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SUMMARY

An investigation was undertaken to obtain quantitative measureinents
of the vibratory forcing functions from the blades of rotary wing airciaft
in the flight speed range encompassing both pure and compound helicopter
operation. These measurements were made using dynamically scaled
model rotor blades mounted on a specially instrumented rotor head.
Testing was accomplished in the United Aircraft Corporation's 18 foot
subsonic wind tunnel within a range of equivalent forward speeds from 75
to 300 knots and within a range of full scale rotor lifts from zero to 40, 000
pourds. In addition to rotor performance, the final data include ten
harmonics of the orthogonal blade root shear forces, rotor blade bending
moments, and rotor control loads.

It was concluded from the experimental work that:

1) High harmonics of vibratory shear forces can be measured at the
blade root over a wide range of speeds and lifts.

2) Only the fir st harmonic of flatwise and edgewise shear force is sig-
nificantly effected by the flapping trim condition of the rotor.

3) Elimination of lag damping may increase or decrease the edgewise
shear force, depending on its proximity of the operating condition
to a blade natural frequency.

4) Increasing forward speed causes an increase in beth flatwise and
edgewise shear forces, the latter becoming predominant at the high-
est forward speeds.

5) Increasing rotor lift at constant forward speed causes a gradual in-
crease in the magnitude of the flatwise shear force harmonics.

6) The radial shear force first harmonic longitudinal component takes on
values which can be significant, but the fundamental nature of this
force is not well defined.

The experimental results were correlated at seven test points with a
fully coupled aeroelastic analysis. The evaluation of this work led to the
following conclusions:

1) The inclusion of wake-induced velocity effects in the theoretical
method shifts the calculated flatwise shear forces in a direction which ;
improves the correle. '2a but has no significant effect on the calcu-
lated edgewise shear rorces. ,
2) The overall degree of correlation is strongly influenced by the accur- F
acy to which the blade natural frequencies are known, the continuity '
of the calculated induced velocity distribution, and the predictability
of the edgewise rotor blade behavior.
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FOREWORD

This program was sponsored by the U. S. Army Aviation
Materiel Laboratories (formerly U. S. Army Transportation Research

Command ) Fort Eustis, Virginia, and was monitored by Mr. Joseph
McGarvey.

The experimental and theoretical research program was carried
out from May 1964 through November 1965. Assisting in this
program was Mr., P, ]J. Arcidiacono of the United Aircraft Corporation
Research Laboratories, who directed the development of the rotor
head and the impedance analysis.
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SYMBOLS
Dimensional
A Is lateral cyclic pitch
B1 longitudinal cyclic pitch
s
c blade chord
D rotor drag
L rotor lift
Q rotor torque
r radial distance to local blade station
R rotor radius
\' forward speed
Vk forward speed
a shaft angle of attack
a rotor angle of attack, as-Bls
8 collective pitch
P mass density of air
y azimuth angle, measured from downwind
position in direction of rotation
9 rotor angular velocity

XV

Unit

degrees
degrees

feet

pounds

pounds

foot -pounds
ieet

feet

feet per second

knots

degrees
degrees

degrees

slugs per cubic
foot

degrees

radians per
second




SYMBOLS
(continued)
Nondimensional
b number of blades

/o
c /o

CQ/O'

Mz, ¢ )

Note:

rotor drag coefficient-solidity ratio, D/ Rzp (.Q.R)zo'
= D/R%p2be

2
rotor lift cgefﬁcient-solidity ratio, L/ Rzp (QR) o
=L/R'pQ be

2
rotor torque coefficient-solidity ratio, Q/ Rzp (R) Ro

Mach number at radius station x and azimuth position § .

radius station, r/R
advance ratio, V/§IR

rotor solidity, bc/rR

All Fourier series coefficients for shear forces and
rotor blade flapping and lagging motions are based

on the assumption of a positive series; i.e.,

f(t)=AO+Al coslt+A 2cos 2§}t +---+ANcosNQ e+ - - -

+B]l sinflt+B2sin2lt+---+BNsinN{lt+--~ -

where AN = Nth harmonic cosine coefficient
BN = Nth harmonic sine coefficient

N = harmonic order

xvi
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INTRODUCTION

As continual improvements have been made in the performance
characteristics of rotary wing aircraft, attention to the problems of
vibratory loading ard associated structural fatigue has increased. The
achievement of low ‘uselage vibration levels and subsequent
improvement in aircraft component life and crew efficiency requires,
however, a detailed knowledge of the origin of the forces which excite
the fuselage. Prior to the start of this investigation, the cause-effect
relationship between vibratory loading and fuselage response was not
well defined. Previous studies, such as Reference i, have presented
rotor blade vibratory airloads and stresses, and successful attempts
have been made to measure vibratory loads by instrumenting the rotor
shaft, as in Reference 2. None of these studies, however, have
reached the source of fuselage forced response; that is, the vibratory
forces fed into the fuselage from the rotor blades at the blade root.

It was not considered feasible to design and fabricate a rotor head
which could be instrumented to measure these vibratory forces until two
conflicting objectives were resolved. First, maximum sensitivity had to
be achieved so that higher harmonics of the loads could be accurately
measur~d; second, the stress in the structural components of such a
rotor head had to be minimized to reduce the probability of failure. The
development of the semiconductor strain gage effectively closed the gap
between these two objectives, thus making possible a detailed investigation
of rotor blade vibratory root shear forces.

The purpose of the present investigation was to obtain quantitative
measurements of the vibratory forcing functions from blades of rotary
wing aircraft within the flight speed range encompassing both pure and
compound helicopter operations. 1n addition, the degree of correlation
between experimental results and theoretical calculations, including
the effects of wake-induced v =locities, was to be determined. The
experimental data were to be obtained from wind tunnel tests of
dynamically scaled model rotor blades mounted on a specially designed
rotor head instrumented to measure flatwise, edgewise, and radial
vibratory root shear forces.

The objective of this report is to present the experinientally cbtained
data and to place these data into a meaningful context by discussing, with
specific examples, the effects of forward speed, rotor loading, lag
damping, and flapping trim condition. The experimental results are
correlated with a theory developed at Sikor sky Aircraft, described in
Reference 3.




DESIGN DATA AND DESCRIPTION OF EQUIPMENT

ROTOR HEAD

The model rotor head was designed to utilize semiconductor strain
gages having a gage factor of approximately 100. The structural compo-
nents of the head, namely, the upper and lower plates, are 7075-T6
aluminum alloy, A fail-safe mechanism with a safety factor of 20 was
provided to prevent major damage in the event of failure in the instru-

] mented section, Figure 1 (a) shows the basic rotor head with the in-

L_- stalled semiconductor strain gages, and Figure i (b) shows the assembly
of the head. The pitch control horns are adaptable to pitch-flap coupling

ratios of zero and unity, but the present investigation was conducted

entirely in the &30 configuration. Figure 2is a schematic diagram

showing the force and moment conventions and the location of the strain

gages,

S

CALIBRATION

- The model rotor head instrumentation was statically calibrated to
determine primary slopes, interaction constants, and temperature
compensation factors. In the cour se of this work it was found that to
obtain a satisfactory calibration matrix, it was necessary to include
measurements of the tangential moment on the instrumented section

1 caused by the lag damper reaction and the edgewise shear force. The
resolution of the shear force measurements based on the static calibra-
tions and the noise level of the data acquisition system was determined
to be:

Flatwise < 0.17 pound
Edgewise 1z 0.12 pound
Radial + 0,05 pound

The repeatability of the shear forces determined during the wind tunnel
testing and the magnitude of the calibration matrix elements resulted in

a final shear force accuracy of + 0. 2 pound in all three directions. The
flatwise and edgewise shear force strain gage circuits were each composed
of two active and two dummy gages wired to measure the total shear force
and to cancel bending in the instrumented section caused by the shear
force, The radial shear force circuit was composed of four active gages
in the Poisson arrangement. This circuit also measured the total shear
force and cancelled bending. The tangential moment circuit was composed




of two active and two dummy gages to measurc the bending moment on the
upper instrumented section. All of the dummy gages were mounted on the
unstressed center section of the upper plate.

ROTOR BLADES

The model rotor blades were untwisted, 9-foot diameter, 2.69-inch
chord with an NACA 0012 airfoil section, and were dynamically scaled in
flatwise, edgewise, and torsional stiffness properties from the Sikorsky
5-56 (CH-37) main rotor blades.* With the specially instrumented, four-
bladed rotor head, the rotor solidity is 0.0634. Figure 3 shows the com-
ponents of a model blade and a fully assembled blade. The model spar was
built up of laminations of fiber glass and paper. Trailing edge pockets
were composed of balsa wood ribs covered with magnesium and were
bonded to the spar. Figure 4 shows the blade spanwise mass and stiffness
distributions, and Figure 5 shows the flatwise, edgewise, and torsional
natural frequencies of the blade as functions of rotor speed.

The development of the fiber glass model blades evolved from
dynamically scaled model rotor blades made of aluminum, used in studies
such as Reference 4. These metal blades were designed to operate at
full scale tip speeds, but the investigation of rotor behavior at high
forward speeds necessitated the development of blades which would retain
their dynamic similarity while operating at reduced tip speeds. The
reduced speeds resulted from the desire to simulate forward speeds
higher than the wind tunnel limit of 175 knots. Reference 5 describes the
development of this type of blade using reduced-stiffness spars of fiber
glass-paper laminate construction. The various scaling ratios, listed in
Table I1I, are taken from reference 5. The stiffness of the composite
spars is scaled in the flatwise, edgewise, and torsional directions from
full scale values. The resulting stiffnesses are reduced from those of the
aluminum model blades by a factor of 5.5, so that the reduced experimen-
tal velocities arc 1//5.5 times the full scale velocities. For example,
at an actual tunnel speed ot .00 knots, the fiber glass rotor blades are
dynamically similar to the full scale blades operating at 160 /5.5
or 235 knots, and this spced is referred to as the equivalent forward speed.

* The full scale S-56 main rotor blades are twisted -8 degrees




WIND TUNNEL

Testirg was conducted in the United Aircraift Corporation's large
subsonic wind tunnel, This is an atmospheric-density, closed-return
tunnel powered by a 9000-hor sepcwer motor and having a maximum
speed of approximately 175 knots. The test section is octagonal in
cross section, 18 feet across the opposite flats. Remotely controlled
air exchangers are employed to maintain constant stagnation tempera-
ture during operation. Figure 6 is an artist’s drawing depicting the gen-
eral arrangement of the tunnel,

HELICOPTER ROTOR TEST RIG

The helicopter rotor test rig (HRTR) is equipped with a six-compo-
nent strain gaged balance and is powered by a variable frequency electric
motor rated at 375 horsepower at 6000 rpm. Figure 7 (a) shows an over-
all view of the HRTR mounted in the wind tunnel, and Figure 7 (b) shows
the details of the hub and swash plate area. The coincident flapping and
lagging hinges are located at the 5.( percent radius station. Lagging
motion is restrained by rotary viscous dampers having a nominal damp-
ing factor of 1.9 foot-pound-second for a lag motion amplitude of 1 degree.
This value represents S5 percent critical damping. The model dampers
have an adjustable damping feature which permits the selection of any
desired damping factor within a moderate range determined by the work-
ing fluid in the damper. The dampers were set to the above value by
calibrating them in a special calibration fixture which operates the dam-
per at a specified frequency and amplitude and records the resulting
torque output. The damper was adjusted in small increments until the
proper combination of frequency, amplitude and torque was reached.
There was a small phase difference between the application of the force
to the damper and the minimum force output indicating the presence of
spring force in the damper. This was taken into account in the calibra-
tion so the value stated above represents the pure damping output.

Rotary transformers are used to sense flapping and lagging motion. A
conventional swash plate is driven by three precision electric actuators.
Collective and cyclic pitch are remotely set from a servo system in the
wind tunnel control room, and the yaw table of the wind tunnel provides
variation in shaft angle of attack.

The HRTR drive motor is supported by frictionless hydrostatic oil
bearings. The motor case is restrained from rotation by a strain gage
torque beam to measure rotor torque. Axial displacement of the motor -
shaft system is limited by a strain gage thrust beam. The roter head is
supported by a four -component strain gage balance which was not used in
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this test program, as this balance is sized for larger forces than were
anticipated for this test. Electric signals are transmitted from the
rotating system to the stationary system through a 100-channel slip ring
assembly.

Dynamic data from the rotor test rig are recorded on a 20-channel
EPSCO data acquisition system. Each channel is scanned 36 times per
revolution for six revolutions. The information is received from the
HRTR in analog form, digitized, and recorded on magnetic tape. These
data are transmitted to an IBM 7094 data processing unit and re duced.

The primary data reduction program reduces the performance data to
dimensional and coeificient form in the wind and shaft axes systems.

Tare forces and moments on the rotor hub, obtained with the blades
removeq, are subtracted from the measured data, so that the reduced
performance data correspond to that from the rotor blades alone. Blade
motions and bending moment data are reduced to average and peak-to-peak
values. The secondary data reduction program performs a harmonic
analysis on all 20 channels of information. The measured shear force and
tangential moment data are further reduced to correct for calibration
interactions and blades-off tares, and finally these data are corrected for
the effects of hub flexibility, as discussed in the section on experimental
procedures.

THEORETICAL METHOD

The theoretical method of Reference 3 was used to correlate the
experimental data obtained in this program. This method is a fully
coupled flatwise, edgewise, torsional aeroelastic analysis based on an
extension of Myklestad's method for -otating beams. A variable inflow
analysis, developed by the Cornell Aeronautical Laboratory, Inc. (CAL)
and described in Reference 6, was combined with the blade aeroelastic
analysis. The analytical procedure included an initial determination of
flatwise and torsional rotor blade motion with a uniform inflow iteration
to obtain required values of rotor lift and propulsive force. This
information was used in the CAL analysis to obtain a distribution of
induced velocity at ten radial blade stations and twenty-four azimuth
locations. With this distribution, using the first flatwise shear force
harmonic as a boundary condition, a second iteration was made on the
rotor lifc and propulsive force, which gave final values of blade motions
and loadings.




SIGN CONVENTICONS

The sign convention used is that a positive sign indicates:

Measurement

Flatvise Shear Force
Edgewise Shear Force
Radial Shear Ferce
Flatwise Bending Moment
Edgewise Bending Moment
Torsion Moment

Direction

Upward

In direction of rotor rotation
Radially outward from rotor ¢
Upper surface in compression
Trailing edge in compression
Leading edge upward

Leading edge upward

Rotor Shaft tilted downstr.eam

Pitch reduction at ¢ = 0 degrees
Pitch reduction at = 90 degrees
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EXPERIMENTAL PROCEDURE

HELICOPTER ROTOR TEST RIG IMPEDANCE

Since ir is desirable to have vibratory shear force results which are
independent of the particular rotor test rig employed, the measured
shear forces must be corrected for the effects of the displacements of
the hub, which induce extraneous forces in the instrumented section of
the rotor head. These displacements are caused by the shear forces
themselves; therefore, the correction factors must be determined from
the test data in conjunctior with predetermined properties of the rotor
test rig.

The analytical background of this procedure is based on the fact
that the deflections of the rotor hub can be predicted with a knowledge of
the applied forces. Such deflections are determined by dividing the
measured shear forces by an experimentally determined rotor hub
impedance. The product of this quotient and the rotor blade impedance,
determined analytically, yields the force induced on the blade by the
hub motion. This force is then subtracted from the measured results
to produce the final shear force, reflecting only the effects of the rotor
blade loading and no effects of the supporting structure motion. The
correction can be written in the form of a matrix equation, as follows:

{corrected shear force} = {measured shear force} -

[theoretical ] « [experimental ]-I X measured }
blade impedance HRTR impedance shear force

To determine the rotor test rig impedance, a special rotor head was
fabricated which matched the weight of the one to be used in the wind
tunnel testing. This head was mounted on the HRTR in the wind tunnel,
and to it was attached an electromagnetic shaker with appropriate
instrumentation to measure forces and displacements. 3y taking
measurements over a range of excitation frequencies in the axial and
in-plane directions, the variation of HRTR impedance and principal axes
was determined within the range of frequencies to which the rig would be
subjected during actual testing. For a rotor with "n" blades, the nth
harmonic of the flatwise root shear forces combine to produce an n/rev
vertical excitation of the fuselage, The (n +1) and (n - 1) harmonics of
the flatwise root shears combine to form n/rev hub moments resulting in
vibratory pitching and rolling moments of the airframe. The ( n+ 1) and
(n - 1) harmonics of the edgewise root shear forces combine to form
n/rev longitudinal and lateral in-plane forces at the rotor head. Since the




test rotor was a four ~bladed configuration, only the third, fourth, fifth,
seventh, eighth, and ninth shear force harmonics atfected hub motions.
Because in an "n" bladed rotor system only integer multiples of the n{}
frequency will be seen in the fixed system, the hub motion corrections
were confined to the four -per -revolution and eight-per-revolution
frequencies. The final test conditions were selected, whenever possible,
so that the rotor speeds would correspond to frequencies away from those
of low HRTR impedance, in order to minimize the correction factors on
the measured data, The corrections of the shear forces based on this
analysis were approximately 0.1 pound throughout the test, and the
maximum correction was approximately 0.7 pound. It was determined
prior to testing that the motion of the HRTR would not alter the rotor blade
impedance characteristics by a significant amount, so that these
characteristics were reduced to functions of rotor speed only. An example
of the HRTR impedance matrix for a rotor speed of 636 rpm is given
below.

upstream direction advancing blade direction
real imaginary real imaginary
4 per rev. [ -1570.1b/in. - 7651b/in. - 7050 Ib/in, - 2420 lb/in.]
8 per rev, | - 3750 1b/in. -49201b/in. -4920 1b/in. - 4730 lb/in.

The impedances in the rotor shaft direction were large enough to be
considered infinite in comparison to the impedances shown in the above
matrix.

