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AN EXPERIMENTAL INVESTIGATION OF THE STRUCTURAL DYNAMICS OF A
TORSIONALLY SOFT ROTOR IN VACUUM

SUMMARY

\
‘An extensive data base of structural dynamic characteristics has been
generated from an experimental program conducted on a torsionally soft
tvo-bladed model helicopter rotor system. Measurements of vibratory
strains for five modes of vibration were made at twenty-one locations on
the two blades at speeds varying from 0 to 1000 RPM and for several
combinations of precone, droop and flexure stiffness. The tests were
conducted in vacuum under carefully controlled laboratory conditions using
a unique excitation device which uses a system of piezoelectric crystals
bonded to the blade surface near the root. Frequencies, strain mode shapes
and dampings are extracted from the time histories and can be used to
validate structural dynamics codes. The dynamics of the system are such
that there is a clear tendency for the first torsion and second flap modes
to couple within the speed range considered. Strain mode shapes vary
significantly with speed and configuration. This feature is important in
the calculation of aeroelastic instabilities. The tension axis tests
confirmed that the modulus-wveighted centroid for the nonhomogeneous airfoil
is slightly off the mass centroid and validated previous static tests
performed to determine the location of the tension axis.
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INTRODUCTION

An accurate knovledge of the dynamic characteristics of rotor blades
is essential in order for the designer to be able to determine the extent
of susceptibility of the rotor system to aeroelastic instabilities . These
dynamic characteristics include the natural frequencies, mode shapes and
damping of both the individual blades and rotor system. A data base of
these characteristics experimentally obtained under controlled excitation
for different configurations of the rotor obtained (covering a range of
pitch, precone and droop settings at several rotor speeds) can be used to
validate structural dynamic analysis models.

Accurate measurements of the structural dynamic characteristics in air
or in an operating environment cannot be made because of the influence of
aerodynamic damping. In nearly all rotor experiments, modes which exhibit
high aerodynamic damping are virtually impossible to measure. Further,
aeroelastic coupling among the blade modes produces responses which do not
represent directly the basic natural system mode characteristics of the
rotor blades. Therefore it becomes essential to obtain by measurement the
fundamental modes and their characteristics in a vacuum environment and to
use these data to validate analytical models. The validated models can
then be used with confidence in the design-analysis process.

A motivation for the present effort comes from the results presented
at the methodology assessment workshop (Ref. 1) in which wide variation and
discrepencies between test data and corresponding aeroelastic analyses of
hingeless rotor models were reported by participants from industry and
government. The validation of the isolated structural dynamics component of
a rotor system mathematical model is an important step in developing an
aeroelastic computer code that can be used with a high level of confidence.

This report presents the results of an effort to experimentally
determine the structural dynamics of a torsionally soft 6.32 foot diameter
tvo bladed rotor system in vacuum. Frequencies, mode shapes and damping
for the first three flap bending modes, first torsion mode and the first
lead-lag mode were measured in vacuum at speeds varying between O and 1000
RPM covering a range of droop, precone, pitch angle and pitch flexure
combinations as follows:

Droop O, -5°
Precone 0O, +5°,
Pitch 0, +12°, -12°

Pitch Flexures: Soft and stiff
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Vith 21 strain gages distributed at selected spanwise locations on the
tvo blades, a total of nearly 4000 time histories were recorded for
analysis at each speed. The blades used are the same blades which were
tested by Sharpe, 1986 (Ref.2), in order to establish the Flap-Lag-Torsion
aeroelastic stability of the rotor. Reference 2 presents, in much more
detail the background of this important problem area and serves as the
basis for the investigation reported here. The only other attempt made in
this regard is by Lee (Ref. 3) but the method of excitation used was such
that torsional characteristics could not be obtained accurately. The
uniqueness of the present effort lies in the use of an excitation device
vhich can excite a desired mode using a system of properly positioned
piezoelectric crystals. The crystals are bonded to the blades and under a
sinusoidal power input, experience alternating strains which in turn are
imparted to the blades through the bond. This results in a clean and
reliable method of exciting the blades at their resonances. This system
has been found to be effective in exciting the first five modes of the
rotor system. The system is described in detail later in this report.
Vibratory data has been recorded from strain gages for all test
configurations at 0 and 1000 RPM and at three intermediate speeds for some
configurations. The data were reduced using Fast Fourier Transform (FFT)
techniques and a modal curve fitting procedure.

An accurate assessment of steady bending and torsion loads cannot be
made without accurately locating the blade tension axis along the chord.
This experimental program therefore, included measurement of the position
of the tension axis (i.e. the position of the modulus-weighted centroid
along the chord; an important section property of nonhomogeneous structural
members) for the baseline configuration.

The report presents the details of the program, a discussion of
results obtained along with principal conclusions reached.

TEST OBJECTIVES

The specific test objectives of this program were: (a) to determine
the location of the tension axis of a specific blade of the rotor system in
vacuum at speeds up to 1000 RPM by measuring the static lead-lag bending
strain distribution, and hence bending moments, (b) to obtain the dynamic
characteristics, namely strain mode shape, natural frequency and modal
damping for the first five modes of the rotor by measuring the distribution
of dynamic strains at predetermined locations on the blades while spinning
at speeds up to 1000 RPM in evacuated conditions, and (c) to determine,
through such measurements, the influence of precone, droop, pitch and pitch
flexural stiffness.




ROTOR MODEL

As shown in Figure 1, the rotor model selected for the proposed study
is a 6.32ft diameter isolated hingeless two bladed rotor model with a NACA
0012 airfoil having no twist or taper. This rotor constitutes
configuration IIA as used in the Integrated Technology Rotor/Flight
Research Rotor (ITR/FRR) Methodology Assessment Study (Ref. 1). The rotor
vas originally used for aeroelastic stability studies reported in Reference
2, and is described in detail therein. The blade construction outboard of
the 9.5% radius consists of a unidirectional Kevlar spar and 0.003 inch
(.0762 mm) thick glass fiber cloth skin. The blade profile is maintained
by a polyurethane foam core. Inboard of the 9.5% blade radius, the
flexible blade is bonded into an airfoil shaped aluminum alloy cuff
attached to the root flexures at the hub. Embedded in the leading edge are
tantalum segments for center-of-gravity and cross sectional polar moment of
inertia control. The cross-sectional properties were designed so that the
center of gravity and the elastic axis are coincident with the quarter
chord point.

The dimensionless lead-lag and first flap blade frequencies, (1.5 and
1.13 respectively), are representative of typical hingeless full scale
rotors but the dimensionless first torsion mode frequencies, (2.87 with the
stiff flexure and 2.56 with the soft flexure), are less than typical full
scale values. The dimensionless frequencies were obtained by dividing the
natural frequencies by the nominal rotor speed of 1000 RPM.

The rotor hub design permits variation of the pitch flexure (control)
stiffness, along with the precone, droop and pitch angles. Two pitch
flexures were used in the tests. The relatively soft one had a torsional
stiffness 7.062 times that of the blade whereas the stiff one was almost
10000 times stiffer than the blade. Interchangeable hubs provided the
precone angles of 0 and 5 degrees as required in the testing. The required
droop angles of 0 arnd -5 degrees were obtained by having interchangeable
wvedges positioned between the blade cuff flange and the outboard face of
the pitch flexure. Pitch angle settings of -12, 0 and 12 degrees for
testing vere obtained by rotating the blade outboard of the pitch flexure,
at the interface between the pitch flexure and the droop wedge.

The six basic rotor configuration cases that were investigated are
shown in Figure 2. These vere selectively combined with the three test
pitch angles to give the twelve selected test configurations for which
vibration data were obtained.
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VACUUM SPIN RIG

The UTRC Centrifugal Testing Facility (Spin Rig) was designed from its
inception as a research tool dedicated to measurement of the in-vacuo
structural dynamics of rotating blade assemblies. As shown in Figure 3,
this rig is an above-ground facility with a test chamber measuring
approximately ten feet in diameter and three feet in height. Principal
mechanical features of the spin rig are the vacuum pump system and the
rotor drive system.

The vacuum pump system evacuates the test chamber down to 100
millitorrs in less than 8 minutes. An automatic vacuum valve will isolate
the test chamber to prevent air leaking in should a power failure occur.

The drive system consists of an 8-inch Barbour-Stockwell air turbine
and its associated electro-pneumatic servo control throttle valve which is
able to maintain required speeds at better than i 1%. The bottom flange of
the turbine is fitted with a magnetic pickup and a 60 tooth gear to provide
the signal to the speed control unit. A safety interlock system protects
against any loss of oil pressure, oil flow, or oil level in the reservoir.
A remotely operated turbine brake control will function in the event of a
powver failure. An overspeed trip solenoid air valve will shut off the
drive air when the selected value of maximum speed is attained.

A unique feature of the facility is the base mounted rotor drive
assembly which provides complete accessibility to the model rotor and
unobstructed viewing through the 1id from above. Figure 4 shows the
conceptual arrangement of the model rotor installation in the test
facility. The model was mounted to the top of the drive shaft using a
special adapter. The drive shaft rotates in a squeeze film damper bearing
incorporated in the sealed duplex bearing assembly mounted beneath the rig
floor. The lowver end of the shaft is connected to the air turbine using a
flexible coupling. A 40-channel slip ring unit is similarly connected to
the lower end of the turbine shaft. Figure 5 shows the model rotor mounted
in the spin rig. Prior to testing, with the model mounted on the shaft,
the rig model frequencies, were determined using an instrumented hammer and
signature analysis methods. The lowest frequency found wvas 88 Hz for a
shaft bending mode in the direction of the blade radial axis. This
frequency is above the minimum recommended in order to preclude the
dynamic coupling between the rig and the rotor blade lead-lag motion from
contaminating isolated blade frequency and damping measurements.

