00007
3693.00007
4118.00027

3674.0000)
4182.0000)

=~ 4420.00009

4323.00000
35100.00009
2312.90909)
4173.0070)
3387.00009
4465.00009
3771.000202
3745.00000

4875.0077)
4898.0N0799

T 4599.0000)

47125.0000)
5221.00000
4275.,00000

'

©4237.00000 -

~3830.07000-

BMF (a-3)
TABLE OF RESIDUALS

¥ ESTIMATE ——~

3051. 86182
4N164,06¢89
38%6.81291
4409,30859
4430.04297
3721.85791
4173.97266

RESIDULAL
165.13818
165.93311
T 373.18799
162. 69161
264.,95703

TRESIO/STO ERR -

~120.85791 -

=2170.97266

e 0,79

4103,40625 ~299.40625
4C 34, 40141 " =225.46] 41
3518.61230 83.34770
4170,19922 -10.1992¢
%116.73828 —— =664,T73828
4571.04297 124.,95703
4129.26953 -306.,26953
4163,61719 —229,38281
3331.34277 -102.36277
4N7T7.97485 87.02515
€393,21484——289,78516
4378.09766 -166.09766
4726426563 63,73438
3755.,69629 —-183,303171
3¢70.86792 -58.86792
3629,.38110 51.61890
3859.15625 ——119.,84375
4235.865078 -154.80078
3911.32764 -135.,321764
4420.60938 - 526.3906)
4058.29370 -11.29370
4219.43234 -337.40¢34
%075.99194 - —148.00806
4N37,22070 223.11530
4087.6C645 62.39355
T5078.27734 "7 54,2266
3838.23853 -76.23853
4382.67969 68.32031
5020, 59375 T71.40625
3638,12329 99.87671
4156.,27734 -282.27734
3445.,97105 ~—-110,02295
3475. 11554 217.82446
4014.95459 103.04541
39908,17334 ~——- 38,82666
33182, 94%67 291. 05933
4014, 13965 167.86035
4h46,69922 - = 44.69922
4483, 54688 -160.,54¢88
3268.87713 331.19287
2936,97021 ——=24.97021 -
4127.89063 ~24.8906)
3468,.89339 -81.88330
4301, 36713 - -163.63281
3753, 89453 17.10547
3on2. 76538 ~-157.765238
3791.768662 -- 38,21338
4746,21094 128.78906
4805,22266 92.77 134
4787,94531 --=88.94531
4701.20703 3.73297
4B55,. 804069 365.195131
6477,20312 -202.20313

e =0, 11

0.7}
0. 71
1.6U -
0.70
n.11
‘0.52 e
-1.16
-1.28
-0.97 -
0. 36
‘000‘0
=%.28 -
0.54
-1.31

-t 0,98 —

‘0.’06
0.37

o= 1,24 e

-0.71
0.27
-0.25
0.22
0.51
-0.66
-0.58
2.26
-0005
-1.45
0.63 - -
0.96
0.26
0,23
~0.33
0.29
0,33 o
0.43
-1.21
0.47
0.93
D.44
n1T
1.25
N.12
=0.19 -
-0.69
1.42

—O-ll
~0.35

= 0,70~

0.07
-0.68
N.16
N.55
0. 40
-0.38 - -
0.2
1.56
-0.87



s 200,

PSS

TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

BMF (a-3)
61 43364.00070 4242.35918 91.64063 0.39
62 4610.00007  4406,68750 203.31250 0.87
63 €351.00000  4227.23047 123.7695) 0.53
66 4433.00700 4313, 66453 119.35547 0.51
65 4359,00000  4419.81641 -60.81641 -0.26
— BT 3254.00707 T 3262.£78%6 " -8.80886 <~ "~ =92,24 "
617 3258.00709 3189, 27466 T11.72%536 0.33
69 3229.00000  3292.66602 -63.66602 -0.27
—— 69 T 3412.00097 " 3518,94824 ——=106.9482¢ " " =048 "
19 4223.009M0  4231.72266 -8.72266 -0.04
n 4837,00000  4983.03516  -146.03516 -0.63
-1 3815.02909 — 137, 13281 —=322,13281 ~———=1.38 —
7 4455.00000  4920.82813  -465.82813 -2.00
T4 4879.00700  4557.94922 328.05078 1.0l
—1s 3415.00009 — 3509, 198 73 -94. 19873 =0.40
76  3098.00000  3186.56982 -88.56982 ~0.38
7 4018,00000  4161.8359¢  -163.8359 ~0.62
18 3147.02799— 3227, 00269 ~80.00269 —————=0,34 ——
19 3392.00000  3389.50635 2.49365 0.01
80 3297.00700  3458.30640  -251.30640 -1.08
—— 81— 2818.0N0007 " 3242,67212 =424, 61212 -1.82
82 2909.00000  3095.264390  -186.24390 -0.80
8 3706.00000 3644, 68051 61.31909 0.26
— 84 2792.00900 — 2695. 09985 “6.97015% 0.03
85 3836.00000  3524.42017 311.57983 1.33
86 4510.90900  4329.74629 200.25391 0.86
—87 3154.09000— 3179, 04810 ——=125. 04810 =0.54
88 4315,00000  4559.23047 255.76953 1.10
89 5895.000090 5951, 75000 -56.75000 -0.24
— 9N ———§251,00009— 5468, 25391 ——=217. 25391 ~0.93
91 3863,00009  3856.33667 8.66333 0.9
92 4789,00000  4426.,91172 362.98828 1.56
— 93 3813,00000 —— 3963.82886——=150.82886 ~0.6%
% 3131.00000  3095.99527 35.09473 0.15
95 4528.00000  4898,71484  =370.71486 -1.59
— 9 5394 ,00000 —— 5158, 94141 —235,058%59 1.01
91 3000.00000 2926, 71777 73.2822) 0.31
98 1622.99909  3703.61963  -163.6196)3 -0.70
— 997 4999,00000 " 4983.00391 " 15,99609 — """ 0,07
100 5574.00007  5550,04297 23.95703 0.10
191 5756.00000  5954.73828  -198.73828 -0.85
—102 $807.00000 — $799, 19141 1.808%9 0.03
103 6209.00000  5891.35938 317.64063 1.36
104 4636.0020)  4902.9T656  =-266.97556 ~l.14
=105 —" 4969.00000 — $020.53516 -51.53516 -0.22"
106 4037.00000  4109.28125 -72.28125 -0.31
107 4N49,05709  4307.03516  -258.03516 -1.11
—108 — 3878.00000 ——38n2, 66040 $.33960 ———— 0,92~ —
109 3803.00003  3917,98584  -114.98584 -0.49
119 4613.20997  4688.05359 -15.05859 -0.32
—1n 3922.00009 — 4010,55030 ~88.56030 -0.38
12 3978.00009  4189.53516  -211.53516 -0.91
113 3910.0009)  3691.09326 218.9067¢ 0.94
—114——3671.00000——3654, 60571 16.39429 0.07
115 3700.00700  3619.75513 80.26487 0.36
116 3778.00000 3804, 42456 -26.42656 -0.11
11— ——3617.00000— 3606, 56812——10,43188 ————— 0,08~ ——
s 3317.00000  3667.68579  -350.68579 -1.50

67



TABLE VIII, DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

—  VABLE GE PRESIOUALS

PLV (a-3)

LASE NO, Y VALUE Y ESTINALTE RESLIUBL RESID/STL ERR
L 219.C00V0. . _ 240.VT290 ____ _=21.017396 __.__ .. -1.00 _ -
2 27C. COOVO 270.30493 ~0.30493 -0.01
3 3i4. COCOO 312.692817 21.230713 1.01
___.__‘i.____.__.J'lc CCUUO____319.7l“”_______,_'6071875__“_____ -0. ’2 —_— e
5 372.C0000 394.21106 -22.21704 -1.05
[} 226. CCUOC 224.10909 4.89091 0,23
—_—1 375.C000C _ ___393.00982 _ _ _~-16.0€982 ___ __ __ ~G.001
] 351.CCUU0 38u.5b3T4 -35.58374 -l.068
S 370. CCOCC 302.069556 12.30444 0.172
b0 254.C000Q____ 285.4l43) __ B.58569 ______ ___ 0.4} ___
11 4C3. COUVU 38%.27919 1T.72021 0.b4
12 32C. C000C 346.90796 =26.90796 -1.27
13 3718.C0000 _____374.83569 . 3. 16431 ___ 0415 —
14 267. CoouC 332.00317 -35.00317 ~1.65
15 361. COVOO 369.61890 21.38110 1.01
I ¥ - 228. COVVQ 245.70120____  =17.76120_ ~0.04
17 28C. COUVO 284.94206)3 ~-4,9426) ~0.21
18 33C. COVVO 319.41724 10.5382176 0.50
e b9  344.0C0U0 . 334470337 ___ 9.29663 _ — O.48
20 38S. C000C 3T2.2172171 16.727129 0.179
21 338, COOUO 309.89453 28.10547 133
2. 317.C000C___ 316407320 ______ 04926706 _0.06
23 211. CCoOC 206.15345 4.04155 Q.23
24 328. COuVO 342.09497 “34.09497 -0.067
- - 368, COVLU 3713.82453_ =5.82153 _ =028 _ ... _
26 345, CCGLO0 347.06763 -2.06763 ~-0.10
21 363. COVUO 340.069727 2¢.30273 1.05
——— 8 342.CC000 _  326.92188 15.07313 _ ' T 2 U
25 288. (COV0 294.405933 ~€.46533 ~0.31
30 296. COUVO 294.58067 1.41333 0.U7
I ) U _ 318.C000C . 299.2U0%e _____ 1B.T789%6 _ _____ 0.89 ______
32 3(2.CC000 307.15039 -5.15039 -0.24
13 3064.C0O00V0 343.03442 20.96558 0.99
3 356, CC000___ _ 356.006396 _ .. 293604 __Oel4e __
35 441. CCOVL 437.57°.'29 3.40711 0.16
¢ 518, (0000 505,07813 12.92108 O.U1
_n . 33¢,.CCU0C . 320.9c022 . _ 1057178 050 _ ____.
38 362. 00000 3BT 954 «24.,21954 -l.15
35 236. CO00UC0 220.074176 15.32724 O.7¢
&0 ____ . 243.CCUQC__ __224.21887 8. 72113 . 0.89__
41 256. CCOUO 211.97275 -15.57215 -0.174
4«2 26C. COLUVO 27J.4051717 -10.16577 ~0.48
43 324.C00V0 __ _315.14048 _______ 8,.,8%5352 _ 042 .
44 336. 0000 313.37491 22.62109 1.017
45 413.C0000 420.11708 -3.11768 -0.34
4 L 428,C0000_ __  437.50073 -9.50073 =045 __
41 3o0l. COOVO 353,23999 T.76001 0.37
48 322.CCU0GC 323.83496 -1.81496 -0.09
%9 373.C000C __ 368.0u415 __ . 4.99585 _ __ 0.24 _ . __
o 348.CCO0C 3719.875%13 -31.87513 -1.51
51 43¢. COU00 ©00.09849 29.30151 1.3
%2 34C.CCU00 ___ _ 322.99316 _____ 17.00684 ___ _ _0.80 __
'3 25S. CCUUO 258 .80225 0.197715 0.01
54 342.CCGOC 327.34009 V4,.65691 0.69
55 4Cl.CO000 ____379.74316 21.2%¢84 1.00 _ . ___
&6 335. Couwuo 321.77222 13.2271178 0.63
57 332.C000C 308.006479 23.23521 1.10
5 342. 00000 326.25%13 €. 14487 O0.14



PUSHON

TABLE VIII.

4
¢0
¢l
€2
63
€5
t6

_—

(3]
¢S

—_0__

1
12

S & N

14
15

—_

17
e
€0
€l
€2
€3

_ 2
113
114

115
11e
1.7
118

_th

9

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

300. 00000
3CC.CO000
284.C00V0
3¢5, C0u00
361. COVUC
315.C0CU0
Jlc. CCuuc
142. CCUVL
2Coe COVVY
33C. 00000
228.C0000

328.CCuUV0
265.C0000
293. COQUC
321.C00UC
215. COUVO

1299.€0006 _

PLV (a-3)

315.40913
323.96240
213.61914
3l6.40112
3647,.25903
Jl3.8503¢6
298 .,84033
l4d . 9uald

223.4458Y.

319.80914
226.49748

L 219.14+78

362.572917
289.8065172

230277005

. 211.C0V0C __

25C. CCUVO
257. CCuuld

_ 239.CuvoC

257, CCOVO
302.C0000
282.C00uUN
251. CC00C
248, CCOVO
JacC. CCUOC
321.C0000
257. CCQ0C

3C2.CCO0C

335.C0C00

312.79419
220.12437

. 221.97028

290.10181
€51 .10095
220473221
253.,20952
30l.8¢6810

_ J10.11353

24T.06472
242445137
307.90015

325.96362
260,99512
296.29541
339.94¢38

3CC. COOUC 315.85093
338, C00U0 322.41260 _

431. COVVO 429418701
276. COVOC 290.58067
323,0C00C _ _ 314.79917
433, C0U0O ©36.11255
445.C0C30 445.,04688
. 2C7.C0000 _ __ 211.55959
4C4. COUOO 415.22534
36C. COV0O 369.12378
404.GCU0Q ____ 46&.85962
4E4. CGUUO 463.20367
425.C0OVO0 443.0L504

_ 476.C0U00 _ __ 463.61725
36(. COU0O 370.67139
373.CGC000 376.50507
31C. CO00C ___ 302.1viél
3C6.C000C 316.98242
301.C0000 2808.69995

L 25C.CCOU0 ___ 2vb.lullT
342.€C000 365.34253
304.C0000 3i2.05176
358. 0C000 375.50000
3¢S, CCOOC 309.55835
24C. 00000 304.03343
3¢8. 00000 291.53027
328. CCOOC 322.53003
264.C0000 295.05981
234,6000C  240.03852

__-i2.63852 = -C

*7.i0913 =034
=23:96240 -1.13
10.38086 0.45
-11.40112 -0.54
13.74097 0.065
t.1490686 0.0%
t1.15967 0.%3
-6.90408 -0.3)
-l10l2589 e 1m -0081 - -
1C. 13086 Q.48
1.50252 0.07
- 19.85522 R 0.9
-34,573917 ~l.02
-20,06572 ~0.9%9
.=39.17075 . _ . -1.88 __
8.20531! 0.39
-5.12437 -0.24
-_lC.97028_N” ~0,52
-40.30181 -1.50
5.89105 0.28
_12.2€119 0.58
3.79048 0.18
0.13184 0.01
=28.11353 ~1.33
23.23528 1.10
5.5486) 0.J6
e 32.09985 _ __ 1.52 _
-4.96362 ~-0.23
"30995[2 °0.'49
5.704%9 0.27
~4.94238 ~0.23
~15.85693 ~0.75
15.58740 0.4
6.81299 0.32
-11.50¢67 -0.5%
4.2048) _0.20
—3.11255 ‘0-15
-0.04588 ~0.00
. =4.55659 __ -0.42 .
-11.225346 -0.53
-9.123718 ~0.43
-2.85962__ ___ =0.44
20.73¢€33 0.98
~14.,6¢6504 -0.69
__Mee322715 __ 0.58 _ __
~10.€7139 -0.50
-3.56567 -0.17
1.80859 _ 0.37
-10.982‘42 '0.52
12.30005 0.58
=6.70117 ~-0.32 -
-2,3425%) -0.16
-8.05176 -0.38
~17.50000_ __ =-0.83__
~U0.55835 -0.03
~14.63843 -0.69
16.4€973 0.78
5.46997 0.26
-11.05981 ~0.52
-0000

69
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

PLL (a-3)
TABLE OF RESIODUALS

TCRSE NOG Y VALUE ~ 7V ESTIMATE —— —RESIDUAL
1 94.0N000 93,87099 0. 19919

2 136.0990) 137, 13664 ~1.13466

3 137.00000 — 141.02888 -4.02888

. 179.00009 176.55621 2.44379

s 167.99929 153.17178 -6.17178

8 117.00007 132, 24641 — =15, 24641

4 1644.00709 146, 39923 ~2.39923

8 149.02509 151.57733 ~1.57133

9 142.00000 — 138. 66751 3.33249

10 138.00000 138.01213 -0.0121)

1 170.0990) 172.42291 -2.42291

12- 179.00000 —— 182, 14757 .3.14757

1 199,0007) 197. 67998 1.32n02

14 1718.0200) 182, 34789 ~4e34789

1S 181.00000 184, 63759 ———=3,63759

16 110.99033 111.68315 -1.68315%

17 146.00709) 162, 4491 4 3.55086

18 “158.0N007 159. 33115 "—=1,31119%"

19 171.02009 167.72766 3.2723%

20 169,00909 168,94864 0.05136

-21 175.00000 ——172.85338— "2, 14662

22 165.00909 157. 61636 7.38364

23 160.00000 154. 91359 5. 08641

26 7T 166.,000N00 T 163,.556N% T 2,.4439%

25 157.0C0920 156.5752% 0.624177

26 148.00000 152. 485135 ~4.48535
TTTTT2T T 145.,0000) T 151, 12200 -6.72200
28 152.00202 152.251795 ~2.25795

29 156.00000 151.78258 4. 21 742
T O30T 157.00000 T 152, 65262 =2.65262
31 152.3220) 152.041913 -2.04193

32 149.00000 152.07986 =-3.01986

T 33 77 156.00000 7T 154.19708 T 1,80292
34 154.02229 154.81769 -0.81769

35 159,.00000 157.52831 le47169
736 77T 153.00000 T 158. 91096 T —=+%,.91 096
37 162.00022 158.,63031 1.36969

38 156 .00000 149. 8’ .89 6.18111

T 39 T 116.00000 T 113, 04161 ¢ 2495839 -

40 117.9002) 114.07016 2.92984

4l 142.00000 139. 91960 2.08040

62 "7 142.00000 — 138, 67851 —— -~ 3,321 49

4} 125.0070% 127, 44096 4.55904

44 146.0009 147.13321 -1.13321

TTTTTT &S T 144,00000 T 140,994 88 " 3.0051%
6 142.00000 143. 67939 -1.67039

47 147.00000 147.02756 ~-0.0275%6

48 ~184.,N00092 1R2. 256443 t.74557

49 141.07009 147.15730 -6.15730

50 143.0000) 1644,69643 -1.6964)

S1 77 142.,2920) 7 138, 30826 — " 3,6917¢

52 144.20000 139, 14442 4.85558

53 142.00000 135. 71774 6.28226

T 86 T 161.07000 T 141.18118 — -« 0,18118
55 183.77009 179. 99803 3.00197

56 193.0000) 186, 34593 6.65407
ST T LT6L.00200 T 117424049 = 1,24049
58 182.00009 180. 88800 1.11200

59 169.000019 172.06919 -3.,064919

60 162.3220) 164. 16684 ~2.166846

RESID/STD €RR
0.05
'0021
-0.97 -
0.59
"‘-‘9
" =-3,68
‘0.50
~0.38
0.80 ———
-0-00
~0.58
- -0.76
0.32
-1.9%
T T =0.88
‘o.‘l
0. 86
-0.32
0.7¢9
0.01
0.52
1.78
1.23
0.59
2.10
-1.08
T=l.62 T
~0.54
1.02
“0,684 ——
-0.49
-0, 74
D.43
-0.20
0.36
T =1.43
0.33
1.49
0.71
0.71
0.50
T 0.8
1.10
-0021
- 0.72
‘0.’00
‘0.01
0.62
~1.49
-0.41
0.89
1.17
1.52
~0.06 —
0.72
t.61
- -0.30 -
0.27
'0. T4
‘0.52




TABLE VIII,

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

PLL (a-3)

ol 16 2.00000 157, 68708 4.31992

62 170.00009 167.51910 2.48090

6) 164.,00000 162. 38599 1.61401

(.1} 159.00009 154.087198% 4.91208%

65 148.00000 152.36059 -&.36859

66 162,07000 — - 161.,5%511 wl.55511

67 156.00n0Nn9 149.983)38 6.016062

68 152.00000 151, 41840 0.58156
TTTTTT 89 T 152.00700 - 1852.12184 «~0.,1218¢4"
70 155.,00000 154.6478)3 0.35217

T 155.00709 155, 32893 -0.3289)3

T Y T 14500000 154, 65544 G, 65544
14 ] 191.00009 181.88869 -0.88269

14 166.20222 t61.55272 2.441728

75 110.00002 —110. 42009 =0.42009

716 97,.00000 97,3978 -0.39784

mn 162.0000) 141,971 47 =-1.97147

78 96.0N0027 97.63431 ———=1,46343)"

19 98 .NN00Y 98. 64290 ~0.64290

89 99,2223 95.38710 3.61239
- g} —— 99,000Nn9 - 99,1861 1T—=0,18617
82 101.00000 101.43050 -0.43050

83 99.7223)2 98.95047 0.049%)
T84 T 100,00009 —~ 102,1267T4———=2,126176
85 172.970170 101.€655%) 0.30447

86 199.000019 98.62317) 1.37627

= gY ==~ = 100,00N00 — 101.,26692 -1,26692
ne 103,00000 102.94044 0,0%958

89 1979,0000n9 98, 95839 1.04161
g0 98.,000N) - 97,33948 —— Q.66052
9] 122.0222 123,.17406 ~1.17406

92 174.00000 106. 79581 -2.79581
T QYT 135,00000 C 134, 8065 —— 0.19547
94 168.0220) 168.37724 ~0.377264

95 149.00000 148,.955%67 0.0443)

= 9 - o= 16 2.,00000 -—- 169, 29928 — ~— 2,710175
97 1232.97220% 97. 62382 2.,39618

98 165.00009 165,92264 -0.92206%

b 95 — 186.NN0N) - 183, (7430 — 2.82570
100 117.20092 115. 34854 1.65] 46

101 144.00000 136.54384 T.45616
——-102 - 133.0000) ——122,.83415 ‘10. 16585
103 106.C03029 121.24442 ~15.24642

104 171.00000 172.66370 -1s66370

- 106 -—- 157.n000Y) “162.91093 —— =3,9199)
106 153.00009 153, 8965) ~0.8965)

107 196 .00000 157.88725 -1.887125

- 108 —= 163.00009 —— 162, 40424 “0.59576
109 162.27000 159. 69507 230493

110 169.00000 172.13210 -3,13210

- 11l - 129.00009 — - 130.9%5982 -1.95982
112 124.00000 123.90323 0.096177

113 128,00000 128. 58476 -0.58476

= 114 ———133,90902 128, 2061 2- -4, 79388
115 130.00000 128.58133% 1.01867

116 126.,0000)0 128.48720 -2.48720
— 17— =--133,00000—— 128.90736-— ——-4,0926¢ -
118 113.00000 121.23514 -8.23514

YRIG n\
\l

1.06
0.60
0.39
1.19
-1.95%

- =-0.38 T
ll‘s
O.1¢

-0.03 -
0.n8
-0. [¢].]

T =203 0
-0.21
0.59
"00‘0
-0.10
~0.48
=0.3y
-00‘0
0.87

~0.04
-0.10
0.91

0.07
0.3)3
-003‘
0.3
0.25
I P I -t
-0.28
~-0.67
0.05 ———
-2.9%9
0.01
0.65 T
0.58
-0.22
0.68 ~—
0.40
1.80
2065 — —
-3.68
-0'40
e e, Gl
-0.22
"00‘6
T T Ol T —
0.56
-0.76
=047
0.902
‘0.‘“
.—--....._.—.._--‘ lb —— ——
0.3¢
—0.60
RSN 0.99 P,
"l-99
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

HP (a-3)
TABLE OF RESIDUALS

TCARSEND T ¥ VALUE — Y ESTIMATE ——RESIDUAL - RESID/STO ERR—

1 687.07000 686.82N56 0.1796¢6 0.01

2 784,00000 7190, 69606 ~0.69604 -0.51
3 823.00N09 — T 8264, ALY T S L,T7I31y ——~ -0.1) T

4 940,00000 932,25269 T.7731 0.59

] 871.00000 8T4. 73462 ~3.73482 -0.28
[ 726.79003 " 712.04248 w46, 00248 T TeR 49 ——

7 844.000N0 854. 61450 ~10.61450 -0.,80

8 871.00000 862.70752 8.,29248 0.6)
9 817.09000 B39, 76702 " T7,23218 ———"""-0,%9% —

10 177.00000 790. 30640 -13.30640 -1.91

11 907.00000 903, 76660 3,23340 0.24
12 990,00000N 911.65063—=11.5506) =0.,88

13 9715.0000) 976, 30933 -1.3N093) ~0.10

1 905.000179) 914.5155N3 ~-9,15503 -0.69

15 926.00009™"924,19]189—1,.80811 0.14

16 71646.00009 125. 20996 20.79004 1.57

17 808.000090 B8N6,. 800S54 1.199406 0.09
18— 867.0090% " 858.,83154 ~ 1e.15846 0,09 —

19 939,70000 883,97681 20.02319 1.52

20 998.0N079 970, 4414) 7.5585%59 0.517

21" 898,073 "903,8957158 -5.8957% =0,49

22 847.00000 846,181188 0.81812 0.06

23 811.00192 817.66431 ~06.66431 -0.,50
T2 T 851,00000 - 837,24170 13.75830 — © LefYe T

25 839,00000 .23,08813 15.91187 1.21

26 811.00009 823, 212069 ~-12.21069 -0.92
21 B11.02900 — " 821.35295 -10.3%205 - -0.78 T

28 802.00000 879.99146 ~7.99146 -0.61

29 817.0001) 827.59217 -0.592177 ~-0.04
30 TTTTT OBY4.00000 7T 8N6, 490636 T T=2,496346 T T T 0,19 T

3\ 805 .00000 804, 28711 0.71289 0.95

22 878.0007) 805, 11572 2.8494728 0.22
tTU 33 T 818.0000) 807.34409 " 10.0559]1 " T T 0,76 T

34 9123,00009 B817.44043 ~4.4404) -0.34

35 837.000M) 833.9045% 3.09546 0.23
T 36 T 869.00000 T 852, 44849 T =3,46 649 =0.26 —

37 13.00700 823, 039n¢ ~10.03906 ~0.76

38 812.22202 Bl6.36841 ~4.36841 -0.33
"""" 39 7" T41.00N00 7 T28,€5236 7 12634766 T 0.9 T

40 738.00000 731.06689 6.93311 0.53

41 809,00000 796,.291N2 12.70898 0.96
42 T BN0,0N000 T 793,3912Y " 6,69873—— — " 0,51 - —

4) 784.000Nn0 T12.14185 11.85815 0.90

4% 829.0190) 832.88770 -3.88770 -0,29
TTTO4%5 T OBS0.0N0000 T B46.05644 T 3,945%6 T " 0,30 -~

46 858.0n00N 8513, 39453 4, 605647 0.35

47 860.00200 8h4.28735 15. 71265 1.19
S4BT T B9TL,ONN0) T 905,94189 " =8,94189 " =0.68 "

49 836.0709) 822.81592 13,18408 1.00

50 8231.0071) B31.33228 -8.33228 ~D.63
T 8] T 63,0090 T 833,553 T T 9,44629 7 © 0,712 7

52 8l14.07000 810.82715 3.17285% 0.24

53 786.00099 783.72534 2.2T466 0.17
— 84— "~ 815,07000 ~ 819,39795 ®4,3979% - = =N,33 -

55 929.,07009 930, 61865 -1.6i865 -0.12

56 953.2N01709 953.85571 ~0.85571 ~0.06
———— T — = F22.00NM0) T 904, 25391 —— 171.74609 = 1436 T

58 928.00171) 920.061763 71.932W7 0.60

59 891.0n000 881.97998 9, 02002 0.68

60 863.00000 872.13086 -9.13086 ~0.69



TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

HP (a-3)
ol 854.00002 856, 25122 ~2.25122 -0.17
62 852.01909 096, 76343 “16.7634) -1.12
63 876,.00009 872, 75488 3.24512 0,25
[ 849,00002 835, %9328 13.,40674 1.92
65 848.0N0NN019 839, 31836 8.68164 0.66
T 667 T 823,70000 B22.74121 —— 0.25879 n.92
&7 822,2%922 818, 74512 3.,25488 2.25
686 829.09%Q) 814. 29395 14, 70605 1.1
TTT 89T 829,.0N007 T 831429565 T «2,29565 -0.17 -
70 835.,2223) 832, 78296 4.,21704 0.32
14} 846.00709 835, 15552 10.84448 0.82
— 12 -—839,00000 — 861,5515] ——=22,55181 — -~ ~y,7} - —
73 915.00209 923.1138)3 -8.17383 -0,62
T4 881.07909 876, 06299 4.931701 0.37
1 “793.00000 —T11,94873 ~8.94873 — -0,68
16 ©90.02009 694,99438 ~4.99438 -0.38
7 7192.00200 805. 14902 =13. 74902 -1.04
18 690.0000)— 708,91895—={4.91895 =1.43
19 699.22229 696, 03687 2096313 0,22
80 681.00N00 68l.61211 -0.41211 -0.9)
8t 694,07070 — 100, 24878 “~0624878 T =0, 6T T
82 724.00€00 733,07910 ~9.07910 -~-0.69
83 687.00000 104.93750 -17.93750 ~1.3%
85 7123.00009 721,.84033 1.15967 Q. 79
86 7125,00009 712.72314 12.27686 0.93
— 8~ 686,00007 — 685,82397 “Q.l760) - 0.1
88 705.0000) 702.58179 6.41821 0,49
89 126,092000 716, 70630 9.,293710 0.,70
9N - 110.0NDN00 TN, 13745 84886255 T Q.67 T~
91 T64.07709 T46,28369 17.71631 1.34
92 736,00700 736.,27710 -2.27710 -0.17
— 93 ———— T87.00000 ~— 789, 38135 =2,38135 ——— ~0,18 ——
9% 856.00009 850.172583 5.27417 0.40
95 851.00000 840,.83081 10.16919 0.77
= 0% 992.,0020) -—— 898, 33081 © 3,66919 - = 0,28 T
97 697.9079) 684.85167 12.14233 0.92
98 8713.,0000) 885, 19263 ~12.19263 -0.92
= 99 ——-9138,0)909 931, 2463 4" 6.,75366 “ 051
109 790.00090 195, 29932 -5.29932 -0.40
101 832.00000 833,9570)3 ~31.95703 ~2.%2
=102 T57.,90000 —— 786 ,94263 - =29,98246) " =2,2) —
103 841.0020) 187, 74658 53,25342 4,03
104 940,001700 924. 63574 15.36426 t.16
= 105 ~—9N19,00793———-897,96885 ——-311,931 15— 0,90
106 843,00000 A4T.63965 ~4.63955 -0.35
107 848,.000n0 856,04565 ~8.04565 -0.61
— 198 —— 882.N10900) 884,998718 ———=2,9908718 ——=0,23 - ——
1n9 854.00N0) 86 2. 76587 -8.76587 ~0.66
110 892.00000 917.24883 -25.04483 ~-1.90
— 111 —1592.00229 738. 52659 “‘1le%934l 0.87
112 734,00N009 741.71753 -7.71753 -0.58
113 157.00009 749.62671 7.37329 0.56
—ile- 718,00000———T42,. 88159 ———24,88159~ 1.88
115 735.00000 T41.77222 -6.77222 ~0.51
116 735.00000 739.1135) -~4.1135) -0.31
{47 - = ¥53,00000 - T43.94849 —— 9,0515t - -—- 0,69 ——— —-

118 127.00000 739. 24072 -12.24072 -0.93
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TABLE VIII.