WIND TUNNEL TESTING

The wind tunnel testing procedure was to set a desired rotor tip
speed, shaft angle of attack, and tunnel speed and then to record data at
each of a series of increasing collective pitch settings. The minimum
value of collective pitch was that required for zero thrust; and at each
collective pitch, longitudinal and lateral cyclic pitch were adjusted to
eliminate first harmonic flapping in respect to the rotor shaft. This
cyclic pitch condition was defined as trimmed. For some test conditions,
the cyclic pitch values were set to yield longitudinal fir st harmonic
flapping of -4 degrees (forward), while holding the lateral flapping at zero
to determine the influence of out-of-trim flapping on the vibratory shear
forces. The maximum collective pitcii was determined by the limiting
vibratory stress amplitude on the rotor head or blades. The tested rotor
operating conditions are shown in Figure 8 and Table I. In the remainder
of the report these conditions are referred to by the nominal advance
ratio values, 0.2, 0.3, 0.4, 0.5, 0.7, and 1.0.
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EXPERIMENTAL RESULTS

Table I is a listing of each test point in this program. Shaf: and
rotor angle of attack, non-dimensionalized thrust and torque, nominal
collective pitch, and flapping and lagging motion are listed for each
advance ratic. The flapping and lagging motion harmonic amplitudes are
printed to three decimal places since the reproduction of the table was
done directly from the test data through the data processing unit, but
these amplitudes are only accurate to one decimal place or 0.1 degree.

The complete test results are presented in the appendices, and the
most significant of these are presented again and discussed in the
following s=ction.

The first through tenth harmonic orthogonal components of flatwise
and edgewise vibratory shear force obtained in the wind tunnel tests are
presented in Appendix I. The flatwise force coefficients are shown as
functions of rotor lift coefficient-solidity ratio, and the edgewise force
coefficients as functions of rotor torque coefficient-solidity ratio. These
data are grouped by advance ratio, each group covering a range of shaft
angle of attack.

The first through fourth harmonic orthogonal components of radial
shear force are presented in Appendix I1. The first harmonic cosine
coefficient is shown as a function of rotor angle of attack for constant
collective pitch at eack advance ratio. The variation of this coefficient
with changes in trim and lag damping is indicated by flagged and double
flagged sym*ols, respectively. None of the other harmonic coefficients
of radial shear force reached magnitudes approaching those of the first
cosine harmonic, instead, they were approximately one pound or 0.3
percent of the steady radial load. The radial shear force harmonics
above the fourth did not exceed the one pound level at any test point and
are not presented. The remaining radial shear force coefficients are
given as functions of rotor lift coefficient-solidity ratio.

Flatwise rotor blade bending moments were measured at four radial
stations on the blade at 21, 33, 47, and 64 percent radius. Throughout
the range of test conditions, the flatwise moment at the inboard station,
21 percent radius, was consistently the largest measured moment. This
fact is substantiated in the following section of the report. The radial
locations of the largest measured edgewise and torsional moments are
also verified in that section. Part (a) of the figures in Appendix 111
gives the one-half peak-to-peak values of the flatwise moment at 0. 2IR
as it varies with rotor angle of attack for constant collective pitch and




advance ratio. A flatwise moment of 21 inch-pounds at this radial

station on the blade corresponds to a stress of 10, 000 psi on an equivalent
rotor blade made of aluminum; i.e., it has the same unit strain. Edge-
wise bending moments were measured at 21, 33, and 47 percen. radial
stations on the blade. The location of the maximum measured value
varied between the inboard and outboard stations within the range of

test conditions. Part (b) of the figures in Appendix 11l presents the one-
half peak-to-peak edgewise moment at the 21 percent station as a function
of rotor angle of attack for constant collective pitch and advance ratio. An
edgewise moment of 56 inch-pounds at this station on the blade corresponds
to 10, 000 psi edgewise stress on an equivalent aluminum blade. Part (c)
of the same set of figures is a plot of the moments measured in the
edgewise direction at the 47 percent radial station, with 29 inch-pounds
giving the equivalent of 10, 000 psi stress. The rotor blade torsional
moment was measured at the 17.5, 38, and 90 percent radial stations.
The inboard moment was largest at all test points, and its one-half peak-
to-peak value is presented in part (d) of the figures of Appendix Ill in a
manner identical to that of the other blade moments. A 35 inch-pound

tor sional momen: at the 17.5 percent radial station corresponds to 10, 000
psi on the equivalent aluminum blade. The change in each of the three
blade bending moments resulting from out-of-trim operation is indicated
by the flagged symbols onthe plots for the advance ratio of 0. 2. The
change resulting from elimination of lag damping is indicated by double-
flagged symbols on the plots for advance ratios 0.2 and 0. 5.

Rotor control loads were measured on the push rod for the instrument-

ed blade. The one-half peak-to-peak values of this load are presented in
Appendix IV in a form identical to that of the blade bending moments.
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EVALUATION OF EXPERIMENTAL RESULTS

OUT-OF -TRIM OPERATION

The effect of out-of-trim operation of the flatwise and edgewise
vibratory shear forces can be seen by comparing parts {a) and (b) of
Figure 9, which are taken directly from Appendix I. The only force
harmonic which is significantly altered by adjusting the first harmonic
flapping with respect to the shaft to -4 degrees in the longitudinal
direction is the first harmonic, which produces a pitching moment in
the fixed system of coordinates. In particular, the amplitude of the
fir st harmonic shear in both the flatwise and edgewise directions takes
on a value on the order of double that of trimmed operation. This
behavior is what would be expected since a one per revolution forcing
function is being introduced in the system. Figure 9 also shows that
the phase of the first harmonic shear force becomes less sensitive to
changes in rotor lift when the rotor is taken out-of-trim. The effect
on the cosine compcnent of the first radial shear force harmonic is
not well defined, but the points in Figure 60 of Appendix 1I indicate
that this component is generally increased by operation out-of -trim.

The data in Figure 85 of Appendix Il1 reveal that the principal effect

of out-of-trim operation on blade bending moments is an increase in the
one-half peak -to-peak flatwise moment approximately equivalent tc that
resulting from a 2-degree increase in collective pitch or roughly a
7500-pound increase in full-scale rotor lift. However, the edgewise and
torsional moments are not significantly altered. It should be noted that
because of the flapping and lagging motion of the blades, the blade bending,
and the variation of the blade pitch over the rotor disk; the axis system in
which the blade bending moments are measured is being continually
displaced in both translational and rotationa) directions with respect to
the axis system in which the root shear forces are measured. Asa
result, there is a large interaction between events occuring in any one
direction of the blade axis system and the three directions of the shear
force axis system., This effect is seen above where operation out -of -trim
caused a change in the edgewise shear force with no significant change in
the edgewise blade bending moment.

EFFECT OF LAG DAMPING

The effect of lag damping on the vibratory shear forces and blade
moments must be evaluated in light of the proximity of the rotor operating
condition to an edgewise blade natural frequency. For this reason two
rotor speeds are considered. At the advance ratio of 0. 2, the first
edgewise bending frequency is very nearly three per revolution, whereas

11




| e et

at the higher advance ratio , 0.5, at which the rotor tip speed is reduced,
the fir st edgewise bending frequency is farther removed from a resonance
point, as shown in Figure 5. Comparing parts (a) and (b) of Figure 10,
which is taken directly from Appendix 1, it is seen that removal of the lag
damping at the condition near the edgewise natural frequency

results in an increase in the edgewise shear force harmonics shown,
narticularly the third; which displays an increase in maximum amplitude
of about 25 percent. Removal of lag damping at the other condition
results in a decrease in the edgewise shears, as seen by comparing parts
(a) and (b) of Figure 11. The third harmonic amplitude decreases 20
percent at Cn/o =0.005 for this case. The remaining shear force
harmonics for these four test conditions, given in Appendix I, show that
the edgewise force harmonics above the fourth behave essentially the same
as those shown in Figures 10 and 11 and that the flatwise shear force
increases with the removal of lag damping at both rotor speeds. The
latter effect results from the increase in flatwise blade bending moments
discussed below. The effect of lag damping on the radial shear force is
not clearly indicated by the data taken from p =0.2, but Figure 63 of
Appendix 11 for g =0.5 shows a definite pattern in which the first

cosine harmonic is initially reduced but later reverses as the collective
pitch is increased and eventually increases at the higher collective
pitches.

The data in Appendix 111 show that removal of lag damping resuits in
a slight increase in flatwise and tor sional blade bending moments at both
rotor speeds. This moment increase is largest at the high collective
pitch settings and is essentially zero at the low settings. This effect is
a result of the fact that, - xperimentally, more longitudinal cyclic pitch
was required o maintain the rotor in a trimmed condition when the lag
damping was removed than with full lag damping. It is not clear why
this additional cyclic pitch is necessary, but the effect is consistent
throughout the test. The edgewise bending moments at the inboard
radial station are increased at both rotor speeds by an ariount equivalent
to a one degree increase in collective pitch or an increase in full scale
lift of approximately 4000 pounds. At the outboard station the increment
in edgewise moment due to the removal of lag damning is much larger at
the higher rotor speed than it is at the lower speed. The increase at the
lower speed at this station is of the same order of magnitude as the
increases on the inboard station. This is seen in Figure 12, which is
a plot of data extracted from Appendix 1V. This effect of rotor speed on
the edgewise response to changes in lag damping, is related to the effects
of the rotor operating condition's being near an edgewise natural frequency,
alrezdy discussed in connection with the edgewise shear force. It would
be expe<ted that the removal or reduction of lag damping at rotor speeds

12
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remote from an edgewis2 natural frequency would cause a reduction rather
thanan increase in the edgewise bending moments because the restraining
load on the blade root is reduced. For the rotor speed in question,
however, Figure S5 shows that the test point is not sufficiently removed
from the critical speed to preclude the presence of resonant excitation
effects. The trend of reduction in edgewise bending moment andshear
force with changes in roior speed away from the critical value is clear,
nevertheless, and for an advance ratio of 0.7, Figure 12 shows edgewise
moments which are considerably lower than those measured with full lag
damping.

EFFECT OF FORWARD SPEED

Figure 13 shows the effect of forward speed on the flatwise and
edgewise shear forces. The amplitudes of the second through tenth
harmonic coefficients, derived from the data presented in Appendix I,
are presented as functions of advance ratio for a constant rotor lift
coefficient - solidity ratio of 0.035 and a shaft angle of attack of -4
degrees with the rotor trimmed to zero flapping with respect to the
shaft. The shear force amplitudes are nondimensionalized by the lift
per blade to provide an indication of the magnitude of the vibratory loads
relative to the steady loading on the rotor. The flatwise vibratory loading
shows a general increase with forward speed in all harmonics. In some
harmonics, particularly the third and fourth, the increase is very rapid
as the advance ratio exceeds 0.5. The same pattern is evident in the
edgewise vibratory loading, with the third and fourth harmonics again
reaching very large values at w =0.7. This flatwise and edgewise shear
force response stems directly from the change in the behavior of the rotor
blade in the edgewise direction as the forward speed is increased. This
change is discussed below. The effect of forward speed on the firs:
cosine harmonic of the radial shear force can be assessed from Figures
60 through 64 in Appendix II. In general, increasing forward speed
causes this shear component to change from a nose down pitching moment
component to a nose up component. The magnitude of this shear force
was not anticipated and the cause of the measured behavior could not be
determined without an extensive analytical effort, beyond the scope of the
present study.

Figure 14 presents the one-half peak-to-peak blade bending moments
as functions of advance ratio. The test points, listed in Table 11, included
those for a = -4 degrees for 1 =0.2, 0.4, 0.5, and 0.7, and for

H =0.3 with C[ fo =0.062. The lift coefficient-solidity ratios are not
constant for these five points but decrease with forward speed, as
would be the case in compound helicopter operation, from
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CL/fo =0.07lat p=0.2t0 CL/oc =0.032at p =0.7. The
results shown represent a more realistic situation as compared for
instance, to the case with a constant C[,/0"  equal to 0.032. The blade

moments in all three directions increase with advance ratio. The edge-
wise and torsional moments are strongly influenced by the forward speed
above the 0.5 advance ratio. It is notable that the maximum flatwise
bending moment occurs at the inboard radial station throughout the
forward speed range as does the maximum torsional moment, while the
edgewise moment shifts from the inboard end of the blade to the outboard
end as the forward speed is increased, The time histories of these
moments can be seen in Figures 18, 21, 22, 23, and 24; and it is
evident that the shift of the maximum edgewise bending moment station
is a result of the change in the participation of edgewise bending modes.
At the low advance ratios the first elastic mode predominates, but as the
speed is increased additional modes become significant so the station of
maximum bending moment i= changed accordingly. It should also be
noted that with the flatwise stiffness distribution given in Figure 4, the
maximum bending stress tends to occur at the 64 percent radial station,
which is in accord with flight measurements.

The time histories of the flatwise, edgewise, and radial shear
forces at the same five test points are shown in Figures 15, 16, and 17;
from theri: the change in harmonic content with forward speed can be
observed. As the advance ratio is increased from 0. 2 to 0.4, the
fir st harmonic predominates in all three directions with some high
harmonics of small amplitude appearing in no definite pattern. Above
0.4, all of the forces are predominately fourth harmonic. This effect
would cause a change in the fuselage forcing functions from a steady
moment at the low speeds to a four per revolution excitation at the
high speeds. The cause of this variation of shear force harmonic
content can be determined from the points in question shown in Figures
18 through 24, which present the azimuthal plots of blade bending moments
at all seven points listed in Table II. The striking feature in these plots
is the character of the edgewise bending moment at the high advance
ratios, Essentially, it is composed of the fourth harmonic with an
amplitude on the outboard station reaching 20 inch-pounds. Since the
flatwise bending moment does not exhibit the same character, it can be
concluded that at the 0.7 advance ratio the shear forces are primarily
influenced by the edgewise blade bending through the mechanism of the
displacement of the blade axis system from the shear force axes system.

Looking now at the change in harmonic content of the blade bending

moments with forward speed in Figures 18, 21, 22, 23, and 24, the
edgewise moment is seen to be essentially third harmonic at the lower
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advance ratios as would be expected because of the nearness of the rotor
speed tc the edgewise natural frequency point. At the higher advance
ratios, however, the rotor speed is reduced and moves away from the
critical speed, but does not closely approach the four per revolution
natural frequency. Therefore, the 2dgewise behavior at these high
advance ratios cannot be categorically artributed to resonant excitation.
The list of lag motion harmonics in Table I for the g = 0.7 data point
shows a fourth harmonic amplitude larger than any others but the first,
and a comparison in Table 1 with the lower speed points reveals that the
fir st harmonic lag motion dominates all other harmonics in amplitude.
Although the magnitudes being compared are on the borderline of the
measuring system accuracy, an aerodynamic source of the high speed
edgewise behavior is implied; but this has not been positively determined.
It was observed during testing that removal of the lag damping ar. the
high forward speeds resulted in a reduction of the fourth harmonic
magnitude and in an increase in the third har monic magnitude of the
edgewise blade response. It should also be noted that the test data at

= 1,0 show the same effect: a large fourth harmonic with lag damping
and a shift toward the third harmonic with reduced lag damping, even
though the rotor speed is 15 percent lIower at this condition than itis in
the @ = 0.7 condition. Investigation of this phenomenon is impeded by
the shortage of experimental dynamic data at high forward speeds and by
the complexity of the actual lag damper behavior., While the moment
output is norminally pure damping linearly related to the velocity, as
discussed in the section entitled "Helicopter Rotor Test Rig"; there is
some spring content which varies in a complex manner with frequency
and amplitude. The exact determination of these characteristics is beyond
the scope of the present study. In this program, the structural limitations
of the special rotor head precluded extensive data taking at the high
advance ratios because of the very large vibratory forces involved.
Designing for such large forces would have reduced measuring accuracy
at lower values of advance ratio, .

The torsional moment in Figures 18 through 21 is essentiaily
fir st harmonic in character at the low forward speeds, reflecting the
cyclic pitch input. At the higher speeds, appearing first at an advance
ratio of 0.4, the torsional moment has an increasing content of high
harmonics, particularly at the inboard stations. At the two highest
advance ratios, (0.5 and 0.7, presented in Figures 23 and 24, the eighth
harmonic response can be traced to the proximity of a natural frequency
at 580 rpm. The harmonic content of the flatwise bending moments is
difficult to visualize because of the effects of high seventh, eighth, ninth,
and tenth airload harmonics at all forward speceds. It is apparent,
however, from Figures 18 through 24, that the third and fourth harmonics
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show a large increase with increasing forward speed relative to the
increases that take place in the high harmonics. None of this is
attributable to resonant excitation of flatwise modes, but coupling with
edgewise blade response undoubtedly contributes to this part of the
flatwise response, particularly since both the collective and cyclic pitch
settings are high under these conditions; i.e., 8 = 12 degrees,

B1s=13.7 degreesat = 0.7 .
EFFECT OF ROTOR LIFT

Figures 25, 26, and 27 present the time histories of the flatwise,
edgewise, and radial shear forces at a constant advance ratio of 0, 3
for a range of rotor lift under trimmed conditions. A phase change in
the first harmonic is readily apparent in all three components. In
addition, the initail reduction and subsequent increase in this harmonic
can be seen by comparing the middle load conditions with the high and low
conditions. This comparison also reveals that the magnitude of the higher
harmonics changes very little over the range of lift. It should be noted
that the lowest equivalent forward speed in this program was approximately
75 knots, and due to the variation of wake-induced velocity effects with
forward speed. the results discussed herein cannot generally be extra-
polated to lower speeds.