Initial runs vere made to 980 RPM with the chamber evacuated down to
300 millitorrs. No indication for the need of balancing was evident.




PIEZOELECTRIC CRYSTAL EXCITATION SYSTEM

The research objectives of this program required that the technique
chosen for the excitation of rotor systems should be one in which the
level, frequency, and phase characteristics of excitation can be -
controlled. In this way, the individual modes of each blade and of the
rotor could be excited at speed, to permit determination of the modal
parameters from resulting response data. The Piezoelectric Crystal .
Excitation System developed at UTRC satisfies this requirement and was used
in this program.

The piezoelectric crystal, by virtue of its unique electromechanical
properties, is ideally suited for exciting structures with minimum
modification of the structural mass and stiffness properties and can be
used in both rotating and nonrotating tests. Piezoelectric crystals have
previously been successfully used as structural exciters in studies of
bladed disk forced vibrations (References 4 and 5). In the above
applications piezoelectric crystals were used also as transducers to
measure strain in the various structures. Excitation by crystals can be
effected in two ways. In the first, a crystal sandwich is positioned
between two components of the structure such that when a voltage is applied
to the faces of the crystal, relative motion between the components
results. Disadvantages of this method are the change in stiffness of the
structure that occurs at the crystal-structure junction and the high
excitation voltages required. In the second, an elongated crystal wafer is
bonded to the surface of the structure such that vhen a relatively low -
voltage is applied to the crystal, a longitudinal strain is imparted to the
surface which in turn produces a local bending moment about the neutral

axis and so bends the structure. This method is obviously best suited to .
excite plate-like structures and was thus selected for the present
application.

Crystal vafers are attached to the blade surface at locations where
significant strains are expected in the modes of interest. Each blade is
instrumented in this way and the crystal installations become a permanent
feature of the blade assembly. Electronic circuitry has to be provided to
enable the phasing between each blade exciter and input power level to be
varied as required. Thus, blade modes and rotor modes can be excited.

A UTRC designed and fabricated excitation control unit provides for
independent level and phase control of the a.c. voltage supplied to each of
the crystals on the blades. This independent control of the phase angle
between the crystals permits the optimum excitation of each mode, both
symmetric and antisymmetric. Such values are dialled in for each channel
at the master control panel. Phase angle is variable from O to 360 degrees
in steps of 1.41 degrees. The amplitude control to each channel is
continuously variable from 0 to 140 volts peak. The signal generator used
is a Hewlett Packard Model HP 3311A with an external control unit to allow
very fine frequency tuning. The t 150 volt d.c. power was supplied by two
N3JE Model EA160-8 units.

v -~ 4%,
........

s

C.
L]
[ Wy,

g B O R L Oty e R Jhan Gb Rl
" o » =

“w



L Y

PPy

WA AR N

— -

of LW

‘fi.- :JJ';'&

-
-

- E A

iy J;’ .'“ "1

P

‘:;Jﬁ'l.’ L4

‘

Y

\. .. X x-$. e ‘..7 .u"! ‘:.q.ﬂ .’-.'. --,.q EEREA R ; ..-:.-. " -..-’_ DA ..’.‘ RTINS ._.. R '.'..'::~.. ‘1““1:..(‘\'.-‘-...: ..... . _-.‘_:“_- .“:“'..-,. K
4 L8N o ) o ¢ . ¥ N h
AN RGO IO A S M A e AP SN W, . . it Ny o - X " . * \ . s \'\_ 3(: .ty o

The piezoelectric drive crystals attached to the blades for the
present test program were of G1356 material supplied by Piezo Electric
Products. They were made of lead zirconate titanate ceramic material with
nickel surface electrodes. The elements, nominally measuring 1.0 x 0.5 x
0.010 inch, were epoxied directly to the upper surface of each blade as
. close to the cuff as possible. Two drive elements were attached to the
upper surface of each blade, one above the spar and one at the trailing
edge as shown in Figure 6. These locations were chosen in order to
maximize excitations of all the bending and torsion modes of interest with
minimum disruption of the original section properties. Two wires from each
crystal vere routed to terminal strips bonded onto the cuff. From these,
connections were made to coaxial cables which were routed down the drive
shaft to connect with the four channel control console via slip rings.

INSTRUMENTATION

In order to measure steady bending moments at two locations on the
blade and distributed vibratory blade response, two sets of instrumentation
and data acquisition systems were utilized. In both cases, the required
parameters were derived from the output of skin-surface mounted strain
gages.

For the bending moment measurements used to locate the tensile axis,
blade S/N 5 was instrumented with the same system of gages as was used in
the stability investigation reported in Reference 2, i.e., the gages were
mounted near the cuff in a conventional four arm bridge arrangement to
measure blade flap, lead-lag and torsional moments. The flap and lead-lag
gages vere at 12% blade span and the torsional gages were at 14X span.
Additional gages however, arranged to measure lead-lag moments, were
located at 34X span. The gages were Micro Measurements type CEA-06-187
UW-350 (for flap and lead-lag) and CEA-06-187UV-350 (for torque).

The strain gage leads were routed through the center of the drive
shaft and turbine to the slip ring unit and then connected to the bridge
excitation and signal conditioning system. This system was the front end
portion of the Analog Data Recording System (ARES). This is a semi-
portable system for the automatic acquisition of static and dynamic test
data with oscillatory frequency rates from zero to 20 kHz. A maximum of 28
analog signals can be processed. Each channel incorporates independent
signal conditioning and amplification. The signal conditioners were
specifically designed for strain gage type transducers and provide
regulated excitation up to 10 volts. The amplifiers provide voltage
amplification of 1, 10, 100 or 1000, and are each equipped with low pass
signal filters with roll off frequencies of 10Hz, 100Hz, 10kHz, and 100kHz.
Signal monitoring was achieved through a single channel selectable digital
display readout which includes RMS measurement capability for averaging
dynamic signals. The excitation voltage used wvas 2.0 volts. The
conditioned analog signals were then digitized using a Perkin Elmer PE3220
computer controlled data acquisition unit and the steady state responses
tabulated.
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Calibration of the gages was accomplished directly by applying forces
and moments, using a system of weights at the blade tip, and recording gage
output with the blade stationary.

For the vibratory measurements one blade, S/N 8, was instrumented
extensively with strain gages at 16 locations for modal identification
purposes, while the other blade, S/N 5, had gages at five locations near
the root for determining modal frequencies and damping and to assess
coupling betwveen the blades.

Pretest calculations vwere performed to assist in locating the gages
such that sets of gages would be sensitive to particular types of modes,
i.e.flap, edgewise or torsion, and give a reasonable estimate of the span-
wvise distribution of dynamic strains in each mode.

The principal analytic tools used were the E159 preprocessor and the
coupled mode (eigensolution) calculation portions of the G400 rotor
aeroelastic analysis (Ref. 6). The E159 preprocessor portion of G400
calculates, from distributions of section properties, the uncoupled
flatwvise, edgewise and torsion normal modes. Uncoupled modes are defined
to be those calculated from omitting pitch, twist, droop and precone
effects. These effects were modeled using the coupled mode eigensolution
calculation portion of G400. The mass and stiffness data, shown in Table
1, were distributed over 20 blade segments in a format compatible with G400
requirements. The node point locations for these segments are shown in
Figure 7. The flexure was located at the first blade segment, taken just
outboard of the hub. The area radius of gyration distribution along the
blade wvas approximated by using the torsional inertia and mass of each
segment.,

The uncoupled bending and torsion modal characteristics of the blades
vere determined for each of the two pitch flexures at rotor speeds of 150,
400, 600, 900 and 1000 RPM using the E159 routine. A tabulation of the
natural frequencies calculated for the first three flap and first edgewvise
and torsion modes versus speed is given in Table 2. In order to obtain
coupled modal characteristics it was essential to include precone, pitch
and center of gravity offset in the blade equilibrium calculations. This
made :'t necessary to calculate time-history solutions prior to the
calculation of the eigenvalues. The blade precone angle was defined to be
the built-in angle which the blade pitch axis makes with the plane of
rotation due to hub orientation at the root. Blade droop was defined as
the built-in coning outboard of the pitch change bearing. Using these
inputs, sample calculations were made. Difficulties were experienced with
unstable solutions resulting in excessive amounts of pitch and droop for
the soft flexure at high speed. Also the complex mode shapes showed an
unreasonable amount of torsion in many of the modes. The frequencies
hovever, agreed vell with those of the uncoupled analysis. PFurther
investigation of these problems was beyond the scope of the effort.
Therefore, all decisions on gage location were based on the results from
uncoupled analyses.
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The uncoupled displacement mode shapes were examined for node position
change vith configuration and speed. These node excursions are shown in
Figure 7. The strain gage locations were chosen on the basis of maximum
strain for a given type of mode with minimum response in the other types of
mode. The selected locations on blade S/N 8 are shown in Figure 7 and 8.
Four locations (%1, 2, 3, & 4) along the spar vere selected to identify the
flap modes. These were in a half-bridge hookup with a gage on the upper
and lowver surfaces. Three locations (#5, 6 &7) along the trailing edge on
the lover surface vere selected for edgewise mode identification. These
vere connected in a single-arm bridge arrangement using a 350 ohm resistor
in the other arm. For torsion mode identification, three locations (#8, 9,
10 - #11,12, 13 - #14, 15, 16) vere selected and a rectangular rosette,
comprising three single-arm gages, was attached to the upper surface at
each location. On blade S/N 5, the locations closest to the cuff were
gaged, namely %1, 5, 8, 9, & 10.