DATA ACTUAL -MODEL EQUATION ESTIMATED VALUES (continued)

TRYT (a-3)

TABLE OF RESIDUALS

“CTRSENOT Y VALUE V¥ ESTIMATE RESIODUAL -—— RESID/STD ERR—
1 0.10900 0. 19109 0.00800 0. 49
2 0.18100 0. 16838 0.01262 n. 17
3 0.16709 ——0.1606% -~ 0.0063¢ 0.39 ——
L 0.21007 0.20094 0. 00906 0.5%
S 0.17800 0.1897¢6 -0.01176 -0,72
8 0.13802~ Ve 13321 =7 0,00479 -~ Q9,29 ~——
4 0.18809 N.18481 0.00319 0.20
8 0,19700 0.17808 0.01692 l.16
9 0.,16%9) — 0, 16977 =0,00917 — " =0.,80 —
19 0.16200 0.15998 0.00202 0.12
12 9,20¥39 — 0, 19940 — 0.02360 0.22
13 0.24109 0.23236 0.0086¢ 0.53
1% 0.1082300 0.20358 -0.02058 -1.26
15 0.,23¢3) —0.22137 "0,01463———— 0,89
16 0.10109 9. 11591 ~0.01491 ~0.91
17 0.16900 0.17390 -0.00490 -0.30
18— 0.2137) - 2.1910} — 0,02199 ~— = |3 ——
19 0.14809 0.18736 ~0.03936 ~2.40
20 0.18909 0.19730 -0.70830 -0.51
— =2l T 0412590 —— 0,14508 ——=0,02008 ——— =1,23)}
22 0.12900 0.1646462 -0.01562 -0.95
23 0.178Nn0 0.17395 0.00605 0.25
— e 2 0, 20800 - 0, 27039 00,0746} ————— €,28 ~—
25 0.19009 0.21534 ~0.025%3¢ -1.55
26 0.24300 0.22617 0.01823 1.11
27 2.23120 - 0,2049) 0.02607 T 1,59 ———
28 0.20700 0. 20182 0.0051n N.32
29 0.17100 0.18567 -0.01467 -0.90
= 3Q - 0.,18300 = 0,175646 ——- 0,207%8 ——"—- Q.46 ——
K} 0.19909 0.17828 0.02072 1.26
32 0.1830) 0.17300 0.01019 0.61
- 33y 0.264803 " 0,25011 ———=0,2%211 —— =2,13 ~— —
34 0.11207 0.12078 -0.00878 -0.54
35 0.17200 0.16110 0.01090 0.67
36" 92,2280 N0.21974 0,00826 — ——— ~ 0,50 ——
LR 0.11390 0.1157¢ -0.N00274 -0.17
38 0.1060? 0.12750 -0.02150 -1.31
—— -39 ——— - 9,13700 ——=—=0,12578 —— — 0,01122 — ——~ 0,69 -~
&0 0.13600 0.12750 0.00850 0.52
41 0.17100 0.15921 o.0L1L79 0.72
42 0.16800 — - 0,15983 ———0,0)817 —-—— 0.50 -
43 0.13000 0.12469 0.00531 0.32
1) 0.17309 0,1%989 0.01311 0.80
45" 0.17709 — 0,19637 ———=0,01937 -~ —— ={,18 "~
46 0.18800 0.19733 ~0.00933 -0.57
&7 0.16100 0.13275 0.02825 1.72
48 — 2.13N)—— 0.13492— 0.70192 ———0.12
49 0.16900 0.17766 -0.00866 -0.53
—- 5] - — 0.1810) ——~  0.,1838] -—— =0,00281 -~ -0.17 -
52 0.13900 0.14140 -0.0024«0 -0.15
53 7.1480% 0.14922 -0.20122 -0.07
54 - - Nel560) ———- 0.16432 - 0.01168————- 0,7} —~—
55 N.2120) 0.19978 0.01222 2.75
56 2.21¢02 t.27829 0.00791 0.48
5 0.20900 ——— 00,2005 ——— 0,00866 ~— " 0,52 ~—
58 n.20709% 0. 19841 0.0089%9 0.52
59 0.21392 0.29%418 0.0n882 0.54
60 0.16000 0.17310 -0.01310 -0.80



Frpe—

TABLE VII1. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

TRVT (a-3)
bt 0.17809 0.1712¢ 0.00676 0.5l
62 0.19109 0.18191 0.017999 .61
63 0.18299 0.166062 0.01538 0.94
66 0.18203 0. 16409 0.01791 1.99
65 0,20409 0.20422 -0.07022 ~0.01
TTTAATTTTTTTT 0,099 T 0.0956) T 0.1r0339 ¢ 0.21
67 2.101H9 0.1105¢6 -0,00756 ~0%.46
68 0.07809 2.07991 -0,00]191 -0.12
T YT T 0.15100 T 0.165%91 — T =0,01491 ’ -0.91
10 0,22100 0.20830 0.01270 0.78
Tl 0.26000 0.28170 -0,02170 -1.32
T YT 0,1L00 T 0. 0863 T = 0,0163Y T =1,90 T T
73 0.18610 0.21857 ~0,03057 -1.087
Te 0.,22100 0.21766 0.00934 0.57
TS 0.1260070.12878 " =0,00276 T «0.47 7 7
76 0.12600 0.10978 -0.00378 -0.23
17 0.1630) 0.17496 ~0.01196 -0. 73
18 N A06NY " 0,11045=0,0064% — " ~0,27
19 2.1320) 0.13871 -0.006171 -9, 61
89 0.11101 0.12939 -0.01839 -1.12
81 0.08400 " 0,09583—"=0,01183 —— " <0,72
8 0.15700 0.15706 -0.000006 -0.00
8% 0.06800 " 0,05249 " 0.015%3 " 0,9% ——
85 N.14122 N.12639 2.9%14061 0.89
as 7.1970) 0.18591 0.01109 0.68
TTTTUBT TTUT0L,09100 T 04193406 ~0.,01306 ——"=0,80 —
a8 0.1970) 0.19489 0.03220 0.13
89 0.26107 0.25987 0.00113 0.7
T QY U 0,21900 0 0 0,28 7199 7 0.09101 ———" 0.06 T~
91 0.1790) 2.18374 ~0.22474 -0.29
92 0.19709 0.18A882 0.00818 0.50
T3 T 0419200 7T 0,19405 =0,00205 " =012 T
94 0.08922 0.18629 0.00:89 2.17
95 0.262n0 0.27241} -0.01041 ~0.64
96 T 0423600 70, 23518~ 0,00082 0.08 ——
97 0.13909 0.14254 -0,0035%% -0.22
93 0.10000 0.10675 -0.00675 -0.41
QY T 00,1740 T 0, 1707 T 0.03323 T 0,200 O
109 0.30600 0.29495 0.01105 0.67
101 0.32309 0.34902 -0.02002 -1.59
U102 T 0429400 T 0, 30457 7= 0,01087 T T <0,69 T
103 7.33300 0,307185 0.02515 1.54
104 0.24100 0.22619 0.01481 0,90
T105 T 0.,21300 T 0,22682 07— -0.013%62 "~~~ -0,8) ——~
136 0.14700 0.14127 0.0957)3 0.35
107 0.14100 0.15144 -0.01064 -0. 64
TTANS T 0,.16529 - 0, 14STL=0,0)071 T w=0,06— —
109 0.1260) 0.14090 -0.01490 -0,91
110 0.2237 0.21197 0.01103 0.67
it T0.14000 T 0, 15779 = 0,01 779 T A, 99 T
112 0.17301 0.16723 0.005717 0.35
113 0.15300 0. 14749 0.0055! 0.34%
I8 0.13600 0.13330—— 0.,00270 — = " 0.1l6 ——
115 0.13709 0.13208 0.006492 0.30
116 0.15400 0.14207 0.01193 0.73
TP T T C0,13000 0, 1349 T =0,00697 0 -0.30

118 0.12160 0.13735 -0.01635 -1.00
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TABLE VIII.

DATA ACTUAL-I10DEL EQUATION ESTIMATED VALUES (continued)

Q0 (a-3)
TABLE OF RESIDUALS
—CAST NO; TV VALYE T ESTIMATE -~ RESIDUAL - - RESIO/STO ERR
2 0,3080) 0,31700 -J,353900 ~l.16
-3 " 0,3290% T 0,32668 " 0,7023% " 0,30
“ 0.36300 0.36037 0.00263 0.33
] 0.35509 0. 36357 ~0.208%7 -1.09
T T 0,3%509 0.33038 - 0.02667— " 3,43 ——
14 0.361309 0,3523% 0.010065% 1.39%
] 0.35200 0.3493%6 0.0026% 0.33
9" 0.32600" N335 50,0097t ——— ~1,23} ~——
10 0.,31200 0,30845 0.00355 0.4%
il 0.34102 Q. 34952 -0.0025%52 -0.32
12 " ND.34500" 0.35160—=0,000660 =0, 8 T T
13 0.37100 0.37623 -0.00523 ~-0.66
Le 0.337129 0. 33366 0.00634 Q.80
1S T 0635609 T 0,356867 T =0.00067 =0,09
16 0, 30000 0.29521 0.00479 0.6t
17 0.31100 0.31892 -0.00792 -1.D00
18 0.33802 0, 33638— " 0,001362 0.466
19 N.34300 0. 34655 ~0.00355 ~0.45
o] 0.3512) 0434985 0.70115 0.15
T2 T 0034300 T 0, 315095 ¢ -0.0079% =1,00 ——
22 0.33800 0.332M 0.00529 0.67
'3 | 0.1312482) 2.30189 0.03011 0.91
T2 T 0 ,31500 TT0,33%%) ¢ -0.,0¥05) -~ " &0,07 T
25 0.213301 0.33874 -0.0057¢4 -0,73
26 0.32299 0.32017 0.00123 0.10
T QY T O0L,33009 0T T T 0,.32586 T 0,006 T 0,60 —~ —
28 0.31201 0.30724 0.004176 0.60
29 0.31%02 0.31611 0.22289 0.37
TN TTTUOTTo0L,31100 T 0, 315 T -~ 0,00057 T T <0, Y T
n 0.31301) 0. 306517 0.0064)3 0.82
32 0.3149) 0.31495 -0.0309% -0.12
TTTT33 T T 0433800 7T 0433859 T -0,00099 T T ~0,07 T
3 0.3°)509 0. 31482 0.001238 0.18
15 0.3 400 0,32666 0.0073¢4 0.93
TTTTTI T 0,34500 “0.34787 T=0.0028Y 0,36 T
37 0.3110) 0. 30637 0.994¢83 0.59
38 0.3170) 0.32825 -0.%51125 “le43
T TTTT T oDL29400 T T 0,L,2%612 7 =0,00212 T T =027 T T
40 0.3022) 0.29608 0.0059%5 0.75
4i 0.30400 0.31499 -0.01099 ~l.39
T &2 T 0,30509 T 0e31388 T =0,00888 " " ~{,13 " — —
43 0.316N9 0,31298 0.720302 0.38
'3 0.33299 0.33342 -0,00812 -0.14
TTTTTES T 0435800 T T 0,36037 $0,00237 T =0.30
4o 0.36200 Qe 36044 0.00156 0.20
47 0.34700 0.34376 Q.00324 0.41
48 0.3360N0—" 0N,33568 —= 0.00032— ~——— 0,06 T
<9 0.3110) 0. 31384 -0.00284 ~0,36
59 0.30900 0.31524 ~0.00624 -0.79
il ¥ Wi 0.35900 — "~ 0,36076 = " =0.90176 -0,22 -
52 0.311300 0,31910Q ~0.2%6190 “0.17
b3 ) 0.298n9 N, 30816 ~0.01016 -1.29
L1 0.31809- “0,32181 -~ =0,0N3QL-— —— »0,48 " —
55 0.36400 0.35212 0.01188 1.51
56 0.36609 0.36007 0.07593 0.715
e ] == 04364600 — < N,35653 ——  -0,0085%) ~1.08 -
58 0.35500 0.34780 0.,00720 0.91
59 0.34200 0. 34874 ~0.10474 ~-0.60
- 40 A 33400 n 34139 -n, 005830 —N sn




TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

CQ0 (a-3)
61 0.3420) J.34258 -0.20058 =0.27
62 0.3450% 0.34631 -0.00131 -0.17
6) 0.34100 0. 33517 0.10583 0. 76
64 0.34102 0.32924 0.01176 1.49
65 0.3646N0 0. 33971 0.00«27 0.5%
(1) "0.30600 T 0, 30762 =0,N0162 -0.21 —
67 2.3232) N.32788 -0.7%488 -0.62
68 0.31209 0.131215 -0.02015 ~0.22
69 0.3090) - 0. 30808 0.07092 — - - 0,12 -~
79 9.32499 C.3308% -0.00681 -0.86
1 0.331N0 0.32995 0.00315 0.40
' 12 0.33800———0,33788——— 0,00N12 ——~———" 0,02
73 034509 0.35797 -0.01297 -1.64
T4 0.,36300 0.34865 0.01435 1.82
15 0.28790 — " 0.29057—— —=0,035) T =0044 T
76 C.29200 0.29137 0.0)063 0.%8
77 0.30500 0.31894 -0.01384 -1.75
T YT 0,290 0, 29312 =0,00012 T =0,92 ——
80 0.28100 0.27290 0.20810 1.03
8t 0.29600 = 0.,29486 " 0,90116— C.1% —
8¢ 0.32400 0.32156 0.00244 0.31
83 0.27209 J. 28054 -0.170854 -1.08
84 - 0.28109 —0.,27220—0.0%88%2— “lel2T "
a5 0.32402 0.32616 -0.N0216 -0.27
86 0.32300 0.31877 U.3J0423 0.5%
87 00,2752 70, 27313—=0,30313 — " =0,40
88 0.30800 0.31163 -0.7036)3 -0, 406
89 0.333n0 0.33340 -0.NN0040 -0.05
<0 0430000 0.2987) 0602127 016 —
91 0.39509 0.31057 -0.0055%7 -0.71
92 0.29200 0. 30042 -0.NN842 -1.07
93 0.3050) " 0,29997T—0,170503 — " 0.64 —
94 0.33300 0. 333712 ~-0.00072 -0.09
95 0.36100 0. 34958 0.01142 1.44
- 96— = 0+36527" 0.36229 0.2021t — " 0,34 ——
97 0.28902 0.27918 0.0n082 0.10
98 0.36200 0.35108 0.00092 0.12
99 0.38300———0,.,37116" 0,118 — 1,50 —
100 0.34000 0.33412 0.00588 0.75
101 0.33300 0.33798 -0.00498 -0.63
TT102 T 0033920 T 0.3307 — 0.00829 " 1,05 "
103 0.32600 0.33015 -0.006415 -0.53
104 0.36400 D.36720 -0.00320 -N.41
— 105 —— 0,3570) - 0.36173 «0.,00473 — ~0.60 —
106 0.3500 0.35012 0.70288 0.36
107 0.34900 0., 35535 -0.00635 -0.80
- 198" 0,3650N— -— 0,36115 - 0.00385 ——— 0,49 -
109 0.35500 0.36002 ~0.60502 ~0.64
110 0.3610) 0.35982 0.00118 0.15
I T 0.,3210) ——0.31099—— 0. 0100l 1,27 ——
112 0.31600 N.31616 ~0.00016 -0.02
113 0.32600 0.32752 ~-0.00152 -0.19
114 0.32009 — 0.3189)3 ~0.,00107 ——— 0,14 -
115 0.31500 0.31607 -0.00107 -0.14
1i6 0.31500 2.32332 ~-0.00832 -1.05
— 1P 0.32200—0,31525——0.00675————— ——~0.86 — -

118 C.30500 0.29563 0.00932 1.18



78

TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

ERR

0.88 -

BMF (b-3)
TPELE OF RESICUALS
CASE NC. Y VBLUE Y ESTIMATE RESICUAL RESID/STD
1 3592.00000 Juie.l 471 -&2.17E7 -0.14
P 2890. 00000 2139 ,29224-~---— 150,70 1276 0. 49
3 3618.00000 3753.5500% -715.£%C0% -0.25
L) 36139.00000 376€.001718 ~-12¢.¢Cii8 -0.4)
— e 4154,00000 - 4212.7c656-——=5E472¢56 --—- - - =0s19 --
6 25%07.00000 25&v.Y4¢06C3 -22.92€03 -0.C8
7 3752.C0000 3967.95%912 ~245.5%912 -0.81
— 88— 3045.00000~ -3495.31148 —-—~454.,2112¢ -1.49
9 3217.€0000 3057.31.94 156.£85006 Qe 92
10 4180.00000 39B3.t065 166.42235 Q.04
———— 4 1 BU. 00000 --  3845.74512 3é4.c%488 — - - le 06
12 4572.C0000 4UT4.18311 4%7.81689 1.63
13 4€455.00000 «199.7C703 i55.46291 0. 84
—————f e 3601 00000 —- IBTIe 24951 ——= 272424950 - —- — - =0, 89 -
15 3503,.C0000 4145.51813 -242.%1813 -0.80
16 3804.00000 4157.24219 -352.,24219 -l.16
— F——3809,00000 - - 4324404¢97 ——=515,04297 —— ——=1,069
18 3602.00000 3820.05%42 -218.C5542 -0.72
19 4160, 00000 4042.01559 117.52041 0.3y
e 2 O—————405¢. CO0OJV0 -~ 423644377) —— —164,42150 —— - ——~ 0.61
21 469(. 00000 4362.84375 332,1%¢25 1. 09
22 3823.00000 4127.8€072 -304.EEC72 -1.00
———23———4393.00000 - -- 4l ebe0l469 - 267,1553] ———- -
24 3229.00000 33718.413750 -14%.42150 -0,49
25 4165.00000 4084439160 B0.€¢C840 0.206
26— ——4 0683, 00000 -— - 438U.44531" 202.85469 - — ——- 0,99
217 4212.00000 4261.66197 “45.66197 -0.16
28 4790.00000 4424.65531 3¢5.72C469 1.20
—_—9 3639,00000 —-- 3948.8¢572-—— -G, ££572 —- —=0,03
30 3612.00000 3904.713817 -352.111387 -l.lt
L} A6A1. V000U 3/38.715063 -571.1715¢63 -0.19
s 3P - 3GTG9, 00000 - 3717.68433 —— 2C1.205¢€7 == 0,006
33 4081.C00uU0 38698.5bi09 182.01831 0.60
34 37176.00000 3759.5¢117 16.42€23 0. 05
3 4947,00000--— 4235.,00006-——- 712.0CCC0 ——— —— 24,34
36 40647.C0000 3954.35376 52.64624 0.7
37 3882.C0000 4069.62892 -187.¢€13892 -0.62
e 3P — ~ 4724,00000 - -~ 4013,96634--— 150.00366 ——  --- 0,49
39 4261.00000 39715%.17016¢ €8%.821324 0. 94
40 4148.00000 41C9.7517181 38.24219 0.13
ety 5133, 00000 —— 48 15,0078 —— 317.66219 —— - 14 04
42 3762.C0000 3970467041 -1¢4.€7C41 -0.54
43 4451.0C000 4345.2C703 1C£.79291 0.35
—e——tly - —— 5098.00000— -~ 4924455706———1713.40234 - ———— 0.57
45 3738.00000 3978.56885 -é4C.t¢885 ~0.79
46 3874.00000 3966.141722 =62.141722 -0.30
—iy § 3556+ 60000 —— 363¢.5E04) 119.41357 -———— 0.39
4LE 3692. 00000 3411.51324 215.426178 0.71
4«9 4118.C0000 40s60.31299 2i.€€101 0. 09
) — - 4037,00000 —— 4053.206294 ————=16.2€294 - — - -=0.05
51 3674.00000 3500.3¢963 173.€2037 0.57
52 4182.00000 3658.14502 223.8%498 0.73
53— -44C0. 00000~ - 64378.37891 - ¢ letgl09 - - 0.07
54 4323.C0000 4423.71815 -1CC. 71875 ~0.33
=5 360C.C0V00 2107.8L157 4Cz.12€E43 1.32
——5%6 —— 29172.,00000 297873438 -— -~56,.72438 «0.20
57 4103.00000 386¢.0%147 2316.5487) 0,78
58 :217.00900 3678.12478 -261.12318 -0.96
59 L145.00000 4249.10156 215.E6E44 Ve 71



[

TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

'

60 3tTbevuvuu

ol 3745.0€000

62 3830.00000

¢) 4875.00000

bbb 4834.00000

69 —— - 4699,00030

66 4 10%.000I0

61 5221.C0000

68 ——— 4275.,02000

“9 4334,00000

70 4610, 00000

e Jl——— 4351.0C000

72 4413,00000

73 4355.0C00C

To—— 3254.00000

15 3258.00000

76 3229.00000

13 3412.00000

18 4223.00000

79 4837.00000

80 .3815.00000

81 44%55,00000

82 4879.00000

——— 83— 3615.00000

o 3C98.00V0VY

B85 4C18.C00090

86 ——- 3147,00000

87 3392.00000

88 3207.00000

— 89— 2818, 00000

90 2909, 00000

q1 37106.C0OV00

—— Q2 - — 2T7C2.00000

93 3836.C0000

L) 4510.00000
— 9% . 30%4.0C000 -

96 4815. C00VVO0

97 . 5899,00000

—— B —— 5251 . 00000

$9 3863.C0uva

100 4789.C0000

vl 3813.00000

102 3131.00000

103 4528.00000

e § 0 ——— 5394,.00000

105 3000. 00000

106 3620.00000

e 30— 4§39, 00000

1C8 55T74.C0000

109 5756 .000U0

310 - 5807.00000

111 6209.00000

112 4636.00000

e 313 4969.00000

114 4037.00000

115 4049, 00000

— 116 —. 38C8.C00J0

117 3803.00039

118 4613.00000

——119.__... 3922.0000C

MF (bh-3)
3891.9YVUU3Y =8(.5C039
3976.3486) -2%1.%08)
2947.1¢260 -117.18260
45¢8.9:7150 3C6.Ce2%0
4732.3C4068 162,865}
T179.130612 --— ~-08(.12¢172
4HG3.3710% -188.271C9
4163.72734 4z%.227¢6

“615.9¢188 -~ ~4C(.52186

43t3.5%409 -16.5%4¢9
4513.02500 $¢.21500
- 43 11eT4219 ——- 36.2%2781
44li.old28 2C.2€¢712
412%5.73828 213.4¢112

3015.01890 ——- 238.38110

3475.117114 ~217.17114
3494817061 ~2¢5.87C¢1
- 396U 40948 ——— - |4B.4€548
5107.6c016 -27C.¢¢e016
4167.650340——=352.65234
46£5,21094 =2CC.21C9¢
€%79.28125 éS¢.11E15
3518.93906-—— =»103.62%06
VB9 .81445 B.1E£55
4148,37891 -130.217891

3262.2% 84 ——~115.25¢84
3286.08228 1¢5.91112
Jo4d,.34302 -442.34302
2984.23804- - - = 166,21606
IiS.HeTo3 -10¢e.5€1¢3
34t .5E2¢8 251.41112
2455433441 - 24L.6¢553

1625.684517 210.31%43
4u40.9%850 469.(4150
3208.3¢6035 . . - 154.2¢6035
4542.41406 c12.%0%594
6098.3007¢8 -éC3.2CcCr8
5522.5L391 -~ -~aT11.60391
3916.6 1694 ~53.€¢1€%4
4547.95703 241.C4297

4298458984 — —=G4ES.CE984

3310.3037) -115.%C371
44601.5c969 €6.07031
- 467278900 - T21.21CS4&
2184.42018 £15.5¢682
3850.88794 ~230.8€1794
- 480195703 —— 19704297
5520.4€828 42.51172
5802.¢0701) -46.2C103

$50¢6e829594 - ~168.82594
5870.71734 338.¢7466
4511.6E750 1¢4.21250

- 5344.72266 ——-215.722¢8
4l83.4453]) -14¢€,44531
4117.03906 ~68.036C6
3348.87988 .. . ~4C.E7588
4UH50.73535 -247.12535
bh44.Bl04l 168.18359
3787.05273 . — 124.54727

-0.27
~0. 70
-0.38
1. 00
0. 5¢
-0.,26
'0.02
1.40
-1.3
-0.06
0.32
0.13
0.07
0. 117
- 0.178
-Q. 71
-0.87

e - =00 49 -

-0.01
-0, 89

e — = le Lb - -

-0. 66

0,98
——- = =0.34
0.03

~0.43
e = (e 38
0.35

=1l.,4%

et d | I 1}
-0.35

0.82

S e oo 0e81
0.69

l.5%

- '0.5‘

0. 89

~0.67

~J.89 -

-0.18

0.79

- - . =159
-0.5%9

0,22

- - 2631
0. 71

~0. 76

o~ e —es 00 65
0.1

-0.15

—_——— - =0.,07 ..

.11

0.41
—:fu.‘l.ZJ
-0.48

-0.22

- =0e1 3
‘0-61

0.55

- 0. 44

79



80

TABLE VIII.

120 3678.00000
141 3510. 00000
— 122 3671.,00000
123 3700.00000
124 3178.C00V0
125 3617.00000
14d 3317.00000
127 6362.00000
128 4443,.0C000
129 4463.00000
130 4C24.00000
33— ---4¢26,03000
132 4087.0C0000
133 4323.00000
——1 34—~ 3936, 00000
135 4749.00000
136 5461, 00000

—43F——2962, 00000~

- 3409 +28882—— =14 1+268882 -

BMF (b-3)

4056.98820
3636.5232C
3617.%65448
3641.015817
3603,7c56)
36606.35645
3125.71107
61UY.09375
44(2.1¢01¢
%023.,69922
4079.21655
©289.71344
ehe2.410197
4e. 2.4L4084
4445,.25391
4439.44531
5057.30628¢

-~elt.50828
273.4€680

—-- 53.4(552
€8.9E413
174.27€237
"4903&6‘5
~4Ce. 11167
é52.6(C¢28
~£¢€0.€5622
=5%.21¢€5%
——e=60e 17344
~-6715.41167
90.£2516
-—-=56C6,7%361
306.%%4¢9
©03.£171s

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continuea)

-2.23
0.90
C. 16
0.19
0.57

-O.Ib

=1.34
0.83

- 0. 06

“le.84

-0.18

-0.20

-l. 50
0.30

-‘007
l.U¢
1.32

=0e48 -



TABLE VIII.

CASE NO.

Y SR

10___

11

12

i4

15

17

18
—

26

21

29
20
3l
12
33
T s
36

38
as

R 1 .

41

42

44
45
46
47
48

DATA ACTUAL-MODEL EQUATION ESTIMATED

VALUES (continued)

A

1¢

L I

R

3

TAeLE OF RESIDUALS

Y VALLF

1$3,C0000
266, (000C

346. CC00C

385.CCCOC
265. €0COC
2176. CCUOC
286. COUOO
215.C000V0

___21¢C.€C00C

334.CCCOC
373.C0000

_372.CC000

229.CC00C
375.€0000
351.CCCOC
318.CCOCC
264, CCUQ
4C3, COU00
32C.CCo0C
378.€C00C
2€7.C0000
351, C00U0
228.CCUOC
28C. C0V0C

T 33c. 00000

344. 00000

__ 38%.CC00C

338.C0000
317.co00¢C
271. COOUC
328. CO0UL
368. CO0QO0
_345.CC000
363.C0UVO0
342.CCLUO
2E8B. CCUVO
266, (0JVO
318.C0000
. 3C2.C0v00
364.COCOC
356, CCU00
441.CC000
518. CCo0Q
339.CC000
362.C€0000
236.CCU0C
243.0CC00

2564 (€000

26C. C000C
324.0CC0C
336. COLOC
«13.cCc0C
428.CCCU0
361.C000C
322.CC000
373.€0000
348. CCOOC

3%.CCLe0 .

PLV (b-3)

Y FSTIPATE RES 1CUAL
379431299 ____ ~0.31299
185.95¢91 1.C4709
314.00732 -18.00732
35/7.64429 __ _ -8.64429
399.08018 -14.08618
303.35034 -13.35034
28655127 ___ -1.5%51217
271439258 -4.39258
217.608058 1.31142

218.57642 ~8.57642 _
319.31006 14.68994
358.27832 14.72168
38L.51631 ____ -9,.51831
255.73480 -26.73480
401.66650 -22.66650
374430914 _ -23.36914
395.78174 -17.78174
318.12500 -24412500
375433545 _ 2T1.66455
351.404d4 -31.46484
370.06372 7.93628
328.18774 -31.1€074
35%.048311 35.21689
249470820 -21.76820
286.900069 ~6.96069
312.70439 17.29761
328414014 15.85986
360.58%306 28 .41064
312410357 25.8264)
320.6219 -3.62793
2719.07202 . -8.07202
361.18606 -13.18604
350.22021 1777979
327432153 11.67847
319.25610 42,74390
314.56299 27.43701
295.70011 _ __ -~1.76611
302.35083 -6.35083
299.46533 18.53467

C301.4797¢ _ . €.52026
326.34082 37.65918
359.09204 -0.0920%
436.61592 ____ 4.18408 _
503.04224 14.95776
350.92285 -11.97285
301.42993 _ €.57007_
242.75500 «6.79500
246.15179 -3.18179
255.04004 =29.04004
282.30963 ~22.26963
299.04473 26.i5521

325.58911 _____ 10.41089
413.81445 ~0.81445
©31.9523y -3.55259
363.59717 _ 17.40283
317.21655 4. 18345
ITueébale ~l.26416
387.47141 -39.44141

RESIC/STC
— ...-0.0I
0.26
~0.¢65
'0031
-0.51
-0.48

=J.le6
0.05

0.53
0.53

~-0.97
-0.d2
~0.85
=0.064
-0.88

"ol‘
0.29
1.¢8

-0.79

. =025
0.¢1
0.58

L. L.l
Q.94

-0.13

~0.29

~0.48
0.04

1.59
l1.uC
___'0-28
=-0.22
0.07
0.02
1.27
-0.00
0.15
0.54
-0.43
0.02
-0e25
~-0.12
-leUS
-0.01
O.Hu8
C.38
~0.03
~0e.l6
Q.01
0.17
~0.0%
~-1.43

1.00 _

“'lclJ .