The correlation between rotor thrust level and vibratory loading is
shown in Figure 28, The amplitudes of the flatwise and edgewise shear
force harmonics, obtained from Figure 50 of Appendix I, are presented
as functions of rotor lift coefficient - solidity ratio at an advance ratio of
0.3 and a shaft angle of attack of -4 degrees, The amplitudes are
nondimensionalized by the lift per blade, and data for Cy /0 below 0.04
are not plotted in order to avoid the distortion that takes place as the lift
goes to zero. The low flatwise harmonics show an increase as the rotor
lift increases. Except for the seventh and tenth, the harmonics above
the fourth remain low throughout the range of lift. The rotor speed at
this advance ratio, w = 0.3, yields an operating condition close to the
seven per revolution natural frequency of the third flatwise blade bending
mode and the ten per revolution natural frequency of the fourth flatwise
mode, explaining the departure of the seventh and tenth harmonics from
the pattern of the others, [.ooking at the harmonics of flapping motion
for & = 0.3 and Q@ g= -4 degrees,it is seen that the amplitudes of
second, third, and fourth harmonic flapping increase with rotor lift. It
is this effect which produces the increase in the flatwise shear force
second, third, and fourth harmonics seen in Figure 28, The correlation
between the rotor thrust level and the nondimensional edgewise shear
force harmonic amplitudes is similar to that of the flatwise case for the
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low harmonics although it is not as marked. The edgewise amplitudes
above the fourth harmonic remain low throughout the lift range and do not
exhibit even the small increase at the highest lift that was seen in the

flatwise harmonic amplitudes.

The vibratory shear forces data presented in Figures 9, 10, 11, 13,
15, 17, and 25 through 28 are taken from only a very small number of the
test conditions included in Appendix I. Sufficient information is given in
Table I and Appendix I to enable thereader to replot the data of any of
the 116 test conditions in any of the forms used herein and o evaluate
specific operating conditions in more detail.
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CORRELATION OF THEORY AND EXPERIMENT

The experimental data for the seven test points listed in Table 1I
were correlated with the theoretical method of Reference 3.

Figures 29 through 35 present the mer .ured and calculated shear
force harmonic amplitudes. In Figures 29, 32, 33, and 35, the results
of uniform inflow computations are also shown. In comparing the
measured flatwise shear force harmonic amplitudes with the calculated
variable inflow values, the second and fifth harmonics show the most
consistent difference among the seven subject points. 1n all cases,
except at w = 0.7, it was found that the fourth and/or fifth harmonic
of induced velocity on the inboard segment of the blade, as computed in
the variable inflow analysis, was higher than any other harmonics above
the second. The effect of this on blade response can also be seen in the
calculated flatwise blade bending moments at w1 = 0.3, 0.4, 0.5, shown
in Figure 36. In the case of a large second harmonic difference, it was
found that the calculated rotor wake produced a flatwise loading on the
outboard portion of the blade which was essentially composed of a two
per revolution load. This resulted in a biade flapping motion in which
the primary component was second harmonic. For example, examination
of the flapping coefficients given in Table I for the p = 0.5 point reveals
a second harmonic magritude of 0.8 degrees as opposed to the calculated
value of 1.3 degrees.

Looking in particular at the 2 = 0.2 case, the flatwise bending
moment presented in Figure 37 shows a sharp peak at the 165-degree
azimuth in the calculated values that are present, but is greatly attenuated
in the measured values. The cause of this peak was traced to the
representation of the rotor wake, in which a tip vortex from one blade
is passing under the inboard end of the following blade. Sirce the
circulation is assumed to be concentrated at the vortex core, a rapid
increase in induced velocity is felt by the blade, and the high peak in
bending moment results. In the physical case with a finite vortex core,
the increase in induced velocity is more gradual and the blade response
is less drastic, as seen from the measured results in Figure 37. It was
analytically determined that a peak such as that given by the calculations
would cause an increase in the magnitudes of all harmonics, and it is
seen that a downward shift of the calculated shear force harmonics in
Figure 29 would yield a much better correlation in every harmonic. As
the forward speed and 1otor lift are increased and the wake is washed
away from the rotor, this peaking effect is diminished as the subject
vortex passes under the aft part of the rotor.
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The remaining significant differences in the measured and calculated
flatwise shear forces are in the seventh harmonic at g = 0.2 and the
fourth harmonic at & = 0.7, as shown in Figures 29 and 35, respective-
ly. The latter difference stems from the fact that the large fourth
harmonic edgewise blade bending discussed earlier in conjunction with
the measured shear force data is not predicted in the computations, even
though the flatwise blade bending moment correlation is not unreasonable,
as seen in Figure 37. The magnitude of the computed seventh harmonic
at the low speed is a result of a resonant excitation of the third flatwise
bending mode of the blade caused by a seventh harmonic-induced velocity
component over the inboard blade segments having a value nearly equal to
the steady induced velocity.

The flatwise shear force harmonics calculated with the assumption of
uniform inflow show a steady decrease in magnitude as the harmonic
order is increased. The measured results, however, do not follow this
pattern, and it is evident that without the higher harmonic excitation
provided by a variation in induced velocities, there is no possibility of
accurately predicting the harmonic content of the vibratory shear forces.
At the high advance ratio, M= 0.7, the difference between the uniform
and variable inflow results is very small, but the analysis of wake-
induced velocities used in this program was not developed for use at high
speed. Therefore, the similarity of the two results does not necessarily
imply that the effects of wake-induced velocities can be neglected at high
speeds. Figure 39a, which shows the measured and calculated flatwise
shear forces as functions of azimuth position, verifies thar 2 accurate
knowledge of harmonics is the key to vibratory sheai rorce analysis.

Comparison of the measured values of edgewise shear force harmonic
coefficients with the calculated variable inflow values, Figures 29 and 32
through 35, reveais a steady decrease in the degree of correlation as
‘orward speed is increased, This is primarily evident in the low
harmonics, where the measured values display a magnitude increase not
matched by the theoretical values. The agreement of the higher
harmonics is better, but only to the extent that both calculated and
measured values remain small. It was shown earlier that all the
harmonics of edgewise shear force tend to increase with forward speed,
but no such trend is @vident in the calculations. This absence, then, is
the major deficiency in the edgewise shear force analysis. Since the
nature of the blade edgewise behavior at the high advance ratios is not
well understood because of the undefined effects of such things as the lag
dampers and the blade counterweights, and ¢ven though calculated results
compare favorably at an advance ratio as high as 0.5, as seen in Figure
38, very little can be said about the correlation of edgewise shear forces.
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The results presented do, however, highlight the need for additional
theoretical and experimental analyses of rotor behavior at high forward

speeds.

The uniform inflow results and the comparative time histories of
the edgewise shear forces, Figure 39b, add nothing to the under standing
of the problem at hand. There is no significant difference between the
uniform and variable inflow results, and both results differ from the
measured values to a large extent, The induced velocity analysis does
nct account for variations of in-plane velocities, but whether or not the
inclusion of these would effect the degree of correlation of the edgewise
shear forces could not be determined within the scope of this investiga-
tion.

With respect to the overall correlation effort, it is felt that although
there is considerable rcom for improvement, the results are encouraging
in view of the fact that it has been impossible to even attempt such a
correlation in the past for lack of detailed experimental data. The
deficiencies in the flatwise shear force calculations clearly point to the
areas in which improvements should be made. Namely, the especially
restrictive comparison by harmonics demands that the wake-induced
velocities be free of sudden large variations and that the rotor blade
natural frequencies be well defined through the high modes. In
addition, the strong influence of the aeroelastic behavior cf the rotor
blade in the edgewise direction necessitates a fundamental under standing
of this behavior before a better degree of correlation can be achieved at
high speeds.
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CONCLUSIONS

The results of the experimental investigation of the vibratory shear
forces generated by an individual helicopter rotor blade of a four bladed
rotor system led to the following principal conclusions:

1) The harmonic content of vibratory shear forces can be accurately
determined over a wide range of forward speeds and rotor lifts through the
use of high sensitivity semiconductor strain gages.

2) The trim condition of the rotor exerts a strong influence on the
amplitude and phase of the first harmonic flatwise and edgewise shear
forces, but has no appreciable effect on other harmonics. The change in
amplitude of the first harmonic forces is proportional to the amount of
out-ot-trim flapping. The trim condition exhibited no well defined effect
on radial shear forces,

3) Removal of linear viscous lag damping results in a slight increase
in the flatwise shear force and either an increase-or a decrease in the edge-
wise shear force, depending on the nearness of the rotor speed to a rotor

blade edgewise natural frequency.

4) Increasing forward speed over a range of from 75 to 300 knots
results in a gradual increase in the flatwise shear force. The edgewise
shear force remains essentially constant from 75 to 175 knots and then
increases rapidly irom 175 to 300 knots, becoming the predominate force
at the highest speeds. At forward speeds above 200 knots, the edgewise
bending of the blade dominates the shear forces in all three directions to
result in a significant change in the harmonic content of the shear forces
over the total speed range.

5) Increasing the rotor lift at constant forward speed produces a
gradual increase in the flatwise vibratory shear force. A similar effect
takes place in the edgewise shear force, but it is confined to the low
harmonics.

6) The longitudinal first harmonic component of the radial shear
force can take on values having a magnitude equal to those of the other
shear forces under high rotor lift conditions at low forward speeds and
under low rotor lift conditions at high forward speeds. The fundamental
nature and significance of the radial shear force could not be deterrained
within the scope of this investigation.

The comparison of experimental results and theoretical results
obtained with a fully coupled aeroelastic analysis led to the following
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principal conclusions:

1) The inclusion of the effects of wake-induced velocities alters the
theoretcial results in a direction which improves the correlation of the
flatwise shear forces.

2) The natural frequencies of the rotor blade must be well defined
through the high harmonic range, because the use of wake -induced
velocities in the theoretical analysis necessarily introduces high harmonic
forcing functions which excite a response in the blade that can be directly
reflected in the vibratory shear force harmonics.

3) The theoretical distribution of induced velocities must be free of
singular points having velocities greater by an order of magnitude than the
surrounding points, because the singular points tend to introduce errors
in all the harmonics of a force under consideration.

4) The deterioration of the degree of correlation of edgewise shear
forces with increasing forward speed indicates the need for an improved
theoretical and experimental definition of edgewise rotor blade aeroelas-
tic behavior.

5) The inclusion of wake-induced velocities has no significant effect
on the degree of correlation of edgewise shear forces.
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RECOMMENDATIONS

A more complete under standing of the origin of fuselage excitation
requires additional research in the following areas:

1) The existing model rotor should be tested through the low speed
range in a wind tunnel having a larger cross section than that of the
tunnel used in this investigation. Such a test will provide not only an
indication of the magnitude of the effects of the tunnel-rotor diameter
ratio (2:1 in this program) on the vibratory shear forces, but will also
provide supplementary data at forward speeds below those evaluated
herein.

2) A new rotor head having strengthened instrumented sections and
fitted with the existing fiber glass blades should be tested to provide more
data at forward speeds in the vicinity of 300 knots. Theoretical analyses
should be made in conjunction with this experimental work so that
specific questions can be answered, such as those arising in connection
with the dominance of the edgewise rotor blade bending over the
vibratory shear forces.

23




BIBLIOGRAPHY

Scheiman, J., A Tabulation of Helicopter Rotor Blade
Differential Pressures, Stresses, and Motions as

Measured in Flight, NASA IM X-952, March 1964.

Gabel, R., In-Flight Measurement of Steady and Oscillator
Rotor Shaft Loads, s>ymposium, Buifalo,

New York, June I1963.

Carlson, R., and Hilzinger, K., Analysis and Correlation
of Helicopter Rotor Blade Response in a Variable Inflow
Environment, USAAVLABS Technical Report 65-31, September

1965. (Sikor sky Engineering Report 50405).

Rabbott, J. P., Jr., Comparison of Theoretical and

Experimental Model Helicopter Rotor Periormance in
Eorwarg %’E@t, TCREC Technical Report 61-103, July 1961.
or sky Engineering Report 50129).
Fradenburgh, E. A., and Kiely, E. F., Development of
Dynamic Model Rotor Blades for High Speed Helicopter
Research , Symposium on Alroelastic and Dynamic Modeling
I'ecﬁnoIogy, Wright-Patterson Air Force Base, Ohio,
September 1963.

Piziali, R. A., and DuWaldt, F. A,, A Method for Computing
Rotary Wing Airload Distributions in Forward Flight , TCREC
Technical Report 02-44, July 1902, (Cornell Aeronautical
Laboratories Report BB~1495-5-1),

24




“A3ATIND 1 4410

NOLLSINIWAWAENT QL 3N0 GsnIVAKG UWS 9490 NOILOA  JOVIS ON NINM 0- 8% OILEIT 1% JuY  SaANIIT1e4300 - JIOM
*t-010 *0-019 *o-1s *o~018 *0-0lr *o-01¢
*o- 0 0~ og- . “0- &F .
“o- s - L™ .9- - v ay-
- 19 9= g ‘o= -y iy [
*9= 98 ‘- g *5- vy .- 0= oy g
10~ 58 0- *o- "0~ £ - ~g- oy -p-
Jagise *0- *0- *0- vy *0- "0- oy *0-
*o- €8 *0- o *o- "3~ &Y ME *0~ Ly *0-
te- 1 *2- *o- - - v o co- I ‘0=
‘-1 2o~ *0- *o- *o- 1v *9- 0= 1w *n-

‘o= *0- 0¥ “o- ov "0~
1291 onlady iy on13991 LLTETLAT] LTI A aNldde Ve
3 YHAIY  1N00°0 ¢ 915/0) 5°%- = 3 wHeIF A700°0 = A15/DD 8T6= = 3 THAIT  O10D°0 « 21540

B o« wIdHL JN0°0 * 2M67Y) ve- o § Wil J¥ e WiIEMD W30 e OL0/1) - o § YHIW v e wIID ¥R0°0 s 21871 b- o § pdOY
ce-018 *9-oly *0-018 100°0-018 100°0-01v #20°@-018 #00°0 O1¥
in- 61 o- ‘0- 100°0- o¥ - 100°0 ¥
WL o ce- »00°0 By 1200
0~ (¥ g "0~ Z00°8 v
*3- v ‘o~ *0- i
*a- 58 *0- *9- ”

“0- 8 "o- - hid
*o- €8 "o~ *0- (8 i 1
.-l 23 ;o- 28 v 152°0- 2¥
- o7 fo- 18 1w 1t0'0 v
.g- o Wity ow
L IR T L LTI AT 21291 12971 onlaney
0= & 3 wHLTY £000°0 = DIS/D) °v= o 9 WY 1000°0 = 215/9) 1°6- « 3 YHAWW SZO8°0 =~ 319/0)
T e WL 12070 * UT/YY ve e £ WA U e WIIMD 200°0 e S1871) - & S WHOTF |9 & 713 S00°0 e 218/T) O = 5 WY
*0- M ¥ ell*i-cle 8000 OIY *0-014 00w Gla| s90°0-2:11 :22°3-01F 408" -0l *80°0 O
“%.“-unu el ‘o w7] 1000 £00°0 ¥ 109°8- 47 £00°8 &8 10970

*0- o8 "y a- zio°0 av £00"0 ¥ ; 380°0
zo0*0- 18 1v] 100°0- t15°0- Ly 109°0- LY €00° 8-
700°0- S8 e "0~ 18070 v 40070~ E

*o- €0 sv)] 2000 *00°0~ Sv 400°8- £ 110°0- §¥
§.0°0 +8 ] %000 000 v I60°D S8 EVDTO ¥
0o o €8 | s00*0 £00°0- (¥ 20°8- (10
00°0 20 ee| w000 vo0"0- IV e1°9- 20
tzoto- 18 1v] s20*0- s21°0 18 w10°0 v Tio°e 18

s{v°C oY =i~ o
L2TE LT LIGETIRT] %1391 aMjadv s ELTRELR] Nl ade Ve
*Z- « ) WHETE  M000°0 e 71%/0) 0'l= + J wHalF ZOOOTO & 918493 1°0- « 2 ¥HAIY  1000°0 = 316/9)
" ~o -___w..._ w00 * AT D = 5 wHAW 2 e widd) 002 s 20FT) O e § AW 1- = ¥i3H1 D000~ & 21877) 0 = § FHaTY
I8 0 « Buvu JINFAOY

"0dd ‘SINFIDIIAd0D 4a1dNod SV SNOLLOW DONIDDVT ANV ONIddV'1d

I 3"'18V.L

25




*9-0ts 20070 O1v Zo5*s ots 186°0 otv
100°8- 48 200°0 6V 160°0- a2 L25°0 oV

&~ 88 108°0 WY g~ 81 430°8 WY
100°6- i8 "0- AV €10°0- I8 €08°0 4V
100°0- ¥8 100°8 VY &00-0- %9 U18°0 VY
200°0- <9 200°8 fv 9I8°0- €8 iTe°S ¥
£00°0- ¥8 180°0 ¥ w08 ¥§ ovi s 8

»etg- 18 0T10°0 Iv €129 18 091"+ 1¥

LI LA INleev ™

9°€= = ) veTV  ¥OOB"0 = 316/02
T s wied 1200 = 3)1€/Y) D) s £ WeW

ML - 30 -1N0

*o~-¢ls *o-oly o ] =01y
6= o8 0= ¥ “0- 84 8= a¥
=0~ 88 8- BY .- *0- uy
*0= in ‘- iy 0= i 0= iy
0= 8 "= 8 - " 0= Wy
“0- &9 0= €y 0=~ €0 0= £V
‘G- 8 0= oy 0= o8 0=
‘o0- 19 = gy 0= 0 *0= gy
‘e~ s 0= Iv o= I 0= v
9= 12 0~ ¥ b L (] 0= v