The strain gages selected were Micro Measurements type EA-13-250BF-350
(single gage) and type EA-13-250RD-350 (rosette). Prior to instrumentation
of the blades, the thermal integrity of a candidate strain gage was checked
in vacuum using a gage on the spare blade. The gage (type CEA-XX-187VW-350
with a grid area of 0.034 sq inch approx) was instrumented with a 1 mil
K-type thermocouple connected to a data acquisiton unit. A voltage of 6.7
volts was applied across the gage in a half-bridge connection simulating
the proposed test conditions using strain gage amplifier modules. 1In air,
the steady state temperature measured was 120 degrees F and at a reduced
pressure of 100 miilitorr, the temperature rose and stabilized at 131
degrees F. It was concluded that the selected strain gages would be
suitable for the proposed testing.

Signal conditioning was accomplished using twelve UTRC designed and
built units mounted radially in the hub-to-shaft adapter as shown in Figure
5. These precalibrated units provided the half-bridge completion network,
excitation voltage (6.9 volts), signal amplication (7430) and multiplexing
switching control. (7 input channels, 1 output channel). Onboard
amplification was required to minimize cross-talk between the strain gage
signal leads and the crystal exciter supply vires going up through the
center of the drive shaft.

The strain signals were filtered, digitized and recorded on magnetic
tape by the computer controlled UTRC Aeromechanical Transient Logging
System (ATLAS). For the present tests sampling rates of from 100 to 4000
samples/second were used to cover the required frequency range. The
maximum number of data channels that could be acquired simultaneously by
the ATLAS was twelve. In order to obtain correlated data from all twenty
one strain sensors, a multiplexing system was employed. The strain gages
vere grouped into three sets with three reference gages common to all sets.
The reference gages selected were at locations #1, 5, and 9. The
allocation of channels in each set is shown in Table 3. When the command
to acquire data was given to the ATLAS computer, the multiplexing switches
in the on-board signal conditioner units were set and strains were recorded
from each set consecutively as directed by the computer.
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In order to allov an independent determination of modal
characteristics from the dynamic tests, analog data were obtained from the
"static" set of gages on blade S/N 5 and gage #1 on blade S/N 8. These
time histories were recorded on magnetic tape using a Bell and Howell
Datatape VR3700B F.M. recorder. A triggered pulse was simultaneously
recorded to mark the start of each transient event. The set up parameters
and channel assignments are given in Table 4.

DESCRIPTION OF TESTS

Neutral Axis Location Tests

The objective of these tests was to determine the lead-lag moment
caused by the tensile axis center-of-gravity offset without the influence
of aerodynamics.

Prior to spin testing, the moment sensitive gages on blade S/N 5 were
calibrated by directly applying forces and moments using a system of
veights at the blade tip and recording gage output with the blade
stationary. The calibration determined for the lead-lag bridge was 2.33
ft-1b/mv.

The rotor was then spun up and the output of the lead-lag bridge was
recorded at speeds of approximately 200, 400, 600, 800 and 1000 RPM.

Vibratory Modal Characteristics

The objective of this series of tests was to identify, for each of
tventy four distinct mechanical rotor configurations and four pitch angles,
tne eight lowest blade hub-fixed natural modes in terms of strain mode
shape, natural frequency and damping values. Twelve configurations vere
tested and these are listed in Table 5. The case numbers correspond to the
ITR Configuration II-A cases with subcases indicated by (a), (b) or (c)
relating to the pitch angle used. Three pitch angles were tested (-12, 0
and 12 degrees). In general, data vere recorded for the first three flap
(1F,2F,3F), first edgewvise (1E), and first torsion (1T) modes at the zero
speed condition and at 1000 RPM, Data at intermediate speeds were recorded
for two basic configurations.

Initial tests were performed to determine the optimum phasing of the
drive crystal signals to excite all the required modes and in particular,
the differential edgewise or lead-lag mode. The collective lead-lag mode
was not intentionally excited.

The procedure to obtain a data record required the rig to be first
stabilized at a specified speed. Then the crystals were energized at a
specified voltage level and phasing. To find the system frequency, a
responsive strain gage channel was monitored visually on an oscilloscope as
the exciter frequency was swept slowly about the expected frequency of
interest. When it was seen that the blade response vas at a maximum, other -
gages were switched on and observed. By noting their amplitudes and
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phasing, the mode excited could be identified. At this point, the
excitation was svitched off and data for one set of gages were acquired and
recorded on magnetic tape. Data from the remaining two sets of gages vere
recorded for the identical conditions in the same way. Table 5 shows the
order in which the tests were performed giving the configuration, speed,
record number of each datapoint and the modes for which data were obtained.

Throughout the test program, a problem in the vacuum rig drive train
caused an undesirable one-per-rev excitation which contaminated the crystal
generated transient response data. The rotor response characteristics were
composed of one-per-rev and higher harmonics, not only in the lead-lag
torque mode but also in the flap and torsion modes through coupling.
Particular difficulties were experienced at speeds where natural frequency
order line coincidence occurred i.e., at 600 to BOO RPM (edgewise and
torsion modes) and at 1000 RPM (torsion mode). It was later determined
that a possible source of the roughness was a slightly damaged squeeze film
damper bearing.

Following the tests on the spin rig, the dynamic gages on blade S/N 8
wvere calibrated in a bench test, by statically loading the tip of the blade
wvith a series of forces and moments. The resulting sensitivities at each
location for flap wise, edgevise and torsional loadings are given in Table
6 Rotor configuration was configuration #1 with zero pitch.

DATA REDUCTION

Vibratory Modal Characteristics

Data reduction programs, as described in Appendix A, were used to
extract the natural frequency, damping, amplitude and phase from each
recorded strain response time history. These results vere then compiled
and presented in tabulated form as shown in Tables 7 to 35. Because of the
large number of time histories (nearly 4000) to be processed, certain
rejection criteria were written into the program to remove obviously
anomolous response data. The removal is indicated by a zero value in the
amplitude and phase columns.

Inspection of the dynamic strain gage post-test calibration as shown
in Table 6 indicates an obvious inconsistency in the sense of gages #1, 2,
3, and 4 with the convention that tension is positive for each gage. These
gages vere the only ones connected in a two-gage half-bridge configuration
which accounts for the sense change. In the data reduction therefore, the
signs of the conversion factors used for these gages wvere changed.
Examination of preliminary results for mode shapes indicated that the sense
of gage #8 wvas incorrect although no cause could be found. However, to
make the mode shapes as tabulated more logical, the sign of the conversion
factor for gage #8 was also changed.
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DISCUSSION OF RESULTS
Neutral Axis Location Tests

The millivolt readings were converted to measure moments using the
previously determined calibration factors. 1In order to relate these
results with those measured statically by Sharpe in Reference 2, the
equivalent tensile loads applied at the measuring section were determined
for each of the speeds using the given weight distribution (see Table 1)
for the blade. The measured moments are shown plotted against these
equivalent tensile loads in Figure 9. The speed scale is also shown for
reference. The "best fit"” line through the static results obtained by
loading the blade with radial forces applied at the quarter chord point at
the tip as shown in Figure 49 of Reference 2 is also shown in Figure 9.

As can be seen, the slopes of the static and spin test results are
essentially the same indicating that the methods are equivalent. Thus the
determination of the tension axis location described in Reference 2 is
valid.

Vibratory Modal Characteristics

The measured modal parameters (frequencies, damping and strain mode
shapes) for the five modes and for all the test configurations and speeds
are tabulated and presented in Tables 7 through 35. In each of these
tables, the natural frequencies for both blades are shown. The mode shapes
have been normalized with respect to a reference gage appropriate to each
mode. The reference gage number and the normalizing factors (amplitude and
phase) are shown at the bottom of each column. By normalizing on the same
gage in each multiplexed set of strain data and relying on the fact that
each time history was recorded at the same point relative to the input
signal, a set of correlated values for all gages on the rotor is obtained.
The results for blade S/N 5 are normalized separately and shown in a
separate column in each table. The phase angles within i 10 degrees of 0
or 180 degrees are rounded off to either O or 180 degrees respectively.

The natural frequencies for all configurations and at all speeds are
tabulated and shown separately in Table 36 through 40. Variation of the
natural frequencies with respect to rotor speed is represented in Figures
10 and 11 for three selected configurations only (Configurations 1l(a), 2
and 6 (c)). Refer to Table 5 for the definition of each configuration.
Strain mode shapes for each mode in these three configurations are
represented in Figures 12 through 17,

The following observations are made with reference to the figures and
tables discussed above:

Some results from the experiments, while confirming certain features
that wvere expected, also help establish the validity of data. For example,
the frequencies of flap modes increase significantly with rotor speed,
vhereas the frequencies of torsion and edgevise modes are less sensitive to
speed. Similarly, flexure stiffness influenced the torsion mode frequency
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more significantly than the bending mode frequency.