ERR

-0.217 I

o=0.31

-0435% o

0.64 -

81



TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

PLV (b-3)
oy 930, UULUY QUs.40107 25.%283) 0.93
€0 364C.CCO0O0 324.90503 15.09497 0.59
€2 342.CC0O0C 327.5102% 14.48975 0.53
¢l 4Cl.C00V0 31078101 30.,21899 l.10
— 4 335.C00L00 . . 313.9414} . 21.,05859 _ . 0.0
¢S5 332.CCu00 3I0b.s7207 25.621719) 0.9
té 3642.CCLUVO 345.3177069 -3,3776% -0.12
e €. 3CE.CCLUC 329.20703  __ =21.20703 - =0.17
¢8 30C. COUOC 323.94321 -22,54321 ~0.85
¢9 284, (COUO 219440123 8.59277 V.31
G 3CS%.C0C0C ____303.57943 ____ l.420)7___ . 0,05 __
11 3ul. COCUC 345.92018 15.0¢982 0.55
12 315.C0000 34d 74159 -26.71759 -0.97
— 3 31C, CO0U0 ___ 252.271732 ______ ST.72218 ____ ___ .. 2.09
14 142. C000C 171.u8820 -29.08026 ~1.00
15 2C6. COOUVC 233.74%19 -27.74919 -1l.01
1¢. 33C.C0000____ 313.03296___ 16.9tTv4 __ _ 0.62 __
11 228. CCOOC 222.62401 5.11599 0.19
18 26%. COuUO 305.53052 -6.53052 -0.24
1S .. 32B.CCCO0C ___ _ 360,29i99 _____ =32.29199 ___ __ =il _ _
€0 2€%5. (COCC 289.9655%8 -20.96558 =-0.17¢
[ 33 263. CQOVC 299.72412 -36.72412 -1.33
€2 321.C0CUC___ 290.74512____  30.25488 .10 _ _.
€3 215. CCGOC 242.89751 -27.89151 -1.01
€4 211.€0000 274.99091 -13.99091 -0.51
. 85 9Ca LL00C | 293.,U909¢ . =43,08692 . __ _ . -1.56 ___
£6 257.CCOUO 254.71410 2.28590 0,08
e? 23S, L000C 218.01837 20.98163 0.176
.. &8 L257.CC00C . 24T7.94492 .9.05008 _ _ 033 -
€S 3C2.CC0U0 219.15%415 22.24585 0.81
SC 282.CC00C 219.50085 2.42115 0.V9
. SY . 251eCCU00 ____ 218.94003 ______ 3c.0S519T7 . lelb . _
52 248. CCUOC 2é0.84435 27.15545 0.99
S3 34C. CCOCC 309.3%229 ?0.647171 .11
e S4 __ 321.CCUOC_____3006.71021, 14.78979 __ _0.5%2
5 257.CCLUC 254.9540U94 2.45906 J.U9
6 3C2.CCLOC J10.48Y84 ~8.48584 -0.31
. ST ____ . 33%,C0000 _ 352420330 =-17.20337 __ _ ~0.62 _ _
58 3(C. CO000 314.40723 ~14.40723 -0.52
$S 338,CCCOC 324 .U04297 13.55703 D.51
__.lco _ 431,C0000 __ 426.40918 __ 4.59082 0T
1c! 215, CCOUO 300.88330 -21.88330 -0.79
1¢2 323.CCL0OC 332.95%459 -9.95459 ~0.36
B ] 433.C0000 ___  390.9773¢ L 4i.61266_ 1e54 _
1C4 445.C0CGC 38del 9199 56.2C801 2.04
1CS 2C7. (0000 193.21643 13.78357 0.50
__1cs 4C4. COOVO 421.03672 ~17.63672 _ __=0.04_ _
107 36C. CUQOO 338.87183 21.148117 0.77
1C8 464, CCCCO 4T9el7503 -10.275%03 ~-0.37
. 1CS_ __ 4B4.COUUO 448536491 . 3%.46508 . lec9
1ice 42S.CC0V0 448.85707 «19.85707 -0.72
111 476, C0000 451.00391 2499609 0.91
2. 36C,CO00C _ __328.24707 _31.715293 1415
113 373.CC000 38l.T6011 ~10.7¢611 -0.39%
114 31 (. CCOUO 319.95874 -9.95874 -0.36
I U - 3C6.CO0OC 31C.06089 -4 .66089 -0.17
116 3C1.C00uV0 294 .08c86 6.21714 0.23
117 26C. C000C 21l.85T07 «21.85767 -0.75
_ 1@ 342.CC00C _ 3.7.84033 _ _ l4.15967 _  0.51
119 3C4. CCCCC 309%.66357 ~1.663517 -0.06




TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

PLV (b-3)
140 358. CC000 “19.41333 ~61.4133) -2.23
it _ 3CS.C000C ___ 295,.43028 _ 13.5€372 0.4%
142 2¢C, CCoOC 301.0039, 1100291 =0.40
123 3(8.00000 293.94090 14.07910 .51
126 328.C0000 311.48706 16.5. 294 0.60
12% 284 . Crrne 2048 e VIO -t 4N’ AN BT §
126 2364.C0C00 263144105 ~29.11475 -1.0¢
127 465.00C00 460.70016 4.23584 0.48
128 286. COVOC 300.604U0 =146.60600 -0.53
129 37s. CO0QO 4©39.50269 -60.50209 -2.18
130 21C. Co0v0 226.3 3939 -16.33939 -0.59
121 243, CCLCUC 240.08717 -3.08717 ~0.11
122 368. COCOC 383.93750 ~15.93750 -0.58
123 317.C0000 335.71021 _=l8.711021 _=0.08
124 335. CCCoo 3T1.930127 ~42.51306717 ~1.56
13% 355, CCC00 330.60742 24.39258 0.88
. 438,.C0000___ 394.5100)__ __43.481389 1.58
137 314.C0C00 325.06785 -11.0678% -0.40

83



84

TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

PLL (b-3)
TAELE CF RESICUALS
CASE NC. Y VALUE Y ESTIMATE RESICUAL RESID/STD
1 106.00000 1¢8.156807 -2.1%8017 -0,23
2 -176.C0000 17028267 — - 5.17113) 0.60
3 213.00000 215.040614 ~2.C4614 -0.21
4 215.C0000 211.55157 1.4424¢) 0. 36
5 227.,00000- - — -227,27820 ———=0.,27827 -- - =0s03
6 130.00000 130.81497 ~0.E1497 -0.09
7 127.C0000 143.49¢19 <1781 0.37
L 1560.0C000——169.0%012 15.C5602 —- -~ - — =1,58
9 94,00000 G8.43114 -heb2ll6 ~0.46
10 136.00000 139.35060 -3.3%5060 ~0.35
it 13700000 —— 14642006k ——=11.4764) -~ ————-=1,20
12 179.C0000 156.9C117 22.C5€83 2.32
14 -417.00000 —— 113,76823 P———— 3,20763 -- ——-
15 144.00000 149.2:197 -5.2%197 -0.55
16 149.00000 152.9<¢351 -3.6¢251 -0.41
13 142.00000 ~—— 140.94446———— 15554 ————- 00 )} ~~— -
18 138.00000 152.47014 -14.47C14 -1.52
19 170.00000 163.74922 6.250178 0.65
e O} 719, C00U0 —— 1 84,0446} €.C4461-- -0.53
21 199.CU00VO 191.0£371 1.54¢29 0. 93
22 178.00000 143.9C227 -5.6C227 ~0.62
—3 181,00000 —— 181.28683 Goe¢ELRY — - -—-=0,03
24 110.00000 121.61545 =11.€1545 ~1.22
25 146.C0000 145.9C049 0.06251 0.01
26 ——— 158.00000 —— i57.24500——— 0,75500 --——- 0,08
27 171.00C00 1€5.46585 « 50415 0.58
28 169.00000 lb6.1230¢ 2.87¢94 0.30
4 47500600 ———183.€17068 —teb]1768 - -— =0.90
30 165.C0CJ0 162.9¢915 2.C02C85 0.21
31 160.00000 155.33545 4.€€455 0.49
2 166.C00V0 - 163.71628 —-~ 24222712 - -~ —- 0,24
33 157.00000 149.95¢74 1.CC128 C.73
34 148.00000 154.48111 ~6.48111 -0.068
— =35 1 45.00000——- 147415800 2.15800 —- -0.23
36 150.C0000 152.712482 -2.12482 -0.29
37 156.0CQ00 157.54515 ~1.%4515 -d.10
—---38 15000000 -~ — 150+¢€¢833 ———=6,€7833 -~ 0.69
39 150. 06000 153.24061 -3.220¢] -0. 34
40 149.00000 151.3€702 ~2.287C2 -0.25
—dh i 15600000 - - 159462192 ————=3,€2152 -~ ———-=0,3b
42 154.CCUV0 l48.68820 5.21180 0.56
43 159.C0000 158.51898 O.4c1C2 0. 04
— 44 - 153.00000 —-—103.53658 ——=10.%52¢58 —— 1.10
45 160.00000 156.45181 3.548€19 0.37
46 156.C0000 149.3¢309 €.&1¢£81 0,70
4T — 116.00000—— 112.94807 3.C%193 - — ——— 0. 32
4“8 117.€30J0 11477997 2.22C03 0.23
49 142.00000 1354344359 2.€55¢61 0.28
——— 5 142.,00000-—-—- 139.35580 — 2484420 - -— -~ 0.28
51 125.00000 121.07327 3.$7613 0.42
52 146.000:50 15074024 -4.24024 ~0.,45
53§44, 0CU00 - —- 139471652 ——— 4026348 ——— - Q.45
54 142.CC0)0 142.8C47§ -C.EC419 0. 08
55 147.00000 154.€€38¢2 -7.68282 -0.81
56 -——— 184.00000 —- 17827060 ——- 5.42640 - 057
57 141.00000 134.05359 €.G4¢€41 0.73
58 143.CCU00 154.26341 ~1l.2€24] -1.18
59 142.0000C 131.91322 1C.CEe 78 1.06

0o 346 —-

J S —
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TABLE VII1. DATA ACTUAL-I'ODEL EQUATION ESTIMATED VALUES (continued)

PLL (b-3)
60 164,00000 136.,0C015% 4.56246 0.52
6l 142.00000 136.93881 s.Ce119 0.%3
62 1641.00000 142.2431 -1l.262M -0.13
63 183.00000 119.25870 3.34130 0. 39
64 193. 00000 12.8€220 10.11780 1. 06
'—'—“65'——“ l?luCO\)UO l"aO‘“)Z 1.97568 OIZl
66 182.00090 188.5292) ~£.52523 ~0.,069
(X} 169.C2u00 1¢66.94545 2.C4455 0.22
—68 ——— 162,00000 160.06538 — - 1,6C4¢2 0.¢20
69 162.000uU0 157.86501 4,]113459 0.4
70 170. COULY 1€5.9€613Yy 4.C12¢1 0.42
—1 164.00000 163.63728 ——-  Co2¢219 - - 0, 04
72 159.0C000 162.8%835 ~4.B85035 «0,51
73 148.0C00U 140.64563 7.23437 0.11
———Jl—— - 160.C000C 1706.76292 - --=1C.752%52 -1.13
15 156.CC000 196.41528 -0.41528 -0, 04
16 152.00000 162.52061 ~10.52¢¢l -1.10
— 3 ———— 152.0C000 146.57836 —— 5.02161 —_— oHy ——-
18 155.00000 193.5%093 1.4C247 0.15
79 155.00000 149.3%965 5.6CC31 0.59
— 80 - 145,00000 15¢471609 ————=J1.71€09 -. . -l,2} -
8l 181.00000 179.01598 1.5€E4C2 0
82 164.023000 162.5C134 1.4S€66
——313 ~ 14000000 - —— 13384054 - v 454 .o Lad e
84 I7.03000 sl.97004 057864 2. 06
85 14C. 00000 143.61287 -2,¢12017 -0.38
— 86 ———  96.00000 - 100Uel6U06 --- — =10 1ECCE  — -~ -}, 06 —-
87 98, COOVO 108.05952 ~1C0.C9952 -1.006
88 99, 00000 96.28366 2.11¢34 0.28
- 89— . 9G,00000 - 6%5.45956 43050044 ——— — Loy ——
30 101. 00000 91.9¢455 5.C7545% 0. 95
91 99.C00V0 93.02796 5.56204 0.62
02 ——— 100.0000C ~— 63,9120 ———-- 6.,(7880 -- -—— 0.64 »—-
93 162.00000 §1.95944 1c.ccose 1.05
94 100. 00000 94.8c4b4 $,1353¢ 0.9%%
~ 85— —— 100.C0000 -~ SLe98753 —n-r 9,01247  ——ieev . 00 94 o
56 103.C0U00 1C¢.946317 ~3,646237 ~0.41
97 10000000 1U3.2¢428 -1,2¢428 ~0.34
— 3 $8.CU0V0 e 96411948 - - =L} 1946 - - - =Cule - -
99 122.00000 120.05307 1.94€33 0.20
100 104.C0000 104.52539 -0.%2539 -0, 06
o1 135, 00000 ——— 1 4406383 - " 9.,0S383 ——— - =0,95 - -
.02 108.00000 172.02248 -4,02248 -0.42
103 149.00000 140.752h06 €.2C134 0. 86
~—106 - 162.00000 - - 147405147 — - 14.54853 e 19T -
105 100. 00000 §9.12179¢ 0.87244 0. 09
196 165.0J000 168.01459 ~3.C1459 ~0.32
~—307———— §86.00000 —— 173470552 ~-———-1225448 — —- - 1,29 -—
108 117.00000 118.7580¢C -1.7%€0C -0.18
109 144.J0000 139,9¢455 4.C2545 0. 42
—110 133.00000 ——- 119.,41447 ——— ~13.5€6553 v laé2 —--
11t 106.00000 118.349172 -12.34512 -1.29
112 171.G0000 1465.44640 21.%%26¢C 2.26
—313———157.00000 — — 156.77899—— — QeqclOl —0o  — - 0.02 -
114 153.0C000 1%6.060%8 -3.CS5C58 -0.32
115 156.00000 153.1618Y 2.8181% 0.30
—11ls 163.00000 — - 158.31956 . —— 4.€2C04 : 0.48
117 162.Q0000 170.87184C -8.87340 -0.93
118 169.€3000 160.62732 B.27268 0. 48
— 119 129.C0N000 . - 1g9.65337 —_ ~C.E5337 -0.07 -

ORIGINAL PM}E' 18
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TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

&6

PLL (b-3)
120 124.00000 121.44189 2.%%811 0.27
121 128.C0000 130.80U¢v¢ ~a€C209 =0.29
—2122 — — 133.9%000 1el.45092 - 5.5C(sCe 0.58
123 130.0000 126.84208 3. 15151 0.33
124 126.00000 126.91314 -0.67214 -0.10
125 133.00000 leo.0824) 4021151 Q.45
126 113.00000 130.2¢881 -l11.24€81 -1.61
127 110.00000 108.561017 1.4289) 0.15
128 96.00000 102.071 03 -6,07703 -0. 04
129 63.00J00 713.1C948 ~1C¢.1Cc48 -1.006
130 79.00000 S4.728064 -15.728¢4 ~1.65
— 13t ———- 73.00000 03.U4545 - 9.55457 l.04
132 $0.00000 115.711724 -25.111724 =2.70
133 100.00000 lud. 18182 -8.1€182 -0. 86
34— 85.00000 - 103ede992—-—=18.22992 -1l.91
135 106.00000 63.06804 12.52196 1.35
136 72.00000 864,25089 ~-12.25C89 -l.28
—43H——127:00000 - -117403816——— - 9.56184 1. 04



TABLE VIII. DATA ACTUAL-MODEL EQUATIOM ESTIMATED VALUES (continued)

Hp (b-3)
TAELE OF RESICUALS

CASE N, Y VUL Y ESTIMATE RESICuAL RFSID/STD ERR

1 bV4,00000 62¢,4u552 -22.4(852 -0.93
2 661.00000 -- 682.41577 —— =21.4151 -0.,89 - -
3 7%2.0C000 Tet9.9:20176 =11.526106 -0. 74
L 176.G0000 17C6.91675 $.C2325 0.21
5 8641.,00000 —~—— 860410626 —— ~2%,41626 — ——- =105 v e
6 576, COV00 530.5083C 45.,45117C 1.88
7 581.C0000 6CT.240658 ~2C.c4e%8 ~0.84
8 7138,00000 -~ — 762414087 -——=tb o J4CE) — —--~ ~1,46) —
9 687.00000 611.4€973 9.%2027 0.39
10 184.00000 166.25244 ~le.25244 ~0.51
—— 823, 00000 —— 829.951 46 ~0e5G146 ———— - =0, 29—
12 940,00000 925.4%292 14.%CC8 0.60
13 871.€0000 681.1%56%3 ~1C.1665) -0.42
———— by T26,00000 - —- 75919188 ——=T73,16189 — —-—-3,03 - -~ — -
15 844.C0000 862.45850 =~1€.4585C -0. 70
16 611.C0000 855.2€929 15.72€11 0.65
+7 817.C0000 335.7C176 1€.7CT76 ~0.77
18 777.00000 TEu.9¢C191 -5.5¢181 =-0.4)

19 $07.00000 8%8,4C088 «€6512 0.36
—20 $00.00000 ---- 915,9.822 ----—15.,92822 -- —- ~0.,66-—— —
21 $75.00€00 $12.88916 Ze11C84 0,09
22 §C5.00000 908.45020 =-J.4%020 -0.14

23 526000000 —— 922,064 —— 2,62359 — —— 04 6 ——-
24 146.C0000 711.95215 34.C4785 le4l
25 608.C0000 BLT.14526 0.EL474 0. 04
14 860.00000 -~ — 851.,17139-- E.Ec6él --—-— 0037 - —
217 $09.0000V0 885.01050 R1.5F950 0.99
28 $08.C0000 88S.1:1353 18,8€647 0,78
29 898.,60000 — — B85 .67920 -~ 8422080 —~ 0. 34
30 847,CUV00 B42.3¢47l 4.87529 0.19
3l 811.G60u00 Bl4.984238 -13.50438 -0.58
—————32—m— - 851.,C0000 — - B44.0b813 ———n 6.S1187 - - - 0e29-7 — —
33 839.00000 82U.5¢226 1E.4217174 0.76
34 811.00000 80¢.60547 229453 0.22
35- 811.€C0000 -~ B817.4847 —-=6eb2€41 — - ——- =027 —— -
36 802.C0V00 811.11304 -“G.113C4 -0,38
37 807.C00V0 865.43970 1.5¢030 0.06
38 804.C0000 - —812.8F721 -—--—=E EET72]1 — - 0.37 e
39 805.€0C00 802.15430 2.8457C 0.12
40 808.00000 803.450679% 4.54221 0.19
————————g}—— — B818.,C00000 -—— H12.2¢855 — 512145 —- Qe 26 ——
42 813.C000C 81%.954805 -2.55¢EC5 -0.12
43 837.C0000 827.7t439 G.c48tL 0.38
44 849.CO0V00 —-8£2.3C005————=23,3CCCS5 «041é
N 45 813.€0000 8c0.6L204 -7.¢€284 -0.32
\ ©6 812.00000 812.338113 -C.22213 -0.01
— 4 ——-741.00000 ——-7322.33793 - 8.62207 - 0.36
«8 138.C0000 134,.24272 2,7%7C8 0.16
49 809.C0000 8Udecab9E 6.11062 0.28
50 BUL.COVUO -~ TSB,23145 - —— - 1o7€055 - - - 0,07 - ~- -~
51 784.C0000 TeS.3¢6072 18.1328 0.77
52 829.CIou000 830.57568 -1.575¢98 -0.31
—5% .-~ — B850.CCU00 - —- 844.0583F ~—— 54501861 — - - - Ge 24 - — —
54 858.CCuLC béb.2:2203 S.eL187 0. 40
55 860.C0N%00 g2t .14844 34.85156 1.44
56 897.00000 -- - 9(7.376476 ——-=1C.37476 - - - =0.,43 o
57 836.C0000 B4 T4292 -4.74792 -0.20
58 823.00000 827.78394 ~4,7€394 -0.20

€9 643.0000C 837.9¢7513 5.C2247 0.21
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TABLE VIII.

DATA ACTUAL-MOGEL EQUATION ESTIMATED VALUES (continued)

oV B8l4.vouvuy
[} 786 .C0000
62 815.00C00
63 §29.C0000
[ 9%3,CCU00
65 922.C0000 -
66 928.00000
67 891.C0000
68— 863,C0000 - -
09 854.0C000
10 882.00000
71 87600000 — —-
12 849.C0000
73 048.CCUV0
to——— 0823.C0000 — ~
15 822.00000
16 829.00000
I3 829.C0000 ——-
18 835.C0000
19 846.CO00UC
80 -839,04000 — —
8l 91%,00C00
82 881.00000
83— 7013.00000  ——
B4 690.00000
85 792.C00VU
——— 86— 690, 00000
87 699.00000
a8 681.C0000
849 —694,000U00 ——
40 T24.C0000
Sl 687.00000
92. 688.00000 -~
93 723.C0000
94 7245.00000
—_—— 4% 686.C0000 .-
e 709. 00000
g7 726.C0000
s GG oeem e T1 00 COVO0 ——
99 164.C0000
100 7134.00000
e O e - 78T . COOU0 -~ —-
102 856.CC0O00
103 8s51.0C000
—_—1 902. 00008 ——
105 697.00000
106 873.C00090
197 $38,C0000 ——-
108 190.C0000
109 802.C0000Q
—_—d 0 757.00000 -~
111 841.CCOGQO
112 940,030000
—_—3 e 909.C00V0 ——
114 $43,CC000
115 8640.00000
——d 66— 882.00000 -
117 854.0C000
1.8 892.02000
—11i9 750.0C000 .

Hp (*-3)
807.9¢>3) Gl 24t/
T87.72081 =l.7<¢81
8l0.12120 ~-3.712120
917.471068 11.22€32
9lb.t4130 —n S.2%¢¢4
942.510685 ~l4.%1€85
8Yl.0l4l0 -0.Cl4}6
871.73489 -=0,72386
850,4¢302 ~2.48262
902.17212 -2C. 11212
8l4.€0016 ~ 1e224984
B44.3¢401 “.t25%9
B8¢1.917266 ét.Cal36
8l l0100 -- Ced§836
819.21240 2.7€17¢C
T$1.54712 37.4%288
82246362 ——— «£2638
843.32154 -8,22154
839.41941) €.%EQST
919.3¢401 ~4,2¢4C1)
865.02052 15.6¢948
11595044 ———=12,55C94
656.18311 -6.18211
806.72583 -14,72%83
650.0<001- =C.C260)
612.41040 2¢.%€5¢C
687.91724 -€.51124
109.1834%9 15.1€299
732.8€670 -8.86670
65¢.47534 ~9.41%34
696.4c285- -8.42285
142.5¢47¢C -19.5¢47C
099.317046 é%.£62154
71C8.7CA37 - ——m22.17C337
tll.54008 ¢1.4%213
T¢2.93115 C.Ceegs
719.32886 -~ ———=G,2288¢
7150.98682 12.C1318
121.75492 12.20508
8c/.8e538 ~¢.6¢538
8172,37524 36.£72478
873.5¢420 48443530
671.,00132 25.26¢€¢8
862.75488 10.24512
9CH 34349 29.£7651
187.04%80 2.6%C20
8Cy.7C117 ~7.70117
804.32716——=417.221716
163.82496 47.1€5C4
852.5¢152 41.42E48
Gl12.8c7d8 -3, E27E8
853.42651 -10.42¢51
B52.345406 ~4.2654¢
B78.45535 —— . « 21465
851.71069 2.c€531
BB87.8¢€035 4.12665
735.57129 ———1C.428171

0.25

-0.07

“0.15

0.48

-O¢‘~

0.22

~0.060

-0.00

A ~043¢
-0.10

~0.83

0. 06

o.lq

1.08

e -~ Qe 0}
0.12

1.5%

cme = 0023
-0, 34

0.27

-0.18
o. bb
=0e 54

- =04 95-

-0.26

-0.61
Rt | TH V1
1.10

-0.29

0. 63

-0.37
-0.39

- =0.35

~0.81

1. 06

——— =0, 94
l.14

0. 00

=0.39

0.54

V.50

= 0,22 -

-0.28
1.60
- 1.18

1.05

o. “2

ot e — e 23
0.12

-0.32

e =1496 -

1.95

1.96
E—— ' P Y )
~0.643

~0.18

- . [ PR
0.09

0.17

e - D3



TABLE VIII,

HP (b-3)
129 134.C3000 T86.94917) -52.948171
1l 151.C0000 128.5¢086 20.41214
-} 4 ——— . T18.CU0CI - T3 dle———=20.171106
12) 135.C0000 T46.25007 ~11.34cC07
126 735.CucCoC 125.65¢411 €.C2%89
125 753.€C000 149.11578 J.82422
126 727.00000 736.3690)3 «V.3464)
127 855.0C000 8138.9¢0006 16.01364
128 915.00000 BG2.6c144 2:¢.2125¢
129 866.€0000 919.84717 -53.84717
130 811.00000 857.20141 19.7285)
e} B 843, CCCO0 - 86343572 —— ~2C,2¢572
132 921.00U00 912.55491 -51459497
133 §52.CC000 Vl6.45215 371.541785
——-4 3o 898.CuuVU 935.93237 - -17.8207
135 966,00000 940.4C967 19.26C33
136 884,00000 830.7¢709 41.62261
43— 57100000 --- —640+755i3— ——09.95513

DATA ACTUAL-MODEL EQUATIOMN ESTIIATED VALUES (continued)

"c‘q
leld

0.8} -_

'0.“’
0.37

O.10
o0, 30

0.66
0.93
-2.23
0.82
=0, 84
-2.13
1.5
197
0.81
1.95

- —2v88——

89



TABLE VIII,

-O%-ﬂ’ﬂﬁb\dﬂﬂ—

——y e e

Y VIUE

0. 18800
0.01100
0.12200
0.16100
014100
0.15%00
0.08%00

0.10200 -

0,10930
0.18100

G 16700 -

0.21000
0.17800

0413800 -

0.18800
0.197100
0416000
0.1¢200
0.21500
0.20300
0.24100
0. 14300
Qe 23600
0.10100
0. ltNUO

0421300

0. 14800
0. 38940

0ed2500 -

Us 12900
0.17400
0.20500
C.19000
0.24300
0.22100
0.20700
0.171100
0.18300
0. 19900
0.14300

0e24800-———- 0423654

Je 11200
0.17200

0622800 ~—— --Ue2 1408 v

0.11300
0.10600

0.13700 018334 —m.

0.13600
0.17100

0.16300 -

0.13000
C.17300
0. 17700
0.13800
0.16100

0.13300 -

0. 16900
C. 13900
0.18100

TRYT (h-3)

TEELE OF RESICUALS
Y ESTIMATE
0.€ 4000 — -

e = 00 €22 1 ———=0,C 1527
e = 0s110671-—— =0.C0867

——---CelS026——--0.Cl6174

042C067 -~-~— 0.CC233

el b8OY ———

0.C1739 - e

Vel6639 -~ —

GelS5T33 - —=0.02233

S 0420154 -

e 00 19358 - 0.02742 — --

e 041786 V——

- 0eC1146 — —-.

~0e€1332- e

-0.C1366 - .- —

e —-0o L8710 —

- 0e12399— —=(.(C05

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

RESID/STO ERA

-U. U6
0,35
'0.55
'00‘,
“0O, 10
-0, 0’
-0.069
043
0,65
0. 85
0,03
1.49
-0, 09

0el2100——=0:C1380 - =0,69

0.08
0.517

--l¢62

-1.08
"0. V1.
0.12
le4?
-1.40
0,817

'lolb

=-0.017
0.8
-1.51
0.23
=ls0}
-1.67
~0.12
0.17
-0.0¢
1.60

——1.86-

0. 064
-0.51

e - - 0422 -

0.76
0.57

0.57 -

-0.75
0.58
--0¢ 66
-0093
-0.29
0.68
0. 52
0.20
0. 16
0.45
1.09
-0.50 -
-0.16
1.80
‘0.05
0.12
'0.80
Q.17
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TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

TRVT (b-3)
60 0.13900 0.14501 ~=C.CC601 =0, 30
6l 0.16800 U.l1€199 ~C.Cl139% =0.70
62 0.15600 O.1676¢ 0.CCe3 0.4)
6} 0.21200 O.1E758 0.02442 1.22
(1) 0.21¢00 0.2C0962 C.CCe28 0. 32
¢ 35— 0.209C0 - Oeclld2 ——— =C,00232 -0.1¢
1. 0.20700 0.21042 =C.CC242 -0.17
o7 0.21200 020455 0.CCE4S 0.42
—l———— 0, 16000 - - - 0416523 -— =0.02523 ~1.26
69 0.17800 0.1729¢ 0.0(C5¢€2 0.25
10 0.19100 0.1€985 0.CC115 0. 06
u 0,18200 —— 0.17607— 0.CC%93 - —~— - - 0,30 — —
72 0.18200 0.1¢979 0.Cl221 0.61
13 0.20400 0.19150 0.C1250 0.62
44 0¢€990C - — ~— 04097844 ————0.CCI189-——— - 0,09 — -
15 ¢.10300 0.12722 ~(.C2422 =1.20
76 0.07800 0.C5649 -0.01849 ~0.92
I3 0.15100- 0el6456— —~0.0135— ——— ~0e67- ——
78 0.2210C 0.21749 0.€035) 0.17
79 0.26000 C.c€592 -0.02552 -1.29
40 0.15000—— Q016003 ——=(.CI1CO03 -——=0e50 - ———
el 0.18800 0.20149 =0.C1349 -0.67
b2 0.22700 0.15184 0.02516 L. 75
—_—8—0.12600 ———0.1273§ ———=0.C0138 ~—=~0s07
84 0.10600 010415 0.C0185 0.09
85 0.16300 0.17163 ~0.C08¢3 =0.43
4 e e 0 » 10600 -0.11173 ———=C.CC513 ~0.29
a7 0.13200 0.11499 0.C1701 0. 85
68 0.11100 0,198 -C.Cl1889 =0.94
-—89———0.08400 -Ge 1C001 ———=C.CleCL —=0.80 --
90 0.10100 0.10109 -(.C0C09 -0.00
91 0.15700 0.1503¢ 0.CCe€6 0.33
52 0.068300 ————0.03559 — 0.C2241 ——— le6l ——n
93 0.14100 O.1421¢ -0.C0118 -0.06
Q4 0.19700 0.194060 0.C0240 0.12
95 0eC100 ——— 0l 1126 —»Ce(2626 — .31 -
96 0.19700 0.1%513 0.cc187 0.09
97 0.26100 0.2¢357 ~0.CC257 -0.13
—f—————0.21900 - 0e22145———=0.CC245 ——--—=0.12 -
99 0.17900 0.1£275 -0.,00275 -0.19
100 0.19700 v.158177 -0.0C177 -0.09
————0.19200 -OeélB4l —~0.C1041- —=0,82 —
102 0.08900 0.05509 =0.CCECS -0.30
103 0.26200 0.24044 0.C2156 1.07
— 04— 0.23600- -0edllU ———0.024S7 ——— - — - 1o 26—
105 0.13900 0.12974 C.CCs26 0.46
106 0.10000 0.1C440 -0.CC340 ~0.22
—0———— 0. 17400 ———— 0 163264 ——— (.CIC76 — — 0.54
108 0.30600 0.29317 0.C1283 0.64
109 0.32300 0.32294 ~C.CCS554 =0.49
10062940V -—- —0.30039 ———0.0C€39.— ~0.32-
111 C. 33300 0.25958 0.03242 1.66
112 0.24100 0.20241 0.02839 1.91
—dd 3 0. 21300 02370} ——=0.C2401 ————~1.19
114 0.14700 0.15193 ~C.cC493 -0.25
115 0.14100 C.14043 0.CC057 0.03
—A e 0. 164500 - — — 0.,15701 - ~0.C1¢01 ——--.=0.60 -——-
117 0.12600 0.14495 -0.Cl895 ~0.94
118 0.22300 0.20001 0.02259 lelé
—d39 0. 14000 ——0.l4l% ————-~0.CC189 - —-—- -. -0.09 —_—

C-2

9N
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TABLE VIII.