0= - o

aniyavy ] 44V N

ETEl=s 3 4 W 4100°0 = 51€/0)
07 s Widdd 498°8 = 316/7) 8- = € VHOW

“o-o1e *o-olv adll “o-0tv

0= &8 0= sy o- A% 0= &V
0= o8 ‘0= oy 0~ 48 8- ay
0= i L ol 0= i "= iy
0~ v8 0= ¥y “o-ve 0= wv
Mol 0= gy - €0 - £v
0= 0= - v 0= oy
0= &0 0= g 9~ €8 0= &¥
0= I8 0= Iv - e “0= v
bl ol ¢ ] *0= 1¥ M o ] 0= ¥

‘- 0= v

el INT4IVY

- ) TN  B100°0 = B1€/0)
v = widdi IE0°0 = 316/ G- = § VHOW

‘e-010  100°9 olv 1000 #1C C0G'0-o1V

100°0- o8 0= o¥ G00°® W0 €00°8 bY
1000~ " - Oy WR'S e 100°9 aY¥Y
1000 ¥ 0= A 60 If *00°0- i¥

‘- 18- M "S- Y0 108°0 VY
‘- 0 10070 W 218" (0 VSN (¥
£00°0- Y ¥O'0 W AIN'E M 0 Y
(L ol 8= C¥ 9600~ €0 #E9°0 f¥
E10°0~ Z6 400°0 BV 8I1°0- 20 i60°0 RV
000~ 10 920°s IV 268 I8 Mil*s OV
ivo e v e - ov
TP nTedv e

4°%= = ) VI  0008"0 = 31£/0)
@ v widdl 108°0- » 3N/TY O = 6§ YHeW

WiK) - 40- 100

“o=-ots 19-0ty b o 1] *o-alv
0= &b " ¥ ‘0= o0 "0~ by
0=~ v 0= ‘0~ ue “0= uy
*- is ol L = 48 Mol
= <1 0= 0= ve - vy
= 9 0= »- €0 0= £V
vl - e "=~ o0 “h= oY
0= 1 = gy - 1 9= gy
0= d o= v 0= I8 *0= 2y
] - v - 18 0= 1v

‘0~ ov ‘0= aT

DHINYY LI AT

Voll== 5 YHII¥ 909°0 = SIE/0D
0 = ¥idni 810°0 e 3]C2Y) 8- = § VHeTY

‘0= ol 0~ ¥ 0= o8 0= aY
0~ v ‘0= 0w ‘0= us “0- uy
0= it 8= ¥ 0= 18 0= iv
‘0=~ ‘- “0- ve e vy
0~ 8 8- S¥ “0- &8 - Ev
0= b 0= 8- 8 “§- oy
0~ €8 ‘8- ¥ -0~ €8 0= k¥
0= In 0= v o] 8- ¥y
‘- 1 6= t¥ 0= 18 0= ¥

0~ v - oy

ELTE L4 tdeve

4°0= = 3 YTy 1008°0 ~ R1C/0)
T o vidal Y900 » S16/77 B- % € WHOWW

*J-018 0=ty *o-018 =01y
0= o0 0= o = o0 0= by
‘- - ‘- 00 -
Mot *0= iy 8= A0 8= LY
ol 0= W - ve ‘o~ "
0= 49 0= €¥ ‘o= €0 - tv
ol ] =" Ml -
*§- 50 0= £ - €8 0= &¥
5~ I8 - v > £ o1 g
bl 1] - v = 1s - ¥

0= wv -

SHIB5YY Mteev e

EeEil~= 2 veeW SU00"0 = BIE/0D
It o widhi 280% = 5IWT) 8- = § YHIWY

L L] =01y *-ols *p-a1Y
- - &Y = a0 MR
- 00 0= W - “=- oy
= i 0= 4V ‘- 40 - dv
= v = ‘- va =
9= €0 o=~ €v =~ € ‘- gy
- o8 “0- " - o0 0= W
9= €8 b o 1] 9 €8 ‘- 0y
*g- 28 “n- y ] 0= v
0= 19 0=~ bl O { ] 0= tv

‘0= 0= Ov

ELIL L) mlaev W

8°0T== 3 vHITY v208'8 + 3HE/0D
¥ e FldML LG50 ¢ BIE/TD) G- = 5 WH4W

*0-010 *0-a1y o o 1) *p-oly
0= 40 0= &Y - 48 - oy
0= 29 - - n .- oy
"= 40 0= AV 9= i8 *0= iv
M K] ‘0-" - vy - W
= 40 0= §¥ 9~ €8 o~ €v
8- v§ 0~ - v -
o= €8 *“0- fv “g- 58 °- 5
0~ I 0= v bl o 1] 0= v
0= 12 “g= v 0= 1n 0= iv

0= v 0~ v

anIsevy LT TR

I == 3 ¥Ha1¥Y 1800°0 = BIC/0D
01 = WiaNi 1e8°0 v BIE/T3 ¥- = 5 YWIW

WG =~ OlLYM INYADY

*INNLINOD

I d714V.L

26




£10°0 Olv

£00°0-010
T00°%= &0
s00'0 o9
L0000~ L0
Too0

ELIET AF]

0°8= = D ¥YMdW B¥00°0 = W3$/00
0 = ¥i3HL G00°0 + S/ v- = 5 VHdWE

INldww] ow Ou3I2

100°0-018 £00°0-01¥ ¥+0°'0-010 T100*0-01V *0-010 *0-01¥  4¥0°0-010 Bpd"0-01VY ‘0-018 *0-olvy +10°0-010 (10°0-01V
ton a- ed ‘0= 4¥  T00°0- 00*0 bV "0~ &8 (000~ 4v ¥OO'P- L10°0 ev 0= by »10°0
TOD°0 99 £00°0 WV ¥0°D 120°0 8v] 108°0 80 £00°0 OV S00° D~ §0"0 v 800 oY 1to"o
»00°0- L0 #0D°0 iV »¥YR°O- o000 & tov"o- L0 $00°0 iv Is0°D- ¥Zo 0 (¥ 100°8 iv 110°0
200°0 90 (00°0 ¥y 0O20°0 *»0°0 & 100°0- "1 100°0 W lo#°0 S10°0 ov 10070 tto"o
200‘0 §9 B00°0 S¥Y QL0°0- £40°0 ¥ £00*0 0 €00°0 &¥ FO°D- 150*0 &v 000 &V Ea
00°0 v £00°0- vv £01°0 401°0 »¥} 100°0 w8 +00"0- v 840°0 ¥60°0 v I100°0- ¥ Iv0°0
05%0°0 €0 0%3"0 v O11°0- so2°0 £¥] £20°0 0 VZOCO 65 @210~ *al*0 1y "0weto £v SEL*0
e10°0 I® 100°0- 2v P2I0°0 Tev*0- 27 €00°0 &0 400°0- IV wfD°0- s0t-0- Iv too 0 v Ivlto- 2v
$80°0 18 #21°0- 1I¥ we0"0- e01°0 1Iv] €o00°0- 10 +20°0- I¥ +i10°0- titco 1v %o"d v te1-o 1w
yol*t ov LE£0%8 0w s08°0 ov Les°s OV ool*o0 or iaiL=] ov
E T A ] ELIFTL Rl M1 vy ELIFTIAT] Wi INjadv Y
L°8= = J ¥HAIY ¥IODD'O = JI1S/0) 1%°6= = ) yudW ZT700°0 = 336/02 0%¢- = ) ¥HdIY SODO"0 = HE/N
& = ¥IIHL 510°0 = BCSI) &= & £ guaw v o FAdHL Be0°0 * B1E/7Y = = 5 WHIIW T = FPAIHL STO00 w F1S/TD = = § WAHdWW
ONIJWYC 9T OM3Z ONIdAY] 9% Ou32 ONiawvd 9¥ Ou3Z
100°0-010 200°0 oty »10°0 ofe olo-0-01v °o-ote °g-0lvy 0vD°0-010 °o-ot¥| t00°0-018 10070 &lv &lo°D-01s DO°N O1v
‘0= 60 000 ev $00°0 &0 L00°0 ev] 100°0- &0 100°0- 4V lOATO- 40 SBO°0 eY| £00°0- &0 lOO°0- &v £00°0- 68 LOD°D- v
‘o- ‘0= 0¥ v00°0- 80 e0D'0 WY] tOdc0- 0O *G= ¥ 800°0- 89 1Z0°0 OV °0- 88 1000 ev To0'c- s® HIB'0 WY

130*0 (0 100°0 iv +00°0- i0 £00°0- iv] 'OD°0 L® £00°0 (v e20°0- i 0O10°0 (¥] ZOO°O (O 1I00"0- iv OE0°D- &% sl@"0 LV
100°0- V8 P00°0 ¥V L00°0- %0 000°0 vwe] T04°C &8 200°0 PV S00°0 40 Ovd 0 ev| 206°0 Ve 1T00T0- W HOR- &8 12070 oF

“0- €0 200°0 £v 210°0- £90 €000 £vl ZOACC <0 L00°0 £¥ 1£0°0- %0 Z6o'd £v| Zoo'0 f£8 £o*0 £¥ L50°0 0 ofo"d £¥
Too*o- ¥8 THe*0 v 170°0 40 &60°0 +¥] £00°0 +0 %00°0- wv HIT°0 o0 1e0°0 ov| 108°0- %8 T50%0- ov SL0°D v 080"0 v
£00°0 £9 ROO0°0- SV GER°0- £8 090°0 £v] 000 £0 £10°0 tv eZ1°0- €0 (010 Gv] 4000 €9 ol0°0 <¥ 1IN0~ 18 HII°O ¢
200°0- T® 1DO0- Iv $HZ°0- D Q90°0 ZI¥| eD0°O0- ZO ZTOW TV w40°0- 0 GWE°D- ZW) ZTO°0- ZO 000%0 Fv :60°0- 28 ZIITO0- IV
250°0- 10 290°0 IV 0{0°0 I8 €12°0 1Iv] O11°0- 10 OVO°O- IV 410 192 Ivf e00°0- 10 sO08°0 1Iv vO1°0 19 Z61°y 1w

Yol 0~ ov "s0°0 0¥ $16%0 o »00°y Oy, 420 o zzetz OV
129 SHldde N w1299 IN1dav 1 1297 Nlgdnd
$°%= & 3 VHdIY 1000°0 « 316/0) Z*i- ® 3 VHAIY EZ00°0 = 335/02 2°6= = 3 YWY Z100°0 = 5702
0 & VATHL %00%0- = 316/1D %= « 5 wHaW |6« viDML TL0°0 # 915770 © e 5 wHale [+ = wiBHL £40°0 e 512773 O = & ¥NOW
SNIdNYd 9V Ouw3z WL - 40-1N0 ML = 40 -L00

1§1°0 s OlLYN IJRVAOY

"4NONLLNOD I 3714VL

27




- .
*0-018 1O00°0 OI¥ £50°0 Ot6 OU0*0-Oly *0-018 500°9-0se sia‘d Qle ‘o at?] *oe e-858 *e-017 SZO -8l I e-0sl
100°0- 40 cg- oY S00°% o8 O10°0 sv| T00°s o4 T108°% ov 100°0- kg Cié°p ov] Z00'a 90 500°0 ov 4100's 63 O19'e- o¥
*0- 08 o~ oy ‘0~ 58 09" WY ‘- g9 100°& Gv ($0°0- o0 IB0°e sv| YR 08 L08°% OV 00— 40 tHece- W¥
*0- 10 tB0°0 ¥ LE0*# 18 K100~ itV 0~ it “0- 2¥ SE0°C (9 190°0 iv| L0889 I8 T08°P- L D51°8 L8 vE8°D- Iv
100°0 ¥Y *0- ¥¥ £10°0- ¥9 *10°0 WY ‘0~ ve 0=~ w8 tI0°0- vs t1a°0 ve| To0°s B w00v0- v YiO- VR (0O WO
*g- 59 500°0 £V (O0°S- £8  F08°0- £V “o— 58 Z00°F oV Ry S8 V0O V) (04— 50 P800 ¥ VEE'S- 8 LidO- gv¥
ZOG°D- %0 500°0 ¥ VI0-G wg si0*C wy] T00°0- w8 900°a v 108°4- vi Z9'0 V] ST87E 8 L1848 ¥8 DE0's W 151V e
100°0- 8 ZOO'0 Ev SBG°0~ S8 €00°0 Kv| €00°0 €9 100°0- €v L60°®- K¢ Kt0°® €v] vig*e- 48 Uve‘p fv LZ2T+0- 59 ENE°0 ¥
100°0 ZB 200°0- IV LZZ°0- z9 O0'0 ¥ ‘0~ I8 0= 2¥ S0f°0- I® f41°0 2Zv| sie‘s 9 {lg°0~ Iv 90 9- I8 vili‘0- Iv
Iv0*G- t® E%0°0 Tv $83°0~ ty Z&£°0~ Tv| 1:0°0- 1o 980°0 1Iv &10°0- t8 Z4C°0= Tv] T0C°C 19 €E%*0- ¥ #0°0 I8 T62°0- M
aev*z ow w0 Ov TP O% 860~ 0¥ ey v o't W
i AN]4d¥ H %1997 L I FTLAT] oul vy LLIETLAT]

0% = 3 PRSIV YOOLT0 s IR/
I = widWNE B10°0 * 2U%FT) ¥- = § THEW

T00*0 018 20070 O1¥
v00°0 &¥ 1DD°0- &¥
t{50°0 88 100°0 @V
Ko0°0- iv 100*0- Lv
100°0- 8 “0- ¥
i100°¢ 8 w080 v
YIE°0 0 ¥00°0G ¥
¥y Q- 88 EcD*D kv
450°0 I8 vOO0'O- IV
#41*0 1@ K8Z*0- 1¥

tEs*y 0¥

NIV

*00°0-018 5100 Ol¥
1Z0°0- of B00°0- &V
+to*g- 0% VIGO0~ AV
150°0 1% O0%0°0- L¥
' vl E%D°0 OF
00~ &8 #20°0 ¥
0*'8 ¥ B%0°0 ¥
ZOL0=~ 59 WIL°0 &v
S0E°0- ¢9 USE°D- LV
010~ te S1L°0- Iy

ety o¥

Ll )

8°¥= + ) Yed1¥ WHO*G = 316/0)
E¥0°0 = BIE/1D 0 = § YHaW

=W

*p-ofln Nl
100°0 &9 0= a¥
100°0 o0 [30°D WY
1000~ 40 100°0- LY
LD*G- *0  TON°0~ V¥
1080 59 ‘- 5V
Z00°E % 100°8 WY

*0- £8 L00°e f¥
»00'G 29 TH0°H- ¥
50°0- t* w00 1¥v

100
Wiey

*20°% 018 B0 G-B1¥
100°C 8 ¥00°0 &V
seus 08 B0‘e- av
*hG°8 L8 S0 UI¥
*10°8- ¥ Zl9'k Wy
100°8~ 580 £00°&- SV
ov0's B ES8°0 ey
f68°8- 50 €08°% &V¥
o¥E°0~ Zn &B0°0 v
Tetoo- 18 vZZ*O- iV

et ov

LLIFT AT

vel= s 3 ynaI¥ 8000°D = [%/0)
ste*0 = 218770 & = 5 VHaWN

2 = Wi

1 = vt

200°8 o8
000 el
100°0- &8

- i

[+ = VidM

9te= o ) FH4IV  TOOQ°D = SNE/QD

200°0- & 3TL/Y3 ¥=- = S WPHATY

1000 01¥ #10°0 J18 DI0°0 OTvw
to0*0 bv ‘0~ o8 INB°9 v
5000 By S08°0 &% [I10°0- O¥
100°0 iv ZIOU°0 48 Y00°0- LV

100°0- 8 5000~ v 108°C wi 1H8°0 OF¥
900 £8 €00°8 L¥ S00°9- CB II0‘0 &Y
vig's w8 0= ¥ 0B0°T v IVB‘Q Sy
00°0 58 €£0°# €¥v {LE1°0- 59 (kQ'D €V
£L0*0 Z8 {H00°0- Iv PLEO- IZ¥ wIN°O- IV
T%0°0 1® Tit1%0- I¥ OaG°'0 @ Ceitg- VW

ol w8 vio*y Q¥

4] ELIPELAT

Res- = 3 wmaly TH08°® = 936/0)

900 e A1E/12 0 & 5 FHaW

108 otv  €Le°8 aln 0000 Oty
180*8 sv IOB*S- 48 T10°G ¥
100°0 av 104°0 09 YDO'O~ @Y
‘0=~ v 9%0°0 U9 ip0*D- iV
“g- vd fis°9- va S10'D V¥V
“o- $v £00°p 59 11970~ 5V
1909 »8 vWi's w8 KiS‘D ¥
i0e v OWi°P- i1 %8°0 £V
00°0= Iv asl-e- I8 wit*0 Iv

&i0°*0 v 895D T8 L¥°0- 1V
LI AT Tiv*Q oF
DT 4T Ve

L90°8= = JE/1) 9 = 5 veaW

"0~ = 3 VIV L0088 * 3156/03
. Vi

9z o -

o*0= = 3 yneTY E009°0 = NL/D)
Ol » ViInd *i0°0 = 31€/70 O = |} vNaYF

£°6= = 3 YHAIY c108*8 = 933/00
% = gidnl D¥E°D + TH/TY D = 5 VHAWR

5°0 = 3 vHaI¥ SROR°R = N{/9D
Z- o FEIL E20%0=~ w SIE/T) 0 = 5 vHAW

“a-0e *g-p1¥ {la's Ot9 (he*0-0L¥
1080 a0 “0- &% Y0O°S a8 T00°8- MV
‘4= v 100°9 Sy wod‘s Bm (10°0- u¥
*0- 24 TOB*0- L¥ ti0°s I8 250°0- v
1000~ v “0- w8 JFOO*S- 98 [20'D V¥
199°s €8 Z200°0 £¥ T10°0- 49 (l1s"0 &4
TOR°0 wi ZOO-0- v A%E'B V) QEQ°D ¥
*08°'0 58 TI8°0 ¥ £Ei°®- 60 SP0°D K¢
vig°0 Z0 080~ T¥ LLI®- ID ITZ2*D~- IV
¥10°D- T® £+¥0°0- tv +il'0 to Jvs‘D- 1¥
1wz ov FiD*C oOv
NIYIv1 LLIFTLATY