Modal strains have been normalized with respect to an "appropriate"
reference gage selected at the start of the program for the purpose of
correlating the three multiplexed sets of data. However, the complexity of
strain distribution in the higher order and/or highly coupled modes causes
other gage locations to have higher output at times. Therefore, the
tabulated data and the graphical presentations occasionally shov normalized
strains larger than 1.0. This can be seen in Figure 17 where large
edgevise strains influence the coupled "first torsion" mode.

Large edgewise strains are evident in the first torsion mode at high
rotor speeds. These strains are two to three times the magnitude of the
reference strain (gage #9). These strains appear to be larger for the
stiff flexure configurations. During the tests, difficulty was experienced
in exciting distinct modes around 800 RPM. This is where the predominantly
first torsion and the predominantly second flap modes coalesce.

Examination of Table 10 indicates that the modes at 48.5 and 49.4 Hz shown
in Figure 10 are essentially the same i.e., a highly coupled second flap
mode with a large first torsion component. Apparently, the first torsion
mode was not sufficiently excited and consequently, was not recorded.

The measured second flap and first torsion modes are not pure modes
and this feature is evident even at speeds removed from that at which the
frequencies coalesce. For example, at 600 RPM the nominal second flap mode
contains 27% torsion and the nominal first torsion mode contains 114%
bending strain content. These reach 118% and 70X respectively at 800 RPM
and continue to maintain this highly coupled nature at 1000 RPM.

Structural damping measured in all the modes was found to be low (less
than 1% critical).

CONCLUSIONS

Basic vibratory characteristics have been measured for the two bladed
helicopter rotor blade system under carefully controlled laboratory
conditions. The vibratory strain and frequency data taken over a range of
speeds up to 1000 RPM for several combinations of precone, droop and
flexure stiffness can be used to calibrate structural dynamic analyses
codes. Strong coupling exists between modes (especially between torsion
and flap modes and edgewise and flap modes) and the influence of this
coupling in terms of forced vibration, as well as aeroelastic stability,
could be significant.

Vibratory strain distributions at speed are quite different from those
at rest indicating the need to calculate mode shapes at speed accurately so
that reliable calculations may be made to determine the susceptibility of
the rotor to aeroelastic instabilities. It should be noted that strains,
not displacements, were measured in this program and therefore, it would be
necessary to calculate displacements from the strain surface and/or measure

13
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| the displacement field directly. As the blade displacements constitute an
l important input into any aeroelastic stability calculations, it would be
desirable to have a data base of displacements for the purpose of direct
calibrations of structural dynamic analyses.

It wvas found that the frequencies of the two blades were slightly
different from each other. Therefore, one blade could be excited at its
resonant frequency vhile the other is slightly off resonance. This tends
to make excitation of rotor modes difficult. Studies need to be undertaken
in regard to determine whether the aeroelastic stability of a rotor could
be improved by deliberately mistuning the blades.

The quality of data taken in this program is somewhat influenced by
the presence of an extraneous one-per-rev excitation that could not be
eliminated since it would have required complete disassembly of the rig.

It was shown that all modes of interest of the rotor could be excited
through the piezoelectric crystal excitation system and therefore the
system represents a reliable and accurate method of inducing vibrations of
similar components in an experimental program.

Tension axis tests at speed have confirmed that the modulus-weighted
centroid for the nonhomogeneous airfoil is slightly off the mass centroid
and validate the static method of determining the tension axis location
described in Reference 2.
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APPENDIX A
DATA REDUCTION PROCEDURES

The reduction procedures for the vibratory strain response data from
the model rotor tests in the vacuum spin rig test facility are presented in
this appendix. The strain response data were recorded in digital form on
four separate magnetic tapes by the ATLAS data acquisition system. These
data contain twelve different rotor configurations derived from two
different pitch flexures and various pitch, droop, and precone angles. For
each configuration, the rotor speed was varied between 0 and 1000 RPM. and
at each rotor speed, the two blades (designated as blade number 8 and 5),
vere excited at each of their first five natural frequencies by
piezoelectric crystals. Detailed parameters for the configuration, the
rotor speeds, the fundamental modes, the record numbers, and the tape
numbers are summarized in Table 5.

The strain responses at various points on the blade surfaces were
recorded by twenty-one (21) strain gages. These strain gages are grouped
into three different sets as shown in Table 3. The bridge configurations
and conversion factors for each strain gage output from voltage to
micro-strain are also presented on the same table. It was found that a
total of approximately 4,000 strain response signals needed to be
processed.

The data for each multiplexed set (or ‘mux’) were taken at three
different instances in time and common reference channels vere established
in order to correlate these data. The amplitude and phase angle from one
of the three common channels (or common gages) were used as normalizing
factors in the presentation of mode shape results.

In the sections which follow, the four steps involved in this strain
data reduction are presented. They are: (1) modification of existing UTRC
modal analysis computer programs (2) preparation of the run-point
specification input files (3) evaluation of the frequency and damping
results for all cases, and (4) compilation of the mode shape results for
all cases.

15
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Modification of Modal Analysis Computer Programs

The existing UTRC modal analysis computer programs were updated for
extracting the modal parameters from the strain gage responses described
above. Figure 18 depicts the program logic established for this analysis.

The strain response data were sequentially recorded on magnetic tape.
In order to retrieve and process a specific record from these tapes, the
computer first reads a set of the run-point specifications from a input
data file. Detailed discussions of this input data file are given in the
next Section. 1In this input data file, if the run number (which is also
called record number in this report) is zero, the program goes back to read
another set of the run-point specifications. If the run number is less
than zero, the program stops. This setup provides a high degree of
flexibility in executing the program using the same input data file. If
the run number is greater than zero, the computer searches for the same run
number from the magnetic tape. If the run number on the tape matches that
given in the input data file, then the two modal analysis programs are
called in to perform the modal parameter estimates. The algorithms of
these two modal analysis programs are described in Figures 19 and 20,

respectively.

Due to a large number of time histories involved in this study, two
different techniques were used for different purposes. The first one,
which is based on the complex, exponential, modal curve fitting algorithm
(Figure 19) is used for processing the data of the reference channel only.
The second technique uses the FFT frequency spectrum interpolation formula
(Figure 20) and is applied to all channels except the reference channel.

In Figure 19, the x(t.) represents the time histories to be
analyzed, and curve-fitted’by an analytical formula represented by Y
(tj). The data point index j varies from 1 to N (number of points). Y
(t3) is essentially a summation of several damped harmonic wave forms
coﬂtaining four parameters for each mode. These parameters are the damping
value (fnl) the frequency (27 fy ), the sine and cosine coefficients (Ay,Bp),
wvhere m is the mode index varying from 1 to NM (number of modes). The
analytical values for Y (t,) are obtained through a least squares curve
fit between Y (tj) and X (%j) for all data points.

Vhen the FFT program is executed, an amplitude plot will be obtained
as shown in Figure 20, and a phase angle plot (not shown). The frequency
resolution of the FFT spectrum will depend on the sampling rate (fg) and
the number of data points used in the FFT analysis. The true frequency
(f), true amplitude (A), and true phase(¢) may be located between any two
frequency bins fyand f,41.The formulas used to compute these true modal
parameters for the boxcar window are presented in the same figure.

The time domain modal curve fitting (MCF) has proven to be a very

reliable and efficient way of extracting the modal frequency, damping
value, amplitude and phase angle from a transient response signature.
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Although the UTRC modal curve fitting program can fit up to four modes from
any time histories, a bandpass filter was also used in conjunction with
this MCF program to isolate only the principal mode of interest.
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Because the damping value should be the same for all gages in the same
mode, the MCF program is used only in processing the data of a reference
channel. For the mode shape information, the FFT spectrum interpolation
formulas shown in Figure 20 wvere used. These formulas have been used in
many studies and have proved to be very efficient and reliable. By
properly combining the MCF and FFT spectrum interpolation algorithms, it
vas estimated that a net saving of approximately 80 percent of computer CPU
time was achieved.

Input Data Fiies of Run-point Specifications

In order to run the modal analysis computer program, an input data
file for each configuration under consideration must be prepared. Figure
21 shows an example case of this input data file. In the input data file,
the run number, the mux number, the plot option, the excitation frequency,
the bandpass filter cutoff frequencies, the reference channel, the data
length to be used for modal curve fitting, the time window function (for
this study the boxcar window is used), and the channels to be processed are
specified.

AN,

R

Execution of this computer program can be either in active mode
(primarily for obtaining the time series and FFT plots) or batch mode by
simply assigning a value of 0 to 1 or the IOPT parameter. IQPT = 2 is
assigned if only the reference channel is of interest.

- vy

»

‘3 In assigning the bandpass filter cutoff frequencies, we have

Y., considered the excitation frequency, the data length, and the sampling rate

%: used in obtaining the digital response data. These relationships are given

' in Table 41. The bandpass filter is used not only to isolate the principal
mode for obtaining a filtered time series from the reference channel for

» modal curve fitting, but also is used for specifying the frequency range

{. for FFT spectrum interpolations in the remaining channels.