TRVT (b-3)
120 0.17300 0.19407 ~0.CZ1C7
121 0.15300 Je.l4378 c.CC522
—322————— 013600 .— - Uel366) — . 0.CC1I9
123 0.13%00 V.13168 0.C0512
124 0. 15400 0.12749 0.Clé51
125 0.13000 0.13312 -(.CCI12
140 0.12100 O.14542 ~0.C244)
127 0.31800 0.34139 -0.00229
128 0.21030 0.21294 -0.00294
129 0.22600 0.26788 -0.04188
130 0.18000 0.1€932 -C.CC532
+ 3¢ 0620900 - - 0.2G792 - CeCClOE
132 0.22000 Ve2441E ~0.Cc418
133 0.17900 Jel725¢ C.0Ce€44
134 0.21400 0:24930———=0.63530
135 0.20400 C.18340 C.C20eC
136 0. 19600 0.16732 0.C23¢8
3+ 0215500 - —~ ——0s15428 €+G0072

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

CQo (5-3)

TAELE OF RESICUALS

TISE KT, Y VAMuUE Y ESTIMATYE T RESIDUAL RESID/STD ERR
1 0.30400 0.3C411 -C.CCO11 -0. V1
2 0.21000 0.2¢125 0.CC815 0.76
3 0.31200 7 7 7 034905 =0.CC105 T 77 «0.06)
4 0.3170C 0.31548 0.CC152 0.13
5 0.35800 0.3%87% ~C.CCOT5 ~0,07
9 0.28900 T 7 0426288 T =0.C0388 -0. 34 -
7 0.18400 0.19445 ~C.01049% ~0.91
8 0.32100 €.33033 -(.CC$33 -0, 61
9 0.28600 7 T T0.219907  0.C0A10 T T T Q0453 T T
10 0.30800 0.3188¢ ~C.C1088 -0. 95
11 0.32900 0.32676 0.0C224% 0.20
12 0.36300° "0.340787 T D.C15¢2 1.3) -
13 0.3-500 0.35550 -C.CC0S0 ~0. 0%
14 0.3.500 0.322294 0.0220% 1.92
15 D.34300 7" T 0.35377 0.00923 — “0.80
16 0.35200 0.3%423 ~-0.00223 -0.19
17 0.32600 034225 ~0.C1¢25% “1.%2
T IE T 0.312000TT T 04313007 T =0.C01007 T T =0.09 T T
19 0.34700 0.3%22¢ -0.CC528 ~0.46
20 0.34500 0.34711 ~0.C0251 -0.18
21 0.37100 T 0.315087  =0.00408 7 T T T =036 T
22 0.31700 0.34330 -C.CC630 ~0.55
23 0.3560C 0.3¢533 €.CCO67 0. 06
2% 0.30000 77 0.281747 T 0.€02267 T 7 0,207 7T
25 0.31100 0.3187¢ -0.CC718 ~0.08
26 0.33800 0.3220¢ 0.CC5%4 0.52
27 0.3430C 7 0.343387 " =C€.CC038 7T TTTTT=0.03 7T
28 0.35100 0.34135 C.CCS5ES 0.8¢4
?9 0.34300 0.3%68¢ -0.Ct3e6 -1.21
JO D.33800 7 G.3402% =0.00224 T T 0,20 T
31 0.30800 0.3C589 0.00211 o.18
32 0.33500 0.32552 C.CCS48 0.83
33 0.333007  0.32528 7 0.C0172 T 007 T
34 0.32200 0.3259¢ -0.C0296 «0.35
35 0.33000 0.32081 €.C0919 n.80
35 0.31200 7 026935 T 0.C12€65 T T T Tl 0T T T
37 0.31900 0.31b676 0.CC224 0.20
38 0.31100 C.31750 ~0.C0€650 “0.57
39 0.31300 ~ T 0.312097 (.CCOSL T Ql.U8TTTTT
40 0.31400 031348 €.CC052 0. 0%
41 0.33800 0.23633 0.0C167 0.15%
LY 0.3160C “0e31454 T 0LCCl146 T T T TTTTOL13 T
43 0.33400 0.32746 0.00¢654 0.57
44 0.,34500 0.34835 -0.,00235 ~0.29
45 V31100 ™ 7 " Ce3109¢8 T €.C0002T T 0,007 T
46 0.31700 0.32118 ~0.0C418 ~-0.36
%4 0429400 0.3C238 -0.CC838 -0.73
LY:} 0.30200 “0.3C232 “=(.C00132 T T=0,03 T
%9 0.30400 Ce311769 ~0.C11769 -1.19
50 0.30500 0.31656 -0.C1156 " =1.01
51 0.31600 ~ 7 0.31096 77 0.CC504 — 7T Q.44
2 0.33200 0.339¢2 ~0.CC7¢2 -0.067
53 0.35800 0.35778 €.00022 0. 02
TTTTERTTTTTTTD.356200 T T 0.357837 0.CC417 ™" 7 0,36 "~ T~
55 0.34700 0.32390 0.C11310 114
56 0.3360C 0.32982 -C.CC382 -0,33
ST T T T060311000 T T 0.3C436 T 0.0C664 T 0.58 °
%8 0.30300 0.32795 -C.C1885% ~1.65
59 0.35900 0.35792 c.ccuce 0.09
60 0.31300 0.32269 ~C.CCS569 -0.85

93
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

v ——

€Q0 (b-3)

ol 0.296800 0.315349 -0,01789 =1.50

62 0.31800 0.32345% -0.00%89% -0.51

63 0.36400 0.34695 0.C17¢C5 1.69

64 0.36600 0.3¢291 0.€01309 0.27

65 0.3400C 0.34751 -C.CC151 -0.13

6h 0.35500 T 034964 T 7 TC.CCS5I6 0.47

o? 0.34200 Vo3tals «0.C1214 -1.00

68 0.33600 0.3298¢€ -0.CC388 -0.34
w9 0434200 0.34089 ~ ~  0.CClll 0.10

1o 0.345UC 0.34275 0.CC225 0.20

71 0.34100 0.32605 C.CC495 0,63

72 0.34800 C.33385  0.C071S 0.62

13 0.34400 0.12235 0.Cz1¢e5 1.489
& 0.30600 0.31101  =C.C0501 ~0.4%
15 0.30300 0.31v4e -0.01644 “l.43

76 0.31200 0.31708 -0.€C508 ~0.4%

17 0.30900 0.3104) ~C.CC14) -0.13

19 0.33300 0.32352 C.CC548 0.83

89 0.33800 __ 0.34u28 -0.€C228 _ ~0.20

a2 0.36300 0.32986 0.C2314 2.02

83 0.28700 _ 0.25514 -0.C0814 -0.71

84 0.29200 0.25200 =C.(CO¢0 T T =0.05

8% 0.305%00 0.31776 -0.C1276 -1.11
___ 86 0.29300 C.2518¢ g.CCl12 _0.10
87 0.29000 0.25648 T=0.CCt48 -0.57

88 0.28100 0.2€¢906 0.C115¢4 1.04

89 0.29¢00 _ 0.2€El161 0.C1439 1.26

90 0.3240C TTT0.31596 T T0.CC8C4 T T 7T 0.70

9i 0.27200 0.2¢828 0.€0312 0.32

92 ~0.28100 ___ 0.2¢972 c.cl1128 ~ 0.98

93 0.32400 T 0432665 T =0.C12¢5 T T -1.10

94 0.32300 0.31714 0.00586 0.51

95 0427500 028649 -0.C1149 -l.00

36 0. 30800 T o0.312%1° -0.CC451 T «0.39

97 0.3330C 0.32598 -0.€C298 ~0.26
98 _0.30000 0.26839 0.00161 0.14
9y C. 30500 0.3C577 ~  =C.00077 -0.07
100 0.29200 €.3(005 -0.€C80S -0.70
101 0.30500 0.30806 -0.€0306 -0.21
TTH02 T 0433300 7T 0.32438 7 =3.€C1387 T T T -0.12
103 0.26100 0.32681 0.C2419 2.11
104 0.306500 0.3483¢ 0.Cl6eto 1.45
108 0.28000 0.27093 ~— "t.cCCSC? T 0479
106 0.36200 0.3¢100 0.0C100 0.09
107 0.36300 0.3¢037 0.Cz2¢3 1.97
TTIOF T 0434000 T 032926 00076 T 0406
109 0.33300 0.33904 -0.CCeCh -0.%53
_1o 0.33900 V.32258 0.CCe42 _ 0.56
in 0.3260C T 0632065 T =(.0C065 T =0.06
112 0.36400 0.34782 c.Clels 1.41
113 0.35700 0.3¢460 -0.€C7¢0 -0.66
13K3 0.353007 7 043570 T =0.€C370 T T TT-0.32
115 0.34900 0.3%558 -0.CC658 -0.57
116 G.36500 0.3¢481 0.cccle 0.02
YT T 0435500 T T 0.3%640 T 7T =0.00147 T ~0413
118 0.36100 0.3%078 €.C1022 0.89
119 0.32100 0.31161 (.CC939 0. 82
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TABLE VIII. DATA ACTUAL-HODEL EQUATIOMN

ESTIMATED VALUES (continued)

120 T T 0.31600
121 0.32060C
122 0.32G0C

T1ey T 0.31500
126 0.231500
125 0.32200
126 0.30500
127 0.35200
128 0.32000
129 0.31400
130 0.33000
131 _ 0.35800

T3 T 0434500
133 0.34500
1364 _0.38700

135 T 0.40700
136 0.3560C
137

0.38730

€Q0 (b-3)

C.32523
0.31774
0.2¢102

" Ue31639

Ue321760
0.3115¢
0.26969
0.34749
0.328066
0.,3233]
0.32204
Ve34352
0.3€41)
035477
J.36372
0426513
0+34036
Je3E65H

-0.0]313

0.CCe26
-(.CC1C2

T =0.C0138

-0.Clé60
C.C1042
0.C3S31
0.C0451

-0.CCEGH

-€(.C1631

=0.C2204
C.Cl4a48

-C.C1913

-0.CC8T?

-C.0C672
c.cl1e7
C.CC9o¢4

_0.C0245

-1.20
0.72
-0. V9
-0.12
-1.40
0.91
0. 46
0.39
'0. 'b
"obu
-1.9¢
1.26
’106'
-0, 35
-0.59
l. 06
0. 84
0.21

95
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

8, (b-3)

TAGLE OF RESICUALS

10.00000 ~

10.00000°

10.00000

10.00000 T 7°

CASE NC. Y VALUE
1 8.00000
2 8.00000
k) 8.000UY
4 8.00090
5 8.00000
6 8.00000
7 8.C0U00
8 _9.000u0
9 10.00000

lo 10.00000
10.00LV0O
II 10.00000°
13 10. 00000
10.00000
ii 10.00000
16 10. 00000
17 10. 00000
1K) 10.00000°
19 10.00000
___20 10.00000
21
22 10.09000
23 10.00U00
24
25 10.00000
26 10.09000
217 10.C0VJ0
28 10.00000
29 i0.00000
30 10.00000
31 10.00000
32 10. 00000
33 10.00000
34 10.00000
35 10.00000
36
37 10.00000
38 10.00000
39 10. 00000
40 10.00000
41 10.00000
€2 10.000J0
43 10.0090V0
46 10. 02009
45
46 10.C0000
47 10.00000
[1:] 10.00000
49 10.00000
50 10.00000
S1 10.03000
52 10. 00000
53 10.00000
54 10. 00000
55 10.00000
56 10.07000
517 ~10.C0000
58 10.00000
59 10.900U0

i T 10.020670

TY ESTIMATE
1.7%274
8.10163
1.9624)
1.96742
8.371617
8.298VU5
8.21929
9.00797
9.817432
G.8c452
9.71098
T l0e40316
10.1¢142

10.68073
$.86512
9.97623
10. 16698

10.22821
9.81512
10.01509
10.04051
10,04512
9.98936
9.81298
_10.04396
10.02264
10.01695
__9.01119
10.01020
10.00366
9.94085

§.84508
9.94548

9.92069
9.912253
T 10.04892
10.05856
9.96381
“10.12806°
9.9:4115
9.84U65

10.21899
10.10993
10.08380
10.0¢093
10.01333

9.92622
______ 10.14078
9.75366
10.24951
7T 104043510
9.82844
10.2£831

9.96972

10.140653

9.73182

9.917331

9343446

RES IDUAL
0.2417206
=0.10163

0.C2751

c.C225¢
-0.371¢7
-€.2580%
-(.2152§
-0.CC197

0.12568

C.113548
C.28502

-0.40316

“Col€142
=C.¢E073

RESID/STD ERR

‘C.lCe88

0.02377
-0.16¢98

-0.22€627
0.18488

~C.C4051
~(.C4572
C.010¢4
0.16702
-0.C4396

-0.01¢95
0.2¢221

-(.C1cC2C

-0.CC366
C.C%515

T <0.C1509 ~

t.2¢21e -

-0.C2264

(.Cl028

C.15032
0.C2452
0.0z¢e¢)
C.C7931
0.C6747

-0.040862

~0.C5856
€C.C3716

0.C7z22%
C.15935
0.1%656
-C.21899
-C.1C9923

-€.Ce093
-C.C1233

c.C1378
~(.14078

0.2C¢E34
-€.2468%7

0.17156
“0.7¢41317

-0.C2€70°

T-0.14653

-C.C4351

T-0.C8380 7

.

il

=0. 40
0.17
0.15

~1.68

“l.3%

-1.26

=0. 04
0.57
0.61

le

30

-1.82
-0. 13
-3.,07
0.417
0.11
«0.75
18
~1.03
0.43

-0.18

»—0.2[
0. 0>

0.7%
‘0020
~-0.10
-0- 08

1.00

-0, 07 T
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TABLE VIII.

DATA ACTUAL-10DEL EQUATION

ESTIHATED VALUES (continued)

0, {b-3)
wv swewvwuw - iVevasan “vevC Y ~ve 30
o1 10.000V00 10.11929 «2.11929 «0.54
62 10.00000 10,0538 -0.C%538 -0.2%
63 10.,00000 S.95855 0.Ca145 C.19
66 10.000V0 10.105%) -0.10%5% -0,48
65 10.00000 9.915106 0.C24084 0.11
T 66 ~10.0330C §.8L17T2 777 c.l5e28 0.89
67 10, 0UdYV 9.910087 0.C2313 0.10
68 10, COV00 10.1175%2¢ -0.17%52¢ -0s 19
89 10. 00000 T 1044025257 7T =0.12525 -0, 506
10 10.00000 10.11213 -0.,11213 -0.51
71 10.000090 Y.9%460 0.CC540 0.02
12 10.00000 - Q.626597 7 T C.27341 1.68
13 10. 00000 1C.1373% -0.,13735 0,62
14 10 93000 S$.83716 0.1€204 0.7)3
15 10,00000 777 T10.,0e5517 7T TT=0.12%57 T 7T «0.57 -
16 10.00000 9.91243 0.0€1757 0.39
1 10, 00000 9.952176 0.C0124 0.03
T8 10.00000 T T10.02782 -0.€2782°° 7777 =0,13 7 °
19 10. 00000 10.0525% -0.C5255 -0.24
80 10.C0000 10.02922 -C.C2522 -0.13
TTTBYT T T 10.000u0 T T T 5.817691 06123097 T T “0.5% °
82 10.00000 9.79560 0.20434 0.92
83 10.00000 10.CC450 ~0.CC45¢ -0,02
- 8%  10.00000 T 6,.939787 7 C.0€022 T 77 0.217 -
85 10.00000 S.88603 0.113917 0.51
86 10.00000 S.21921 O4ECTS 2.17
8T 10.00000 T V.44771 088223 T 2.9 777
88 10.,0000C §.9€05) C.C1649 0. 09
89 10. 00000 10.C9620 -C.CS5¢20 -0.43
50 10.00000 ™ 10.0€965 -CeC8965 T -0.31 T
9t 10.00000 9.9642% 0.CC5175 0.03
92 10. 00000 10.1C358 -0.1C358 ~0,47
TTT9Y T 10.00000 T710.31936 -C.216367 TTelebd”T T
94 10-00000 10-1992‘ -(.19921 ‘0190
9% 10. 00000 10.236171 ~Cac2€71 -1.07
LT TT10.00000 T 10.06049 7 T =C.CECA9T T T 0027 T T
S 10. 00000 9.81218 0.18782 0.85
93 10. 00000 1C.11744 ~0.11744 =-0.53
99 “10.00000 T T T H0L02835 T T ~0.C2835 T =0.13 7T
100 10.00000 10.CU340 -0.CC340 ~0.02
101 10.00000 $.8C272 0.15728 0. 89
—/102 10.00000 7 7777 9,91410 77 T 0.C8590 T 039
103 10.00000 10,04084 ~C.C4084 -0.18
106 10. 00000 10.27186 ~C.27189 -1.,23
108 10. 03000 8.955067 7T 0.C4494 TTTT 0620
106 10.00000 $.67018 (.32602 1.49
107 10.00000 10.09502 -C.068102 ~0.4)
108 10.00000 77 77 9.913237 T0.CE677 0.397 '
109 10. 00U0D S.95286 0.C4M12 0.21
110 10.0000¢C 10. 12861 -0.128¢€1 -0.62
/il T10.00000 T T 10.08201 T T T=0,C82007 T T =0.37 7 T
112 10.00000 10.%5¢748 -0.5¢1748 -2.56
113 10, 00000 10.13129 -0.12129 -0.59
—114& 10.,00000 7 77 6,.89422 0.1C578 T 0.487 T 7
115 10.,00000 9.99184 0.C0816 0. 04
116 1C. Govuo 10.071606 ~0.C01166 -0.32
/117 10, 00000 9.,6€¢289 T 7T 0.,22711 T 1.52
118 10. 00000 10.30851 ~(.20851 -1,39
119 10, 00000 9.85916 C.14C84 0.63
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TABLE VIIi.

DATA ACTUAL-MODEL EQUATION FSTINATED VALUES (continued)

Y20 10.00000

121 10.00000
122 10. 00000
123 " 10.00000
126 1C. 00000
—32% . }0.70000 .
126 VYTV ITIV)
127 11.00000
128 12.00000
129 12.00000
130 12.00000
_ 131 12.00000
132 12.00000
133 12.00000
134 12.00000
135 12.00000
136 12.00000
137 12.00000

0, (b-3)
10.01282 — "~ "~(.C1282
9.952906 0.C0704
10.U%649 -0.C5€49
10.05784 '0.(5'8‘
10.U6326 -0.05326
- eQ6RI6 — . . 0.CE1R6
9.9%090 C.CCS10
10.85165 C. 14835
11.86037 0.ic983
1l.89802 C.J0138
11.5414C 0.4€860
12.12982 -C.12982
1l.06978 €.22022
11.64703 C.2%52%7
_ lle92470 0.Ct526
12.1¢862 T=0.188¢62
11.85161 G.143839
11.0.597 __9.]76g}

-0, 06
0.03
«0. 44
-0.20
=0.42
0.21%
0. 0%
S.67
0,49
0. %6
2.11
-0.%9
1.49
1.59
0.29

’ -0. 76

0.67
0.78



TABLE VIII.

. . TARLE UF

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)
PLV (c-3)

CASE NO. Yy CSTYIPATE RESID/STIC ERR
1 374,C0C0Q ____373.20825 ..0.02 . .. __
2 1%3.CCU00 209.97093 =16.9709)3 -0.%1
) 2%96. LCLUOC 293.64973}) 0.08
4 349.CC0OV0 394.91992 -45.91992 —=te3s ___ __
S 385,.CCCU0 602,01807 -17.71607 -0.5)
¢ 265, CQ0UC 314.3°451 -19.32251 -0.58
—t . 275.CC03¢C 3l6.18262 =37.1¢€262 =1.12
8 286, (0000 282472925 0.10
9 215.€C00C 230,60643 ~11.60644)3 “0.3¢
—_—3__27C.C000C____278.30307____ ~0.2% ____
11 334.00000 298.96631 1.06
12 373,C000C 339,68140 1.01
— 33 372.,CC000____ 37%.41992 =-0.13
14 226.C0000 2571.06934 -28.06934 -0.989%
1% 376.€0000 402.30475 =23.36475 -0.171
16 351.€C000 _____ 380.23242____=29.22242 ~0.88
17 378. CO0VO ®15.18504 -37.18604 ~l.12
18 254, C300C 310.84420 -16.83228 ~0.51
—_— 4C3,C0000 ____ 352.94897 . 151
<0 32C. CCCUT 363.08105 -48,.,08105 -1.49
! 378, CCOOC 385.475%9 «0.23
—a2 267, €C000 —339,906B84_____ ~42,.9L484 =130
23 3¢1.€C3000 393.93335 1.2
24 228, €C000 2492.64342 -14,64342 -0.44
—h 28C.CCO00 ____ 2U2.83472____ __ =2.83412 “0eC9
26 33¢.C000C 297.1291714 0.917
217 344.CCCOC J24.44603 0.59
— 48 _38%.€0000_ 356.60357 0.96
9 338. C0000 342.68311 0,44
3¢ 317.CCCOC 350.40031 ~1.61
Ay 271.€0000 261 .53247 0e29
22 328, €C0COC 300.39819 0.65
13 368. CO0QC 325.8381) 1.27
— 36 345,C0LVG 293.5506064 51.44336 _ 1.59%
3% 363, C0000 302.23071 1.83
3¢ 342.CCO00 278.95054% 1.90
3 2EB8.CCO00____3U0.29053 =12.29053 _ -037
38 256. COOVO0 3)2.73535 -16.73535 -0.51
3s 318. 0000 307.37378 0.22
— 80 ___ 3C2.00000 316.43068_____ =14.,42848 =0.%4
41 364, COVVO 3¢3.23218 0.482
42 356, CC00C 355410693 0.2
— ) 44l.CCCO0 ______420.78z¢07_______ 20.21753. Oe0)
44 518. CCO0C 485.09717 g.5¢
45 335.C000C 336.43872 0.08
L1 - 362.C0C0Q 368 .491170 -0.20__
47 236. C0000 26471.58673 -11.%6¢6173 -0.35
48 243,CC00¢ 250.28914 -0.,22
__ 49 ____ 256.CC000 _____ 27d.8Li%2 ____ =22.81152 _ ___ _=0.6S__ _
t0 26C. €0000 277.10%62 -17.10902 ~0.52
1 324.CCCO0 297.11890 g.81
'2 336.€COCO 2 326.38574 _9.61426 0,49
t3 413, CCoCC 408.32983 O.14
4 428, COUVO ©25.31703 0.08
b3 361.C0C0C ____ 377.306143_ “16.38743 ___ =0e%S _ __
€6 322.CCuUC 322.8%282 -0l.u2
27 373, 00000 363.69165 0.28
H ) 348, CCOJC 368.12378 -20.12378 =-0.61
430 fAADA

%9

~ a
.
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (cuwtinued)

PLV (c-3)
¢0 34C.CC000 321.55004 18.4433 0.%6
el 259.CC000 272.11108 -13.11108 -0.4C
e2 342.C€00C 320.21118 21.78882 0.0¢
¢) 4C1.C0000 372.57959 20 .4204) 0.86
__ ¢4 335,CCCOC __ _ 313.7505%9 21.2434) 0.64
1] 232.00000 303,.72290 28.21710 0.0%
et 362.CC00C 333.606113 3.32807 0.49
&7 3C8.CCCOC _ __319.78009_____ ~11.78809____ _~-0,3¢
(Y 3¢C. €0000 34l.06372 ~41,08372 “h.d4
1] 204, (C000 2%0.510685 ~12.91685 -0,30
—10 3C5. CCCOC ____ 269.53027____ S.46973 __ = 0.17
n 361. C000C 337.50903 23.49097 0.71
72 315.CCCOC 347.90l07 ~32,48167 =-0.98
1 31¢.c0CO00Q 255.99009____ 54.00931 ___ 1.6 ____
14 142, €CO00 205.64515 -63,84519% -1.93
1% 2C6. C0000 251.89529 ~45.86529 -1.39
. 33C.C000C_____ 317.,08740 1891260 __ 0,39 _
n 228.€0000 234011185 -6,11189 -0.18
78 259. C00VC 306.87280 -7.87280 ~0.24
19 328, C090¢C 350.,76147 =22.761417 =0.69
€0 269, C0000 296.01025 «27.0102% -0.82
'3} 263.C000C 302.52544 =-39,52344 =1.19
__&2 321.€0000 288.466006 22.52394 _ 0,90
€3 215, CCCUC 203.56323 -48,%9632) -1.417
£4 211.€0000 238.96399 «27.96399 -0.84
85 __ 25C.CCO0C ____ 290.99731 =40.96731 ~le24
€e 257.CC000 206.87622 -29.081622 =0.90
€7 236, €000C 216.99167 22.0C83)3 0.¢¢
__t8 257.CC000 _260.85T722 16.14278 0.49
€S 3¢2.C0000 29%.64048 7.35352 0.22
sC 202.€000¢ 290.271222 -8.27222 -0,.2"%
) | _251.CC000 ___ 2%6.88232 -5.88232 ' -0.16 ___
2 248, C0V0O0 235.¢1219 12.78781 0.39
$3 34 (. CCCOC 304.58057 35,.41943 1.07
___S4 321.€0C00 311.56299 9.413701 _0,28
$S 2517.€C00C 223.71100 33.24900 1.00
$6 3€2,40000 306.430606 ~2.420066 ~0,07
.81 335.C0000 _____ 35e.05112 =19.,65112 -0.59 ____
$8 3(C. C000C 326.959906 ~24.9%996 ~0.7%
$9 338. CCCC 283.92432 49.017568 1.48
100 431.00000 4271.126402_ 3.807598 0.2
1cl 21%, C0000 2715413452 3,06548 0.12
1¢2 323, CL000 318.21802 4,78}198 0.14
_1c3 433.C0000 404764585 28-25%415 0,85 _
1C4 445, CCCO0 318.21924 66.78076 2.02
1c8 2C7.€0000 202.631%9 4.36801 . 0.13
_lce 404, C0COC 344.01270 19.98730 _0.060
1¢C? 36C. C0GOC 355.34706 4.65234 .16
1ce 464. COLOO 454412305 9.87069% 0.30
__1cs 484,C0000 ____415.34985 ____ __68.6501% _ 2,07 ____
110 425.CCCO0 441.94007 =12.94067 ~0.39
11 476. COVYO 454,51221 21.43779 0.65
_n2 36C. C0000 322.33228 . 31.66172 _lelb__
113 373, CCO0C 362.35791 10.£4209 0.32
114 34 €. CO000 319.8674) «9.,86743 -0.30
1S 3C6.CC000 ___ 310.58189 _ -4,58789 =0.14
116 3Cl. £CCOC 318.97729 ~17.67729 -0,54
117 29C. C0000 311.15283 -21.15283 ~0.64
118 342.0C000 316.94360 _ 25.C%640 . 0.76
116 3(4.COCUD 314.706172 “1C.7¢1122 -0.32



TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (cont:.aued)
PLV (c-3)
12€ 358, C0VO00 42V,06590 620550 -1.07
__1al 3C5.C0000 _ _ 316.08¥36 __  =3.0893 -0.15 .
122 2%C. COVWVO 313.79199 “23.19199 -0.72
143 308, COGOC 310.79712 =2.79112 -0.08
144 128, C000C 320.6b00606 T.31934 0.22
23 284.€0000 312.9426)3 «2R 94740 -n.ny
M) 234, CCCOC 2b6.16¢24 =-3é.7¢221 -0.99
147 465.C0C00 657.75171 1.24829 .22
120 286, (CUU0 218.09 %4 T.90356 0.24
1¢9 375, CCO0C 42V0.67017 “4l.07017 -1.28
...l’c 21(. ccooc - 23'.07"52,__,'2‘.0""12 ~0.04
131 243, CCOVUC 231.2%919 5.74CB1 0.17
132 368, COQUC 305.617510 2432690 0.u?
— 133 3N CCCOC __ 33>,3pU80 __.__-18.38086 ~0.56 -
134 335.C0000 3715.19336 «40.16233¢6 ~1.21
139 359, CCOOC 3i10.60187 44,33813 1.364
— 1136 436.CC00Q _____ 393.56006_______ 49%.45996 __ __ led6
127 314, COOVO 3l6.50220 -2.50220 -0.,08
138 518, C0000 507.494385 10.95619% 0.3¢
— 329 2064,C0C00 __ 287.08179 ~23.08179 -0.70_ ___
140 245, CCCUC 242.62098 2.171902 0.017
141 30s. Co00C 363.27891 -54.137091 =l.t4
— 142 168, CC000_____ _216,10406 ______ =18.704046 = =~0,5 __
143 176, COUOO 211.14020 =35.14020 -l.08
144 2€7.CC000 2%4.12309 42.0870631 1.28
— 14 386, CCU00 . 394,41235 __ __ =6.41235 ___ =019 __ _
146 321.CCC0C 268.01632 12.3c568 2.19
147 326, C000C 383.75635 5.26365 0.16
148 _____382.00000, 384.306597 =2.36597. =0.07
149 265, COUOC 250.34580 18.15414 0.55
1%0 344.CCCOC 357.60075 ~13.6¢615 =0.41
—11 5C6.C0000Q ___ 4€24.73975 - 81.26025 ___ 245
182 218.CCCOC 326.01349 -48.,07349 “1.45
1%3 36(. (0000 384.58716 -24.58716 -0.74
%6 281.00000_____ 287.50195 _____ -6.,5019% =0.¢40 _____
145 3C2.C00V0 323.18042 -21.18042 ~0.064
146 318. C000OC 296 .85059 21.1494} C.64
— 2 264,C0000 ___ 2062.76074 ______ 1.d3926 _ . De0& ___ __
13 365. COCOC 374473828 ~-5.73828 -0.29
1¢s 3¢5.CC000 31000903 -5.00%03 =-0.15
. leo 2715, CCCuC 298.61011 ~23.61011 =0.7) _____
1¢} 3368, €0COC 299.6155% 38.324406 .16
1¢2 421.CCCUC 407.89917 13.10083 0.40
—1¢3 ____ _316.C0CO0C ___ 327.0b887 _____ =-8.0d887 ________ ~0ed& ____
l1¢e4 28%, (0000 293.54590 -4.54590 ~0.14
1¢5 22C. CCOJO 212.13257 -5<¢.13257 -1.57
. lee 371.00000 ____333.21820______ 3T.7¢174 N XX L D
1¢8 4C7.C00V0 397.334906 9.66504 0.29
e b9 356,CCC0C ___ 320442456 2%5.57544 0.7 __ _
110 373, CCo0C 416.02140 -43.02148 -1.30
111 251. C0000 J41.63940 -5C.63940 -1e.52
W12 ___ . 326.CC00C_ 360.40021 _ =34.46021 _ =Ll.06
1 158. CCO0O0 178.81540 ~20.015%0 -0.63
114 252, CCUVO 242.0214) §.37859 0.48
— Y18 314.C0C0C ____285.00919 ____ 28.2308} . 0.806 _ __
116 447.CC000 338.49219 58.5C7181 1.77
mn 362.C0000 341.364155 20.65845 0.62
__118 361.C000C ___ 35011240 4.88770 _  0el5 .
119 3666 C0VUC €03.,97852 -37.97852 -1.15
LEO 3C7.C0000 338.4112¢ «31.41724 -0.95
_ le1 _____ 258.C000C 265430234 12.€91766 0.38
O][’i‘/;ja,
A
OF [)‘» B !J-“ﬁ’"
)/‘ ({}'v kfe Lg
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TABLE VIII.