100°9=-0T8 J100*0 Oty TE0°H G180 I!09°s Olw
108°0- 80 IDg*0~ &v¥ “8= 80 119°0 ¥
tos*s 01 “0- dv  f00*s 198 ‘o- av
“0- i8 TO08°0 Lv #€50°s 9 ‘o=~ iy
*0- %4 R0~ vE BLO°H- ®3 19 WY
o800 10 18- Iv Bte*s 58 D109~ S5V
290~ »8 908 & D& 0 il9°9 Y
s00°0 (9 100"9- sv ota*a K0 PéptD v
L9t 4 4900 IV wIL°8- I8 LZ°0 IV
(*8°0- 18 €48°0 ¥ (%E8- I8 (Ev'D- Tv
iz oOv sivo- ov
E LA Mlaar v

oiltye  A3Invady

“JANNIINOD

I 3714Vl

28




21970 918 YOR° -1V
9000 48 190°0 v
1004~ w8 *9=- oy
s20°0 10 gld-0- v
9 EMe 9 slete Y
" w100 Sy vi8°H v

B il

R 20 L10°9- I¥
L1018 LII°® 1¥

508°0 48 FDO°0_ 4Y 28 48 190°0- eV
Y66 6 ¥4 Yoo o- Ov /806~ v r00- vy
“0- 10 FOR0- LY P50°0 48 V99" h- iV
TG W THT ¢ 138 » o0 wy
| __100°C 59 TOO'® SY 5R0°0 sn  otecd v
TWTETE W VRS- WY TOTT0 w8 TED" by
V104 58 ¥e0°0 $Y 1S1°0- 50 U51°0 ¥
«oen O- TV SIZID- In esstO- v
W0 0 18 IVI*0- 1¥ w00 t8 ESlfto- I¥
ey oY
1 1 1) SMldev e
0 bL== 3 YH4I¥  Z930°0 = 35700
® = VITO W40°F = JIS/T) ¥- = T W

TO0"E 018 1070 GIv o0 018 1T -3y

Te0°0-018 _T0=01%  LEZD'H 1A ENTE-R1Y
“0- o8 I60Y0 ov 200°0- 48 E1D'0 3y
- #1880 Y 2080 N0 9 v
0= 48 T80°B- iV 928D 48 SN0~ UV
8- " Fg0c8- ¥V IeecS- ¥ IIE°R WY

S08°0 8 tees & L1800 e 010 v

orte- v 8 9 VIN'S- vE T140°D ¥

+96°0 su sB*e- 0w weeth- 8 FOB*R ¥

900°0 I8 300°0 IV WII'e- I8 428°0 Iv

vl 18 90010 Ty BL1°0 s P00 v

"o [ S
Lt L ITTIRT]

8= = 0 vy 1300 & 0iE/DD
T v viML 4000~ & U/ B- = 5 WHTY

6070 Flu 10090-1V  4vd 0 018 LD D-IIF
100°0=- 68 106°0 4y B18°8 o0 KNP~ oy
100°0- *8 ZoW*D v 108°8 W0 120°0- @Y

‘g~ 40 100°0 v 150°0 U8 V'O~ iv

- vy "S- 9 L1088 V8 K180 WY
5080 38 *S= v S18°0- 50 Y08°0 5V
IR0 ¥ TS~ W W'D w8 NENTD by
*00°0 58 S10°0 av M1~ 50 TE1°D ¥
T10°0 I8 »80°9- IV ZIEX-0- I8 iSO~ IV
vi8*0 T8 ¥e0c0- 1Y 800~ TR iZvD- 1y

L 1k a) MNT£aT 4

$°d= = 3 YA ZT00°0 = BMESOD
¥ = P TMTS - XTI b= THITY

08918 100°0-01Y L1001

» TT== 3 WudTv  SLB"8 = #1C/B3

E'W= = 3 THAIF  1T08°R = 3es02

£32 0 = Oilvn

o0 0 TH"- ov V' 5§ L'D- 0T
S500°0 99 1000 9V S00°0- B0 ESA°- BV
*OE*D 48 WS- IV LN -. sloto- LV
100°0- V8 500°0- %Y v ® S50 W |
ttota b LT DV LW - L10% &Y
YE0'0 YA E08°0 W 10 ¥ ERRD W
100°0- {8 S50 IV PR TR IS IV
190°0 I8 400%0- IV 46v° 8- K0 VEIL'D- KV
PIZ e OEc°0- [v C00°0 1 vwiEto- TN
s vivcy o¥

o IE L] oitadrId )

0T » Fidsl 400°0 » IW/ID Y- = § VMW |

108°0 018 108°0-0TF &0 U1 OYBO-DIV
“8=- 40 EDO'E 4F S08°8 48 LBO°D &Y
‘- a0 - 8¢ +D8°0 se EN°0- WY
“9- 40 108°0 A4¥ 459°8 U8 LI0°D- iV
TS v TH"0 Sy SD0°0- ve FIO"T v
T00°0- 58 108°0 5v E10°8- 50 VD" §Y
YOI v Ty v TYOCd e IUETD VP
100°0- 50 500°0 v 10~ 58 114D &V
"= I8 10070~ Iv 0l-0- In EETvD- 27
YZO*0- I8 £10°0 1V 590"~ 18 NEE°0- 1V
T o vt o
wpoaT SHider I

'y 4 Wi 1YOD e S0/ ¥ o 8 TN

FINVAQY

"d3aNNILNOD

I 31gavL

29




*0-0t18 160" Olv
L300 68 €00°0- ov

¥)0*D 86 *0- gv
€J0%0 (9 100°0 Lv¥
Y000 98 *0- 9v

L10*0 &8 £00°C §v
®Z0°0 &8 50J0°0- ov
810°0 €9 %50°0 €v
1500 28 010°0- v
0s1°0 18 Z0e*0- 1v
¥1e*y Ov

SNT99Y

L°6sl-= D whAdl¥ 6L0O"C

11 = vi13H) BLO0°0 e 91§/1) 8- = 5 vHI¥Y

Zul*0 . 1d *0o-01vy
tud*0 o¥ ZOL*0- 6V
*0- 88 100°) g§v
o= L8 100°0- iv
tQ0°d- %4 ZJC*I 9v
<000 $8 £O0U°Y Y
1000 @ *)= avy
ote*y €8 L10*¢ €v
2100 29 016°0- v
T1o°2 18 T18C*d- 1v
$22°Z ov
HLIGELA

Fogl=+ D ¥yHdI¥Y REND®O

Hoow Y1I3IAL 659*2 s 91§/7) 8- = S VHdY

900°0 O0ld LOJ°0-21¥ | 26p°0 418 19¢°C 01V 82Z0°0 018 1Z0°0-0l:
*0- 68 L00°0 6¥ | .o0c°0 66 0= 6¥ #10°C 64 LOG"0 oY
600°0- 83 100°0 @Y [ 7pp°¢ ®@a 100°0- 6v L00"0 B9 Z00°C @Y
$00°0 i@ ZZ0°0- L¥ | 400°0 iH 1D50°0- LY LE0°0 19 &20°0- Lv¥
190°0 98 210°0- 9¥ | csp*s 94 E€CO°LU 9Y 0%G°C 98 $30°0- 9v
Z90°0 S8 3%0°0 S¥ | yooeqg ¢H *0- ¢¥ Z2E£0°0 S8 §20°0 Gv
61T1°0 %38 310%) %V § 91c*;, &0 900°0- v SO1°0 98 090'0 ¥
S61°0- €@ 38Z°3 EV | c2q0p €7 150°C €V 9T2°0- £9 €22°0 €V
§0§°0- Z8 29L°0- Zv | grpec 2y 11o%C- Zv  26€°0- 28 2$9°0- v
€91°0 td ITL*0 1V | 260°c 14 S12°0- 1v <2Z1°0 18 &0€°0 1v
YER'Y O¥ €25°€ OV 692y v
INIddV 3 LUTEE LA IN] dd4Y 14
= 318/ @*sl-= 2 vHdlY 1920°0 = 915/00
01 = ¥13HlI 693°0 = O15/710 H= = § ¥udlv
$20°0 Ol® $10°0-0lv *0-019 100°0 Olv ©0Z0°0 0138 200°0-Clv
1000 68 500°0 6&v] 100°C e% *0- 6v 90C'0 68 30°0 6V
£00°0 89 *0- gv| 100°0 8 *0- BY €000 88 100°0- Bv¥
920%0 18 220°C- iv] 200°0 9 *n- Ly T1£0°) LB 5610°0- L¥
$10°0 98 L10°0 9ov| 1o0°0- 92 *0- 9y 900°'0 98 L10°0 ©o¥
010°0 58 ZEO*0 s¥| 100°0 &8 £00°0 &¥ ‘0- §8 2Z0°*0 SV
190°0 &9 €50°0 ev] 200°0 %0 ZO00®O ev ZZ0'0 w8 LRO*D v
E€28°D- €8 ®L1°0 €v] Z0O°D €8 800*0 €v 661" :- €8 L21'U €V
£91°0- 28 EL%°0- Zv]| Z00°) 28 *0- Zv 99T°0- 28 562°0- 2V
981°0 1% +=%2°0 1v] s10°0- 18 €00°0 1Tv 66€°0 18 310°0- 1v
59€°€ OV ZLT*T o JEZ*Z ov
ONIddy1d INI99Y ON1d4r 4
= 9515702 §°T1-2 2 vHdIV T200°0 = 91§/3)
9 = ¥13HI GEO®O = 915/7) 8- = 5 wnadle
€920 = OLLWVN 3INVAOY
JANNILLNQOD I 19Vl

ki " =

30




I00°0 o188 Z0o*) otv Dl1o°0 01N *0"0-01v 800 olv Li10°0 018 NCO"D-DI 100°0-L18 €500 ole W€H°0 OI8 CZOD*O+OIV
v 8i8°p L 7000~ ov *0 100°0- W00°0 8
[ LR T 0] 1o0%0 190'0 w0 [ ] L]
iv sd°o 2000~ to00- 18 i9
¥ v(0°0 *o- 8 .
&% $€0°0 o000 €8 *50°0 €8
¥ Sw0*0 & 100° 0= wa +00°0
Iy 0% 0- €8 too°0 €8 s 9- 8
v Zgv'p- 289 t00°0 N viv*0- 78
¥ £171°0- 19 %40°0- 10 vep'o- 18
ov e+l
Ilvve I kL] LLAR LAl Ml
176=+ 3 vuwiI¥ 0100*0 =~ 21570 T°€- = 3 wu¥I¥ (0070 + 2FS/0D 4"1=- + 3 va¥ly  1000°0 < 215451

¥ c Wi 1w0°0 e+ 1€ O % 2 + widws Bf0T0 MEF1Y 0 + € vaviy O e widdg 0100 & 313/T) O e 5 vH4W

100°0 Oy *%0°0 01 4z0*0-0 100*0~-01% *g=oly ho*0 018 100"0-018 1Z0°0-0
100*0~- 0o« 0070~ ¢ 0
*o- €000

"o~ 4V DYO'0
120°0 v rbo°o
190"0- €9 Z00°0 fv %60°0
£0070- ¥8 (00*0 v »00°0-
102°0 €0 €00°0 fv ZIo°0-
Iro"0 29 400*0- v LOL°D-
ip*g- 10 +80°0 1V Owl°0-

i24*2 oOv
w1 37%Y Hldv¥d ELIE LA LLIFLIRE] v MmITYY Iy

Ed)
0Xt*o- 1a

i = 3 vaviy  2000°0 < J1€/0D A°1- » 3 ¥NYIV  ZOOR°D s 91€/2) $°0- * 3 VHeWW ZOOBTO- + 218/2)
T= o #4dui 200°0 + 218273 b = S ¥ ToeowidHg O%°0 v 3ME/IT v . 5 2 o wadMg €60°0 ® 3IS/1D v e o wadOY

*9-01¥ Aot o-01Y *o-0l19 2000 Olv 1€0"0 018 40" O-0IV
Zb0°0- sboto
Ltoe*n » €80°0 WY,
100°0 +00°0 4V
1006°0 £Z0°0-

*o- 100~ SV
zoo*o- v§I°0 w¥
180*5= %00 €v
EIg- M0 o6p°0- ¥
isp*0- .0

480°2 oV 1€1*r ov i ov
ou 12991 ONLAYY 13 I8 SNIvvEIY FLTELLA]

*1 =+ 3 wu¥ly WOO*0- « 540D 0"f = 3 ¥u¥I¥ w000~ + 915/DD 8%« ] wHvIY C000°0 s JEsDD

G v iy GE0*D <+ 215N v o S wuyINF = = widd L1070 = ME/VD ¢ e [ puTIR v~ * 1L ¥0OT0- ® JNIW/TI v & [ VNIYY

S8 O ° Dlivh JFINVADY

"G4NNIINOD I d714dVL

31




a L Y » LY
T
‘g-J19 100°0=-01¥ +&i0*0D Ol@ *10°0-019% *0-018 100°0 O1v i10°0 OI¥Y| 100°0-DI® 100°0-0lv %10°0-01@ J10°0D-31V
tro=) ew *06°0 88 S00°0 &¥] 100°2- &8 VOLTD av TI00- &¥ 1000 020°0 @ 300°0-
(57 08 30 83 100°0 av| ?D0°C- 89 00'0 @Y 1L00°0 @ 100°0- ti0*0 w®e :lgD
10 v 120°0 4% «10°0 Ll¥] 2¢0°0- .8 200°p Y ie0°r iv 1000 y00°'0 48 1500
tano e *30°0- ov| 120°0 99 “0- v °wW0°0 ¢ T00°0- *10°0 9 i00°0-
*0- $@ e10*0 sv| sop*C S9  100°0 S¥ 250*0 ¥ 0= °20*0 sa i20°C
1700 »@ CL0°0 ww| 210°0 &9 P200°0 ¥ *01°0 ¥ 000 %0*0 %@ »I1°0
LIp°0- (W ont*o fv|] &10°0- 5% &¥0*) 1AW a¥2°0 sv 200 §eE"0- 50 10170
£10°3- 72 *21°0- ¥v| O20'0 29 L1.0°0 ¥ *00°0 20 1000 OBE"0— T8 T 0=
LU L] Z90°0~ 1v] L80°3 19  S%l=d- 1I¥ 100°C T8 #50°0- L4¥i"0— 18 2U2°0-
8100~ O¥ Zes*y ov sis ¢t LT
PLIR- L) LaF] amMidav Sxulad¥ 4 INl997 LLITTIAT]
°0l-n 3 ¥ £I0€%0 - A05/0D §*1l~-= 3 FH4IY Te00°0 = 25703 S8~ = ) yHgly F200°0 = 9)5SDD
* s WAINE LOO°D= = BISFN) 8- m 5 WMWY 0 = w2l DF0*0 = 3R] e- w S WMWY ® o WIIHL 900 w VISSTI - = S WudIW
100°0 019 *0-51v 800°0 Ols I0*0-0IV “0-018 100°0 OI¥v 010°C ol &¥0°0-019] 100°0-01® 1I0DO*D DY 120" Ol D¥D°0-O1V
too°0 &8 100°0- &¥ Q10°0 &0 +00°0- v I00=0- » s00°0 & 2L0°0- & 100°0- » Zy0'0 B8
T00°0- 96 Z00*0- @¥ &10°0 @0 100°0- BY 1900 Y  110*n ae 1%0*0 8 100°0 # Zv0*0 8@
1'Q*0 40 *0- [9 4IC°0 I8 8LIG°0 iv *D- L% 850°> i@ 100°0- L8 $00°0 (v '20°0 i@
‘o- 99 100°0C v »00°0- ¢ 400°0- v] 1000 %% T0O°D ¥ T ¢ 100°0 ¢ [00"0=- 9% OLO0°0 %@
£00°0- &9 Z0U"0 S¥ #20°0 S8 10°0 s¥| s00°0- &0 (00°0 OV 0T S0 *00°0 &0 T00°0 %v 950°0 S8
130°0 0 S00°D v Y10°0- &0 W0 ¥l 100°0 &% ¥00°0 +9 O70°0— %@ 110°0 %8 %00%0 »2 {11°0 w4
$170°C- €4 80Q°D €¥ OXZ*0- €@ St1°0 syl 200°92- SO “0=- &¥ 005°0- (@ 930°0- &0 550°0 Sv FE¥tO- @
£00°0 8 900°C I¥ #6(°"0- Z8 €L1°0- Zv| §10°0— 20 sSl0*0 Qv OSv°0- 20 £20°0 20 90070 2¥ %Is°0- Z8
2%0°0- 18 8Z0°0 1% i0°0 19 e01°0- I1v| #%0°0- 18 S80°0 v LiD*0- 18 tio*s t® st1*0- tv wel*o 1@
2 00 1091 oO¥ WML 00 S5L°s  Ow
NI LLITPLAN 912991 ONtdde Vg LU 1 0] LLIE)
-+ Y Yual¥ DING0 = B15/0) - & 3 yHd19 #0090  w LiLsN) 18-+ 3 YH4I® S200°0 = O(5/D)
b & WIIHL BZ0%0 = TI%/73 %= = 5 ¥HWW 7 = WAINL 900D e BI5/TT - s oW * s WAL SH0%0 = 31913 O = § W2 WW
‘D = OlleW  IINVAOY