It was found that some gages often have very high noise-to-signal
ratios. Sometimes, there exists a very high peak near the principal mode
in the FFT spectrum. In these cases, the bandpass filter assignment is not
. enough for rejecting the noise. It would require some additional
3 specifications, such as the actual excitation frequency, or the number of

the mode to be considered in the modal curve fitting program. These are
, provided through the input parameters of "HURZ" and "NM".
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If a data array contains zero values throughout the entire time
history, the program will print out a message and skip that channel. If
the FFT spectrum contains no apparent peaks inside the bandpass filter, the
program will print a different message and also bypass that channel. In
either case, the amplitude and phase in the mode shape table are replaced
by zero values. If the amplitude and phase for the reference channel are
zero (either no signature or no apparent mode within the bandpass filter),
the program will search for a maximum amplitude in the mode shape table and
perform modal curve fitting on that channel to obtain the damping value
estimate.

Evaluation of Frequency and Damping Results

The UTRC modal analysis computer programs can provide graphic outputs
(Figures 22 to 24) as well as tabulated results (Figures 25 to 27). In the
early stage of this data reduction, efforts were concentrated on checking
the calibration constants used in the data acquisition system, and those
recorded on the tape for the baseline case (Case 2 of Table 5). The plot
option was turned on to obtain all plots for the time series, FFT spectrum,
the input signals and results from the curve fitting program.

The frequency and damping estimates for the baseline case were
carefully evaluated through cross examinations of the signature and the FFT
plots (Fig. 22), and the inputs and results of the curve fitting (Fig. 23),
and the ATLAS tape dump( Fig. 25). Some minor errors vere discovered in
the ATLAS data acquisition system software, but they were corrected through
the data processing programs later.

Figure 22 shows a typical strain response time history and its FFT
spectrum from channel 1 of record 588. The test condition, the date, the
rotor configuration, and the sampling rate used in obtaining the digital
data are clearly indicated. This represents one of the better signals
available for analysis. It was found that the small peak appearing at 20 Hz
on FFT plot had caused some disturbances in the time series plot. However,
wvhen the bandpass filter is applied, the filtered time history, shown in
the upper frame of Figure 23 became much smoother. The lower frame of the
same figure shows the curve fitted results, vhich agree very well with the
inputs. Figure 24 shows the strain response from channel 5 of the same
record. It can be seen that this signature contains a substantial amount
of noise. The modal analysis algorithms described above were able to
extract the modal information without any difficulty.

In addition to the above output, the program also provides three more
outputs as shown in Figures 26 to 28. Figure 26 gives detailed lists of
the modal curve fit and the FFT spectrum interpolation results. In the
modal curve fitting, the frequency, damping, amplitude, and phase angle
vere estimated simultaneously. In the FFT spectrum interpolation, only the
frequency, amplitude and phase angle were estimated. At the end, a summary
of the modal analysis for that particular record (run) is printed.
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Compilation of Mode Shape Results

As mentioned earlier, a total of 21 gages were used for obtaining the
strain responses for the two blades. These gages were grouped into three
separated sets. Figure 27 shows how the results are correlated for
obtaining the mode shape information. Because only the channel number can
be specified in the input data file instead of the gage number, special
care was made to separate those gages from blade S/N 8 and blade S/N 5 in
the third set. After that, the amplitude and phase angle of the reference
gage in each mux were used as references for obtaining the normalized mode
shapes. The frequency and damping values listed in Figure 27 are the
averaged values obtained from the three separate records for a reference
gage on blade S/N 8. For blade S/N 5, the damping value was not calculated
and only the frequency value is tabulated.

An output data tape was also prepared, which contains the processed
results as shown in Figure 28. The tape is written in ASCII format and has
a block size of 80 bytes.

The data are organized in accordance with the run number. For each
run record, there are two groups of data. Group-1 occupies only one data
block and contains the data for the record number, the mux number, the
number of channels to be included in Group-2, the frequency (Hz), the phase
angle (degree), the normalizing amplitude (micro-strain), and the reference
phase (degree) in that order. These data are written in a FORTRAN format
of (3(1X,I4), 4(1X, E14.8)).

Group-2 will occupy several data blocks depending on the signal
condition for each channel in the same record. The parameters presented in
this group are the channel number {not the gage number), the normalized
amplitude, and the corrected phase angle with respect to that of the

reference channel. These are written in a FORTRAN format of (2X, I4, 2(2X,
El14.8)).
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th TABLE 1 ROTOR SPANWISE DISTRIBUTION OF MASS PROPERTIES AND STIFFNESS

N Blade EI EI GK I

P Station Veight 1b-in 1b-in 1b-in 1b-in ue/in
(in) 1b/in 106 106 106 106

3
B
g .701 .292 20.0 20.0 19.6
X .725 .292 .161 .199 .000327
e .813 .292 .161 .199 .000327
2 .813 .0115 .161 .199 .000327
"] 1.415 .0115 .161 .199 .000327
P 1.415 .303 .161 .199 .000327
" A
b 1.539 .303 .161 .199 .000327  .543
My

. 1.539 .560 .161 .199 .000327  .543
o 1.626 .560 .161 199 .000327  .543
. 1.651 .560 21.9 21.9 19.6 .543
v 1.665 .560 21.9 21.9 19.6 .543
7 1.665 713 21.9 21.9 19.6 .543
2
> 1.726 .713 21.9 21.9 19.6 .543
“

. 1.726 .558 27.2 27.2 19.8 494
% 2.101 .558 27.2 27.2 19.8 .49
: 2.101 295 18.2 18.2 7.28 .165
b 2.301 .295 18.2 18.2 7.28 .165
" 2.301 .149 .300 30.3 1.80 .213
?5 2.401 .149 .300 30.3 1.80 .213
o
X 2.401 .136 .242 21.8 1.66 .213
4 3.601 .136 .242 21.8 1.66 .213

‘ 3.601 .0193 .00589 .120 .00177  .0179
)

» 37.851 .0193 .00589 .120 .00177  .0179
y
&
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TABLE 2  CALCULATED BLADE NATURAL FREQUENCIES (Uncoupled Modes)

Frequency Hz.

Speed Mode:
Flex RPM 1st Flap 2nd Flap 3rd Flap 1st Edge 1st Tor.

Stiff 150 5.92 32.61 89.38 22.44 38.93
Soft 150 5.90 32.51 88.99 21.76 32.03 .
Stiff 400 9.23 36.62 93.62 22.69 40.77 ;
Soft 400 9.21 36.51 93.22 21.99 33.90 ;
Stiff 600 12.50 41.77 99.44 23.05 43.33
Soft 600 12.48 41.66 99.03 22.33 35.97 l
Stiff 800 15.92 48.04  106.99 23.54 46.09 .
Soft 800 15.90 47.91  106.55 22.78 38.22 |
Stiff 900 17.66 51.46 111.29 23.33 47.51 -
Soft 900 17.63 51.32  110.84 23.04 39.39 :
Stiff 1000 19.40 55.01  115.89 24.15 48.98
Soft 1000 19.36 54.87  115.42 23.33 40.57

l( "

DR R ALY

....................................................

L O P TR R AT N o R N
* .. ~ a " $ I. d. l' ., -. ‘ L -
. L o’ .‘ o Cn "

e
'




L L O ¢ Bt . g i . g - .. < . P
% O] v o i (PECTICP R MUK 7K T U W YR N CE P Ts A J Mol da Bat 25" $ab Ga s Wa Ba® 30 00° B0 Wor $oc A 820 B2t Be Bac gat

’ TABLE 3  STRAIN GAGE CHANNEL ALLOCATION AND CONVERSION FACTORS

- Mux Channel Gage Blade Bridge Factor
No. No. No. No. Configuration for pe
4 1 1 1 8 1/2 -321
» 1 2 2 8 1/2 -3
L 1 3 3 8 1/2 -321
o 1 4 4 8 1/2 -321
* 1 S S 8 1/4 +642
- 1 6 6 8 1/4 +642
H 1 7 7 8 1/4 +642
N 1 8 8 8 1/4 -642
N 1 9 9 8 174 +642
b 1 10 10 8 1/4 +642
g 2 1 1 8 1/2 -321
. 2 2 11 8 1/4 +642
R 2 3 13 8 1/4 +642
o 2 4 14 8 1/4 +642
'3 2 5 5 8 1/4 +642
1 2 6 15 8 174 +642
s 2 7 16 8 1/4 +642
3 2 8 - 8 1/4 +642
3! 2 9 9 8 1/4 +642
N 2 10 12 8 1/4 +642
W 3 1 1 8 1/2 -321
X 3 2 -- - 1/4 +642
: 3 3 5 5 1/4 +642
3 4 8 5 1/4 +642
K 3 5 5 8 1/4 +642
/ 3 6 9 5 174 +642
> 3 7 10 5 174 +642
o 3 8 - - 1/4 +642
b 3 9 9 8 1/4 +642
" 3 10 1 5 1/2 +321
¥
! Parameters assumed constant for each module or gage:
g gage factor = 2.1, excitation voltage = 6.9, module gain = 430
‘e

:
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TABLE 4 FM TAPE RECORDER SET-UP