102 3¢ 7. CO0UC
163 345, CCO00
__ 184 4Cé, CCCOO0
168 3CS. COOL0
1te 3¢2.COC! 0
_1a . als.cocaC
1ee 367. COOVO
169 212. 70000
150 256, €C00C
19 291. £0J00
1S 232. 19000
163 2C6. CCOUC
154 338. €C000
15t 288, COVUC
__1%6_ 437. CO0V0
151 262, €003C
158 344. CCCOC
___1%s _ 348, CCUGO
2¢0 353, 0€000
201 219.€0000
€2 261.2000¢C
2¢3 275. COCO0

PLV (c-3)
291.3862) 9.61377
372.0654) ~23.06%4)
389.11182 14.00818
343.36106 -34.34106
342449501 19.80493
4%0.06030 __ _-31.Ct036
413.03087 -1€.C30687
260,904851 48,9685}
284.48950 ~28.48950
291 260 ). 2484
267.69034 -15.89034
178.06119 21.3%881
306.09570 33.90430
276.52637 11.47363
421.45876 15.54126
301.13721 -9.113721
330.949171 7.C5%029
384.,37305_____=36.31305
250.65001 102.14999
258.3835%6 20.61646
_307,715708. -10.79708
263,9709% 11.0290%

DATA ACTUAL-MODEL EQUATION ESTIMATED “ALUES (continued)

0.¢9
-0.10
0.4%
-~1.06
0.60
“0.94
-0.48
~1.08
-0.00
-0,
=0.48
0.83
.02
0.3
0.47
-0- ‘.
0.21

,-I.IO

.U
0.62

_-0. .‘2 .

0.33
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALULS (continued)

BMF (c-3)

VAELE OF RESICUALS

Y €ESVIrATE

CASE NC., Y VLUt RESICUAL RESID/STID ERR

1 3592, C06000 3304.53062 221.46338 0.58

e @ ————~ 2890, GO00C 79G2.21539——- = 12,71%39 -0, 03
3 3678.60000 3482.54034 165,48 1¢¢ 0.50
'y 3639.00000 ©343.64719 ~1C4.6)119 -2, 01

—ee 4 154,0C000 — - 44 | 3,9 140& 259,51406 ————- ~ =0,67 —-—-
6 2907, CUV00 3028.8420% -131.04204 -0, 34
7 3752.C00U00 «%€7.7%1781 ~-035.71%181 “2.14
o -3065,00000 —— 3559, 74463 ——=8534,7448) —-— — =432 - —
9 3217.00000 3221.21045% ~4,i1049% -0.0)

10 4182.00000 «027.54800 $7.C%5200 0.19
st fme— 4 1 8C 0 00000 —— 384 1.81934 2%0.1€6C66 ——— - 0092 ——
12 4572.C0000 4:60.51953 411.40C47 1.0%

13 4455,0C000 4258.2%78) 166.14216 0.5%0
— 3601200000 —~ 3920.635V9 ——= 215, € 255§ — — =0, 82 — —
15 3903,00000 3908E.350689 ~89,.22€09 «0.22
16 3804.C0000 3876.592134 -12.%21% ~0.19
e P 38094 OV000 — - 4620041006 ~———=611:40016 — ——- =) ¢ 57 ——
18 3602.00000 3017.37354 ~1%.373%¢4 =0. 04
19 4160.00000 4032.75126 121.2Ce74 0.33

20— ~-4052.0C000 —— 4£50.05644 ——= 16§ .06844 — ———— =05} -- ——
21 4696.,00000 4388.067006 3C7.9C234 0. 179
22 3823.00000 4US3.45718 -230.8%718 -0.59
——23 4363.C0G00 -~ -3992.50080 — —4CCe 42§20 —— - Lo 03 —-—
26 1279,00000 33¢1.06517 -132.76%17 -0, 34
2% 416%,000U0 “USCeL 2520 114.5¢¢€80 0,29
26—~ - 4b683.00000 - - 4137,50328—— 54%5,12672 R YL 1 R
27 4212.€0u00 4270.50%94 cb64.56594 -0.17
28 4190.C0000 4370.52909 416.07C2} 1.07
e 29-———=3639,00000 - - 4000U0CI28—— =€7,6€6128 -—-—— - =0s}7 -——
30 3612.00000 4203.94141 -561.,54141 -1.92
3 3681.00000 3542491016 178.C6904 0.35
- 32 3979400000 -  3d0)ed3690 —— 117,1€3C$ —— © 0045 ——
33 40R1.00000 3709.2509¢ 311.74502 0.80
34 3176.00000 3826 .4:432 -50.42432 -0.13
———e 35— 4947,00000 — — 425288072 -656.11328 - 1e78 —n
36 40%7.00000 3024090240 322.C217€C 0.82
37 3882.00000 ©099.71484 “217.714684 -0. %6
——38 4224.C0000--~ 4107.75781 116.24219 0,30 ——
39 4261.00000 39¢2.93115 2¢7.ce009 0.76
40 6[“8.00000 *21]-0:“" 'GS.C'NIJ -0.22
4} $5133.00000-— 504530656 -87.69141 — - 0s22 ——
42 3762.C0000 3922.1¢€1088 -21C.1€1880 ~0.5%4
43 4451.00000 4©345.1CL15¢ 105.ESE44 0.27
———— il $098,00000 — 4928.7C313 169.25¢88 0,43
45 3738.€0000 3845.03174 * -1CT7.C21174 -0.27
46 3874.00000 4165.78906 -261.786C6 -0.75
——— 1556 s CUVUO - 3564 eUATI 2 =5,C4702 ————=0, 0} ——
48 3693.CU000 3562. 10069 11C.e6221 0.28
49 4118.CN000 39¢8.20874 149.15126 0.38
B0 — - 4037, 00000 --- 3961.97729 15.€2210 - — 0019 <
51 3674.00200 2062.47456 11.57544 0.03
52 4182.00000 4173.¢1328 0.26€12 0.02
Y 44C0.00000— - - 4415451953 —— " 18.519%3 — —- P Y { p—
9% 4323,00000 4470.15931 - 147,1¢€531 ~-0.38
55 3600.00000 3564462500 16.21%00 0.04
56 2912.00000 - 3043.,81689-——=13).E1¢€88 - —v-=0,36 —o
57 4103.C0000 3575.4292C $27.%1080 1.35
58 3387.00000 3770.0%347 -302,C%347 ~0.98
59 4465.00C00 4366.56250 9€.4275C - 029

103
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TABLE VUII. DATA ACTUAL-!ODEL EQUATION ESTIMATED VALUES (continued)

BMF (c-3)
¢ 3171.00000  3931.61572  =16C.€1572 -0. 41
61 3745.CC000  3815.15869 -164.1%066 -0.19
62 3830.CN000  3972.13905  =162.126¢S -0.36
63 4875.00000  4558.0¢6406 21¢.12¢64 0.8t
o6 4©0898.C00Q0V0 4546 ,804069 351.16531 0,90
———& D 4699,00000 - 49502:,23047 —--- 18¢€.1¢€%) - 0.48
60 4705.09¢C00 4588.34315 11¢.€%¢29 0.30
o7 5221.Cu000 42T7L.4414) §4€.55859 2+463
68 42715.,00000 — - 45C4¢56438-——=229.,G6E6435 -- —=0,59 - —
69 $334.00000  4386.60547 ~52.€6C547 -0.13
70 4610.00000 4300.67168 3Cs.22813 0.79
— 31— 4351.00000 — — 4165.54688 - 165.45313 . — 0.42 -
12 4433.00000  4369.93359 43.Ce04l 0.11
13 4359.0C000  ©278.45609 80.5C291 0.21
— 34— 3254,00000~— 352170075 ——=767077CI5 e =Cs 68—
75 3258.0C000 3647.6%454 =369.£5454 =0.95
76 3229.00000 3732.47485 ~503.47485 =1.29
iy - 3612 e 00000 — ---3409.25952 - 2474048 0.01 —
78 4223.C0000  4457.21684  =234.21484 -0.60
19 4837.00000  4351.09766 ~14.C5766 -0.06
— 80 3815000000~ 422704 1797—— = 41241787~ s 06—
el 4455.0C000  4580.26563  -12%.26563 -0.32
82 4879.00000  4409.11328 469.8€672 1.20
83 3415.G0C00 — - ~3713207041——~266.67C4Y - ~00 77—
£4 3078.00000  3326.26270  =-22€.2£270 -0.61
(‘3] 4CLE.C0000 4U52.223657 -T4.22¢%17 -0.19
—ee @~ B L 4T e GOODVO —— 34CT65G619 ———=g26C.%$419 0.67
87 3192,00000  3275.5835C 11€.41650 0.30
88 3207.00000  3655.31964  -492.21664 -1.26
e 8P 2818.C0000 - - 338LeV6530 ———=5€3.0¢€834— — o) b ——-
90 26C9,000U0 34%c.15332 -562.1%232 ~-1.39
9l 3706.C0000 19213.12915 -227.126%15% -0.58
92 2702.C0000 —— 275921190 =572 719) —— e =0e 1 5 ——
93 183%6. CO000 3438.915%%) 35T7.CR447 1.02
94 +510.00000 4189.5C0J0 312C.%CCCO 0.82
—5 30564.0C000 — -3113.¢90)9 ~564¢5C19 -~ -0.15 —
96 481%5.00000 4473.48484 341.5%251¢ 0.87
$7 589%5.C0C0Q 6126.3046% ~241.2C4¢9 «0.062
98 $5251.00000 — 55107696 —=265.76606 ——— = 0,68 —
99 3863.00000 4070.9¢387 -207.9¢387 ~0.53
100 4789.00000 £540.826422 248.1175178 0,64
——200——3813.00000 — 4268.95313 —=455.55213 Y
102 3131.00000  3141.00952 -1€.CC952 -0,03
103 4528.00000 4650.17578 ~128.11518 -0.33
104 5334.00000 — - 4050.€¢328 143.13€712 ———— - - . 1,90 —
105 3000.00000  2535.6c134 4€4.278¢6 1.19
106 362C. COVQ0 3589.80865 30.13135 0. 08
— 07— 4999. 00000 —47£3.68750 230.21250 — ——— 0,59 - —
108 5574.00000  508E.5%859 40%.4414] 1.24
109 5756.00000  5203.37109 552.€62891 1.42
e} 1O - 5807.00000 - - 586222047 —— ~15.22C4) — 019 - —
111 6209.00000  5976.91016 232.C€584 0.59
112 4636.00000  «34B.04688 281.55213 0. 7%
—1d3 4969.00000 ——. 50U «T0TU3 ———=-32.9C0Y - = =0,08 —
14 4037.00000  42:1.69531  =-184.€5531 -0.47
115 4049.30000 4l64.08594 -11%.C8594 -0.29
e 16 e -~ 3808, 00000 Q051 e59424 - — » 243 ,5%424 ... -0,62 —
117 3803.00000  «041.96338  ~238.5€2338 -0. 061
118 4613.00000 4244.10154 36E.65844 0.95
e 319 -3922. 00000 - . 4U93.89453_ =3 71eE65453 . ~0,46 .
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TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (con’:nued)

BMF (c-3)
120 35$78,.,00000 4851 .03%0 =613.C2506 -2.36
141 3610.00000 38¢1.53030 88,4€362 0.23
e $ 22 e 3OTLCO000 . ITEUIINGY = 69,27545 . =013 .
123 3730.00000 3685.41943 16.%8C57 0. 04
124 3778.00000 3890.049006 -112.C2906 =-0.29
125 3617.C0000 37131.C05839 =114.C6836 -0.29
126 3317.00000 3732.60270 -415.€C21008 -1.006
127 6302.00000 6091.1445) 210.8%547 0.69
120 4443.0C000 “044.6(0U59 ICE. 26541 1. 02
129 4463.00000 %868.32c422 -412%,22422 -1.12
130 4024.C0000 4lob.2b900 ~146.2E9C6 -0.37
43I t———4229.,00000 - 4213.66922 - -— 15.2CCI¢ 0. 04 -
132 4087.0000V 46:0.22656 -932,52¢€56 -1.37
13 4323.00000 4530.80859 -&13.ECE59 =C.55
1 34— -3936.00000 4512.23028 — —87¢€.c282¢ ~1l.48 - -
135 4749.6C000 4057.00059 €91.99241 1.77
136 S461.00000 484C.v1016 62C.CEQd4 1.59
—t37 -2962400000——-3531.(5521) 5¢64(652 — — — ——=1,66 -————
138 40177.00000 3883.203113 1€2.,75¢68 G.50
139 3882.03000 “467.0€250 -485.0¢€250 =ledw
-t 40 3154.06000 — - 2895,76099 ——-25€,23601 — - -——- Q.66 ——
141 2852.C0U00 3842.75415 -960.75415 -2.5%
142 2216.C0000 29%3.45216 -677.4%5216 ~l.74
———t I ———eb605. 00000 —— IV4 454175 —=379,%4175 - 0.97
144 20649.00U030 1962.94434 6€et.C25¢6 .71
145 4635.00000 4534.d)0641 100.18256 0.206
———146——5352,00000 —~4340.27734——1011,72266 —-—— 2459 ———
147 4983.00000 4442.01563 54C.58438 1.39
148 5640.00000 5053.52734 58¢.417266 1.50
—149——2500. 00000 — 2721487720—221.81720- 0.57
150 3420.C0000 3378.42896 41.57106 0.11
151 4732.00000 4323.17188 4Ct.6¢613 1.05
———152-———4277.00000 - 4364.07422 -87.07422 ~ 0.22
153 437C.00000 5046412500 -72¢.125C0 ~1.8%
154 4176.00000 4556.97656 -380.51%50 -0.98
——} 55——3748.0G000 — 4074 .9789¢0 326.52856 — 0.84—————
156 49179.00000 4958.6C547 20,26453 0.0%
157 3600.006C0 3015.70703 584.252517 1.50
—1 48 3716.C0000 —- 3834,60693 ——118.€(¢9)3 - 0.30
159 5129.€0000 4652.78516 476.21484 1.22
160 «034.00000 4031.27832 2.1¢1¢8 0.0l
—26t——4871.00000 ——43G1.,679069 56642203 ——————— le46-
162 3205.00000 3498.017300 -262.07200 -0.75
163 4522.00000 4298.48828 «22.%11172 0.57
164 2805.00000 —- 2B52.94824 ————=41.54E24 0.12
1¢5 2792.00000 2949.18384 ~157.1€284 ~0.40
166 ©025.00000 «058.85229 -32,8£229 -0.09
—t 6F——5236.00000-——59¢6437500 —=6650.217500C 1.77
168 4371.00000 4172.92750 168.0€250 0.51
169 3979.00000 3730.84204 24E.1579¢ 0.64
——3-70———3263.00000 — 4JT70.,26196" 007.2€196 ——— —2.07 -
171 3144.00000 3788.73901 -644.72501 -1.65
172 4124.C0000 4752.13672 ~29.12¢€12 -0.07
—3F3——2342.00000 — 2569 .,59570——2517.29570 0466 -
114 31758.00000 3704.92407 53,1593 0.14
115 433C.00000 4291 .486828 38.51172 0.10
—476——4111.00000 —3964.52344 11647656 ————————0.30
177 4829.00000 4530.23438 298.1¢65¢) c.77
1718 3429.00000 3365.4c334 63.517€66 0.16
———t 19 ———4457. 00000 -— —44C0.80328 5€¢12€72 -— Qe 14—
180 4934.00000 4l14c.40234 151.567¢¢ 2.03

105
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TABLE VIII.

DATA_ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

181 3432.00000
—182——3619.00000 -
183 4182.00000
186 4420.6C0000
—385———3326.00000 -
186 4219.00000
187 5246.00000
——188——-4477,00000 -
189 3882.00000
190 3636.00000
19 355840000
192 2632.00000
193 1683.00VJ0
194 3804.00000
195 3450.00000
196 3955.00000
—y 9P 4580,00000 -
198 €057.00000
199 4267.00000
——2 00——4216.C0000
201 3982.00000
202 3416.00000
—303——3097.00000 —

BMF (c-3)
3280.1%u0C 151.€C200 0.39
© 3442.6456079 ——~ 17654321 ———— 0.45
4043.5307%06 138.4¢924 0. 35
42€3.06641 156.622%¢ 0.40
JU24.05702——3C1.2(268 —— - 0.77
4262.91250 -42,81250 -0.11
5¢%0.0¢250 -64.C£25C =0.11
9416485938 ——- 6C.140¢3 - -0e15%
417.22975 ~-12€,22615 -0.35
37197.20518 -161.€0518 ~0.41
35548.68479 -4, €¢47S -0.10
3058.22877 ~476.12817 -1.09
2U4%.10¢05 ~61.10205 ~0.16
3u65.9¢107 13¢.0203) 0.35
2184.017617 ¢6%.523¢€3 1.71
37162.71032 192.221¢8 0,49
470986844 —- ~126,E50844 -0.,33
4155.71%688 -$8.175¢88 ~0.25
4613.1C156 -346.1C15¢ ~0.89
- 397857729 ——237.02271 —— ——- - -0.61
3634.91333 347.C8¢¢e7 0. 89
3135.22949 28C. 17081 0.72
308742954} —— ———GoWCAS5G ———— - — 0,02-- -
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TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)
PLL (c-3)
TAELE OF RESICUALS

CASE NO. Y VAMUE Y ESTIMATE RESICUAL RESIN/STD ERR
1 106.CJ000 94.91316 11.Ce€84 0.51
—ereeee - } 100 C0000 - -— 1 719606404——— =3, CC404 —— =0, 14 -—
3 213.0000C 205.088792 l.11208 0.33
4 215.00000 212.34857 E.€714) 0.12
5 227.00000 1220705 1478130 - — — — 063 -~ —
6 130.00000 [ I § WY P 2 -1.62578 ~0. 07
7 127.00000 L Y AR 22.2¢€215 l.56
—fe e §4 0 00000 -~ V9. 1 = g5.,25094- — —— =l 1 T — —
9 94.00000 107.620u% ~13.52€09 -0.03
10 136, 00000 137.04413 =1.£44]2 =0. 08
i 437,00000 —— §158.55017——=g1.2%017 -0. 99
12 179.C000V0 151.89409 27.1C591 1.25
13 147.00000 135.516062 11.482238 0.53
e} g 1 70 00000 --—— B10 93359 ——— (.5€€41 - -—~ 030
15 144.00000 1631.65439 0.245¢1 0. 02
16 149.00000 152.83028 ~3.020208 -0.18
——d e 1 42400000 ——-137.820706 ~-4437524 0.19
18 138.00000 154.85017 -16.85C17 -0.77
19 170.C0000 176.548061 ~6.54861 =-0.30
20 179. 00000 ——-185617184 ———=6.17184 ~0.28
21 199.00000 198.07309 C.52¢691 0. 0%
22 178.00000 17545974 ~1.495174 =0. 07
——23 18100000 --—— 19981259 ——=]08.£1259 —— =0, 86——
24 110, 00000 124.63594 ~14,€2564 ~0.67
25 146.00000 142.21149 3.78¢€51 0.17
—26——158.0C000 —--151.41858 ————-6.5€142 -0e30

27 171.00000 151.03218 13.5¢€782 0. 64

28 169.00000 156.57954 12.42046 0.57
—_—2————175.00000 —-175.68%96 - ~0.€685%6 —— -0.03

30 165.00000 163.998v8 l.CCl02 0.05

31 160,00000 158.42840 «5€16C 0.07

32 ———166.C0000 — -163.8%310 - -2+ 1C6S0 0.10

3 157.€CC0O00 158.44047 ~l.44047 -0. 07

34 148.00000 157.C71912 -¢.,C2612 -0.42
——d5 145, 00000 ——- 1 48 09798 ——-= 305752 ——— =0 16— ——

36 150.0C000 132.5¢814 17.47186 0.80

37 156.CC000 154.24508 176432 0.086
e} @ 150 00000 ——14F04CU24 ——C.€2976--— 0. 02

39 150.0C000 147.37097 2.6272C3 0.12

40 149.00000 147.3¢681 1.€2219 0. 08

41 156.C0000 —- 144.12532 1167408 0.55

42 154.0C000 158.£C985 -4.€CG85 =0.21

43 159.0C000 160.2€247 -l.2¢247 -0.06

L& 153.00000 —— 15C.€C062 ———— 2439938 — -—— -0l —---

«5 160.00000 1€8.C3346 -8.C234¢ -0.37

46 156.00000 162.04977 -6.04517 -0.28
—_—hy e 116.00000— 1 16.75479 ——— = Co 75478 ——————+0.03 ——— —

49 142.C0C000 12€.00520 6.55480 0.32

50 - 142.00000  — -135,715506 -— — 6.28444 0.29

51 125.00000 139.556179 -14.6%619 -0.069

52 146.00000 152.5¢8061 -6.528¢1 -0.30
—_— 83  144.C000C —- .2438.5CS502 — 8546057 - - 0.25

54 142.,00000 141.74179 0.25821 0.01

5% 147.00000 16C.41025% ~13.41025 -0.62
—56—— - 184.,000V0 - - 167.14130-— 16.€5¢€7C - 0e178

57 141.00000 123.98872 17.01128 0.78

58 143.00000 l141.78221 1.21179 0. 06

o 14 L. 00D 133.9510¢ g8.09004 0.37

Chy d;ﬁa‘_}J;':g .. ‘07

Yoy N

T O
R 2 Wy . .
AT A Pt
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TABLE VIII. DATA ACTUAL-IODEL EQUATION ESTIMATED VALUES (continued)

PLL (c-3)
60 144.00000 144.47440 “0.47440 -0.02
6l 162.00000 122.94505 8.C5CSS 0.37
62 141.00000 145. 15061 -8.15C¢1 -0.38
63 183.00000 162.0¢885 20.271115 0.94
64 193.00000 178.73322 14.2¢€¢78 0.66
——65 - 176.00000 16281020 ——-12.0E119 0.51 .
66 182.00000 175.37456 €. €254 0.30
o1 169.00000 16417490 4. 62510 0.22
—— 68— - 162, 000U0 153.56510 —  0.C€2050 0.37 -
69 162.0000C 196.61442 £, 38557 0.25
10 170.00000 172.41156 i 41156 -0.11
— A —164,C0000 — - 158¢99796—————5.6C20& - -- 0,23 ————-
12 159.CC0V0 140.C2847 12.57153 0.60
73 148,00000 142.38234 S.€1766 0.26
——3————160,C0000 —-- 164.15836 ~4.15836 019 — — —
15 156.0CJ00 157414432 -1.14432 -0, 08
16 152.0C000 148.3€185 3.62€15 0.17
— 33— 152.60000 — — 158+6E72l———— 6068721 - =0s3] —— =
18 155.0C€000 147.12333 1.21¢661 0.33
19 155.00000 140.9¢782 14.02218 0.65
——80—————145,00000 —- 171439295 ——=2642626§ ————=1,21]-
81 181.00000 168.37257 12.62143 0.58
82 164.C0000 161.2532¢ -2.25328 -0.15
~——83————1104 00000 ———4 1320830 ————=3 4 CE3C1 0. 14
B4 97.00000 107.0¢528 -10.C2528 -0.46
es 140.00000 129.5¢544 0.43456 0.02
— 86— 66,00000 - ——1(5.07352 $.€7152 0.42 -
87 98.02000 114.14195 -16.14155 -0.74
88 99.€0000 100.17451 -1.17451 -0, 05
8999, 00000 —-—- 6442577 1———— 4074223 ——— —<=-04 22 ——— —
90 101.00000 124.25103 -21,2¢163 -1.01
91 99.00u00 163.3C145 -4.3C145 -0.20
e P ememe———] 00« OVOV 0 ————- 109 ,20795 ~6.,2C0795 - 0,42
93 102.00000 Get.378406 §.62154 0. 26
9% 100.00000 11%.64427 =15.84427 -0.72
——85—— 100400000 ---— 93,17433 - €e€256T —- 0.31
s6 103. 00000 17.98421 2%.C1579 1.15
97 100. 00000 1C1.179080 -1.15C80 -0.36
— Q8 98.00000 -— 100.0¢897 ~¢es0€E9T - 0.10 -—
99 122.00000 135.51656 -13.51€56 -0.62
100 104.00000 128.24585 -24.245€5 -1.11
— 4 0t——135,00000 ——— 136+ 7£083 ———= 1+ 1¢083 0. 08
102 168. 00000 163.61443 4a2€557 0.20
103 149.00000 161.55563 -12.%65¢3 -0.58
104162460000 ~— 13631621 ———=23+€€179 1.09
105 100. 0000 168.80861 -8.808¢1 -0.40
106 165.00000 1¢4.63681 0.2¢319 0.02
— 1 03— 1864 00000 —— 179 ¢84483 ——— 6215517 0.28
108 117.00000 111.2¢988 5.72C12 0.26
109 144.00000 144.C2870 -0.C2810 -0.00
—~410————133.00000 —— Lz4eeSIT4———E.74826 0,40
1 106.00000 123.58084 -17.58C84 -0. 81
112 171.00000 147.79701 22.20259 1.07
—4 13— 157,00000 —— 165026131 -——=8c2613] ———— ~0,38- —-
114 153.0C000 153.90013 - (.5CC1) -0. 06
1s 156. 00000 158.41305 -2.413¢5 -0.11
— 11— 163,00000 —— 132.54649- ——-30245251 -— - — 1,40 -
117 162.00000 15C.¢3708 11.2¢€262 0.52
118 169.00000 154.96043 14.01357 0.64
— 19— §29,00000 - ~— 13i¢73968 ——=3473688 — — - =0, 47 ——



TABLE VIII.