"A4NNILNOD I 314VL

32




L o YiIML

120°0

150*0 019 1°)%0 o1v €00°0 018 100°D OlV]
*0- 69 100°0- 6¥ 800°0 69 £00°D- 6V
200°0- 88 T00°0 OV €10°0 98 £00%0 @V
230°0- 49 100%0 LV 210°0- L9 D0£0°0 LV
100°0 99 *0- 9V ¥20°0 99 LOO*D 9V
€00°0C 59 100°0 SV 600°0- S0 LL0°0 &V
210°0 %9 300°0 ¥V LZ0°0 Y9 OT*0 WV
$10°0- €8 SE0T0 EV O0Vs°0- £0 £02°0 EV
$00°0 29 200%0- Z¥ €9C*0- 20 LEVO0= 2v°
9€0°0 19 $TT°0- TV €22°0- 19 600°0- 1v
Loty ov v0€*Z oY
ONI D¢ IN1ddY T4
1°6T-= 3 VMW Z¥00°0 = 913/0)
T ® YLIHL 9%0°0 & OIS/ 9- = 5 VRETY
*>-a1e *0-0ty 900°0 01§ T110°0-0lv
150°0 68 150°0 6V 900°0 69 100°0~ 6V
130°0- 89 Z200°0- 8¥ L00°0 99 900°0 oV
*0- L9 *0- LV 600°0- L8 020°0 LV
100°0 99 Z200°0 9V 010°0 %8 L00°0 Vv
100°0 S8 200°0 SV 9%00°0 $9 LY0°0 SV
£00°0 %9 600°C %Y L100°0- %9 DOI°0 v
900°0- €0 900°0 €Y 60€°0- €9 &21°0 €V
€0C°0- Z9 900°0- ZV VYIE°0- Z0 E6E°0- 2V
010°0- 19 2Z10%0- 1¥ L10°0- 19 950°0 1v
§L9°€ OV ¥Se 1 OV
ONFOOVY ON1ddY 14
5°CT-= 3 VMWW 2200°0 = 915/03

® 9ISF1] 8- = § YH4W

100*--019 100°0 oty Too*c-018 100°0 olv
200°0 68 100°0~ &¥y 010°0 &0 *0- b¥
1600~ 99 *g~- g¥ £10°7, 98 800°0 WY
100°0- L9 *g- LY 200°0- L8 &20°0 LV
*0- 99 *0- 9y s10°'C 98 €00°0C 9V
100°0 S$9¥ 100°0 cv 900°0 SO 190°0 &V
500°0 %9 600°0 v €1)°0 %0 &580°0 ¥
010°0- €0 120°0 €Y 9.£°C- €9 OLI°0 EV
900°0 29 *p- 2v (ZE£°0- 29 §5€5°0- 2V
110°0 19 490°0- 1y 4%1°0- 18 L€0°0~ 1¥
60Z°y OV ELO*Z OV
HN199YY ONL 44V
geyl== ) VYH4IY Z£00°0 = 951570

@ = WA3ML 9£0°0 = 91$/10 &- = S ¥udv
*0-0T10 100°0 OTY $00°0 019 900°D-O1¥
100°0 &9 100°0 &Y oD0°0 68 &£00°0 6V
100°0- 99 *0- g¥ L00°0 B89 Vv0O"O0 WV
100°0 49 100°0 4Lv 800°0 L9 6Z0°0 Lv
100°0- 99 100%0- 9 9000 99 1(DO°0 9%
*0- g0 200%0 ESY 900°0 S9 ¥¥0°0 SV
Y00°D &0 Q00% &Y 900°0- ¥9 (£60°0 WV
010°0~ E9 L1000 €v €52°0- &9 1T11°0 €V
$00°0 Z9 100°0 2Zv T11E°0- Za VvolI%0- 2V
L20°0- 19 €200 1v 880°0- 18 LE1°D 1¥
L9T"E OV Ees°0 OV

INI99YY INIdiavId
9*Z1-= D YH4I¥Y S100°0 = 313/0)
9 » VI3ML S10°0 s 91%/771) §- = 5 ¥HalY

68€0 = Ollvy 3IINVAQY

"AaNNLLNOD

[ 318vl

33




100°0 010 *0=0ir ££0°0 010
5= &0 0= v £00°0- &0
=" 0= By S10°% M0
*0- 40 100°0 AV EI0°Q i@

100°0 v 1000 v 100'9 v

100°0 €8 I00°0 $v £€Q°0 &P

108°0 9v 400°0 ¥ DEO°0 Vi

Co8°0- 50 w0O'0 (v £60°0 C»

168°0 I I00°0- IV OOE'0- I8

11°0=- 1o £€1°0 Iv 000 1@

s¥E°r ov
L LA 1l

0°'y— = 3 ¥YN4I¥ 1DOO°0 = 31700
0 « vidHs D00~ = 316/73 ¥~

FO0*0-01% “g-0lvy Ilo°0-01m
€00°0- 0 100°0 av £10°0 P
9= g8 010°0- 87 110°0 B8
01€°0- LD $00°0~ LV £20°0- L8
€00°0~ 99 $00°0 v IVO'OD o8
*9- 0 O10°0 tv IvO'0- &P
TLO"0 w8 w0"0 v 1DO°0- 8
(a0%0- 60 100°0 Sv 1.L°0- &8
1600 I8 M0G0 Iv fav0- 1P
cs0*0 1 OIZ2°0- 1v SO0 T8
02y OV
NI 99V anl

9 8= = 3 PHAW TVOH°0 = H167/02
P = WidHL D00 = 91E/Y3 O

*0=-018 100°0 OIY L10°0 Ol8
0= &0 1000 av T00°0 &»
1000 08 £00°0 By F00°9 B8
100°0- £8 100°0 tv BIO*O 4N
Z00°0 9% pO00°0 Y (500 9
0= £0 Y00*0 &v LI0°0 €»
000 98 CLO°0 9wy 0%0°0- ¥
$20°0- &0 170°0 £v LOL*0- &8
110°06 I8 ‘0~ Iv OF%°0- 10
101°0- 1o £60°0 1v (00°% 18
iig*r o
L 1Etlal Ll

£*C- = J wdly D00 = 3E/0D
T e widHt E50°0 = 310473 @

TT0°0 Qv
100°0 &v
£00°0- BY

*19-0- ov
ddvy

s § wedW

*Io-0-01v¥

ddv

s § VddIW

o o-oiy
E00°0- o¥
*10°0- ov
o8 e~ Ly
L00"0- v
*0%0 &v
o 0 v
T10°0 ¥
£11°0- Iv
0= iv
*TL*L v
ddv¥

. § vddIW

0°Zt=+ 3 VHAIY LL0B"C = 31370
I » vidvi 800 r 26N} &

‘e=010 000 OCv 4000 Olp
100°0 €8 tp0e &v sl0°0 %P
“0=- 08 iB0Y0- WY -
100°0- LB 0= L¥ 00— 10
*00°0- ¥ IB0°0 v ¥l ¥
0= 58 1000 €V 0 1D
S10°0 oy 150°0 B w0~ W
0998~ 0 B8%0°0 v 5.9~ 0D
S$E0°8 I8 LT0' v 1190~ 10
110°0- 18 %e0°0= Ev LI0°0- 10
v oY
N1V anl

£°i~ = 3 eIy IT08°8 = $/02

¢ = WidHL 80 » 3IE/TY @
100-0 010 *o-0Tr 010°0 018
o0 &p 1£00°0 fv SO08°0- &0
108°0 v 100°0 o Ipa'0- DO
TO00- LB ENOD LY IZe‘e 1B
208°0 9 100°0- % INge e
100°0 &b 1008 v IvE‘e C»
To0*0 W IT0*0 v ¥8'0- W
L0680~ EF 000 (v &11°0- f0
MO0 IB LDO'O-2¥ WO~ D0
stto- 10 0110 1v OZece 18
el o
o137 onl

91~ = 3 widIY  0008°0 = 316703
0 = vidWi $10°0 = 367V O

108°0 018 T80°0 O1Y S50 °0-810 s10°0-Wiv
108°0- &% 100°0 &v 010°9 0 (10°0- £v
*10%0~ I8 TR0~ 6V &Z0°% BB L50°0 Y
SI0°0- L8 v8Q°0 v 18I0 i Si10°8 Ly
I08°0- ©& OI0'0 %y ivE® 98 lpace Wy
10°0 £8 LI0°8 v 1008 P 620°0 v
s€0°0 oy 500 v E1°0 v LD Wy
Q11°0- 50 SIl°0 Sv e 0 8 (¥5°9 (v
60°0 I8 £50'0 v aZe0- ID WYVI°1I- IV
SII*0 10 v 0- Ty 1M 10 WV - 1V

*e's W 5Ly Ov

19997 Nidivtd

= § vddW

110°0=-01y

ddvd

s € "ndW®

Cpo°0-0ly
00 0= &v
c10°0- oy
coa°0 iv
F80°0- ¥y
o10°0 v
CE0°0 v
*50°0 v
rl*0 v
1¥0° 0= 1v
EOL°0 v
FLiaT]

s § YddW _

180°0-010 100°0-0Tv S90" 0019 170001V
*00°8- &8 (OO0 LV PIR'0 £ EBO°D- av
L00°0- 00 4040~ BV £60°0 0] LE0*P WY
L10°0~ A8 €088 v WYI°0- LD SIR°P UV
TOS°F 90 £10°0 W LL10°0 W WIO'W W
S10°0 S0 PIO°0 &V QI0°0- 30 O0i0°0 v
SI0°0 %0 1680 W WE°R W Lil"0 W
SE8° 0 £0 EO1%0 v £l 0~ 30 LEI°0 v
Li0°9 I 160°8 v B0~ I0 whNO0°1- 2V
o1°0 1o eés=o- Iv wsd'0~ 10 vI0*0 1v
109°5 o¥ "ry ov
N I2IVY Niddv V4
1°1T-= 3 WNdIW  ¥PDO°0 = BIC/02
0T « vidul BO0°0 o 910773 9 =5 yddW
108°0 010 100°% OV R1O°® 018 (GO 0-O1v
£08°0 10 S09°0 av 1109 B »RE'D- av
C08°0 80 I00"Q v TO4"e BB OLOYD- WV
I08°0- L0 T08°0 1iv #10°G 19 DEO°D- iV
*0= % IOE"0 W 110°8 ¥ 00— WY
Too 8- €0 108°0 sv Z10°0- (F PI8°*D (¥
L00°0 w8 060°0 %Y 0080 *F (50°D oY
*eRt0- 58 910°0 v BevcB- EB 10O°0- (¥
10°0 I8 s00%0 Iv M0~ I (o0~ IV
1ee*0= 19 £00°0 tv O91°0 10 T05°0- 1V
LTL*Y o™ Eig"2 Ov
L TELTA] INldevHd
1°6— = I3 vudI¥  BRORCD = S13/02 -
v = VAIMNL ¥0°0 = 91/ & = 5 wddWW ~
000 010 109°0-01v &10°0-010 LO0"0-01v
v08°8 £F YOO"D &v T10°0- &0 H10°D- &¥
0= B0 2000 v Y00 0~ b iZ0°0- av
T08°8- LD £00°0 ¥ 1500 0 1100~ LV
104°0 90 IOE'0 ov £50°0 %9 00— Wy
Z208°0- &0 IOO'0 ¥ LE0"0 5B ¥I0-0- (¥
108°0- %0 LO8°C W OMO°D %v VvI0°0 ¥
ZO0"0 €9 &pO"0 £v BXO°0 <0 whO-0 (iv
£04°0 I8 $10°0- Iv OB - I8 G0E"0 o
oTT*0~ 1IF G100 1y &i0°0= 10 B¥E*0- 1¥
ste " Oov [91"0 v
on129v) ELTRI{LF]
#°0 = I vddW 1008°0 = 310/DD
T- = ¥ilui GOO°0 = 913773 0 - T YadW
BEF 0 = JiavN 2INVAOY

"AANNLINOD

1 914vl

R




100°0 01v #10°0 010 110°C O1¥] 100°0-018

1Z0°C OI8 &10°0 Olv| ZOO"0—#I8 900*0 OI¥v 180°0-0I #00°D D1V
|

‘o= &¥ [00°0 o0 010°0C av| OO0 #8 20070 110°0 av] 1DA°0 & €10°0 &y
z00'0 v 000°0 #@ T10°0 MY| I00°0C- W i109°0 9 910°0 sl0°0- [
£00°0 iv -00'0 I® &vo°0 Uv] ToOG°0 1% I8°0 1% +80°0 0= iv
200°0 ¥ *I0°0- 49 (00°0 &v] 100°0 " Q- 49 0Z0‘O- 0= had
400°0 €v LI0°0- €9 0§0"0 200°0 a9 80~ 9 sl0"0 £20°0 iv
*IC°0 ev LEOD'O- ¢80 i08°0 8 £w0"0 "o had
¥00°0 (¥ O%°0- €9 120~ f0 101°0 zo1*°0- iv
vy €i0°0- 20 4980~ e 110°0- i¥o*o (1)

o%0° v 200 19 fs1'0 Iw Li1°0- tiz*e Iv 2000~ 10
10v°1- ov sT1E°0- or

N1 29Y kL1 Inldded ELIL LA INTddrd
2'21-= 1 widI¥  tlow*o = 315/D3 *°0l-= 3 vHaI¥ 0000°0 = 213/02 0°91-= D vHdI¥ 4800°0C = THE/DI

9 * ¥idWL O10°0C = DIS4T] 8- = § WHY v * yiIHL 900%0- & DI/ 8- o § WHAIY €T » WiIWL  GLO°0 @ D15/72 w- = 5 vHdY

(00*0-010 Z00°0 OIY ££0°0-010 &00°0-CI¥| 100°0-0IF ¥0O0°0 OIY [OQ°0-018 +¥ID°0D-OLV *0-01® 209°0 O1¥Y ®0Q"0C 010 3J10°D-01F
$00°5- &0 900°0 200 &8 T1710°0- &¥| £00°0- 40 &0Q°0 &¥ *(0°2 &0 “o- s¥] 100°0 & slo*0 (1)
Zto*p- o0 €00°0- €00 ®3 Zvo"L O¥] BO0°0- W8 L100°0- B¥ €F0°0 B0 O¥R°D vl 100°0 we L L)
810*0- LD 900°0 Y20°D Lv] Zi0"O- L8 I€2°0- 10 £€0°0- Liv] io0"0- i@ iv
¢Q0°0- %8 Ilo*0 9v] 300'0- Te0"0 &8 0¥0'0 9y *0- 98 L 1]
¢10*0 0 f£lo'0 fv] 200°0- on 90°0- €0 o0fl'0 <Vv] Z00'0- &8 £
SL0°0 »0 +f0°D vel €200 W 0100 %8 [ZZ'0 3v] 10°0 & v
ott°o iv] €400~ @ 108°0- €0 00~ €9 iy
£20°0 vl os0*0 e sZed- o s10°0 Iw zy
INE°0- L10°0- 19 1v| is0*0 1w 00 18 110°0 1w 1v
et oy ey OV or
Nl DIV onioavy L LIT] N1 LTI
9°61-= 2 YHdI¥ OBDO"0 = 215/03 T o1-0 3 ¥H4I? £000°0 = 913702 s°T1-= J widly *E00°0 = 91{/0)

TT = ¥iIHL 040°0 = D15/7) v~ = § yRdIY ol o vidne T90°0 » 16/ = = § THaWY B s WiINL 0 & e/ w- 8§

100°0-01u  Z00®0 OI¥Y D100 OI0 S10°0-DIY *p-01w *2-0lv Z60*0 O1® {00°0 Olv] T30%C-0I0 100°0-01v 120°0 010 K13°0 olv
2oo'o &9 loo°0- €10°0 &8 900°0 ov] I00°0C &8 I0Q°0 &v e00°0 &% (QD°0 a¥] 100°D 10600~ & t00'D @

‘0- @9 loo*o- "w0o* §0 €10°0 avy] 100°0- ®¢ 100°0 9¥ 100°0C 00 I10°0C aF *0- r00*0 @ 200"~ BY
Z00°0- i0 I00*(- A¥ &E0*0- ls (N10*0- iv| T00'0- L% ZOO°0 Lv &Z0'0- LW Zv0°0 iv] €£00°0- ¥40°0 iV
{00°0- ¥ K00'0 400%0 &b 10G"0 Y| IOQ"D w8 0= %% 400°'0- & #00°0= ¥¥] v00°0 vl0"0- ¥

°0- &% IO0'0 fv0"0~- €0 190*0 £V *0- €% 200°0 @¥ IT0°0- €% Jf0°0 €v| 200°0 iv0*D f€¥
L100°0 %8 MI0°O 910°0- o0 PZ21°0 vl COD'0 o8 D100 oY O050°0- %@ av0°0 +v¥| 2000 Yio®*o +

#%0°0- €0 ¥10°0 Zi®“0- €0 IiD"0 €£v] €20°0- €£§ &H00°0 4V [e2°0- €8 s¥0°0 €£¥] O10°0- 100*0 Av 0°0 €v
¥00°0 2o Llo0°0 +iv°0- 0 €96°0~ IY] 100°0C I® [(0D°0 Zv wév"0- I® slI1°0 Iv| £00°0 £00"0~- 2¥ (s0*0 Iv
¥¥0°0=- I [00"0O- S£0°0- T3 LeE°0- 1¥] #i0°0~ 10 490°0 Ty OT0°0- 1% [41°0- Tv| s0I°0- tit*o0 1Iv "o~ Iy
f€1*¢ ov viL*t ov o€t ov ov £LE"Z O vIT*0 O¥

M129¥I L AL MY INLdd¥IS NV INTddY 4

[ = ] vHdI¥  H1D00°0 = S[5/0) &%L= = ) FTR4I s020°0 = NNESOY
¥ = ViTHL #E0°0 = OIT/V) e- e S ¥

*f= = 3 whdly *000°0 = B1L/BI
v ® $LPL OPO°O = TMESII e- = 5 wHdWW T v W) f00"0 » DNESYE e- e §