' Input Output Band .
! Volts Volts Vidth Paramater Blade
Channel pk-pk pk-pk Hz Assignment Mode
; 1 4.0 1.414 5 BLS GAl ARES CH1  Flap
§ 2 3.5 1.414 5 BLS GA2 ARES CH2  Edgewise
i 3 2.0 1.414 5 BL5 GA3 ARES CH3  Torsion
; 4 3.5 1.414 5 BL5 GA4 ARES CB4  Edge O/B
; 5 8.0 1.414 5 BL8 GAl ATLAS CHl Flap
6 7.0 1.414 5
; 7 4.0 1.414 5
E 8 7.0 1.414 5 .
9 5.0 1.414 5 One per Rev.
, 10 5.0 1.414 5 Transient Pulse )
X 11 1.414 1.414 5 Cal Signal 1 kHz
: 12 1.414 5
13 1.414 5
14 Voice 1.414 5 Voice
1
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TABLE 5 TEST CONFIGURATIONS AND MODES ANALYZED

ITR Configuration Rotor Modes Record Tape
Case Flex Pitch Precone Droop RPM Analyzed No. No.
1(a) Stiff 0 0 0 0 1F,2F,3F,1E,1T 7-112 2
400 1F,3F,1E,1T 202-216 2
600 1F,2F,3F,1E,1T 218-233 2
800 235-251 2
1000 254-272 2
1(b) Stiff 12 0o O 1000 i 301-316 3
680 1F,2F,3F,1E,1T 317-334 3
5(a) Stiff 0 0 -5 0 401-418 3
1000 419-439 3
5(b) Stiff 12 0 -5 1000 | 440-459 3
0 1F,2F,3F,1E,1T 464-478 3
6(a) Soft 0 0 -5 0 1F,2F,3F,1E,1T 479-496 3
410 1F,1E 521-526 3
710 1F,2F,1E 512-520 3
1012 1F,2F,3F,1E,1T 497-511 3
6(b) Soft 12 0 -5 0 2F,3F,1E,1T 527-541 4
1000 1F,2F,3F,1E,1T 542-559 4
6(c) Soft -12 0 ~5 0 558-572 4
1000 573-587 4
2 Soft 0 0 0 0 1F,2F,3F,1E,1T 588-607 4
775 1F,2F,1E,1T 626-637 4
1000 1F,2F,3F,1E,1T 608-625 4
4(a) Soft 0 5 0 0 1F,2F,3F,1E,1T 638-652 5
1000 653-668 5
4(b) Soft 12 S 0 0 670-686 5
920 5
-1000 687-703
3(a) Stiff 0 5 0 0 704-720 5
1000 721-735 5
3(b) Stiff 12 5 0 0 i 751-768 5
1000 2F,3F,1E,1T 736-750 5
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& TABLE 6 POST TEST STRAIN GAGE STATIC CALIBRATION

W STRAIN GAGE SENSITIVITY

Gage/Loading Flap ue/lb Lead/Lag pe/ft.1b Torsion  ue/ft.lb

;' Tip Up L/E Forvard L/E Up L/E Down

157

")

[}

&)

) 1 1304 -8 -87 20

‘. 2 1023 -4 -105 2

i 3 698 1 - 66 -1

4

N 4 381 1 -101 - 151
5 201 201 -109 - 140
6 89 160 - 48 - 127

“% 7 92 140 35 22

- 8 -1124 43 319 205

) 9 - 480 35 1498 1725

(0

3 10 135 - 15 9 13

" 11 - 752 22 131 105

¥

% 12 - 329 118 1795 1616

3 13 132 -9 22 92

y 14 - 219 6 57 61

: 15 - 88 -7 1169 1655

g 16 41 -2 44 44
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TABLE 7 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT O RPM
L]
RODE= LF, RPAs 0+ FREQUENCYs 5,21 W (aLADE 8), 5.35 H2 (BLADE %)y DAMPINGs o-o* X
' 4 (4 Ogo N .
N - _§§§°!f¢2f§ 8) :faxo:o('?b 0’ RES“5%(els o0° R5%o50 R TN
! N a ¢ N ;

B s6e lnu-s'r‘nm .02'3 s¢ cnu-s?zn (D;es) ste uw-gt‘m (022? ¢ (Iu-g?:nl (022%
N 1 lo . oo - .°
’ PbmoBonEE B oam m - opm g
V] a 8:93? 8:8 i; 8:98° 0.0 - 0:000 0.0 ] 8:0?3 2°8
9 S 8.8 3 8‘8 . ’0 100.0 b 0.000 gog - .080 .
0 & <04 180, 13 8:822 0.0 - 0.000 . 9 9. 900 8:8

7 §: 843 18gep 1 .Y00 0.0 - 0.000 0.0 10 0. 99 .
- T R S 1S S £ S R 1t
% 10 8:303 8.8 12 0.000 0.0 - 0.000 0.0 1 1,000 0.0
NF 1l 364904 12543 1 36,708 108,9 1 35,265 113.0 1 s.082 293.0
N T .
%y NODE= 2F, RPMe Ov FREQUENCYe 32.37 HZ (BLADE 83+ 33400 H2 (BLADE 5)y DOAMPING® 0.03 2
; 3
k. 010 ) BEE°3° (825 o) e T o R
. 3
- sce Mu-:?:m (D?&'? 3¢ (nu-gt‘u 10{2? ot mu-g?:m wg'o'f see tnu—srnu (DEGD
‘ i .000 0.0 1 1.000 0.0 1 21.000 0.9 - Be8%8 8:8
PEE ol BB E D HE OB B
' PO a0 b BftouEe Dofms B o gl g
: Ry e R oEmt TEp - osm s gl gy
"’ . 9 . . 9 . e - . - Qe
. 1§ g-o 9 00 1 8:3% 8:8 2 3:388 00 T 1:838 8:8
.' NF 1 36,395 167,4 1 344109 1%5.6 1 33,779  140.7 1 16,025 140.7
. AODE= 3F, RpPAe Oy FREQUENCY= 91,41 HZ (BLADE 4, 90,81 W2 (BLADE 51, OaMpINGe 0,57 X
" Ree o . 3 uscono 3
. R0t a8’ nb5%2° (373 )2 R _=§§f§gi58_ ) nox 30808 5
) Rt T ITT;
’g ses lnu-grlm wE:? see mu-gﬂn (DE:? see (= stau' toegf sce uw-snnn 1052;
) . [ 1 °°°° 0.0 1 ] - 0,000 L
L DS I ¢ Rt B 1 I A
[ ] . . L[]
12037 -55.1 14 °o°°° 0.0 - . 80 3 [ ] 608 8 8.8
0,000 0.0 S  1.013 109.2 s 9+ 990 0 99 - .98 .
0.391  180.0 15 4,062 =81,2 - 0. . A 11 '8
- . .0 - 0. ;i * 1 .8 L3
W l 8:‘25 -;3::2! lﬁ 8.883 8.0 - 0.808 8.8 = 8.8 8 8-8
) 1§ 8883 8.9 17 8:9%8 89 8988 $:3 T 1080 00
“; vF 14007 0+0 1.000 0.0 1.000 0.0 1 15.573  =68,2
}’ MOUE™ LlEy RPMe Os FREQUENCY® 24+02 HZ (BLADE 8), 24,03 MZ (BLADE 5), DAMPINGe 0.60 X
€ECORD W 0
Bco:olgf 19 =5§ono no. 195 aeco:o uob ‘oo gugoa Eo g ®
‘ —---.‘----- -y t
4 sce cﬂu-spuﬂv toggi see tnu-STRv) 1ofl] sce cnu-svnn) 1088} see 4nu—§t‘n) co‘cl
. . 1 0.000 . 1 0,000 0,0 - 0,000 .0
2 AR T G e & B 1 S Ot o
- 3 . . . L)
, 4 Qe 38) 39.3 14 0. 80 . - 0.0 ? - 2‘2 «9) -8
A s o.ggo 0. ; 24,707 1438 5 28.4% 36, 3 ?.388 8'0
6 18.370 -~z.e 1 0.580 140, R 114 88 N . .
7T 13. & -42,2 16 0.000 0.0 - -2 . o §-§99 8
0.009 .0 ~ 0,000 0.0 P 114 88 = « 289 .3
X SR S S i IO 1 B X O -
" nF 1.000 0.0 : 1.000 0.0 1.000 0.9 S 1797 1%es
N
, AD0Ee 11, RPNe Oy FREQUENCYs 43,61 N2 (BLADE 81, 43,49 H2 (BLADE 5)¢ DAMPINGe 0,05 I
¥ 1 ° RECORD MO, )12
it aiOto0s 110 Astom o, REEOLP 80 A1 A6593°.8% 13
L TR 1Y)
. (17 ..u-??in» 1023* s¢ |nu-g7:vn (ong see |nu-srnu| 1050» l“U-S’l“l lo:ct
1] 0,0 0 0. -
3 IR RO ST T S §
! + 3803 §:8 i 8 : = 8k HEE BT
. s 0.00) 0 s 8 g 3 -o8:9 3 gials a. - - 090
' & 04302 ~95,4 15 88 % ) ? s. 0
7 0.319 0.0 1s . T 88% 8:3 10 .
" I gas I S T 1 S
. 10 82883 8:8 12 0.0 2 38 81 1t 6.
:: : wF 9 31.985  -59.6 9 31.9%0 =37,6 9 324758 =123.4 9 8,239 .2123.0
"'
\.'
]
L4
N




TABLE 8 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 400 RPM

MODE= LFs RPme 40O, FREQUENCY® 9,53 M2 (BLapE 81, 9.6¢ HZ (BLADE 51y DARPINGs 0,22 X
RECORD 0 RECORO NI, RECORD 04 : RECOR
!§§°.__"36_i_2_ . _ngg_s (805 897 nox 3" 00 §9 ot 3% (ors 89