> v

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

PLL (c-3)
120 124.00000 14C.6C568 -le.ectee ~0.76
121 128.00000 1i4.02521 S$.Sc4l9 0. 406
—122 133.00000 - —— 134445885 ~— =1.45885 ~0. 07
123 130.00000 135.6143¢ -, 61415 -0.26
1264 126.00000 129.4€718 ~3.48718 -0.16
125 133.00000 136.37035 -3.37035 -0.1%
126 113.00000 126.50021 -13.%0021 -0.62
127 110.00000 112.41759 - 1.41756 ~0.34
128 96 .C0000 109.01048 ~13.C1048 -0.060
129 ©3.00000 115.65489 -22,€5406 “2.42
130 79.00000 132.2¢073 ~£3,2¢C13 “2.4%
——f 3t S T3.00000 — L074%¢428 — - =34,%2428 -1.59
132 Q0. 000V 113432994 =23,2:9%4 -1.07
133 10C. COOUU 130.c1341 -31.27241 -l.66
$136—o—— B85,00000 - 144,150 — -=59,715107 -2.75
135 106, 00000 110.70580 -4, 1C5EC -0, 22
136 72.00000 95 .25026 -23.2%€26 -1.07
—_—t b ———— 127.00000 - 106043C956 ——- 20,€5C408 0.95%
138 180, Co000 176.82383 -7¢.,62138)3 -3,53
139 126.C0000 158.10449 =32.1C44S ~le%8
340~ 150.00000 -— 175.3z004 —— =25,32(C4 -1.16
141 163.00000 169.12358 ~6.12158 -0.28
142 184.00000 163,07863 C.s1137 0. 0¢
——— 43— 123.00000 —- 1C%s21756 172241 —— —-. 0486 ——— -
1 44 114,00800 €9.955%U9 24.C449] .11
145 164.00000 13¢.2396¢ 27.66C34 1.27
— 14 - 209.00000— — 149457726 ——— 59.C2274 ——-me- - 2471 ———m
147 226.00000 163.87871 6:.12125 2.86
148 171.00000 144.92165 26.C7838 1.20
—3 4O -221eG0000 - —— - 24406902 ———=23.0€%02 ——— =] 06 — -—
150 234.€0000 201.53169 22.4¢021 1.49
151 241.00000 193.82269 41.1€731 2.17
152 116.00000 - «— 119044442 =%, 44443 — v =0,2% - —
153 120, 00000 124.35251 -4.35251 -0.20
154 140.00000 177.64316 -27.€4316 -1.13
155 150,00000-—— 191.00229 —414CC229 e o} g B e e
1%6 £01.00000 180.45105 20.%4295 0.94
157 200.00000 1c2.88306 T¢.11¢94 3.50
158 17900000 -—— 152 68995 ———-26411CC5 — e — 1,20
159 106. 00000 117.1228) -11.12283 -0.51
160 135.00000 132.75459 2.24541 0.10
{6} 131.00000 — 121.408914 -~ CeblS)4 e ~04 02—
162 188.00000 147.7Cu04 10.25996 0.47
163 87.00000 £2.12909% 4.8¢6CSS 0.22
1664 - 109.00000 - -~ 106471925 —— 2028075 —— ~— — 0010 - - -
165 106.00000 109.725617¢ ~3,75674 ~-0.17
166 92.00000 115.73212 -23.12212 “1.09
— 67— 101.00000 — 92.44741 857259 ~———— 0039 — ——
168 132.00000 1¢C.9 1081 11.C8919 0.51
169 137.€0000 132.45325 3.54€15 0.16
—170 153.00000- -— 140066231 -—— 124330968 - 0457 =m - -~
171 133.00000 14%.58827 -12.568821 -0.58
172 158. 0000 167821617 -9.821617 -0.45
4 73— 137.00000—— 131.45826-——25¢5C174 —- Qo d ¥ ——mv
174 136.00000 117.95485 18.C4518 0.83
175 175.00000 160.47636 14.523¢4 0.67
176 180.00000 —— 156.86537 PUTITTLE & JUSURNY, O T J—
177 205.00000 167.20140 27.01860C 1.73
178 212.00000 194.21623 17,7897 0.82
179 252.00000- — 23U.65698 21.24202 - 0.98
180 246.0000C 221.0C224 24.56116 1.15
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

181 1645.00000
—l82- 157.00000
182 203.0000¢C
1864 217.00000
—~—1385. 1640.C0000
166 148.00000
187 145.00000
—3 88— 231.C0000
189 227.00000
190 211.0000¢
191 175.00000
192 164.00000
163 148.00000
194 125.00000
195 98.00000
196 92.00000
—497——~ 133,00000
198 151.00000
199 158.00000
~—200————173.00000
201 123.00000
202 13%,00C090
—203———107+00000

10

PLL (c-3)
15J.02173 ~5.02173
led.uelbl -6.04388
116.07285 ét.521715
183.¢170601 é8.22199
178.44210 ———m38.42218
159.5(571 -11.%C511
148 .43335 =2.43335%
21373120 -—— 10.2¢€E74
215.2%u2¢4 11.74578
2C5.94176) 1.0%2137
174.6C297 €.2670)
1568.3¢871 -234,2¢8171
1645.3¢24C 2.€17¢0
159.324006 -26,:24¢6
S$l.001574 6.5242¢
104.9¢6523 -12.929%23
laledl407 -6.67467
176.11858 -25.71858
174.46590 =16.4€550
L6 .28401 - —=12,28401
11554564 To6243¢C
130.527117 4.46223
ti4e15002 - ——=—T.15002

-0.23

- "0020 ——————

1.2¢
1.30
17 . —. -
=-0.9%3
=-0.16
-0.79 -
0.5¢
0.09%
0.02
-1.58
0.12
-l.58
0.32
-0.59
«0.39
-l.18
-0.706
~0s61
0. 34
0.21
-0.33
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TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

HP (c-3)
TAELE CF RESICUALS
CASE NC. Y VALUE Y tSTIMATE PESICUAL RESID/STD ERP
1 604.00000 5%5).0€230 50.11470 1.52
— e 66 1. 00000 Gléolt9V2 ——~11.1€682 =0, 94 -
3 152.0C000 731.,906479 14.C5%21 0.42
4 176.0C0000 d2l.028 10 -45,¢2110 ~l.38
- e reree— 8 4 1 s 00000 —-——- 8T73.91102 *35.61162 - - ---=0.99 —- - -
6 5706.C0000 530.7¢€758 45.22242 1.36
7 $87.00000 695.56081 -108.5¢e081 -3.27
—l e — 738,00000 - -—- 78199146 ——=43,6C146 - - “1¢33 -
9 6871.00000 611.20288 $.16712 0.30
10 784.00000 790.4t306 ~6.48364 -0.20
i1 823.00000-—— ¥811.392V8% 11.6C791 - — -— 063% -— -~
12 940.00000 925.23120 4.7¢88C 0.14
14 T26.00000-—— 8U%e60 0815 ——-=7€,€C8)5 22,137
15 844.00000 850.85746 ~6.86746 -0.,21%
16 871.00000 047.3¢597 21.¢2403 0.71
137 817.00000 ———829¢5664) = 12,5€64)-— =038 —--—
18 177.00000 810.1J0034 =33,1CCas -1.00
19 $07.00000 856.52711 10.4€28$ 0.32
————R Qe $00. CO0V0 ——916.+8¢ 10— ]16.82104— -=0e5) - —
2l 975.00000 962.85327 12.14673 0.37
22 905.00000 94l.4z0676 -2£.42676 -1.190
——d e §26 . 00U00 —— 905.0¢695 ———20.,27309 0.01
24 746.CC000 126.2€241 1€.1117¢3 0.50
25 808.00000 e 1943 1.58051 0. 05
—26———— 860.C0000- ——860.70L064 =0e10264 -————~0,02
27 909.00009 904.42872 4.5¢128 0.14
28 $08.00000 912.40094 -4.486094 ~-0.13
<29 898.C0000 ——— 9C3401108-—--5.£11C8-——-—--=20e 1T ——
30 847.C0000N Be4.17114 2.E2€86 0.09
£} 811.00000 bc2.52491 -11.53491 -0.35
—32 851.00000- - — 818.4%170-—— 32.%CEIC————- 0,98 ——— ~
33 839,00000 814,86865 24.113135 0.73
34 811.00000 T98.0c832 12.57168 0.39
35 811.C0000 8C5.37671 - 5.€2326 —-—— 0017 —+
36 802.00000 845.51392 -43.%1292 -1,31
37 807.00000 8C4.669727 €202173 0.07
-38——— B804.00000 ——808.2/88)—n —=4,217881 - —=Qe 13— ——
39 805.,00000 7196.9dH28 8.Cl172 0.24
40 808.00000 7198.452064 9.54736 0.29
4} 818.C0000 —— 810402%49 ————-F.2716451—— Q.22 -
“2 813.Cu000 819.0t872 -6.,8872 -0.20
43 837.00000 842.40850 -5,2C850 -0.16
—dply——— B49.00000 —— 86307227 21401227 — — =0, 42 — -—
45 013.00000 82!.91748 'E.9l14' "032’

46 812.00000 811.47949 C.22C51 0.02
—_—l e T41. 00000 — — 734120623 ——— 6.8€277- ——0e2l —- —-
48 738.00000 136.94702 1.C%298 0.03
4«9 809.CU000 810.35132 -1.35132 -0.04
$0-.———- 800.00000 —-. BU44}06T75 =l o41€75 - — - =0e)d -

51 7184.00000 164.71899 19.2€101 0.58

52 829.00000 B44.660LB9 -15.¢€€C(89 =0.47
—_—53 — 850.0C000--— B847.71289 — 268700 ——u - 0.07-

4 858.C0000 8452.0¢c421 ~C.C6421 ~0.00

55 860.00000 835.,70947 24.250%) 0.73

56— -897.00000 .. -- 894,06499 — -~ 2.92701 - - - —- 0.09-—-- -

57 836.00000 Bb4.24097 -28,24C87 -0.85

58 823.00000 845.400625 ~22.4C¢€25 ~0.68

59 843,.0C000 840.1(8064 2.E8136 0.09

an ®)4, nAnpn e E3Ip8 -3 2.81948 -0. AN
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TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

HP (c-3)

6l 786.C0000 601.53057 =15.,22€57 =0.4/

¢? 815.000uv0 833.5%204 -18.5%264 -0.57

&) 929.00000 960.9:803 -21.9700)3 -0.96

¢4 §53.C0000 932.82300 20.11200 0.61

¢S — §22,00000 — 9C2.568880 — 19.4C112 0.58

66 928.€0000 926 .30640 1.€2254 0.05%

(34 891.00000 90d.1¢085 -17.12C85 -0.52

—— 68— 863.02000 -~ 9067.8E50) —— =44 . EE50) - = =138

69 854.00000 806.87720 ~12.67712C ~-0.39

7) 882.00000 882.71826 ~C.71826 =-0.02
¥k -876.00000 8S9.45474 «23.2%544———=0, 70 — —-

72 849.00000 852.8L957 ~2.ECS57 -0.11

13 848.C0000 8Cle.744138 4t.c5562 1.49
———F4——— 823.0000C - - — T4¢+ICT9) —-26.89209 — - 0.8 ———

15 822.00000 8US.308690 leot2l10 0.38

16 829.C00V0 814.57704 14.4223¢ 0.43

— -829.00000 8C06.08691 €251209 - -~ Q.69

18 835.00000 826.20752 8.15248 0.27

19 046.00000 Bla.4sille Jl.2%884 0.95

———8 839, C0000 ——843.21191 ~4eell191 -0.13

8l $15.00000 d97.41004 17.58936 0.53

82 881.00000 B42.94531 JE.CE4eS 1.15
—83 703.00000 729.18115 26, 1E115 — -~ =0e 719 -

84 690.0C000 bb5.64¢31) 4.%3687 0.14

85 192.€000¢C 8C9.00140 ~17.CCl48 -0.51
66— 690.00000 ----—0866.U5912-— — 3,60088 - ——~ O.l2  — —-—

87 699.00000 671.54248 27.4%152 0.83

88 681.00000 68C.78809 0.21161 0.01

—49 ©94.00000 - --690.064126————4,04126 0.12

90 124.00000 T04.9¢798 19.C7202 0.57

91 687.00300 08U.14233 c.ES2¢7 0.21
—e 688.00000 ~--—0E5.2¢904§ —————1.2€504-- =0, 04—+~

93 723. 00000 7C¢3.8¢0811 1s.16189 0.58

9% 725.C0000 693.842117 31.1%17213 0. 9¢
e G 686400000 —-~— T16,0€592 3CeCE592 — —=0e 9] o —

96 109,00000 136.75404 ~27.1%464 -0.8¢4

s? 126.00J00 108.04370 17.58¢30 0. 54
——- 8 710.00000 — ~- 72451600 ———=14,51¢6( - —— =066 —~

99 164.02000 Teq.lcB84e 16.22154 0.60

100 734.00000 1é4.23120 S.1¢880 0.29
4 0l——— 787.C0000 — —75Cel1450 ~——=3,11450 —~-—-— - =0,09 — —

102 85¢.,00000 834.75659 21.44241 Ge 04

103 851.0C000 199.62451 51.3754¢ 1.55
—10¢ §02.00000 — - 86%+¢406485)———- 27.53149 —= = leld -~ -

105 697.00000 0El.44580 29.8%42C 0.89

106 873.00000 873.72543 -C.12583 -0.02
4 0F———9638.00000 ——-921.10797 16,6320} - - 0s51 —r-

108 190.€0000 1S7.7e857 -7.78€857 -0.23

109 80G2.C0000 8L1.55322 -%.%5%1322 -0.17

—4 10 157.0C000 —— 19Z.0500¢4 35.C%6064 l. 006

111 841.CCU00 780.47144 52.52856 1.58

112 940.00000 905.2¢196 24.728C4 1.05

——d ¥ G(9. 00V00 —— 806 bl lo——-45.57886 —— 137

114 843.00300 823.5¢319 19.47681 0.59

115 848.00000 8413.,30322 4.£65¢78 0.14
—i1i6 882.00000 ———907.0806¢8 -——=25.68628 --- . - =077 — -

117 8%4.00000 876.21%82 -22.21%82 ~0.67

118 892.00000 902.0c73¢ -10.C21734 -0.30
—419- -15C. 00000~ - 7524218651 ~——--=2.2108510 - -—- “0.07 - -
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TABLE VIII.

DATA_ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

HP (c-3)
120 734.C0000 183.70557 ~46,100557 ~1.%0
121 157,00000 164.21240 “T.201240 ~0.22
g @ T18 e GO0 — ~— TH0e15186 «-30.1%1086 - “1s1% -

123 73%.00000 157.6C009 ~22.8C60S ~0.68

124 735.,00000 149.40177 -l4.461777 «0.44

125 753.CC000 1%56.23047 -2.,22047 -0.10

126 127. 00000 7158.48008 -31.4¢8808 «0.95

127 8£5.0C000 836.117090 18.,84910 0.57

128 $15.00000 873.1%0601 41,6429 1.206

129 866.C0000 89C.L40306 -s4.82C306 ~0.76

130 877.00000 824.C2710 $7.81290 1.60
e B 1 - 843.00000 - — 836.71%82 0418 - - - 0.19

132 921.00000 S18.95044 =-67.6%5C44 “1.75

133 952.00000 919.3151¢ 32.L€6481 U. 99
——t Pl 8984 00U00 -—— 920,010 ~2€.€1100 — —— «0,8 ----

138 966.00000 $28.90003 37.C6637 lel2

136 884,00000 855454297 2E.4%10) 0. 86
33— 571.C0000 -— T¢b6.77002 —-=155.27C02 C—— 4,10 — -

138 1018.00000 902+30425 115.¢9717% 3.49

139 588.00000 042.,85254 ~54.65254 =1.65
At 40———-5T73,C0000 -—— 581450049 -8.50C49-- — =0.26 ——

161} 612.00000 6B83.050178 -71.C%C?8 ~2.14

142 7103.00000 7158.90308 -5%.5C208 -1.69
—t43 521.00000 ——— 571.¥¢993 -=5(.$2993 - -=le 50—

146 515.C0C00 541.80640 ~2¢.8C¢4C -0.81

145 637.006000 661.,27075 =24.0%C75 =0.75
——— 46—— T04.00000 675.47338-- 28.52¢€¢) 0. 8%

147 775.€0C0N Te8.34008 €.8%132 0.20

148 644.00000 62l.92236 22.C11764 0.67
—3 49 775.00000 —— 72%.73560 49,2440 c le @9

150 790.00000 7199.551746 ~9,L%7¢€6 -0.29

151 852.CC00G 15835425 60.£4575 1.83
—152 144.00000 ~— 7133.44800 10.¢%20C - 0032 - ——

153 722.00000 731.07497 -9.C1397 ~0.27

1564 789.€0000 811.0249) ~22.0239) -0. 60
—15%5 831.C0000 -— 869¢%4834—eS5ts54fl4 e =l 7T ——

156 977.00000 958.95103 1E.448G7 0.56

157 $60.00000 9719.317187 -16.21187 -0.58
—158 944.00000 - — 964.87036.—— -20.870386 -~ -- =0e063 — —

149 108,00000 "044.06226 63.,521774 1.93

1¢0 184.00000 793.5%127 -9.%5127 -0.29

J6b—— 760,00000- — 72193310 ——— 58.CEERY — —— — 1?5 —r

lo2 $52.CC000 961.007s2 -15.CC132 -0.45

l63 $05.00000 852.5232¢0 £2.4€¢8C 1.58
—— bt~ S$78.C0000 - — 913,6b237 —— - 64.2170) - ——— le96¢ — —

165 915.00000 513.40459 1.29741 0. 05

166 927.C0000 903,38281 23.¢11718 0.71
———d o F——— ST1.00000 ——958.1 380613 1d.8¢€133 0.39

168 1026.00000 1026.63770 ~0.€2110 -0, 02

109 1024.G0000 9659.10254 20.ES 146 0. 81
3 70———-1027.00000 --— J0b4ey 1241 *578724) —— - — =)o 75—

171 1007.C000¢C 10C0.4¢826 6.22174 0.20

172 1027.00000 1022.86011 4.13989 0.12

113 $34.00000 — — 576.34717 vbh2.341717 ~1.28

174 567.C0000 569.01739 17.62261 0.54
—1 46 107.00000 Ti15623706 —.. ~£422706 - --n-- 0,25 -—-

177 731.€0000 72167001 ~C.87C01 -0.03

1718 170.00000 754.03955 15.5€C45 0.8
—_119 85C.CC000 - BIB.UEI2S S ——J1eS1EYS o —— - 036 ——

180 849.02000 BUL.41T724 “7.%827¢ 1.43
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

isl 156. COLOO
— 82 852.00000
183 992.00000
184 1010. 00000
—185 795,00C00
186 831.00000
187 853.00000
—l 88— - 1027.00000
189 1026.00000
190 1004. 00000
191 886.00000
192 874,00000
193 196.C0000
196 755.00000
195 883.00C00
196 944,0000C
———d Y 943, 00U00 -
198 1013.00000
199 $65.00000
—290——-1027,00000
201 $98.C0000
202 1004, C0000

——293———885,00000 — —947v08921—— 3731076 -

HP (c-3)
806.94330 =1C.94336
- 0952.41% 06— . ~C.0150¢
1014.31714 ~c2.211014
1005.08213 4,317
—— Blhe%te6. — ~0,4€43¢ .
833.45911 -2.2%917
861.231719 "‘023,'9
— 1035.264219 -=0.44218
1012.75049 13,24651
1005.56592 ~1.,%€9%992
864.7822) 1.4l
881.3%7e -12,2937%
161.30916 (.e1C84
T24.0495%06 3(.5044
860.59473 -13,4647)
916.18164 27.81838
979.52882——~=3¢€.53882
1049.2%140 ~16.2%5140
1044.8425)3 -26.2425%)
1038.328806-- —~=11.,328088
9¢1.11200 36.LE194
977.48817 26.51123

-0.3)

Jp— 20,0} —— —
=0.067
0.1)

P e ~0.19.~_. PR
=-0.07
«0.64)

- “0.2% - -
o.bo
«0. 05
0. U
=0.40
0.02
0.93
'0.61
0.84

- - =110 -
-0.69
-.90
-Je 34
1.11
0.80

—— e ——
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TABLE VIII,

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

TRVT (c-3)

VTOELE OF RESICUALS

VY ESTIMATE

P

RESID/STD ERR

CASE NC. Y VALUE RES ICUAL
i 0,18800 Qe l @094 0.068006 1.47
g - 0,01100 -~ - 00,0097} -~ - C.CC09 0.20
3 0.12200 0.1275%0 -0.CC%%0 -0.20
4 0.16100 0.167243 -0.C2132 -l.12
ey e - 00 10 700 - 0.117109 =0+GC2409 - —~— - =0,06 — -——
6 0.15%00 0.13'5¢ 0.01%44 0.5%
7 0.03500 0c15094 -0.,0739¢4 =2.65
e ~0e 10200 - Q.11000 -C.016086 -- - -~ ®0e 60—
9 0.10900 0.4120 -0.C0820 =029
10 0.18100 0.deM5 0.0132% 0.48
14 016700 ——— —-0e15345————0,01355 - - - - - 0e49 ——
12 0.21000 0.18300 0.Cé¢€e0 0.95
13 0.17800 019255 ~0.01453% -0.52
t4 0.12800- O«157060 ~CeC1966 ———--=0, 10 ———r--
15 0.18800 0.1050¢ 0.00292 0.10
16 0.19700 0.18351 0.C1349 0.48
¥ €Cel6000 - ——- 022127 ———=0.C6127 —— e =2, 20— - ——
18 0.16200 Gel7154 -C.C0954 =0. 30
19 0.21500 0.2C434 C.ClCeo 0.38
20~ 0420300 ———— 0421124 — -—=0.,00824 - -——-=0, 30—~
21 0.,24100 0.21688 0.02112 0.76
23 023600 — - 0e20L6%7 —- CeeS43 - - — 1o06 ——
24 0.10100 0.1¢501 «0.02401 -0, 80
25 0.16900 0.1¢954 -{ .y C0%¢ =0. 02
& 0421300 - —-——0.l 7088 G.u2é12 ————- 1.30—--——
27 0.14800 Vel76813 ~-0.C268)3 -1.03
28 0.18900 C.16£25¢ C.CCéN2 0.23
29 012500 — — -0.16709 ——- =0,04209 -——— =1.51)-
30 0. 12900 O.15674 -0.C657¢ -2. 36
31 0.17800 C.15776 C.02024 0.73
32 -0e2050U --——— 0417692 — 0.02808 --— — — 1,0} ——
3 0.19000 0.1¢501 0.0249) 0. 89
34 0.24300 0.17358 C.CE942 2049
35 0.23100 — —0e16212-— - 0.C4888 — - - Le?5 —nur
36 0.20700 0.17361 0.0333) 1.20
7 0.17100 C.ll738 -0.0C638 -0.23
38- - 0e 18300 - ———-0el 8200 — 0.60100 -— --— 0.04 -~ —-
39 0. 19900 0.17984 C.Clsle 0,69
40 0.18300 O.1t352 -€.C0052 =-0. 02
4} 0,24800 - -0e251953——~—«0,00393 ——— ——=0e 1} —-—-
62 0.11200 0.12539 -0.C21338 ~0. 86
43 0.17200 0.15710 0.C1490 0.53
44& 0.22800 - -——--Q0+20506 002234 -~ — 0.80
L] ] 0.10600 0.12791 -0.C2191 -l. 14
47 CeldV00 — —QelI534——0.0C1L0 0. 06
48 0.13600 0.12648 -C.CCO«8 -0.02
49 0.17100 0.1¢135 C.CCs¢5 0.35
——50 -0. 16800 Oedt)l}B—. - - 0.CC82 — - - —- 0e2b6 — —
51 0.13000 0.1276) 6.C0237 0.08
52 0.17300 015992 C.C1308 0.4?
53 0.37700 - — - 0.16601 -C.C0967 - ... -0.35 -
56 0.18800 O.1€681 0.CC113 0. 06
55 0.16100 0.12870 0.C2230 0.80
——f e 013300 — --UL13585 - =~0,CC20% -~ =0s10
57 0. 16900 Oel455 0,C2345 0.64
58 0.139C0 Va.113704 0.00136 0.0%
59 0.13100 0.18102 -(.CCCO2 ~-0. 00
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIiMATE() VALIES (continued)

TRVT (c-3)
oV Vo 13900 Oel4486 =0.0C304 =0, 21
el 0.16800 0.1%190 =0.€C390 =0.1¢
2 0.15%5600 O.l%01} .ccset 0.35
63 0.21200 O.ltune 0.02534 0.91
(1) 0.21600 U.1€6078 C.02922 1.0%
—t5 0.20900 - - 016359 —— - 0.C1541 : V.55
66 0.201700 UelSiloe 0.C1%534 0.95
o7 0.21300 Jel 1455 0.,0238645 1.38
- oo — 0 4 16000 --- —— UoiSlO1 -=0.C316} — - =leld
69 0.17800 0.18500 -0.C01700 =049
70 0.19100 0.17434 O.Cleesd 0.60
i 0.1020C— —— QelG364 —— - 0.01854 - - 0,66
12 0. l8200 O .1 2709 0.LT491 O.18
13 0.20400 v.15110 C.C1290 0. 66
——F e ——— 0. L9900 012133 ——=0,02237- - ®de B0 ———
15 0.10300 0.13%83 -0.C328)3 ~l.18
16 0.07800 0.13374 “0.C574 -2.00
33 0415100 - — -04) 4099 —— C,0100}) - - 036 — -
78 0.22100 0.2168) C.C0417 0.15
19 0.26000 0.2¢315 -0.031% «0.11
—80———— 0. 15000 ————— 0 16610 ———-er(CCl670 ——— - —~=0,60 —
8l 0. 16800 O.15011 -0.0CE7? -0.31
82 0.22700 0.18156 0.C4544 1.63
83 0.12600- . — _04i%)18———~0.02418 - ~0. 37
g4 0, 10600 Vel clb? -0.01557 =-0. 506
85 0.16300 0.17099 ~0.CC799 «0.29
86 0.10600— 0.12305 =0.C1765 vr— ®0e 63 —r
87 0.13200 0.1279¢ 0.00406 0. 14
88 0.11100 0.14925 -0.C2825 -1.3
—489 -—0.08600 - — — 012946 ~Cell004 —— . »] 65 — -
90 0.10100 011569 -0.01469 -0.53
91 0.15700 0.1621¢ -C.C05%16 -0.18
93 0.06800 ———— - 00789} - -e0,CIOS) ——— - =0¢ 39—
93 0.14100 0.15¢1¢ -0.01116 -0. 40
Y6 C.19700 0.17591 0.C2103 0.75
95. 0.09100 ———— - 0.12195 ~6.C30685 - "lol) —-
96 0.19700 U.18771 (.CC529 0.33
97 0.26100 0.25053 0.CC247 0.09
98 0621900 ——— - 0e22116——' - "0,008l4 — — «0.29 — -
99 0.17900 0.106375 0.0152% 0.55
100 0.19700 0.19015 0.CCe8S 0.25
——d Qe - Qe 19200 - - Ve 5487 ——»0.,00287-—— - —=0.,10 -~
102 0.089%00 0.00877 €.0C302) 0. 01
103 0.26200 U.27908 0.0 :292 1.18
104 0.23600 021385 ———-0,02215 —-————~ 079 — -
105 0.13900 0.1C910 C.€2990 1.07
106 0.10000 0.0¥980 c.Clo20 0.37
102 0.17400 ———— - Ulvi29 ~C.01729 — ~0.62 - — -
108 0.3060C 0.2¢512 (.C4C28 l.44
109 0.32300 0.26975 0.C%325 1.91
ii0 0.29400 - 0e3C206—— ~0.C08046 —— — »0,29 ——-
111 0.33300 0.3C87¢ 0.02426 0.87
112 0.24100 0.194013 0.041767 1.72
113 0.21300 — . Q.2Cu07 - 0.00633 — . - 023 — -
114 0.164700 0.14191 C.CCS5CS o.18
115 0.14100 0.14913 -0.008113 -0.29
—d 0. 16500 ——— O0el7069 - ——__-0.02549 _ —--=0.91 -—
117 0.12500 0.15193 -C.C2593 -0.93
118 0.24300 0.18404 0.C2856 1.40
——119 — 0e 14000 . __ 0.16397 —__-0.02297 ——.—. -0.86 -
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TABLE VIII.

DATA ACTUAL-MODE. EQUATION ESTIMATED VALUES {continued)

TRVT (c-3)

120 0.17300 Oelb036 ~0.,02734 -0, 8¢

141 0.15300 0.18752 -0.0045%2 -0. 16

122 -0.13600 - .- 014593 -. -(.CC99) =0.3%0

123 0.13700 V.lelos ~0.0C465% -0.17

124 0.15%5600 0.19%7T0 -0.00337 -0.12

128 0. 13000 0.14586 ~0.r15086 =0.57

126 0.121u0 0.15220 =-0,03120 -1.12

127 0.31800 Jed 1493 0.001307 0.11

t2s 0.21000 C.18241 0.C27%9 0.99

129 0.,22000 0.24%53¢ «C.01632 -0.69

130 0.13000 C.18868 ~0.,C00868 ~0.34

31 020900 - ~——0e18064)-~———0,01257: -~ —~ - O.&H-— -

132 0.22000 0.2110)3 Q.0C297 0.1

133 0.17900 0.2C098 -0.C2759 =1.00
~—————y 3 0 21400 ~= 0022089 ——=0,02249 -— - —=0,8]-——

135 0.20600 U.10822 G.C3578 1.28

136 0.19600 0.18526 C.01074 0.39
———rt Qe 15500 -~ Qo 16V ) ——=04(125) - =0e 45 — -

14 0.12100 0.099596 0.C2504 0.90

139 0.19%200 0.159V6 ~0.C170% ~0.061
e} 4 QP 00 | 2100 ————0 4 | 022 ¥ - 00107} — 0.67

141 0.11200 0.1%%062 -C.,04362 -1.56

142 0.08800 0.12092 ~0.013292 -1.18

143 Qe 2300 —— - Col2033— 0.,00267 -~ 0610

144 0.08800 0.0¢817 c.C%983 2.15

145 0.,43000 V.24312 “C.C1212 ~0.67
—— 46 0424500 Qel¥622 C.C5C78 1.82

147 0.23200 ¢c.20917 0.C2283 0. 82

143 0,26800 0.26J12 C.C04082 0.18

149 0.08500- Q0sllsod CeQ1967 —r -~ - ~Qs 71 —-

150 0.07800 V.10384 =0.072508¢ -0.93

151 0.22800 0.18044 €C.C395¢6 1.42

152 0.196800 -0.23230 -0,03430 1,23 ——

153 0.18%00 Q.24718 -0.0%819 -2.09

156 0.22600 U.25772 ~C.C2172 =l.14

156 0:16000————0,1¢249- 0.0055l -———--0,20——

15%6 0.19300 Vel t953 C.CC347 0.12

1517 0.11000 0.40230 D.€0110 0.28

156 0412600 - 0.15991 ~0.€3361  —————=1.,22 —-

159 0.23700 Q.i 1386 0.C2314 0. 83

160 0.16900 Usl?0?1? -0.CC177 ~0. 006

té6l 0.19100 ~delbIad ~0.C2756 —————~ 0499——-

162 0.15300 VelSu5¢ ~0.CC758 ~0.27

16) 0.12300 0.18295 C.C0005 0.00

164 0,00700 ~—~— —040t530 ———-- 0,C170 -———-— 0,06 ——

165 0.07000 0.N""192 ~0.02792 -1.00

166 0.20900 Q.. oiS 0.C2245 0.81
-t P00 32300 0 +306¢85 —————=(.0I585 1¢43

168 0.21900 0.2046] Q.Cl439 0.52

169 0.15300 0.14508 0.CC192 N.28

t10 0¢C7800 ——~ -0¢1c022 ———~ =0404822 -~ -~ - =1,73 - -

171 0.09900 0.13102 -€.02202 -1.1%

172 0.16700 U.16799 -C.CCC99 -0, 04

113 0.08100 ———0,10998 ~0,C2698 - ———=],04-— -

174 0.18200 0.16002 c.ccl1s8 0.07

175 1. 18%00 0.1€024 0.004176 0.17

176 0.18700 - 0419099 ————-=0,CC2399 - 0.14

17?7 0.19100 G.18481 g.CColS 0.22

178 0.11300 0.09688 0.01612 0.58

179 0.18300 Qedi633 ————=0eCéII¥) =] 55 —-

180 0.20300 O.1¢838 0.C3462 1.24
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‘ABLE ViIl. DATA ACTUAL-MODEl. EQUATION ESTIMATED VALUES (continued)
TRVT (c-3)
8l 0.14200 0.icé32 0.C1768 0.63
—182——-0e13400 ——--0,13186 ——0.0C214 - —-———— 0.08 — —
183 0.18%00 0.47853 C.01047 0.38
184 0.20700 Jel9491 0.C2203 0.4
—t 8 Qe 13700 ~——— Qeld930———— 0,010 - —— - Qe@2 -—-—
1/ 0. 19500 Uel9881 -C.CC381 -0.14
167 0.20700 0.2¢422 c.CC2178 0.10
—f A 0. 22300 - - 0.24530 —— =0.022V7 -0.80
149 0.12000 0.1252¢ -0.C15206 ~0.5%
190 0.17600 0.4890¢ -0.C1506 -0.54
191 0.164200 0.1%045 -0.,0002% -0.30
ave UeUBOUY VeUYSYY -0.C158% =-0.57
193 0.05200 0.06089 -C.00889 ~0.32
194 0.17500 Us16248 0.Cl1251 0.65
195 0.11300 0.00759 0.064541 1.64
196 0.18700 C.16990 0.Cl121¢C 0,61
—39————— 0.20200 020295 ——— =(.C00S5S -0,03
198 0.21800 0.20138 0.01¢62 0.060
199 0.23400 0.25137 ~-0.C1737 ~0.62
e QO —— 0+ } T100 044173 - - 0,02927 1.05
201 C.17000 0.13272 0.C27282 1.34
202 C.07100 0.05349 0.C1751 0,63
——2 00907400 -—— ——0el 0?63 ——=0,03363—— -ledi -




TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

Qo (c-3)

TAELE OF RESICUALS

Y ESTIMATE

RESICUAL

RESID/STD ERR

=0. 06

0.5%2
-0.,32
=0. 45

le43 —-—
-1.00
-4,30

e =043l - —

-0.23
=0 8¢

0.21

0. 70
-0.6!