0 s oLy  3IINVAQY

35

‘AENNIINOD I 9719Vl




Ipo°0 DIe “0-oty 9100 018 S$S00°O-D1¥|
olo*0 &F 0000 V|
100°0 &#8 950°0 By
%00~ 10 101°0- iv
z50"0 *¢ €€0°D Vv
Ls0*0= €8 4800 SV
€£%0° 0~ o8
soacp- €0
I 0= T
orp°o- 18

LLIEL L]

P°ol-= J VWS B¥00°D = 31570
DT = ¥WidHi 160%0 = 915/70 %= = § ¥HJIWY

ONIdWYD DY 0837

100°0-010 100°0 DIv 010°D Q19 »10°0 O1¥
nﬂﬂ-o’n -010148.00068.001

200"0- a8 100°0- ¥V 9000 8000 @v
Z00"0- L% Y000 LV 0%0°0- s%0°0 L¥|
1g0"0 98 “0- ¥ L10°0- £00°0= 9V
100°0- 0 200°0 v €Z0°0- €v0°0 SV
1000 *F %10°0 SV €i0°0- 500 ¥

tv0°0=- 59 000°0- fv oRI"0- SB €90°0 EV

*o- 19 IV S16°0= ID G9I°0= IV
0°0- 19 v #%0°0- I8 0%0°0- 1¥
av f10°T ov

EtERL A SHIddV 1

V8= s ) VHIIV 40000 = 31570
¥ & ¥idWl 0100 « JISFII v- = 5 ViAW

ONigmY0 OWIT OM3IT

*10°0 019
11070 0

Lad
210
12°0
LL o
ot*o 18 oil*0-
L Lo
Wia9v IV dd¥

2 ¥1=s ) YNV LP00°0 = 013407
I = widui O0°0 = 9IS/7) 8- = 5 MEW

100°0 ol® 100-0 OV

10070 &% S80°0
*00°0 ¥ I0O0-
T00°0= L% L00°0-
08°0- 91 180°0-
+00°0- £8 %000
*I0°0 3 WO'D
*1°0= €0 w00
050°0 I8 IdDYD
$00°0 18 &PV O~

0541

MY

»

& 20=e 3 YHIWY &1D0'0
® 161D a- = 5 VW

INIINYD 9¥1 OH3IZ

® ® ViIIHL 510°D

100°0=-018 “g=-0rv

1rte- o stivo
0°0
2471 39

9~ = 3 wHd¥ IOOGO
T » V)4l LDO"0- #= 310713 %=« § wHITY

0o 0 ® 100°0
700°0= 3 1000
€00°0- L8 ol ad

TO0°0= 91 Y000
£00°0- €8 210%0
'l
"
00°0 ¢ 400°0
*L0°0 1* 0LO0°0-

2z o=

IV

1°%1== 3 ¥udW¥ KeD0"

Ol o widHL +E8°0

L3
L i)

€20°0 o1® poo*D-olv
*10°0

= 8)5/0)

108°0 Ol L1D°0 D1V

Z0@° =

00" 0
000
Ti0°0
"o~
*10°0
520°0
£60°0
€000
Dyy*0
€10
L TTLAT

= 315/03

ONIJNYO p¥Y ou

210°0 018 [DO*0-0
”00°0
120°0
*00° 0
hadl M ]
o
010
870
1T4°0=
*E0°0 12 fl%°D-

*4€0° 7

NV V4

- 516702

e J18/73 8= = 5 VHIWW

z

11
.

v

100"0 o188 200
03¢ 100
208
100

“0 o1v
R
‘o
0= L¥

909~ 10 TIDTOD 1V
ini*D o

K1V
“0l~= } VHeW

110070

* Y134} FZ070 = 91

too*d ota 200
So8~0 «* W00
00
1100 iL® 01O
100°0- ¥ 010
121

T & Vi3E 290

100°D 018 DO
100
100
100
108
il
zz0
e

Wisvy

= i@ 120

*o oty
“0 &¥
ol id
s iV
ML
*0

B*6T1=s 3 ¥HJW 9500°D

‘0 oy
"0 kv
"o Bv
“0 v
“0- "
0 ¥
0w
w v

cel—= J YHETY (Z0D0°0

1630 ols
AT WS
L0C°0 ® 270D
800°0- L% §89°D- 4V
2000 %2 vwiD°D ¥
*%0°0- S8  4E0°0 Sv¥
TZI°0- S8 S21°D v
"wec - 0 0D Ay
sLe*0- 29 10%°D- 2v
*20°9 T8 ¥EI°D 1w

t ov

v T4
= S18/0)
$/73 v- = 5 wHdWY

INIdWYD 9% 0H3IZ

oto*® ota 100 Olv
110°0 ¥ *D- &Y
5y0°0 88 SZ0*0D av
$21°0= L% DLO"D 4V
190°0 %3 l1D*D- 9y
el 0 Sv
IR0 v
¥iv"0 fv
L9T°t- ¥
Tov=p~ 1¥
LY TR
INTIRI Ve

= 515/0)
$/73 8- = § w44V

tio*o ota 1Ipo-o-o1v
E10°D &¥
tto*o av
Et0*o 1w
T10°9 ov
€400 $v
EZ1°0 v
101D Sv
E9%°0- v
I1$1°0 1v
MO0°T ov
ELIETI AT

= 915700

"0+ IS/ - e 5 VHATW

Mro =

OlLYN  TINVAOY

"ANNILNOD

I d374vL

36




‘D-0t8 *0-01y 200°0-018 i80"0-01v
*0- a0 *0- oy PFIC'O0 &8 &10°0- &V
*0- a8 0= ¥ L10°0 W0 €00°0- WY
o= 1% *0- I¥ @80°0- I 100 v
*0- ¥4 “0- 37 €20°0 c“o- ¥y
*o- $8 “C- v 200°0 I8 4910 1Iv
“0- 8 0= s¥ 6$10°0 v® ZzI1'0~- ¥Y¥Y
‘o- t8 “0- €v 6&0°0- 28 ¥60'O KV
‘o- e °0- Zv 1i0°I- !® Q&0 Qv
‘o- 18 “0- Iv v¥0"0 18 122°D 1i¥

‘o- ov 01'0 ov

ol sl ldev Vi

8°0- + J YHOW #ODO'0 = 91€/0D
Z- = YiIWL YOD"O = JIE/VD 0 = € WHOW

*9-o18 ‘0-0I¥ &00°0 018 PO O-01Yv
0= ol *0- &y P10°0 &8 100°0 &%
*0o- a8 *0- a¥ P00°0 &8 0t0°0 @v
‘0~ 18 0= L¥ W¥0°0- I8 &E€0°0 v
*0- v *0- ¥ Iv0°0- %8 &Z0°0- WY
0= % *0- Ty QED°O- t@ V¥YO'D I¥

‘0- w8 “p- v T22°D- ¥& OV0'O- v

0~ (8 *0- €¥ alv"d- €0 &V¥2Z°D- BV
‘0- 29 “0- Zv IZDp°I- I8 &w"O- 2V
‘o- 19 0~ ty Z90*0 10 OM'O 1¥
“0- O¥ ¥vo'l oOw

oN199VY INTAIY

I°6- = 3 YMdly  1000°0- = 318/00
T * ViIWL OE0°0 = JIE/TD ¥ = € WMWY

*0~01¢¥ 100°0-0ts &lo°0-01¥

‘0- o8 “0~ «¥ &00°0 &8 D0OI0*0- a¥
0~ 99 ‘0- v t10°0 wve D10°0 W¥
o- 1% *D- LV as0°0- 18 210°0 iV
0- ¥4 ‘0- ¥¢¥ 4D0°0- ¥v8 1C0°0- ¥
. o ] °D~ &¥ T€0°0- BP0 &10°0 &V
] “O- ¥¢ O10°0 ¥4 040°0- b¥
‘o- £8 *0- ¥ vOR'0- (0 WvD'O- £V
0- 8 *0- Iy Pii°1- PO hOZ*O Iv
*0- 18 *0- 1y Ie0°0~ 18 ZD0°0- 1I¥

0~ Oov €0 v

L TR L) aNIddY

4°C  + 3 YHAWY  YORO'O- = 91€/0)
-+ VAWML TZ0°0 * 91E/VD ¥ = 4 WMWY

b 1] *9=01v ¥I0°S-018 79800 Ol¥
‘- &8 ‘o- &¥ OT0°0- 48 (BO°0 v
“o- 88 *0- #¥ %i°0- 08 I10°0 G&¥
“o- 18 *0- Lv 920°0 18 i60°D- Av
‘o- *0- 9v 1¢0°0- 3 Z10°0- WY
0= o8 *0- v 110°0 20 120°0- ¥
‘0= o *0- v B06°0- v8 €sl"0 vY
‘0= ol *0- ¥ PO°TI- 12 162°0- Kv
*o- 28 *0- TV Ea0°t- I8 e6271- 2V
co- 18 *0- 1¥ 1v0°0- 18 %60°0 1¥

‘o= o ¥t oV

54199V L LIPELAT)

9°i= = 9 YHIW OTOO'0 = I1E/0D
¥ e yildHL 2¥0°0 e+ OIR/VD ¥ e 5 WHOWY

*0-018 *o-olv 210°0 OI8 VY0OO"0-01¥
0- o *0- &v »10°0 ol POO°0- &V
“0- 08 *0- §¥ $¥0°0 88 010°0 av¥
*0- 18 *p- I¥ 180°0- t8 VED*O v
0~ g~ v 01g°0- V& L10°0 ¥V
*0- o8 *D~ ¥ T10°0- &8 €11°0 1Iv
o= o8 *J »9 I80°0C VA (aD°N- ¥Y
0~ &8 *0- 1y B08°0- &8 ivD"O- €V
“0- Z8 *o0- v Nlv'1- P8 oO2P'0 2Iv
0= 10 *0- 1y S21°0- 18 QP11°O- 1v

*o- Oow stco Ov

5419977 LIV

o = 9 YHIW 4000 0= » 3LE/DD
[9- o YAINL ST0Y0 » 218779 ¥ = € YHIWY

*g-018 ‘g-olv Tio°0 ots PDO*O-OL¥Y
*o- &l *0- av L10°0 &8 +DO°D- &V
*o- 88 *o- &y G20°0 W8 €00°D WY
*0- i8 “0- 4v Bi0°0- 1B 800 LV
‘o- va *0- 9y GZ0'0- Ve WZO°O0- W
‘o- ol *0- §v &10°0- 28 vio‘o It
=0- v *0- %% OTF°0- %8 W&D°O- ¥¥
*0- o8 *0- §¥ W09°0- €8 VEL°O- P¥
‘0- 28 0- TV Wsl*i- fw 1lv'O- I¥
‘- 18 *0- I¢¥ 4010 1m 180°0 ¥
0- ov vov 't v
541991 ELICT LAY
1°0- & 3 YHITY aDOE"0- = 36/0D rc..
0 = W14l &ED70 = DIV v = § VHIW

co=8il *0-01v
*3- o8 0= ¥
9= 00 ‘0~ ¥
‘0- it *0- iy
9= 9 “o- 9
9= 48 0= av¥
0= 0 ‘o- ¥
*0- &8 *0- &¥
0= 28 ‘o- v
*o- 18 *0- iv

o~ ov

ELIELIA)

*0-018 *0-01y
*0=- &l “O- 8
o- ol 0= oy
o= 13 0= iv
*0- va 0= 9
0=~ ol 0~ av
o=~ vl *0- ¥y
*o- €08 *0- &V
0~ 28 0= 2y
*0- 10 0= 1Iv

0= v

EL LA

+00*9-018 €10°D OIV
100" &8 YOO'D &Y
oto"p- 88 l0°Dp WY
260°0- I8 §e0°D Uiv
9560°0- 98 100°0- ¥
220°0= 40 ¥¥0D*D ¥
935°0- v8 R20°D- ¥
e - 28 bal°0= v
L0a°0= 20 WZa*0D- 2V
WotP- 18 VER'O 1¥

1

$*s= * D YW &DDO°0 = D19/0)
¥ = vidHL PPD°OD e 91E/TVY ¥

et ov
FLIAr]

s 5 ¥4

100°0 Ot8 §10*D-Ol¥
9004 o8 PE10°D- I¥
s10°0 88 EP10°D- OF
00~ 1§ K1D°D iv
100°0 w8 120°0- ¥
120°C- o8 €8O*D 2¥
160°0- %3 v20°0- ¥v
06E 0~ €8 »&0°0- £V
eect- Zo voi-0- v
€009 18 DIt*0D 1¥

ie0°L OV

INTdar V4

e« D yHdW LODO°D- = FNE/DD
1€0°0 o DIE/1D ¥ = § VHaWW

= = ¥idwl

“c-otl *0-olvy
“D- »8 T0- av
“»- 00 el
“0- 18 0= iV
‘0- “0- ¥
‘0- ol 0= v
‘- va To- ¥
*p- E8 0= av¥
*0- I8 ‘o= ¥
°o~ 18 “0- 1v

‘0~ ¥

wisv

“00°9 o8
*10°0 &8
v%o s w8
160°9= i0
710°9- M
ozo-8- Is
Mod v
€ot°® €
"y I-
i90°9 18

YoET LV
Yoo 0- v
TIT 0 v

49v74

1°L = 3 ywdy  2000°0- = BI0/DD
- o WABML G000 & 31F/7) ¥ = £ YRSW

S00°0 = Qlive IINVADY

‘JANNLINOD

I 4719Vl

37




*0-018
‘0~ 40
“0- 00
8- 18
“0- "
*0- &8
9= ¥
0~ &8
= n
“0- 10

o131

0~ b
‘e- I»
0= 19

oMY

=01y
*0= av
= oY
“9- Ly
="
0~ ¥
- Wy
= ¥
= sY
o= Iy
0= ov

T10°9-010 ¥10°0 81V
1070~ 60 ¥E0°8 &Y
00°6- B9 P60°0 OV
o8 40 B10°B- iV
"o 0~ 98 vi0-8 vy
850°0~ 50 650°0- &V
50~ ¥0 E¥1°9 WY
61°1- 50 SHL°0- &V
aveo- £ VBE"Ll- &V
wi*e- 18 3-8 1¥

seis oY

YNTddvH

2°6T=» 1 ¥HdIY £500°0 = S15/BD
& = Wil Y00 - 36/ 0 v 6 MW

0 0-010 D OI"D-B1Y
~“u..o. % a0t s¥
168°8- 80  €80°0~- WY
*30° 0~ 10 vE0"0 4V
s0f0- vs 100°0- Wy
¥50°0- 5§ ¥IO'E ¥
THT"E- W 1380 oy
S1¥ 0~ 50 L60%0- KY¥
STL"8- T4 Ist°0~ Iy
a0~ 13 sas" 0= 1¥

The1 o¥

WIddv M

8%~ = 3 YHAIY  BOOR°0 = 315/0) “
v = WML BTOCO = V) 8 = £ VReW

=810 “0=01y
0= 40 0= &
o= " o=
o= i Sl
“t- v el
“0- &0 o= o
"o 8 "o v
0= 19 0= oy
“e- &0 - oy
“e- 1o B

-

M1V

o 1L *g-alv
= 48 ol i
= o - o
= 1 - 2y
- " 8- o
o= & - W
- - - e
Lol 0~ fv
- 50 ‘0~ Iy
=1 o= 17

*o-

MIFIV

118018 vid"0 81y
0180~ &b VI 4V

80 19 150°0- 1v
ANTLdY W4

S*11=2 3 FHaI¥ BTON°D = 315/0)
B oLl 8900 v II/ND B = 5 THAWW

160°0-010  SH6°0-81V]
Ga 8 &0 'O~ av
1160 89 tm9-0- WY
e~ 10 isd°0 v
S00°0- ¥9 S0 Y

18 19 L51°0 1¥
M1dd¥

b= = 3 ¥HIIF £00R°0 = 315702
v pldNg v10%0 = BIESYD @ = S WdW

*o=-810 “=aly
‘- a0 - a¥
0= 0 bl o )
- 10 - IV
] "
o~ &8 5 W
- " =0~
L] - n
- £ - IV
=10 - Iv

-

WINPT

‘= s = &y
“p- 00 "w- ey
*8- 18 *0- 1y
50— 8 “w- oy
*o- ¢0 8- gy
5 40 ™ o
“0- %8 .- oy
ol L] ™ Iv
- 10 > ¥

"o ov

;Imvy

000°0-410 LD-8- 01V
B i V- WY
e 00 LS Y
YIS'S 1v seets Iv

ME*- " IH'0 "
w1 T
500~ £ Shic0- IV
{808~ 10 MO0~ T~
"t
ELIE L L

¥ea- = 3 VATV ITEB"® = SFY703 °
¥ s vl WS v BIN/TD O v L wHdTY

TSI TIrTY
§10°9 &0

nee- 19
Mldaed

*2- = 3 FHSIWW SBOD°0 = BIB/D)
v VIMNI VIO"P W MIOFY) 0 ~  FRYW

080 * DiIL¥E  IIMVADY

e - e i L T

"AINNIINOD

I 3'"19V.L

38




S IS ————

"0-018 100°0 O1vY 910°0 019 400°0-01¥] Z200°0-0i® 100°0 Olv 100°0 Otle $00*0-0Tv] €00*0-0T@ 204°0-D1Y €£04°0-018 J10%0-01¥
v00°0- &8 (00°0- bY €00°0 BQ 900°0 4v] 100°0- &0 {£00°0- &v @ L 2080~ s00°0- ¥o0°D &Y
500°0- 88 “0= #Y  50°0- 8@ 1£0°0 WOV| voOco- 100°0- 0¥ 4¥R40- £00*0- 1000 120°0- 00°0 WY
i00°0 I8 100°0 iv 460°0- 4v| vO0°0 @0 2000 v €40*0 €00*0 8 100°0 oo 500°0 4V
S00°0 99 S10%0- ov v0°0 v " 2100~ ov  Ll8°0- EO0°0 %8 400°0- W (O0°0- v00-0- ¥
100°0- S@ Oto°'0- ¢¥ *o- v S0 190°0- Sv O £00°0 £0 500°0- S¥Y  DbU°O- »ZO°D- S¥
920°0- Y3 OL1*G ¥ ‘0 Wy 8 0G0 v WL 900°0- +@ &01°0 &y @Z2°0- L50°0 ¥
$0*0- €9 550°0 v 0= ov 0 1600 aY  wee‘O- ¥60°0- €4 620°C €V 904°0- YIO0*O- AY¥
Li0*0 s zv nrt- 2w e MO0 ty a2 0z0*0 28 wlo‘c Iv eZ°0- v ¥t 0= 2v
$90%0- 19 iy o v 1 wio*o- v wlo* $80°0- 18 @10 v 920°0 LA AR L

oy eZ8*l  Ov oti1 ov " i5°3 o¥ vorty  ov
139%1 ELIFTL AP IR I LD INT IV Lt
L°tt= 3 ¥HdW  ZY0O'C - 215/0) ¥e5T-= D YH4IY 2000 = 915/0) Z°C1=* 3 wvMaIV  9100°0 * 915/2)
IV = ¥idW1 260°0 » OIS/ %= » S YHAIY  O1 » ¥idwi 920°0 + DIG/ND b= = S wWdI [0 = widHL 100 = DISSVD W= = § WA