: 57" PP ; i i3 :
sc (uu-srnun |o:2§ s6e |nu-§1!un logc? oo llU-SYtND (0EG) s lnu-!?‘un (ozzf
. .0 «Q0 . 1 «0 0 -
S Y SN R R+ B B ' B 5
3 0.218 0 3 8n8‘ 108-8 - 0.080 0.0 5 e 180 «0
4  0.075 -18.5 14 . g . g 9.9000 8°° 8 . as «Q
S 0.137 13 .0 g ge)3s }lg-g 5 Q.13 180.2 - « 000 '8
[ 0.041 1 Ctg l 2026 oY, - 0.000 0.0 9 «165 .
? 0.040 T8, [ 8'8 8 8.8 - 0,000 0.0 10 00220 180.0
[] 80'65 8!8 - . . - 00008 0.0 - 80800 o0
9 <409 . 9 8 ? 8-8 9 0.39 0.0 - « 000 0
10 0.08¢ 180.0 12 . - 0.000 0.0 1 1.000 0.0
NE 1 11.869 =65.9 1 8.925 la.4 112,822 171,35 1 8.746 (Y

NODE= 2F, RPMe 400, FREQUENCY= 36,69 HZ (BLADE B), 32,30 MZ (BLADE %)y OAMPING= 1,39 X

o c ) o

a:caio ‘06 205 “5§°‘°(R°o 206 gec RD no 597 :s&o&o‘:go ; 7
---------‘ c . ..' '"
sce lnu-%?‘no t022? See cnu-stnno (DEED she llU-gY‘Nl 1022§ s¢ 1RU-STRN) lnscg
. . 1 | . . . - 000 0.0
boages 88 1 gef8)  1ed:9 Dosgse 83 - §: 1 83

3 «86 ] ‘8 1 .0 0.0 -  0.000 0. 5 «343 180,
. 8.3 i . <343 100.0 - 0,000 0.2 8 &. 80 108.8

5 0326 g 3 «0b =40.1 9 3,446  180.) - «000 .
6 3.03s 8 13 g.a1g  180.0 - 0.000 %] 9 3‘°73 1eg.o
7 9es8) 8 8 1 +04 0.0 - 0.000 %) 10 . 180 63.8
S pn e R St S R 1 ST SR 1 S ¥
1 3l 8.8 12 o03de 10815 - 0.000 0 T 0:899 0.0
NF 1 24e9%3 1%9.9 1 27,328 -171,%5 1 l.ir8 2149 1,000 0.0

MODE= 3Fs RPMe 400, FREQUENCY® 95.89 HZ (BLADE 8)+  96+13 MZ (BLADE 5), DAMPING® 0.58 X

MRl E RGPS R e
G M
sco (IU-STIND l052§ she (HU—gI‘Nl (ogzi sce lﬂU'gggﬂl (D:E? see (HU-%?:N, |Dg=§
1 l.°go 0.0 1 1.000 0.0 1 1.000 [ - 8'8°8 88
[ ] . . - . . -

§ 8:235 1e8:8 Hoog:dar %88 888 8.3 s 2138; 23:!

3 el 9+9 14 0.830 0.0 3 §-og0 g0 8 28,397 -13%,
409 1574 S 0.109 180.0 s 0.1% 100.7 5 §8% 9°9

8'} g b.z 15 0461 0.0 - 0.000 0.0 9 o ; -lz .
L &2 139, 16  0.1%0 180.0 - 0.000 0.0 10 g778 9°2

N I - S 11 Tt B 1 S
10 o012 100:0 12 889 143:8 - 0.000 0 T 8:8:8 8:8
NE 1 18.177 -137,0 1 17,891 <109.9 1 18,305 =118.5 1.000 000

MODEe 1E, RpMe 400, FREQUENCYe 24,30 MZ (BLADE 8)s 24,35 HZ (BLADE 5), DaNpInGe D81 X

ECORD Np. . 21 . 23 ¢
s 1%l 51! Rok 20 (hod 817 . _:;ggggcgf o) ~ox%° 0o 32
3 3
see lHU-gT‘ND ‘oEﬁi ot (nu-g?znt |022§ see ‘nu-srann (0%2? sce (nu-svnu) (02!?
. ° . . - 0,0
P08 §:8 x; 2:99%  :9 t 8:8§8 g3 ;80 § 2
3 0:049 a9 i 0,036 180.0 - 398 83 5 11
a4 0.027 a3, 1y 0080 9:8 - .08 . 8 gl
5 1909 8.0 s <000 .0 5 3:9% §°8 c U0 4
¢ .08 w© 15 §.ozs 180:0 - <09 . 3 8:8% 8
oER gt omm ME - oEm m o R e
10 097 1380 12 683 M8 I08:858 083 1 o088 0:0
“F 5 17,508 -22.1 5 29.245 =81,8 5 21,39  =49.7 S 15,938 130,3

MODE= 1T, RPMe 400, FREQUENCYs 45,00 HZ (BLADE 8), 47,59 nl (BLADE 5}y OARPINGs 0e57 X

. €cORD ]

---:isggzizs 2’6 =sgnlo gob ‘15 5uc°l Ngo z}~ sculotlti ixa
R "

S8 (mu-iTom off} LTI [ PY 4: S LT 1 SN S 60 a3t 0t}

1 0095 00.0 1 0,127 180,0 1 0.0% -72.% -  0.000 0.0

O 0 T S N 11
4 «00e 4 2-8 8 -g - 0.000 «d [] & =104,
-8 .i’g is 1; . : a : 2 st§ g 103-8 ; . »
$ g: % 16 8:339 1298 - 0.000 0.0 10 & 100,
PoEE oRR 3 nag w5 ofEe s Do
10 ©e2i} 108.8 12 0982 040 - 0:000 ] 1 0. .

F 9 9,880 =7%.8 9 9,737 ~103,% 9 1022 -3.7 9 1.821 1764

‘\.“-‘-‘

S




¥ TABLE 9 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 600 RPM
%
* .
3 MOOE® 1F, RPN« 600, FREQUENCYs 12,75 N2 (BLADE 8)s 12¢8% H2 (BLADE 5)s DARPING® 0,14 X
L3 0 Np, * . 22 RECORD NOe 220
3 - 5520“0(?86 1% RoS0%0 825 &1° w5030, 485 33° - _u§§23_(_°: _‘.
emma z 3 = P TRG-ra
A 60 mu-3TRnr (0EE) ske cnu-57‘~» «oec? “ -3y (0EG) AT L TS 141
o 1 1,090 0,0 1 1.000 0.0 1 1.000 0.0 1Y 1 8:8
W% . . =28, - . -
W § 815 8:8 ii 8:8i8 18%:8 S $3 41 83 5 Y:82° '3:8
o 4 . 8'8 1 0.000 0'9 - 0000 0.2 ) . 3. .
U 5 8.233 1’ . H 0.389 ~160, 5 04071 180, - 3'? g 8 3
iC $ 8'8 3 -'8's 1 0.000 0.0 - 04000 8.0 9 o
¥ - BT IR I R 1 A B ' Bt
10 0:037 180%0 W3 8:83F 1088 3 3:885 03 1 3 8.8
E NF 1 25,221 <~176,0 1 29.72)  13),2 1 16.094 <131, 1 %.930 =-131.0
n0pEs 25, RpMe 00, FREQUENCYs 42.37 M2 (B8LADE 8/, 02,69 I (8LADE 51y OaRpInGe 0,53 X
& Ecurd W Rgc oR . . 223 RECOR
K., Aokt ubo 81" nb5%0808 832 R$030805 o3’ noxC3ocBls 332
ﬂ —- " s -----.- Ll Sl A Xl Lol Ml 2 s
o sce |nu-svlna (ogaf o (lUOS’RNl iDEG? see lnu-g?:ub 'o::’ sce (nu-SVIN) (DEE»
. . . . . . - 0,000 0,0
\ TN A G S S 1 S % B - B 1
) 1 9% 180.0 13 0.000 .0 - goo 8'8 5 10,68 X
\ 0.%% 180,0 le 0.349 180.0 - 00 . 8 6'5°3 -%%°3
3 J+003 32l § 6,696 =4b.4 5 3’3 8'8 - 900 oo:
\ . =50,2 1§ 0.327 100.0 - 00 . 3 s-t (] 15’-;
Y z Bedas =428 16  0.000 0.0 - goo o.o 1 . 3 o3,
; SR 5 SR B (L B I
:“ g 833 1s020 12 0.000 6.0 - 04000 o'o 1 1s0%0 0%0
NF 1 25042 169¢3 1 14,083 -170,2 1 15.879  110.5 1 8.837 207.2
o MpDE= 3F, RPMe 600s FREQUENCYS101+95 MZ (BLADE 0), 101.3¢ HZ (BLADE 5), ODARNPINGs 0,54 I
' RECLORD 8O, . RECOR . 227 RECORD N ?
« 5ot 3t 83" EE01 25 3 REP 8 ReE%3 80 f
’ —mE e - e ne SeeeEEeE $2$ SeeatemetaPeRt et eBe® el Tom,Te,"gy
? PnS sG
A sce (Hu-g?iN» IDEGI sev (ny- ;?: l022§ sce (ﬂU‘STRN) «oiEi ' lnu-Stln) (o‘ct
L . 2 04 1l 1.000 0.0 1 ‘.o 0 ooo - ° ]
booi38 1e00d 11 0.832 180.0 < 3igde 63 - 38 0.0
3  0.ib2 180,00 13 0.192 0.0 - . 3 . 3 g 5 ] 122
- g 1.279 0.0 14 0.868 0.0 - 80 g 8.8 0
tﬁ . 0.182  ~32.4 S  0.1%5 =56.7 s .13 -s0, H 8 9 ] 0
§ 817 79.0 15 0.486 0.0 - o.g 8 8'8 N ; -§3.0
b 2232 103l9 15 0.les 180.0 - 0.9 . 10 gigog 13l
3 £ 1 I T 53T 13 S S 11 Y SR S 1
P, o o.i21 120600 12 0.378  180.0 2 988 60 1 1:8:8 8:%
2 NF 1 21,448 -75,8 1 13,709 =)6.7 1 12.384 =18.8 1 1l0e671 207
" -
NODEe 1E, MPMe 650, FREQUENCY= 24,50 M2 (BLADE 81, 24,46 HI (BLADE 5)y DARPINGe 0,70 2
‘») 0 . . 22 (114 0
> RE010 305 33 R L ALt 85203080 i
o, ’ [ (3 " L } 4
‘; ses lnu-g?‘u) |nsgf s (uu-g?uv» ¢oEE? sce luu-gr:nn (ogcf oo (lu-sfll» (utc)
N 1 0.039 ~119.5 1 0.039 -136,3 1o g2 13g.6 - 0.000 0.0
~ 2 0.028 ~-139.6 11 8.800 o.g - 8 o0 =  0.000 8'8
3 0.000 0.0 13 . 35 -166, - 8 88 g-2 s «000 .
LA, 4 0,00 0.0 14 o.g 2 3'8 - 8 o0 8 i. 6 .
s s.ooo 0.0 5 1. go . s b 838 83 - M o
- ® 633 0.0 15 0.027 138.8 - 8 N 9 o o0
A T  Q.025 53" 16 o.oso . - 8 88 10 . T I
[ 0.219 o8 - 0.000 808 - 8 . - . .g
9 0.00) 040 9 0.0z 130 * g'gls 83 i g :
18 0.093  180.0 12 0.0d8 180.0 - . 1 «03 0.0
vFos 82,370 -Si.e 5 69,935 =Te.4 5 71509 ~107.8 5 86,940 12,2