1,95 -

0.81
-0.23
=-1.51

0.19

0.23
=0e63 -

0.13
~0.48

Oe 58 -——
~0. 04
-0. 84

0.29 - —-
=0. 32
~-0.18
-0.806 ——
-0.63

0.11

1.39

0.80

o. 66

SRS | Y'Y J—

0.59

0.01
«0.96 ——~-
-0.38
"'0.61

0,23 - —---
~-0. 36

0. ba

0.27 -——
-0. lq
=0.55

«—-—-——-’0. 8 . — -

CaSE NC. Y VALUE
] 0. 20490 VelduéBe ~(.CC088
e Qe 04 27000 0.2€256 —- 0.0C740
3 0.31200 0.31660 ~0.C04¢0
L} 0.317v00 0.32347 =0.CCe47
» 0.35800- —— -0.32761— G.C2CY9
] 0.23900 U.30325 =0.C1425
7 0. 18400 0.24530 ~0.Ce136
- @ — 0632100 -~ 0432539 - ———=0.0C43¢
9 0.28600 0.28928 -0.CC328
10 0.304800 0.31993 -0.01193
L X 0.32900 -~ 0432608 ——— 0.CC299
12 0. 36300 0.352917 €.01003
13 0.35500 0.35078 -0.CC578
——0.35%00 - ——— Q3?15 ———-— 0.C778%
15 0.36300 0.3%149 0.01151
16 0.35200 0.35528 -0.CC328
1 Q32600 -— — 0347406 -0.02146
18 0.31200 0.3C929 0.002171
19 G.34700 0.34365 0.CC35
@ -~ 06 34500 . - — 0 IEIVT - =0.CCET
21 0.37100 0.3¢908 0.0C192
22 0.33700 C.34388 -0.CCo08
<3 035600 ————034778 ~ G.CC822-
24 0.20000 N.30u52 -(.CCC52
25 0.31108 0.32297 ~0.01197
-—a6—— 0.33800 — - 0.32393 - 0.C0407
21 0.34300 0.34153 ~0.CC453
28 0.35100 0.3%35)3 ~0.0C25)3
29 036300 ——~ .- 0.25523 ~0.Cl223
3o 0.33800 Ue34nye -C.CCeS6
31 0.30400 0.3C64) 0.CC1S87
—— 3 e —— 0233500 - — 031518 -—— (.C}982
33 0.33300 V.321064 0.C113%
34 0.32200 0.31261 C.C0939
—35 ~— 0633000 — — 032408 - 0.0C592
36 0.31200 0.30362 c.00837
37 0.31900 0.31680 €C.C0020
38 0e31100- ————002¢463 ——.-20.01306)
39 0.31300 0.31835 -0.€C535%
40 0.31400 0.32353 -(.C085)
—h ) -0.33800 — 0.33e77 - 0.€0323
“2 0.31600 0.32114 -0.CC%14
43 0.33400 0.32713 c.cnear
&b 0.34500 —~ — 0434115 ——-0.CC385
45 0.31100 0.31370 -0.CC270
46 0.3100 0.372482 -0.C0782
47 029400 - —————0.3C517 -0.C1117
-8 0.30200 0.30568 -0.003¢8
49 0.30400 0.32387 -C.Cl987
50 0.30500 —— - 0.3225% — ——~0.C11759
51 0.31600 V.216206 -C.20026
52 0.33200 0.33583 -C.C,383
—353 —0.35800 — — 0.38540.———--0.CC740
56 0.36200 0.3¢l07 -0.CC5¢e7
55 0.34700 0.3:2557 0.Cl143
———$b . 0433600 — — Ce342640 —--— =0.CC640
57 0.31100 0.30584 0.C0516
58 0.30900 0.33241 -C.C2341
59 0.35900 0.36271} -0.C0311

=-0.26
-1.39
“1e23 - — .
-0.02
-0.27
~0e52 —- .
=0.40

0.80
-00‘05

0.36
-l.06
'0026

19
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TABLE VIII.

DATA_ACTUAL-MODEL EQUATION ESTIMATED VALUES

60 0.31300

ol 0.29800

62 0.31800

(R 0.30400

(.1} 0.36600

05— - 0+34600

66 0.3%500

67 0.34200

——68—- 0.,33600

69 0.34200

70 V. 34500

—It —0.341J0

12 0.34100

n 0.24400

— - 0+306U0

15 0.30300

76 0.31290

——IF—— —- 0+ 30900

18 0.32400

79 0.33300

-0 - 0433800

8l 0.34500

82 0.36300

——83———— 0.78700

84 0.29290

85 0.30500

~—86 0429300

a7 0.29000

88 0.28100

— 89 =~ 0429600

90 0.32400

9l 0.27400
—92 - ~-0428100 -

93 0.32400

94 0.32300

—95 ~~ 0e27500

96 0.30800

97 0.33300

-——98 0430000

99 0.30500

100 0.29200
—4 0t 0.,30500 -

102 0.33300

103 0.36100

—104 — 0.36500

105 0.28000

106 0.36200

—40¥F—————0,38300

108 0.34000

109 0.23300

—110 0.33900

111 0.32600

112 0.36400

—_—il —0.35700

114 0.35300

115 0.34900
—d 16— 0.36500C -

17 0.35500

118 0.36100

—d 19— -0.32100

—————=1416

(continued)

-1.21
“1.52
-0.93
0.40
0.71
-0.20
0.29
-0007
-0.62
0.25
-0, “

=0e27 - -

0.12
1.20
0123 -

-0.72

< ide Sl
Qo3 — ——
0.05
0.73
0.06 --

-0.19
2.18

0.03
~1.32
0.36
0.206
-0.01

e =04 03 — —-

le65
-0 Ol
0e21  —
-0 51
0. 82
“~0.62 —— -
0.63
o. 05

0.17

=00 b1 - —

l‘-’l
2.50

- lall — -
0.25
0.53

1e5¢

0.89

0.58
~-0e30Q - -—
-0.73

1.21

0.25

CQ0 (c-3)
0.32030 =0.C1730
0.31969 '0.C2169
0.33126 -0.01326
0.35629 0.C0%T1
0.35587 0.Cc1013
0.34978 -0.001378
L.3%08¢ 0.0C415
0.24293 -C.CCCS3
~  0.34480 - -0.Cceeo0
0.32643 0.CC357
V340699 -0.CC199
=— -~ 0e34492 —- =0.00292
0.32945 0.cOl65
0.3:683 a.ct1717
— — 030279 —- 0.€0221
0.31326 -C.ClC26
0.31930 ~-0.00730
cme— 0030280 ————— 0.,00620
0.32321? ¢.ccct3
Uel3s263 C.01037
. 04337137 -——- (.€0086)
0.34765 -0.CC2¢5
0.33186 0.03114
s - 0e3CL34T ——- - =CoClE4?
0.29158 (.00042
0.32388 ~0.Clees
- - 0e28791 -~ 04€C506 -

0.28634 0.CC3¢¢
0.2€113 -(.00013
—— 0ed5642-— —-(.00042
0.30334 C.C20¢6
0.27220 -(.CC020
- - 0421798 —--—-m 0.C03C2
Ve33128 -0.C0728
0.31131 0.01169
ime = U 283G} -~ =0 4CCEGY
0.298917 €.C0s0)
0.32230 ¢.ccolo
s~ 0J30UT9 ——-~=C.LCCT9
V.3c218 -0.C171s
0.28956 0.00244
0.31433 0.01867
0.32535 0.025¢5
s~ 0034870 — - 0.Cl630
0.27644 0.CC356
0.35445 0.CC755
———U 36135 -0.021¢5
0.32736 0.012¢64
0422473 0.Cc0€27
e 0023473 - 04CC427
0.33636 -C.01036
0.34680 0.C1729
0.3%345 0.CC355
0.3%993 ~0.0Ce93
0.3%412 -0.00512
—— 0el%64? —— . 0.CC85)
U.34740 0.CC1¢0
0.34378 0.L1722

eieein 031878 - 0,€0222 - ———

~0.49
-0.36
0.60 ——
0.53
1.21
Ol ——n
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TABLE VIII.

DATA ACTUAL-MODEL EQUATION ESTIMATED

VALUES (continued)

€Q0 (c-3)

120 0.3160C 0.3189)3 -0.CC2%)3

121 0.3260C C.32024 C.CC576

— Qe - 0632000 - — - 0a31586- - 04006416
123 0.31560 0.31873 ~C.CCaT3

126 0.31500 0.31385 0.C011%

125 0.32200 0.31956 0.00244

126 0.30%00 0.30894 ~0.0C364

127 0.15200 0.3%008% 0.CC198

126 0.32000 0.31433 0.C0%¢?

129 0.31400 0.34712 -C.C2212

13 0. 33000 C.32780 -0.CC780
—- 3 0.35800- -~ 0eldd9ls - -—---C.ClBHY
132 0.34500 De3¢8142 =(.Cl642

133 0.34500 0.3£32) -0,00843
—— 3 — 0.38700 —- 0636453 —-——— 0,00247
135 0.40700 0.3¢371 0.C4229

136 0.35600 0.35151 -0.C0151

337 038700 — —— - 0e3573)——n (.C29¢€9

130 0.¢9700 0.28490 0.C1210

139 0,27000 De2%60606 -0.,C2666
e | Uy e 0 2T T00 —~ C0e.28701 «0.C1C01
141 0.27400 0.3C0294 ~-C.02894

142 0.49400 0.30143 -0.C0743
—l e 0625300 ——— 0.2¢229———~L.(C529
L46 0.24900 0.213042 0.Cl1858

145 0.29200 025449 =0.0C249
—y o0, 30600 —— 0.29297 --001303
147 0.32300 0.31742 0.C0558

148 0.29700 0.28425 0.C121715
e} Y 031400 —— 0,30540 —C.CC8¢0
150 0.33100 0.32868 0.€0232

151 0.326UC 0.32130 0.CC41C

152 0.31400 —0e31993~—-—-»0,C0193

153 0.729700 J.3C079 -C.CC979

154 0.49200 0.29606 -0.C0406

3155 0.32700 — ———-0.34082 -C.C1382

156 0.38400 0.317064 0.CC636

157 0.32700 0434302 ~0.Clee2

458 0.33200 -0e3336})- - =C.CC161

159 0.20100 0.29785 0.CC2a15

160 0. 30400 0.31228 -C.CC828

161 0.29600 - 0e2595) - 0,C2¢49

162 0.33200 0.33461 -0.CC2¢7

163 0.31900 VU.32620 -0.C0C12¢

1oé 0630300 - 0s313068 ~C.CICES

165 0.29200 0.3C716 -0.C151¢

166 Ne32800 0.3¢300 0.(C5CO

161 e 32600 ~-0e340659. —»C.CCC5S

168 033200 0.34374 ~0.Cl174

169 0. 34900 0.35458 -0.CC558
—310 0636400 ————.0.37080-——=0.C0¢80
171 0.32800 0.33748 -C.(CS48

172 0.36700 0.3L244 0.CC&56

113 027500 ——— 02806 —————=C.CC5¢}

174 0.29500 0.28255 0.01245

175 0.29100 Ve 211 0.01823

176 033500 ~————-0.42489 —CesCCCIL

177 0.32200 0.3 1098 0.€0502

178 0.32%00 030685 0.01815
—d 19 0.32300 -0.35023 =C.C2123
180 0.33300 Q0.32232 (.ClCé8

ORy,
(7ﬁv GJRLQL
Poop™ Pagp
QU R

-0.21
0.40
0.29 - -
~0.3)
0.08
0.17
-0.28
0. lé
0.%0
-2.32
~0.55
1.32
-1.15
-0.58
0.17 -
3,06
-0.11
-~ — -~ 2,08
0.85
-1.087
——— e =0, 10 - —
-2.03
-0.52
—————— e o0 65 ——— —
1.30
-0.17
————— 0. 91
0.139
0. 89
e e - 00 60 -
O.16
0.33
=014 —-rr
‘0069
-0.28
—_———-=0.917-
0.45
-l.17
— Qe il ——-
0.22
-0.58
— e e 2056 e
-0.19
-0, 50
—— e =0e 715 -
-1.06
0.35
-——-—-—-————-——-'0. 04 —r —
-0. 8‘
~0.39
s e g 8 s — —
-0.067
0.32
’0. 39 .
0. 87
1.48
e + T | R
0.35
1.27
-’109‘ - —————
0.75

121
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TABLE Vill.

181 0.31000
~—182 ———
183 0.34300
184 0.36900
—~—1¢5 - —0.33000 -
186 0.30900
187 0.34000
—-188 -~ 0634400
189 0.33500
190 0.23300
191 0.31900
192 0.20400
193 0.29600
194 0.31100
19% 0.30100
196 0.28900
—d G 0,31800 -
198 0.34400
199 0.35500
=200 —————- 0.34400
201 0.33900
202 0.31900

0.32300 — - —

— 20}~ 0w34000 — VeI 269F——— 001303 -

CQ0 (c-3)

0.32475 -0.01375
0.31797 -.0.CCS5C3-.....
0.34048 -0.C0348
0.34835 C.C2C¢9%
0634236 — — -0.C1236 ——— -
0.31311 -0.C0411
0.313695 0.€C305
Qe34t07 —_— -0.0C367
Ue340%3 +0.C09%5)
0.34923 -C.Cle23
0.31397 0.CC503
C.30700 -0.€21300
0.2€528 c.C1072
0.30557 0.CC543
0.28574 0.C1526
0.38379 0.CC521
Oe3oel5 —— ~0.,00¢15
0.34164 0.C0236
0351006 C.L0354
‘0034153 ——— 0.CC247
0.51911 g.Cl1s89
0.32200 -0.CC300

-0.96
G35 —-..

=0.2%
1.45

- =0.87 - -

-0.¢9
0.21
‘0|2°
«0. 39
-l.14
0,35
=l.b1
0.75%
0.38
1.07
0.37
-0.43
0.17
0.28

017 - -

1.39
'0-21
- 0491 -— -

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)
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TABLE VIII.

DATA ACTUAL-!ODEL EQUATION ESTIMATED VALUES (continued)

0, (c-3)
VAELE OF RESICUALS
CASE NC. Y VeaLUE Y ESTIMATE RESIDOUAL RESID/STD ERR
1 8.C00000 8.4¢5006 ~C.42%0¢ -0.94
——emee .- 8,00000 - — 8.048645———-=C.C4E4S «0.11
3 8.C3300 8.34567 -0.24%07 -0, 76
L} 8.00000 3.0%392 ~C.0%262 -0.12
3 8.,00000 ——-- 8ecS04C————=(:?25C40 - -~~~ <=0.066 — — -
6 8.00000 «£11352 ~0.%71352 -1.27
4 8.C0000 9.%57263 157263 -3, 47
8 - 94C0000 - BeB7T46——0.1225¢ - 0e27 ——m -
9 10.,00000 9.71196 0.78204 0.062
10 10.00000 9.94652 C.Ct348 0.12
ey §rmeem— 3 00 COUO O 952596 ———— Q. 42404 — 0. 94 -
12 10.00000 10.42301 -0.42307 «0.9)
13 10.000U0 10.3¢206 -0.,2¢2C¢ -0, 80
L 1000000 ——— 10,04518 ——=0.€4518 — “le8) ——-
15 10.00000 9.96102 c.C 1898 0. 04
16 10.00000 10.118086 -C.l188¢ -0.26
13 -30.CO0V0 1018563 ————~0.1854) -0.0l -
18 10.00000 9.70667 0026233 0.65
19 10. CO0LC $.85905 (. 1C0s5 0.22
 — 1.4 10 00QU0 - —-9.,85163 Q. 1CE3T- 0o 26-
21 10.C0000 9.94753 0.0%247 0.2
22 10.00000 10.0¢805 ~C.CEECS ~0.15
23 10. 00000 963902 ——— (. JE0CS8————- ——-0,80—
24 10,00000 9.86354 0.10¢4¢ 0.24
25 10.,C2090 9.973406 C.C2¢54 0.U6
26— 10.(0000 - — -~ 1025718 — —=0,cS7)8 - - =0, 57 -
27 10.000u00 10.24138 -0.c4'39 ~0.53
29 10.00000 ————-10.098)12 ——~0.C05812 ~ ——— =»0e 2 -—r~
30 1000000 10.07897 -C.C78817 ~0.17
31 10, GOULO $.917680 0.C2320 0.05
32 10.00000 ——— 9,947 ———0.05213 s Qe @
33 10.,00000 9.9¢762 C.C2238 0. 07
36 10.00000 9.87359 O0.12¢41 0.28
—_—_—3%——— 10,00000 - —— JU.05235 ——=0.0%235— — =012 - —-—
36 10.00000 10.263406 ~0.2G340 ~0,0%
7 10.00000 9.912592 C.Cz408 0. 05
38 10.€0000 - ——10.,012396 =0eCT7296 ——n- =0 lb - -—
39 10.00000 10.12093 -(.,12063 -0.27
40 10.00000 1C. 11940 =-{. 11940 -0.26
41 10. 00000 10.147068 ~0.147¢8 e #0033 e en
42 10. COU0C 9.985017 0.C1493 0.03
43 10.00000 9.9¢701 0.0721) 0.16
46 10.00000 --—— 10,0236} —— ~C.02261 — . —- —--~0,05 - —-.
45 10.00000 §$.68636 0.212¢4 0.69
406 10.00000 9.97442 0.C2558 0.06
41 10.00000 — -.- - 10.03483 «C.C13483 ——-. -=0.08 —_
“8 10. 00300 10.C2259 -0.C225%9 -0.,07
«9 10.COV00 10.2¢151 -0.2¢151 -0.56
50 - 10.00000 .. - 10.18469. —— -0.184¢69-. .- -0.41 —_
5% 10.00000 9.6£403 0.24597 Q.76
52 10.00000 9.84325 C.1%¢125 0.35
53 10.C0U00 . _1C.0¢€045 - =CeCEC&S - .. . -0.,13 _
5% 10.000u0 10.,04981 -(. 04981 -0.11
55 10.0UU00 9.717425 0.c2%15 0.50
—S e — . 1000000 . 10.32672..— - =-Ca2212 ... ~0.74
57 10.00000 10.217223 -0.c7223 =-J. 60
58 10.00000 10.01834 -0.C1834 ~0.04
59 - 10.00000 10.1CR0OY -N. V0P - s

123



TABLE VIII. DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

6, (c-3)
60 10.00v00 10.0)647 ~0.C1447 -0.03
el 10.00000 .25 -0.27135 ~0.60
62 10.CQ000 $.98285 0.C1715 V.04
63 10.00000 10.34902 ~C.2¢66€2 -0.73
—t% 10.C€0000 10.317193 ~0s2718) -0.82
66 10.€2000 10.1993¢ ~(.19613¢ ~0.44
67 10.G0000 10,1593 -0.12%9) -0.28
—68——— 10,0(0000 ~ 10e22184 —- =-0.,22184 .- -0.51
69 10.C0000 10.0C763 -0.CC1¢) -0.,02
10 10. 00000 10.1¢401 -0.1¢€4C1 -0.36
71 10.00000 --—— 1Ge22€92 Qec?2882 - -~ - =0¢5) — ——ro
12 10.CJ090 10.012¢83 -0.076813 -0.17
73 10.00000 10.0€953 -(.(895) -0.20
4 10. 00006 - ~—-—-9,720u9 ——Co2€S9) —-----~- -0e60 ———-
15 10. 000U0 9.6873) C.11267 0.25
16 10.00000 10.(2940 -C. 02540 -0.006
13 1WeGUIVQ - —- $,68963 ——— .- Co21037 - - - 0469 ——
14 10. 20000 10.01999 =-C.C1599 =0.04
79 10.00000 10.271931 -(.27531 ~0.62
o 1000000 ~——- 971099 ——- -~ C,288CL - — — 0. 64 ———
81 10. 00000 10.4c532 -€.12532 -0.20
82 10.C0000 9.66102 C.22e6¢ 0.75
83— 10, 00000 — —-- 40403637 —=0.C2¢67 —————-=0e 08 —  —
84 10.C0000 Y.7%126 C.248174 0.55
85 10.C000C 10.04192 ~C.C4l152 ~0.09
——86——— 1000000 - - —— 9.,5555 ) Q,44443-——— 0.98 ——-
87 10. 00000 $.52829 0.481171 1.0¢
as 10.C0000 9.9:541 0.04459 0.10
——89——10,00000 - ———-9,84189 - —0,15811 ——~—~ - 0s45-— ——
90 10. 00000 9.31059 C.€2541 1.39
91 10.0U000 9.78232 0.217¢8 0.48
92 10.0U000 -——— 947999} ————-0.2C409 - ———- - 0.4%d
93 10.C0000 10.0¢635 -0.CtedS5 -0.15
94 10. 00000 9.8C919 C.15C81 0.42
95 40200000 ——— 310+05034——— =~ (+C5034 ———---- ~0.11
96 10.00000 10.32414 -0.22414 ~0. 74
97 10.00000 S.€1716 0.22284 0.71
98 10.00000 ———--10s11128 ~0.11128 ——--=0,25
99 10, 00000 9.8U361 C.16¢39 D.43
100 10.C0000 9.75148 0.c4852 0.55
——t G ———-10.00000- 9.94353 — 08647 ———-——-0ul2
102 10.,00000 $.8¢912 (.14C88 0.31
103 10. 00000 9.00867 0.2113) 0.69
104 10,00000 ~—— 10.2%621% =0e25627 - —— -=0:57 ————
105 10.00000 §.9%965 C.C4025 0.09
106 10.00000 9.72%32 C.2¢n8 0.56
107 1060000 — -~ 996761 ——— 0.60233 ————-0.00 - — —
108 10.00000 9.55001 0.C4358S 0.10
109 10. 00000 9.85165 0.10235 0.23
tio 1000000 ~—— 10.0G3/89 0.C3789 -————=0,08 —— - -
111 10.00000 9594935 C.CEC65 0.11
112 10.000v0 10.51604 -C.%1¢C4 ~1.14
113 10600000 ———- 1012347 —-——=0e1c34)—-=0e27 —— -
114 10. 00000 9.9¢176 C.C7824 0.147
115 10.00000 $.9€6963 C.C1C37? 0.02
116 1000000 ——— - 10.36975 €e269715 -~ - =0e 82 ~— -
11?7 10.00000 4015095 -(.15065 ~0.33
118 10.0000C 10.3¢867 -C.26867 -0.861
119 1000000 ——~— - 9.,98669+—— — 0.G2103 — —— - 0,07 — —-
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TABLE VIII.

6, (c-3)
120 10. 03000 Y.7¢402 C.27%538
121 10.C0000 10.0e.8) -C.Ce18)
122 1000000 ——— 9.,9%432 ——..C,Ca568
123 10,00000 9.9¢6179 c. 3821
1264 10, 00000 10.C1140 ~0.C114C
~Ad5 .. 10,00004. S-A5%018 f.1C9A%
126 10.000u0 10.,0¢278 ~0.Ct218
127 11.00000 1V.68599 C.21401
128 12.00000 11.,464%0 0.%0%42
129 12.€0000 11.1%561 0.84429
130 12.€0000 1004224 1.2¢117¢
- 3 - 12.C0000 1le2b4v2 - C.2C%08
132 12.63u00 1l.¢¢329 Coe22cel
133 12.00000 10.7¢202 le22758
134 12. 00000 ~ V%419 - -~ 1.C02%81
135 12.00000 11.842311 C.l1%¢es
136 12.€0000 11.62330 C.2¢¢170
———d 31200000 ~- - — - L 1 0 3€6306——-- - 0.£7364
138 8.0000V0 b.3685C 1.¢C150
139 8.00000 1.5%589 (.44011
—3 ) —- B 00000 - — - - 7,6293) -—— -C.2¢(e9
141 8.C0N00 7.831123 C.1¢€87
142 8.00000 8.1127¢ ~0.1127¢
143 8.00000 ——— B8,56044 ——-=(.59044
1 4% 8.00000 8.5¢692 ~C.%€¢€S2
145 8.00000 8.61381 -C.€1281
— b —. 84 00000 - ———— 9402703 ~——=1,027C3-
147 8.00000 8.9¢231 -0.8¢231
e B 800000~ ———T7,0C316———-CeSSLES
120 8.C0000 8.819715 ~-(.81615
151 8.Cu000 8.51631 -0.%1¢31
—g 52— — 10.00000 —— 10,1671 ———~C.1€671
153 10.00000 10.01561 -C.C15%¢1
154 10.00000 9.3¢€6170 0.61330
et 5810600000 ——— -§, 46757 0.%1243
155 10.0000C 10.4C385 «-0.4C295
157 10.00000 11.5%369 ~1.5€269
—_— 58— ———10. U - 10472309 ——=C,723CS
159 10.00000 S.6L530 0.224¢4
160 10.C0000 10.2c8¢1 -~0.cc861
—3o e —10. 60000 - 9 IETH2 ————— Q.61238
l62 10.00000 10.267317 -0.25121
163 12.C000V0 11.95%84 0.C44l6
166 12.C0000 12.34252 -~Ce.34252
165 12.00000 11.81004 (.1899¢
166 12.00000 11.50009 (.49991
B o T — 1 2. QULLY 1199983 ———— C,CCC17
168 12.000C0 12.51185 -0.%1185
169 12.00000 12.228069 ~0.228¢S
—170 ~12¢00000 ——n"12.15925 -C.15525
171 12.00000 11.601344 0.24656
172 12.00000 11.%5783) C.b21e17
173 8.00000 —— - 8,35843——=(,3584)
174 8.00000 1.97164 C.Ce816
175 8.€0000 8.1¢€015 -(.1€C15
176 8.C00CO —~J71250 -0.281750
117 8.U0000 8.43350 -(.£82950
178 8.00000 71.95191 (.CCeCo
—_—37%——8.C0000 8.55041 -C.28C4l
180 8.C0000 8.47816 -0.47816

0. 61

-0.18
0.10

0.08

-0, 03
N.26

=0.14
0.69

lel2

1.80

3.00

1eb0

0. 1“

2,73

2449

0.35

0.81

st R Y
A.54

0.97

0.80

0.37

-0.2%
<= —- =1s30
-1.25

-1,.,36

— . =2.21

-2.12

-0.31
e .20 20
~1.81

-lelé

- ———=0s 37
-0 02

1.35

1e13

DATA ACTUAL-MODEL EQUATION ESTIMATED VALUES (continued)

-0.89
-3.43

057‘

-0.50
e = L 0 353
-0.06

0.10

e ——= Qs 16
0.42

1.10
e - Qo 00
-l- 13

-0.%)
e @ (0 35
0.72

0.93
—--——-—-0088
0.06

-0.40

- 0e63

-1.85

0.02
—-—*———--—-—".22

-1.06

=1es00 -
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TABLE VIIT. DATA ACTUAL-MODEL EQUATIOM ESTINATED VALULS (continued)

0, (c-3)
101 10,C0V00 10.12221 =-C.12221 -0.27
—4 82— - 10,00000 $.68070. 0.21230 -— — 0.69 - -
183 10.00000 10.42876 -C.428176 -0.97
184 10.00000 10.217834 ~0.2783% ~0.01
—385 e 10.00000 - —— 9.51512 -0.48488 - — .. 1.07
186 10.00000 9.84243 C.1%157 0. 3%
187 10.€0000 10.24370 -C.2431C =054
—188 1C. 00000 10.C%239 —— _ -0.C%239 . ~0.12
189 10.00000 10.54933 «~0.%453) -1.21
190 10.00000 10.4¢409 =C.424¢S ~0.96
191 10.,00000 10.06194 -0.0G106 n.2n
192 10.00000 9.814641) 0.10299 0.4l
193 10.00000 8.74315 C.¢1¢85% 0.61
194 10.00000 $.31899 0.68101 1.50
195 12.000U0 11.8€593 0.11407 0.25
156 12.00000 11.8£634 (. 140066 0.31
—19T— - 12.00000 11.74206 C.2%1764 0.57
198 12.C00VU0 11.%0256 CeéS 744 le10
159 12.00000 11.52314 0.4¢¢686 1.03
—200———12,00000 - -- L1.7C489 - 0.,29511 - 0.65
201 12. 0000V 11.79892 C.2C108 0. 4¢
202 12.00000 11.956617 0.CC233 0.01
——g g} 20 60000-——— -12406423——— =G CES2) c-— =019
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MCTR: For

BMF

IX. FLATWISE BENDING MOMENT MODEL EQUATIONS (@ STATION 283)

V = 120 kts; a; = - 6, - 8, - 10 deg; 6y = 8, 10, 12 deg ‘15 terms)

1749.8735 - 25.074 D3s% + 255.3 D4CZ + 127.66 (D1S)(04S)
39.08 (DIC)(D4S) - 18.09 (DO)(D2S) + 14118.0 (CLR)
352.44 D35 - 180.55 D3C + 109.21 (D2C)(D3C) - 370.0 DO
22.82 DO + 312.53 D4S + 170.7 D4sZ - 97.32 (DIC)

89.26 (D1C)(D4cC)
Multiple Correlation Coefficient = 0.80)

V=120 kts; o, = - 6, - 8, - 10 deg; By = 8, 10, 12 deg (40 terms)

S
720.58 + 24.2757 (D3s)2 + 313.03 (D4C)? + 65.42 (D1S)(D4S)

0.551 (D1C)(D4S) - 32.41 (DO)(D2S) + 22877.0 (CLR) - 527.2 (D3S)
282.72 (D3C) + 87.78 (D2C)(D3C) - 522.698 (DO) - 34.329 (D0)2
568.26 (D4S) + 238.198 (D4S)2 - 264.18 (DI1C) - 128.29 (D1C)(D4C)
272.996 (D3C)(D4C) - 39.4 (D2C)(D4S) - 16.42 (DO)(DIS)

187.7 (D35)(D4S) + 66.7 (D3C)% + 146.45 (D2S)(DAC)

14.56 (D25)(D3C) + 106.46 (D1C)(D3S) + 69.78 (D1C)(D2S)

313.91 (D2C) + 47.74 (D2C)2 + 53.06 (D1C)(D2C) + 45.62 (D25)(D3S)
29.9 (D0)(D3C) + 66.47 (D15)(D4C) - 180.2 (D25) - 24.657 (DO)(DAC)
21.1 (D0)(D2C) - 51.08 (D2C)(D4C) - 16.1 (D1S)(D2C)

11.02 (DO)(D1C) - 23.78 (D1S)(D2S) - 14.14 (D2S)?

37.43 (D3C)(D4S) + 21.96 (D2C)(D3S)

Multiple Correlation Coefficient = 0.886
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TABLE IX. FLATWISE BENDING MOMENT MODEL EQUATIONS (@ STATION 283) (continued)

CTR: For V = 120 kts; a, = - 8 deg; 645 = 10, 12, 14 deg.