*0=019 100°0 OI¥ Q00°0-018 105°0-0Tv]| 100°0-010 €00°0-0tv BOG°0-018 500°0 O1¥ *0-018 ZOGY0-01Y¥ 100°0-010 L00°'0 ol¥
900'0 &9 *0- ¢¥ £00°0- 60 €10°0 v *0- &8 100°0 ¥ 900°0 €00°0 &9 ¥00*3 &v 110°0 8@ §00°0
100°0 ®8 <000 @y €10°0- @9 €10°0 ®v| 100°C 89 w000 W¥ 126°0 000 88 “0- 8Y  H10°0 80 PZ0°0
Z00°0 [9 100°'0- uv &10°0- 40 010°0- 4v| Z0O*0- L@ 200D iv 100 to0*0- 49 000 4v  LeU°0- 1100

*0- %9 F00*0 %v 900°0- ¥ $10°0- fv| 100°0 9 00°0 ¥ $50°0- ov “0- 99 ¥00*0 WY 910°'0 Lo0°0-
I0%0- S8 100°0 ¥ #90°0- S8 &€0°0 Sv| 100°0 0 Y000 @v 0G0 S¥Y| ¥00°0 S@ %00°0 Sv 010°0- (1354 ]
TI0°0- w2 v90°0 sy 251°0- ¥ 110°0 +wv| £Z0'0- %@ ¥(0*0 ¥ Y00~ vv] D10°0- 8 §Z0°0 ¥ (00°0O- Yvo*0-
B£0°0- €9 YO0'0 (¥ &iv°0- €@ 900°0 €v] ¥20°0- €0 OQ10'0 v v%0°0 (Y] ¥10°0- €8 &OP~0 €¥ [v0'0- A1)
900°0 Z9 (I0°0 Iv LIK°0- Zb IeE°O0- IV] €00°0 I®¢ £10°0 v Tv1°0- zv] zoo*o 29 “0- 2y Of6°0- 10
PoT%0- 19 €i0*0 1Y To00°0 19 €1Z°0 1v| oVl°g- te 1110 v Lt1o- 1v] »i1*0- te ®L*0 1Y O0e0°0 vLE°0-

8sl°0  ov 939°0 oy $50*0 ov sEE°0 Ov ¥i0*0- Ov Lvo°D-
LUTEL LR EETEEL AT oNTIIYY LTI A ELTES LR ELIETTAT]
2'1¥-+ 3 ¥HdIY £000'0 = 215/03 ¥'9- « 3 ¥YHAIY 2000°0 * 215/9) ¥'9- » 3 YH4IY (0000 ~ D1%/3)
G « ¥IIHL VOO0 v DISSTI w- » § WagWY ¥ » ¥iIH]l 100°0 & BIESNT ¥= w § waglw T v Wil (O0%*0- % D1E/71) w- = 5 gHdWY
000 = QYN  IINVADY
"AANNILNOD I J71dvL
- . »

39




- -
L] a
120°9-018 “o-0ly %00°0 G119 $02°0 olv] »00°*> w14 100°0-QtY B90°0 018 1Z2D°2 Olv¥
140°0- 68 2000 &Y E€2°0 e@ 310°v by | 909°0 &9 LOD°0 &y ZLO"0 &3 9I50°0 v
100°0- 94 t0G*2- v COT*0 99 £%0°) @vl LO0°0 @@ S00°0- OF GS¥Z°0 @@ 1Z0°0 oV
T90°0- L9 *n- ¥ QO00"0- t® S¥3°7 iv] 400°*0- 18 @10°0 ¥ S10°0 (’ v0Z*D) iLv
»30*0- 98 LOU"0- ¥  120°0 94 10 ev] E0O°0 49 €C0-0 %y 191°0 9@ ZEU"D 9¥
S30°0- %8 %003 €v Le%°D- SA €€€°C Sv] »10°0 S@ SEQ"0 Sy 9LZ"C $3 1990 sy
LEQ"0= @ 920°0- v §v0°0 %9 Z€1°2- wv] 9€¢1°0- %9 &6Z0°0 v 0OZ9°C- %9 190°u- »v
SZQ*0- €4 Z00*0- £¥ &0%°0- €9 2200 E¥] EZTI*0- €8 090°0 €v Ls@*0- €9 TZ1°0- kv
0C0*0 29 000 v 0%l 1- Z8 9800~ Zv] 190°3> 29 Se0°0 2Zv 050°0 2@ 10O"%- Zv
»22°0- te €€2°) 1v L%1°0~ 19 7E0°0- 1y| %8€°0- 19 $60°0 Tv @11°0- 1@ J@0°D 1Av
€2i*c  Ov 5920 Q¥ et ov #:10°2~- ov
L bhlal EAIETLAY IN] OV ONIddr 4
$°€- = 3 yddly LJ00*D = D15/0D 8°21-v 3 wvddl¥ 4AT120°0- = 91%/02
0 = vi¥Hl %00°0 = D1§/10 O = § V441V 8 = vy341 200"0- = OIS/ 0 = 5 gHdYY
100" Ol 200*0 ot¥  912°9 214 200°p-01¥] %.0°0 018 S0G*2 Olv Z90°0 ole *J-0lvy)] 200°9 0la €02*5 Otv TED*O0 OT@ L1I0°J-ONY
{90°0- 6 €00°0 &¥ S€0°Q &8 S00"3 &¥ *2- 88 SOU*0 &Y Bi0°0 b9 2€0"0 bY] 100°C- &9 900°0 & &%0°0 pA  3VI°TI- b¥
Y300+ B8 130°0~ 9V 949°0 @4 i%2°0 @vf Z70°0 @9 6000~ $v 222°0 69 900°D Gv| 00°0 98 €00°0- @v 091°0 @@ Ev0°0- OV
230°3- L4 *0- tv 612°0- ¢4 G520°9 4v] €20°0 19 LOO®0 LI¥v €%0°0C i9 ©OU°Q Lv °0- L9 %w0O0*0 Jv B10°0 L3 T1€0°D iv [==]
900° - 98 S00D°0- Ov &2)°0 98 900 ov| 100°0 o8 100°0 o¥ TL1°0 99 J80°3 9v] »00*3- 93 600"nN- 9¥ SOI°0 93 i€0°D 9v d
L00°0- %3 019°0 Sv »%E°0- GA (%€°% S¥] T10°0 54 1€0°0 ¥ O%0°0 S8 9%¥"0 &v¥ *9- 89 120°2 Sv $20*y- 54 3Iv0"D ¥
Z90°0- %% $00°0 ¥ O11°0- +8 4590°0= 5vf 9Z1°0- %8 £0U*D= ¥ &%¥°0- »2 »Z0°0 ov| ZI1*0- %0 Z%0°0 %v DSZ°0- 43 (€0°0 ¥
%600~ €9 @00°0 €v w@2°0- td €E€1°0 €Evw] t90°0- €9 €S0°*0 €¥v 1¥9°0- €9 (90°0 Ev] &%, - € €EO0°0 €v €9€°0- €@ <L{1Z'D £¥
$E0"0 8 OQ€J°0 Zv  €09"0= 23 962°0- Zw] 9%0*) I3 @600 ZIv S§10°0- Z9 109°0- Zv] @€0°0 Z@® 1900 2v 1LZ°0- 294 3FHETD- 2V
£€92°0- T8 #02°0 I¥ @CU°0- 13 &91°0- 1¥] 42€°0- 18 &SZ1°D 1v $Z2J*0- 19 1%0"0 1Tv] 2e2-0- 12 1T21°0 1v O+l1*0 14 700°0 (¥
kee°2 Q¥ Zeb® 2= O¥ 190°2 v INT=I=- Ov oev*Z  Ov Sv€°0- O¥
IN199v Tulddvy 4 INEDOYT GNladv 14 BLIBLL A INtddYid
9*5- = 3 ¥HAIY 2000} = TI5/HD stol=w 3 vddlv »100°0- = T15/0D 1°8= » 3 wddlv (000"0- = 215/02
T o« ¥i3IW]  ¥00°0- w A15710 3 = § ¥Hd¥ 9 = ¥1341L %00°)= + 31%/72 3 = 5 wHdd¥ ® = ¥13{) H00°0=- = OIS0 O = 5 wedal¥W
€66 O = Qlilvys 3INVAQY
. Lt
QAN TIONOD I d1dvlL




SHEAR FORCE HARMONIC COEFFICIENTS, LB,
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TABLE III - SCALING RATICS

Model linear dimension = 1/S x full scale linear dimension

Subscript m - model
Subscript fs - full scale

Parameter Full Scale Blade
E Radius & other linear dimensions 1/S
R_/R
. m’ s
2
Areas- Am/Afs 1/S
. . 2
Mass per unit Iength m_ /i 1/5
3
Total mass M 1/5
b bt /
. 5
Stiffness EIxxm/EIxxfs’ etc. 1/8
Angular velocity Q /1 Jg
m fs
Linear velocities ( R )m/ ( QR)yg 1 /Jg
Mach number My, /M, 1//S
Froude number 5 1
( 2R/, / ( Q°R/B)s
3
2
Reynolds number RNm/RNf v 1/S
Output forces F, /F, 1/5°
Output moments Mom. .., /Mom. ¢g 1 /S4
L
Output elastic strains €/ € ¢ 1
Natural frequencies wm/ wig ./S
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FLAPPING

e i- AXIS

LhGGING
/ AXIS

PITCH

B SPINDLE g # ‘

Figure 1. Vibratory Shear Force Rotor Head.

LAG DAMPER MOMENT
SIMULATION STRUT
FOR CALIBRATION ONLY

(o) BASIC INSTALLATION
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u)'45"

LINCAR GEM LAS

{b) ASSEMBLY DRAWING

Figure 1. Concluded.
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UPPER INSTRUMENTED SECTION - TOP VIEW

~ TANGENTIAL MOMENT GAGE

FLATWISE SHEAR GAGE
f (TOP & BOTTOM SURFACE) / LAG HINDE
:TANGENTIAL MOMENT GAGE

0.82"

0.878" r

]
-

T

LOWER _INSTRUMENTED SECTION - TOP VIEW

L 0.28"

]
L

EDGEWISE SHEAR GAGES

:RADIAL SHEAR GAGES

(TOP & BOTTOM SURFACE)

: ~N

/LAG HINGE

(b) SEMICONDUCTOR STRAIN GAGE LOCATIONS

Figure 2.  Concluded,

47




MO A Popo[dxT-operd pareds Afreotweudq ‘g oIndryg _




; *ganizado1d [eorsAuyd sperg otweuvdAq ‘f omIrg

¥/4 ‘sniavyd TYNOISNIWIONON ¥/4 'SNIOVE TVYNOISNIWIONON
-y
o
[+ )} 80 90 0 20 o) - 0Ol 80 90 #0 20 (+] W
r 1 . h — [l [ I o > [ L i L T o ”nh
Qo T10° ) | - O
-
! o
W | r
ro @ TE) , &oum
£ _ sa.
o 220 m 40 “ mzw
NIO¥Y3T N ' ] >~
ONID QN4 L2690 3ISIMOHOHD d_ 220 s tlyo
NOILVLON 280 o
40 WILNID WONJ 62 3ISIMNVAS A
SNOLLYI0T ALIAYMO dJO ¥ILNID 30vId JONIH
oc.Tﬂ«.._u
r - .-I S & L 1 1 o - L L i i L o m
9100 n«S.J. c | I =
W00 “ 2 '3 ] -
' z £20] ' £
] '
) _ 3 | 4
| fror T3 | feoom
' 5 = ' 'z
' ~ 3 ! o
280 e “ o
“ \ H (11} “ =18 ﬁ
: 1 2 1 ~<
. “ - “ A »
! . g o081 O
60 6 S ol -»

r—m——

e




*salouanbax, [RIMEN Paiv[nofe) aperg 1010y [9pOW  °S 2InB1.

ISIMLYIS
ISIMIDAT

wdis *Qg3345 HCOLOW

004 009 00 oo _ooe 001
2040 &0 Lo | o .“_ vl | |
IH E L
R S=— =
— T L= N
= g
— \_.\ﬂ W - 2
- .1.\\\_ r\\\\\\\\$\\ “ﬂl].‘.hn
A =T
—L rd
.\\\\_ | n\_\
o ¥ A |
= ﬁ
i JONVH ONILVH 34O
i 0 N _
21 [M30HO OJINOWMVH| |

0z

o

08

o8

0zl

e e e A ks

$dd ‘AON3INO3IYS

50




‘[3UUN L, PUTM OIU0osSqng §,JBIDILY PAAINN 9 aan31g




81y iso L 1010y 121doolIoH AXsIONIS ‘L 2andrg

TANNAL A¥IM NI NOILVTIVISNI T1d400H J0 MAIA TVEINZD (®)

P T I P

52




‘papniouo) *4 2an3ig

va¥y 3LVId HSVMS NV 8nH J0 STIVIAd Q)

3avi8 H4010H

(NOILOW 9V7)

Q0O HSNd
O3LN3INNYLSNI

f ——EPT L Le
9V 1

dv2 :
NOILVLNIWNH LSNI




ol
60

80
410

*SUORIPUO) 183 [SUUN), pulyy g 2In3ig

iy ‘033dS QHYMNO4 INITVAIND3

00€ 0s2Z 002 os! ool 0s 0
8iy '033d4dS INNNL
0% | ozl 001 o8 09 o 0z 9
_ |
1 1 siniGd 1531 @& | e s
e == -+ - e e 00|
— | ==
L—1—
- — |“ 002
1\\\
...a......_......n.iwx..\ - ln-l il B .
| -~ 1 Illh\\-il ’ |
\._-..n._ ~ \ 00€
e s
\V\ e L.\c\.llllu .L.Il + il |_ ] G = -
A AT i T
Z W5 /
$0 ) €0 zo 1roa7f

sd} ‘03345 dIil 300N

- 002

-00P

-009

L o001

=008

dil L1N3IVAIND3

‘033dS

td)

54




*§9010,] Je9YG UO UONITPUO)) WIX] JO 108lq ‘6 oInTrg

Q3NNIYL (o)
20=1 -bepp-= D

27710 ‘OILVY¥ ALIQINOS - LNIIDNII4300 L1411
or 80" 80’ »O' 20° 0 uw.-
~ c-
- Lo
e ] o)
Q|
N 4 [Py 2
= v
1 9
D INONYVH 4

SL1N3IJiI44300 3INISOO ©
SIN3IIJIA430D 3NIS ©

‘0804 HVIHS 3SIMIVIY

‘AIN312144300 OJINONYVYH

1

35




O SINE COEFFICIENTS
B COSINE COCEFFICIENTS

e

Ib.

1 HARMONIC
AT
W -
s§
E 2
- 4
Ss o =
%
1) -2
zZ w
o w -4 | {111
2 ® -o02 o 002 .004 008 008 .00
«
T © TORQUE COEFFICIENT - SOLIDITY RATIO, Cq/v
lad

ag *-4deg p*02

Figure 9(a) Continued.
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© SINE COEFFICIENTS
@ GOSINE COEFFICIENTS
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- "LIFT COEFFICIENT - SOLIDITY RATIO, C /¢

ag =0deg =02

-4 deg. FIRST HARMONIC LONGITUDINAL FLAPPING
(b) OUT “OF - TRIM

Figure 9. Continued.
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COEFFICIENT,

HARMONIC
EDGEWISE SHEAR FORCE,

I b.

© SINE COEFFICIENTS
O COSINE COEFFICIENTS

1" HARMONIC

10

6
4
2

0
-2
=002 o 002 .004

TORQUE COEFFICIENT -
SOLIDITY RATIC, Cqp/c

ag =Odeg. 4 =0.2

Figure 9(b) Concluded.
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© SINE COEFFICIENTS
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APPENDIX I

EXPERIMENTAL VIBRATORY MOMENT AMPLITUDE FIGURES

FLAGGED SYMBOLS IND!CATE OUT-OF-TRIM OPERATION
DOUBLE FLAGGED SYMBOLS INDICATE ZERO LAG DAMPING
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Figure 85. Experimental Vibratory Moment Amplitude, Mu=0.2.
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3 APPENDIX TW

EXPERIMENTAL VIBRATORY CONTROL LOAD
AMPLITUDE FIGURES

FLAGGED SYMBOLS INDICATE OUT-OF-TRIM OPERATION
DOUBLE FLAGGED SYMBOLS INDICATE ZERO LAG DAMPING
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Figure 91. Experimental Vibratory Control Load Amplitude, @=0.2.
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Figure 96. Experimental Vibratory Control Load Amplitude, p=1.0.
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