BMF = 10° [3.277 - .2572 DO - .143 DIS + .1436 DIC - 3.2284 (CLR)(10)
.0106 D02 + .0071 IS - .0089 DICZ + 3.8383 (CLR)Z (100)

.0332 (D0)(D1S) + .0157 (DO)(DIC) - .0145 (D1S)(DIC)

.0050 (D0)(D1C)(D1S)]

+ +

Multiple Correlation Coefficient = 0.97

DiS, DiC --- SIN AND COS COMPONENTS OF SERVO FLAP DEFLECTION
(i=1,2,3,4)

DO --- COLLECTIVE DEFLECTION OF SERVO FLAP

p g e PLETET TP MCTRLGT  EHF TR

N YD Y CE S T, RS RS
- '. ’ ‘:‘»‘:‘ oL oo 2 BT RE e € '_u’.'ﬂ_‘r'.‘.- . 3‘.'.._
TS Gonn LI S, R T
SR G S, oD T L. TG 5?ﬁi'fﬁ
S A B N A R R s T 'v' :;'.'—" " .
B LB b SRl S ST
SRS % Oy LT, e L_.'Fj l- .1.' ’.: ;.
O 5 5, B v LR, L g?f:.qu
|'. " l.."-' oL v, RS \ l:' H.:_‘.,j . '.:‘::'
v, ‘:”:' A% e, B0 O, ) L."."l:."c_' . i:. :.:'
(BRI ve, UM S Al R AR IR, LI 1 ""i“‘} . ‘;.‘L:l
l:' , ‘{":' v VI N S RSO L, LU Ll O

CLR/>IuMA = .08

128



TABLE X.

0BJ = TRVT"IN

CONSTRAINTS :

= TH

SIDE CONSTRAINTS:

BMF

HP
PLV
ETA
cQo

MCTR CONMIN OPTIMIZATION (for c-3)

= (See Regress Equation)

see Regression Model 5-BMF(UB) (i.e., 4000)

see Regression Mudel E-HPUB (i.e., 800)

see Regression Model < PLV . ( i.e., 350)

see Regression Model < 12° and > 8°

see Regre:sion Model 5_CQ0UB (i.e., 0.35)

Lower Bound (LB)
(Test Range)

13.0
2.6
2.9

.95

.7

.95

1

NN NN -
e« e e

Desired
Value

A A

A

IA

[r A jr A |~

00

D1C
D1S
D2C
D2S
D3C
D3S
D4C
D4S

CLR
CXR

Upper Bound (UB)
(Test Range)

< +0
< 5.8
< 2.
< 3.5
< 3.2
< 2.8
< 2.85
< 2.2
< 2.15
) } Desired
Value
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TABLE XI. CONMIN OPTIMIZATION RESULTS
INOEPENDENT INITIAL COnNMIN IKITIAL CONMIN INITIAL CONMIN INITIAL CONMIN INITIAL CONMIN INITIAL Co™IN
VARIABLE CONDITION | RESULTS CONDITION | RESULYS CONDITION | RESULTS CONDITION | RESULTS COXDITION | RESULYS | cORDITION | RESULYS
DO 0.9 - 0.725 - 4.0 - 1.883 -4.0 - 1.063 - 13.0 - 12.927 - 4.0 - 0.133 - 13.0 - 13.0
DIc 0.0 2.283 - 2.0 - 2.578 2.0 4.232 2.0 2.49 2.0 5.8 2.0 £.973
DIsS 0.0 - 0.006 2.0 - 2.9 - 0.1 - {.760 - 1.0 - 2.9 - 0. - 0.913 - 1.0 - 2.9
pzC 0.c - 0.004 0 - 1.95 0 - 0.448 0.0 - 1.o0n 0.0 0.0%6 0.0 - 0.958
D2s c.0 - 0.015 0 - 1.834 0 - 0.175% c.0 - 0.819 0.0 - 0.508 c.0 - 0.72
D3C 0.0 - 0.087 0 2.574 0 0.017 0.0 - D.467 c.0 - 1.929 0.0 0.5€3
pis .0 2.850 0 2.650 0 2.153 0.0 1.170 0.0 2.850 0.0 1.689
o4C 0.0 0.4368 0 - 1.49 1] 1.544 0.0 0.876 0.0 2.1%0 0.0 0.712
D4S .0 1.799 0 1.3 0 1.413 0.0 1.05%0 0.0 0.467 0.0 1.478
CLR 0.080 0.080 0.080 0.080 0.080 0.030 0.080 0.080 0.070 0.070 0.070 0.070
CIR 0.008 0,008 0.008 0.008 0.008 0.008 0.008 0.008 0.007 0.007 0.007 0.067
DEPENDERT
VARIABLE
HP 760.82 836.09 811.22 783.62 797.82 802.22 862.39 800.07 740.52 nzas “05.09 796.54
BMF 2879.3 1509.7 4188.9 1310.8 3799.6 1506.2 3638.0 Ra77.1 3658.4 1141.9 3496 .8 1536.5
TRVT 0.0957 0.0222 0.19182 0.0033 0.1496 0.00382 0.1619  0.0974) 0.14056) - 0.13039] 0.1540 0.0420
pPLY 226.28 179.56 365.65 94.29 273.72 132.20 270.82 173.69 268.59 110.15% 265.69 140.64
T IA 12.458 11.997 10.52 12.048 10.524 12.036 10.719 10.913 9.6434 11.966 9.839 3.917
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TABLE XII. CONTROL FEEDBACK OPTIMI7ATION
INDEPERDENT INITIAL FEEDBACK INITIAL FEEDBACK INITIAL FEEGBACK INITIAL FEEDBACK INITIAL FEEDBACK
VARTABLE CONGITION RESULY CONDITION RESULT CORDITION RESULT CONDITION RESULY conDITION RESULT
4] 0.9 0.5 3.0 1.5 0.0 - 0.5 - 1.0 - 1.0 - 1.0 - 1.0
DIC 0.0 - 3.0 2.0 4.5 0.0 - 2.0 5.0 5.0 5.0 5.0
[ 0.0 3.5 3.0 0.0 6.0 1.5 3.0 3.0 3.0 3.0
1749 0.0 - 1.0 0.0 - 1.0 2.0 - 1.5 0.0 0.8 - 2.0 - 2.0
025 0.0 1.0 0.0 - 1.5 3.0 2.5 G.0 - 3.3 3.0 2.8
D3C 6.0 2.0 0.0 - 5.0 2.0 1.0 0.0 - 0.2 1.0 1.2
D35 0.n - 0.5 0.0 2.0 1.0 0.5 0.0 - 2.2 0.0 0.0
DiC 0.0 - 0.5 3.0 3.0 0.0 0.0 0.0 -80.5 0.9 - 02
DS 0.C - 0.5 3.0 2.5 0.0 0.5 0.0 - 1.0 3.0 3.0
CLR 0.082 0.09? 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092
CXR 0.0071 0.0071 0.00N 0.0071 0.007 0.007}% 0.00N 0.0071 c.oon c.oon
DEPENDENT
VARIABLE
BM 2825 3061 | 3661 2322 1538 269 2097 35683 kLt 3389
HP 696 686 455 691 694 718 506 §76 420 418
LY 165 326 389 mn 4i2 3i2 205 354 Kk Y e
1000 TRVT g2 I 297 7 23 9 - 15 -1 25 l
—




TABLE XIII.

TEST AND ANALYSIS

CONTROL AND BLADE MOTION COMPARISON

PARAMETER TEST 29-3 TEST 28-9 TEST 19-14

(Degre:s) TEST ANALYSIS | TEST ANALYSIS | TEST ANALYSIS
8% - 7.2 |- 7.22 |- 3.47 |- 3.41 |- 3.46 3.46
8¢ 2.127 2.127 | - .532| - .532 1.52 1.52
81 - 1.653| - 1.653 | - 2.49 |- 2.49 1.96 1.96
S .509 .509 2.393 2.393 | - .013|- .013
89 1.697 1.697 | - .761|- .76 114 .4
836 .388 388 | - L9711 - .97 .052 .052
83 - 1.368| - 1.368 | - .489|- .489 | - .021|- .02
9 .448 .448 .289 289 | - .128)- .128
Sac - 1.319] - 1.319 .546 546 | - .076 |- .076
0, 10.37 13.08 9.83 10.417 10.24 10.57
0, i.26 .72 .591 .28 - .25 .498
0 -1M.7 |{-M.03 |-10.8 |- 7.79 |- 6.58 |- 5.90
B, 4.19 4.20 3.65 3.56 2.67 3.64
Brs .36 | - .58 .25 .358 368 |- 1.6
Bre .39 1.17 .49 1.6 .433 .91
HP 1027 983 734 693 690 666
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APPENDIX A
DESIGN DESCRIPTION - MULTICYCLIC CONTROLLABLE TWIST ROTOR

Design Description

The MCTR system is comprised primarily of previously tested CTR hardware and
components which are fully described in Reference 4. Rotor head components
were modified for required transformation of existing CTR hardware to an MCTR.
The MCTR system consists of the Multicyclic Control Panel, an electrically
driven hydraulic power supply and four electro-hydraulic servo actuators
located on the hub and attached to the servo flap walking beams. With the
hydraulic system activated and harmonic control de-energized, the servo actu-
ators remain in a fixed neutral position. Turning off hydraulics causes all
four actuators to drive to full extension (3.25° down collective). With
hydraulics on, the harmonic control can be energized with all amplitude con-
trols set at zero, resuiting in zero harmonic control input. 2/rev, 3/rev,
and 4/rev amplitude controls can then be varied independently or in any combi-
nation. Phase of each harmonic also can be varied from 0° to 360°.

The four servo actuators of the MCTR system are also used to provide a capa-
bility for making individual blade track changes while operating the rotor.
The controls of the potentiometer for the four blades are located on the con-
trol panel and are capable of changing the servo flap angle by approximately
+ 2().

Rotor Blade/Servo Flap

The feasibility demonstration model of the MCTR was based on the existing pre-
tested Controllable Twist Rotor (CTR) blade hardware. Characteristic descrip-
tion thereof is detailed in Reference 4. No modifications, other than instru-
meritation, were made on the CTR blade and servo flap for transformation to
MCTR design.

Controls/Rotor Head

The basic control system of the CTR used in previous test programs remained
unchanged in the MCTR test. The additional higher harmonic control to the

servo flap was accomplished by means of additional controls in the control

panel shown in Figure A-1. Details of the MCTR control design is given in

Reference 8.

The rotor head turret assembly used on the CTR was replaced with one having
special capabilities for higher harmonic actuation of the servo flap (see
Figure A-2). This capability on the MCTR turret head was made possible by
allowing the entire walking beam assembly to translate vertically on the tur-
ret housing with respect to the servo flap collective input fixed; the walking
beam was then allowed to pivot about a saddle sieeve fixed to the turret in
response to the higher harmonic control actuators connected to the latter.
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APPENDIX B
WIND TUNNEL TEST - OPERATIONS DESCRIPTION
MULTICYCLIC CONTROLLABLE TWIST ROTOR

Introduction

The MCTR wind tunnel tests were conducted to demonstrate the ability of using
higher harmonic servo-flap control input to reduce rotor vibrations, and to
verify analytical predictions with computer techniques used in previous
analysis.

A detailed discussion of data results including interpretation, analysis and
conclusions is presented in the text of this report. This Appendix presents

a description of the wind tunnel interface regarding planning and system inte-
gration.

Qualification Plan

Because of extensive successful qualification tests which were conducted on
the CTR system, the MCTR is comprised, substantially, of the CTR hardware with
modifications which do not affect previous qualification test results. No
separate qualification tests for the MCTR were required, Details are given

in Reference 4.

Test Plan

The MCTR test plan was based on a test methodology called Multiple Balance.
This plan was designed to determine the behavior of the rotor dependent param-
eters of interest in terms of independent variables of interest with less than

500 data points out of a possible 531,441 (3]2) combinations of independent
variables at three levels each.

Table B-1 specifies definitions of levels of the test conditions, and Table
B-2 lists the examples of corresponding conditions. Additional details of the
test plan may be found in Reference 7. Execution of the wind tunnel test was
carried out on a two-shift basis with operating personnel from Kaman and NASA
Ames.

Instrumentation Design

An instrumentation manual was prepared giving detail data for all Kaman-
installed instrumentation and control systems (Reference 8). The latter was
used in conjunction with a similar manual supplied by Sikorsky, covering test
module systems and with detail instrumentation forms prepared by NASA-Ames.
Complete data covering calibrations, set-up data, and the data system inter-
face were included. Table B-3 gives a list of instrumentation used in the
test program.
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TABLE B-1. TEST CONDITIONS - DEFINITIONS OF LEVELS
PARAMETER LEVEL 1 LEVEL 2 LEVEL 3
V  (Knots) 80 120 135
&g (Degrees) - 4 - 6 - 8
0, (Degrees) 10 12 14
515 (Degrees) + 2 0 - 2
61c (Degrees) 0 + 2 + 4
62 (Degrees) 0 1 2
¢, (Degrees) - 45 0 + 45
63 (Degrees) 0 1 2
¢3 (Degrees) - 45 0 + 45
8, (Degrees) 0 1 0
¢4 (Degrees) - 45 0 + 45
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LISTS OF THE CORRESPONDING TEST CONDITIONS

TABLE B-2.

138

DATA
POINT
DATA
POINT
73
74
75
76
77
78
79
80
81

7
%

RUN 1
RUN 2

1c

Is

RUN
NO.
1-1
1-2
1-4
1-5
1-6
1-7
1-8
1-9
RUN
HO.
2-3
2-6
2-9




A. PARAMETCR MONITOR LIST FOR SAFE OPERATION

TABLE B-3. INSTRUMENTATION LISTS

NON-ROTATING

~N Oy O B W N -

Rotor RPM
Balance Limits, NASA-Ames

Horsepower/Electrical Power (Model) NASA-Ames
Fan Electrical Power, NASA-Ames

Windspeed

Model Hydraulic Pressure/Fault Detection System, NASA-Ames

Rotor Shaft Angle

ROTATING

A T N —

Rotor Flapping Angle

Blade Edgewise Bending - Station 47
Blade Flatwise Bending - Station 47

Rotor Shaft Torque
Servo Flap Bending
Lead/Lag Motion

B. PARAMETER LIST - COMPLETE (RECORDED)

NON-ROTATING

O N O O W N~

Right Laterai ioad

Left Lateral Load

Fore and Aft Load
Stationary Scissors Load
Azimuth

Tunnel Wind Speed, NASA-Ames
Rotor Shaft Angle
Accelerometers (20 each)

ROTATING

1.
2.

Blade Torsion - Station 201
Blade Torsion - Station 252
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TABLE B8-3. INSTRUMENTATION LISTS (continued)

B. PARAMETER LIST - ROTATING (continued)

3. Blade Edgewise Bending - Station 47
Blade Edgewise Bending - Station 168
Blade Flatwise Bending - Station 47

Blade Flatwise Bending - Station 283
Blade Pitch Angulator (measured)
Blade Flapping Angulator (measured)
Blade Lead/Lag Angulator (measured)
10. Servo Flap Flatwise Bending - Station 283
11. Flap Control OQutboard

12. Flap Control Load

13. Pitch Link Load

14. Rotor Torque

15. Servo Flap Position (measured)

16. MCTR Actuator Positions

W 0 N9 O B &

VISUAL

Coning

Longitudinal Flapping

Lateral Flapping

Collective Blade Pitch (command)
Longitudinal Blade Pitch (command)
Lateral Blade Pitch (command)
Collective Blade Pitch (measured)
Longitudinal Blade Pitch (measured)
Lateral Blade Pitch (measured)
tongitudinal Flap Position (command)
Lateral Flap Position (command)
Collective Flap Position (command)

W N O ;0 B W N -

- ok -t
w N~ O W
. M . . .

Longitudinal Flap Position (measured)
Lateral Flap Position (measured)
Collective Flap Position (measured)

-—
[3 2 B =
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TABLE B-3. INSTRUMENTATION LISTS (continued)

B. PARAMETER LIST - VISUAL (continued)
16. Rotor RPM
17. Tunnel Windspeed, NASA-Ames
18. Rotor Shaft Angle, NASA-Ames
19. 2/REV Amplitude and Phase
20. 3/REV Amplitude and Phase
21. 4/REV Amplitude and Phase
22. LVDT Signal
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APPENDIX C
SYSTEM INTEGRATION

BUILD-UP
MCTR System

Build-up of the wind tunnel MCTR configuration was required to match the sys-
tems and components supplied by Kaman, Sikorsky and NASA-Ames. First, the

test module had to be dismantled to allow the removal of all systems not used
for the MCTR and the installation of MCTR components. Existing instrumentation
and control cabling was modified or replaced. Finally, system rigging and
interference checks were made. A brief description of some of the considera-
tions in assembling the various systems follows.

Rotor

The rotor head required several parts from the standard test module head. The
rotor head supplied by Kaman was a standard H-34 head, modified to incorporate
control cranks for the servo-flap and built up with turret assemblies for
routing of control rods. Because of strength considerations, the pitch horns
and the rotating scissors from the module's pitch horn swashplate were trans-
ferred to the MCTR head. Also, instrumentation for the measurement of blade
motions was transferred. The head was then installed on the rotor shaft of

the test module. The MCTR blades, previously used in the CTR wind tunnel test,
were already equipped with blade retentions that would mate with the standard
pitch barrel, allowing routine installation of blades.

Test Module

Test module modifications centered around the removal of the module instrumen-
tation slip ring and the fitting and installation of a framework to mount the
servo flap rotating swashplate, the control actuators, and the instrumentation
slip ring. This assembly required precise alignment to avoid any adverse
loading of controls. Fairings to house the control assembly were designed and
fabricated by NASA-Ames. Two 14%00-horsepower electric motors were installed.
The power available with this irstaliation at a rotor speed of 200 rpm was
approximately 1300 horsepower.

Controls

Final control rigging involved independent set-up of the pitch horn and servb
flap controls. Conventional procedures were used for each system, and controd
limits were set in accordance with the anticipated control ranges. Extensive
interference and control coupling checks were then made for both control
systems.
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Instrumentation

Instrumentation tasks in the build-up period consisted of: the final instal-
lation of transducers, the hook-up of rotor-head wiring for blade and other
rotating parameters, the replacement of test module cabling with MCTR cables,
and a final checi.out of all instrumentation. The instrumentatio: task required
close coordination with NASA-Ames personnel because of the joint responsibility
for cabling, control panel wiring and checkout. All required sy.tems were
checked and calibrated successfully prior to tunnel entry.

TUNNEL TEST
MCTR System/Tunnel Systems - Generai

System integration following tunnel entry included mode) installation and final
instrumentation hook-up, followed by checkout and calibration of all data and
monitoring systems. A view of the complete model as installed is shown earlier
in the report in Figure 1.

The complete tunnel system for the MCTR included: the model, the tunnel fans
and wind speed controls, the model control systems, the balance and force
measuring system, the data acquisition and processing system, and the test
monitoring systems. Following instrumentation hook-up, all parameters were
calibrated through the total data system. These parameters were fed into the
primary data systems, and selected parameters were fed into the monitoring
systcms.

MCTR System/Tunnel Systems - Detail

Figure C-1 is a block diagram illustrating, in simplified form, the relation-
ships of MCTR systems to the overall tunnel systems. Within the test module,
rotating transducers are fed from the blades, the rotor shaft, and upper con-
trols through the slip ring and then via cabling to the tunnel control room.
Stationary transducers below the slip ring provide data for control positions
and the condition of critical drive system components for fault-detecting
circuitry. Power is also supplied for the 1500-horsepower electric motors
and the hydraulic power supplies.

The module is supported on struts that mount to the tunnel balance system.

The balance system connects to a scale system that is the force system mea-
suring aerodynamic forces exerted on the model.

Control Room Systems/Functions

The tunnel control room is the focal point for the control of the module and
the flow and treatment of all data. Referring again to Figure C-1, the fol-
lowing descriptions are given for the various functional groups and the indi-
vidual subsystems.
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CONTROL SYSTEMS

Module-Blade Controls

The module blade controls involved two consoles, located side by side, and
operated by a NASA-Ames rotor operator. Each console had similar displays and
switching functions. The pitch horn console was used to input root pitch coi-
lective and cyclic commands, with readouts of the commanded angle, the
resulting measured angle at the blade root, and the resulting blade flapping,
which is resolved into blade coning, and longitudinal and lateral flapping.
The servo flap console performed the same functions and gave similar readouts
:or collective, 1/Rev, 2/Rev, 3/Rev and 4/Rev angles measured at the servo
lap.

Control technique involved commanded inputs to either the pitch horn or the
servo flap. Blade flapping meters on the pitch horn console were observed,
and the longitudinal and lateral pitch horn controls were used by the operator
to achieve a zero-cyclic-flapping condition. VWhen zero-cyclic blade flapping
was achieved, readings were taken.

Module - Power

Module power controls consisted of speed controls for the 1500-horsepower
rotor-drive motors and for the activating switches for electric motors used
to drive the hydraulic power supply for the pitch horn servo controls. Rotor
speed was monitored with frequency counters,

Tunnel-Wind Speed Control

Tunnel wind speed was controlled from a room below the main control room. Con-
tinuous voice communication was maintained between the two control rooms.

Tunnel air was driven by six 40-fooi-diameter fans, powered by six 6000-
horsepower electric motors.

MONITORING SYSTEMS

Various monitoring systems were used to control the test conditions. The cri-
tical nature of particular parameters determined the type of monitoring system
used.

Control Panel Meters

As stated previously, meter displays on the control consoles gave readings for
collective and cyclic conditions. The flapping meters were used as a primary
test control since zero cyclic flapping had to be maintained to prevent adverse
loading conditions.
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Oscilloscope

A panel-mounted oscilloscope gave a continuous monitor of a few selected
parameters that were known to be critical from either a ¢ . ility or a loading
standpoint.

Peak-to-Peak Display System

The peak-to-peak display system allowed continuous monitoring of all critical
channels. The system consisted of 50 pcak-to-peak detector circuits, a dis-

play in bar-chart format, and a digital printer with controller. Each of the
50 channels had a preset alarm capability, which permitted test operations to
continue wi*h only a visual scan to assure that no alarms had been activated

without the need for noting specific levels of critical paramelers.

For each test point, the digital printer was activated, giving an instantan-
eous record of peak-to-peak levels for each critical channel.

Fault Detection

Fault detection indicators were located in the module control consoles. These
indicators gave warning lights for failures in the lubrication system, the
hydraulic system., the controls, and the drive system, and the short circuits
in the electrically isolated tunnel balance frame.

Television {Closed Circuit)

Television monitors viewed the module at all times from three stations. Each
station had a 1imited scanning and zoom capability. Each station was recorded
on video-tape.

DATA ACQUISITION SYSTEM

The NASA-Ames data acquisition system used for the MCTR tests was made up of
several subsystems. A1l of the systems had been used in previous CTR tests.
Following is a brief description of each of the various systems.

Data Acquisition System I (vatex I)

This system takes data frem the tunnel scale system. In addition, other data
can be input through a special instrumentation system, which interfaces digi-
tal panel meters and various switching functions at an operator's console to
the master computer. Primary output data is in the form of aerodynamic coef-
ficients, which are both displayed on lamp banks at the operator's console and
printed on a teleprinter for each test point. Each test point is established
at the operator's console, which energizes other primary data acquisition
systems.
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High Speed Data System

The High Speed Data Acquisition System (HSDAS) is a data-gathering computer
front end. Sixty channels of dynamic data can be input to the system. The
HSDAS simultancously conditions, samples and holds voltages from each source.
The samples are multiplexed onto an analog-to-digital converter. Digital
values are then transmitted to the master computer for recording on magnetic
tape. The HSDAS is considered the primary data acquisition subsystem. It
also conditions all signals for other data acquisition systems.

Dynamic Recording System

The Dynamic Recording System (DRS) stores raw data. It receives its signals
from the HSDAS and records on analog magnetic tape. The DRS records 56 analog
signals and is running continuously during all testing in which the rotor is
turning. This system provides a backup to all other systems.

Dynamic Analysis System

The Dynamic Analysis System (LAS) can operate either on-line or off-line as a
stand-alone data gathering and analysis system. In the on-line mode, the DAS
performs as a quick-look system while the master computer gathers data from
the other subsystems. While operating on-line, the system can gather data
from all or any two of 32 signal sources and perform a number of time-series
analyses in real time. In particular, it can perform histograms, autocorrela-
tion, crosscorrelation, impulse responses, characteristic functions, Fourier
transforms, autospectrums, cross-spectrums, and %ransfer functions. It can
perform linear, continuous, or exponential averaging of up to 51,200 samples.
Results can be displayed on command on a cathode-ray tube, an X-Y plotter, or
a printer.

The DAS was most useful during (+e initial testing to determine rig resonance,
and later the evaluation of control operation ranges.

Cscillograph

A 36-channel, 12-inch, direct-writing oscillograph was used during all test
operations. The initial purpose of the oscillograph was for limited immediate
review of critical parameters. It was also intended as a check on all param-
eters to insure that the data being recorded on tape was reliable data.
Because of difficulties with primary data systems, it became necessary at the
conclusion of the test to base all analysis on the Datex I data and the oscil-
lograph data.

Figure C-2 is a close-up view of consoles used for collective and cyclic con-
trol of the pitch horn and servo flap. Figure C-3 is an overall view of

panels used for both control and monitoring of the test operations. Looking
from right to left, the components are: the rotor speed control station, the
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module electronic console, the pitch horn control console, the servo flap con-
trol console, the peak-to-peak detector system, the oscillograph, the oscillo-
scope and panel meters, and the Datex I operator's control console. Located
above the panels are the television monitors. A1l other data acquisition
systems are located at the rear of the control room.

Details of the data analysis for all testing are found in the main body of
this report.
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APPENDIX D
SEQUENTIAL SEARCH MODEL

The feedback control system requires a strategy to direct its search to find
the path from the current operating point to the "best" operating point as
defined by the optimization parameter. This strategy is contained in the
logic that is used to analyze the measurements from the operating rotor in
conjunction with the characteristics of the optimization function to determine
which of the independent variables to increment next. Theoretically, the
shortest path from a given operating point to the "best" operating point is
found by moving at all times in the direction of maximum slope on the (n + 1)
dimensional surface relating the n irndependent variables to the optimization
parameter. Movement continues until the slopes in all directions become zero.
In a practical system, where movement takes place with a finite increment, the
point where all slopes equal zero is not found. Instead, the slope changes
sign as the minimum point is passed.

The maximum slope can be accomplished by noting whether the optimization func-
tion decreases or increases as a result of each increment of an independent
variable. The increment is retained if the optimization function decreases
and removed if it increases.

The simulation model was set up to investigate the characteristics of the var-

- jous alternatives for sequential step searches. Two sequences were investi-

gated: one with a basic cycle of n intervals, wherein each of the independent
variables was incremented in turn; and the other with a basic cycle of 2 n
intervals, wherein the n independent variables were incremented in the odd
numbered intervals and the independent variable having the maximum slope was
incremented in the even numbered intervals. Within each of these sequences,
four alternatives on the action to be taken if the optimization parameter
increases as a result of an increment were investigated. These four alterna-
tives are:

Retain the increment and move to the next interval in the cycle

b. Remove the increment and redetermine the operating point without
the increment

c. Remove one-half the increment and take the new value of the opti-
mization parameter to be the average of the values with and
without the full increment

d. Try an increment of the opposite sign. If the optimization
parameter still increases, remove the increment and redetermine
the operating point without the increment.

In each case, the slope (AP/AX) is determined in each interval and stored for
use in determining the direction of the increment the next time the corres-
ponding independent variable is to be incremented. In addition, if the incre-
ments with opposite signs both cause the optimization parameter to increase,
the slope is set equal to zero, with the sign equal to that of the smaller of
the two slopes.
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A flow diagram of the computer program used to investigate the sequential
search characteristics is shown in Figure D-1, and the listing is given in
Table D-1. The first step is to set the initial values of the independent
variables and the slopes of the optimization function with respect to these
variables. The independent variables are usually. any set of arbitrary numbers,
and the initial slopes are set to zero. The size of the increment, the degree
of lag and the amount of noise are also set as part of the initialization pro-
cess.

The first step in the actual processing loop is to calculate the controlled
variables (y's). Next, the effect of lag is introduced on the basis of the
calculated values of the y's, the previous values of the y's, and the lag
parameter set as part of the initialization process. These new values of y
are stored for use in the next lag calculation. Next, the noise amplitude is
generated for each of the y's and the values of y with lag and noise are used
to calculate the optimization parameter, P, from the functions of Figure 4.
It is the optimization parameter, affected by noise and lag, that is used in
the subsequent control action.

The decisions on whether or not P decreased and the basis for selecting the
next independent variable to be incremented are bypassed during the first pass
so that the next step is to increment the first independent variable in the
sequence. During subsequent passes, when P decreases, the change in P is used
“to calculate the slope of P to be associated with the most recently incremented
independent variable. The basis for selecting the next independent variable to
be incremented can then be alternated between a fixed sequence and the indepen-
dent variable with the maximum slope. However, the maximum slope criterion is
not used if the maximum slope is less than .01.

[f P did not decrease, and if an increment of the opposite sign has already
been tried, the increment is removed and a "restart" flag is set so that a new
baseline value of P is determined prior to incrementing another independent
variable. In addition, the sign of the slope associated with the most recently
incremented independent variable is set equal to the smaller of the signs of
the slopes determined with positive and negative increments. This atds ihe
search process when the most recently incremented independent variable next
comes up in this fixed search sequence. However, the magnitude of the slope
is set less than .01, so that it does not become a candidate for incrementing
in accordance with the maximum slope criterion. If the reverse increment has
not been tried, and if the search strategy being investigated requires that

it be dc e, the change in P is used to calculate and store a slope associated
with the most recently incremented independent variable, the increment is
removed, and one of opposite sign is applied.

Once started, the model is allowed to run for a sufficient number of iterations

to characterize its operation. Provisions are made for printing the following
information on each iteration cycle:
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Each independent variable
Each controlled variable as calculated with lag, with lag and noise

Optimization parameter from calculated rontrolled variables with
lag and with lag and noise

The slope of the optimization parameter associated with each inde-
pendent variable

Independent variable selected to be incremented and the direction.
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Figure D-1. Sequential Search Model.
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APPENDIX E
LISTING OF CONMIN PROGRAM
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LIST OF SYMBOLS

Coefficients of the independent variables
Flatwise bending moment
Rotor 1ift coefficient

C, /o
L
Blade profile power coefficient
Propuisive force coefficient
C, /o
X

Horsepower

Radius of blade (feet)
Optimization parameter
Pitch link vibratory load

Sensitivity of optimization parameter to changes in a
particular independent variable

Transmission vertical vibration

Wind tunnel speed (knots)

Independent variable

Dependent response variable

Blade section angle of attack (degrees)
Shaft angle of attack (degrees)

Rigid body collective flap (degrees)
Longitudinal cyclic flap (degrees)

Lateral cyclic flap (degrees)

Servo flap collective pitch (degrees)

Servo flap longitudinal cyclic pitch (degrees)
Servo flap lateral cyclic pitch (degrees)
Collective inboard control (degrees)
Lateral cyclic pitch control (degrees)
Longitudinal cvclic pitch control (degrees)
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LIST OF SYMBOLS (continued)

Advance ratio

Rotor solidity

Rotor azimuth position (degrees)

Rotor rotational speed (radians/second)
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