FLL 520

RODE= 1Ts RPM= 50, FREQUENCY™ 44,31 M7 (BLADE 8)s 44,43 MZ (BLADE 519 DANP[NGe=0,18 ¢

- _RERSLE O MOR R ORI R
¥ o auedTim (0f8) sae o810 B8] P (mu-dfen ol T cautTRur 1ofCH
» 1 1el30  180.0 39 ilye 1 0.920 180.0 - . .
o R L VR B 1 B S | 1
$ R 0.0 14 8.593 8. 5 9.9 0.9 v i1.8e0 I%g:
A, s 338 4,2 : 3383 %9 N 0.0 - « Q00 .
e ? 2020 4.0 i . 3 T4b, - 00800 8.0 3 . gg .
7 g 3% 13225 2 8:888 1%8:8 3 3:080 09 12 18goc .
ViR AN 11 e £ I T 6 SR S ¢S & S QO 4 O
& NE 9 _7.490 =35, 9 80792 =964 VS 73 SRS I 9 0.8le  327.4
¥




TABLE 10 MODAL PARAMETERS FOR CONFIGURATION 1l(a) AT 800 RPM
g2
!i W00Ee 1F, RPMe 800, FREQUENCY= 16,30 wl (BLADE 8}, 16,45 HI (BLADE 5)y DARPINGs 0,2 X
. RE 0N R R 0, 2 237 3
; A it 81 ENRTICR RGBT, AR B
‘ - - ™ -- ..——--
¢ sGo Hs SGe apP PusS L] 4 H (1] PHS
Y (nu-srnnz IDEGD cﬂu-s9u‘i (DEG) e (- gtani (o:ci i IRU'STIND lDEE)
) } 6 g g g.g 1 1.800 0.0 1 1.000 2:3 - 0,000 o:o ]
y 3 gi0 13 8:988 %:9 : 8:988 00 5 3939 1428
' 5 3 09 I 35t B 5 8:3%0  efid LI R 8:8
R 6 8 i l * '? 13 0.030 0.0 > 8:3% o8 9 8:58? 88
1 8 g ] 3.e 1 0.028  180.0 - 04000 0.0 10 v 24 180,
4 IO BRI 5 St S S 11 S 1 B 1 I
2 18 %03 148:8 12 9:0%8 0.0 - 0.000 0 1 1080 0e0
! NF 1 36.89% 9741 1 22,992 138,06 1 20.98¢ =42.5 1 25,409 17.7
¢ NODE= 2F, RPMs 800y FREQUENCYe 49,40 HZ (BLADE 8)» 50.18 HZ (BLADE 5)y OARPINGe 0.24 X
. . 2% RECORD N 0
\ LR KRR (305 31° BTl 8 Ml B
o H 3 ' AP PMS sG8 s
ot ses 1Hu-s!lN) (DEE 567 -ty tweet 3¢ (mu-$TRw) (DECH (nu-3TRN) IDEG)
) i . o0 .00 . 1.000 G2 -
R RIS S 1 VS ¢ R 1 St B . < B X
0.233  1§0.0 13 0.14% 43.8 - 0.000 . g g 8 5 3
§ o133 _1%.0 14  0.000 0.0 - 0.000 Ced 8 }
. 387 -lgs.e 5 0.36%5 180.0 % 0.400 180.0 5 g-g g 1.9 g
§ geripy _1%0.¢ 15 0.000 0.0 - 0,000 8'8 o8 137,
-' IR A R ¢ e R - S .y ¥
. . . - . . - ] .
f . 9 . . 16 0. -
‘ 10 otoh 10010 12 8:8%8 1 M 1 0:0 1 1:8:8 8:8
: NF 1 11.827  140.1 1 7.967  =10.7 1 17,423 9.3 1 4,208 51.8

MOOE= 3F, RPMs 800, FREQUENCY=109,30 »2 (BLADE 8), 108,89 H2 BLADE 5S)¢ DAMPINGw 0.4% X

W . 2 ¢ (1 R
i ---Esgigg 30 2 RE uno(kn 3¢ REGUR0 No: 245 :5§°n°o=Eo 8
[ ]
M sce (nu-5TaN) (DEC] see (lu-37&N| 1059» RALIITOTR 1| T (k) 3¢ tn-$TRw) |053§
y b9 .08 1 1,000 0.0 1 1.000 0.0 -  0.000 0.0 -
. 0. l [ 0, - 3 . -
‘ R E I T T B 1 S S 1 B 11 S &
» al.h -9, 3 B9 0.8 - +000 o0 8 1082 8:3
P 17} 8.3 ol 105, 5  0.143 148.9 - . 000 .
& .24 133, 13§31 0.0 = 0.000 0.0 9 g.90¢ 8:8
' 7 1e233 13409 1 €12 180.0 - 0.000 0.9 10 31} 180, -
: TNk g . may ep oomEe fn o Topehy Mgy
3 10 0:870 o8 12 0:3%  160:9 - 0.000 0:2 1 1.000 0:0
y NF 1000 0.0 L 14,740 158,2 1 14,99 =504 1 6. 7206 19.6
. MODEw» 1€, RPN= 800, FREQUENCYs 24,71 MZ (BLADE B)s 2478 MZ (BLADE 5), DANPINGs 0.74 X
IECORD "°b HD itcouo M), 247 RECORD WO, sﬁe uecoso z~0
(8LD 8) AUX 3 (8LD §) _NUX 0b &
) - - ..-..-....-..
0 mu-sTan) (0fE} S0 mu-tRRy) off3 56 wu-tT0nr (0flS ser tno-$T0n (ofC)
1 0,027 180.0 -027  180.0 1 0,027 =29.9 = 88 88
g gidh Rl EEORED B g o RiE S
; 3 089 0.0 14  0.000 0.0 - 0.000 g9 F .13 -34,
¥ :983 0.0 5 1.000 0.0 5  1.000 . ;s 8% 88
L ) 8'3 ] 0.0 15  0.022 1le8.2 -  0.000 040 9 . ; l‘ .
e o9 e 9.000 0.0 = 9.900 0.0 10 gegls 18-
L S S 1 B | 1 B H B
: 10 o087 16055 12 0.000 0.0 - 0.000 0.0 1 888 8:8
. NE 5 87,222 -119.0 5 %,7%7 -101.2 5 98,720 ~94.b 5 T75.878 85.4
L]
" RODE= 1T, Reme 800, FREQUENCY= 48,50 WZ (BLADE 8),  #8.45 WZ (BLADE 51, OaMpinge 0.33 I
1 € . . 251 4
SR e T T A i Y R ik
3 s
A st an-gT‘Nl 10E2§ ¢ tnu-g?:ul (D:E? sce Guu-svzn) (DE ? ses (lu-sclﬂl coten f
1 0.70% 0.0 1 0.67s 37.3 1 724 28 < 0,000 o.g :
| 5 R O 1 B S 1 R N
4 Ue508 180.0 14 0.%00 =14104 - «90 . [ ] 8'8 8 1 8.8
: O B O S R O o ¢
i g:88b I3 1o 8:883 §:8 z 8:888 g8 28 5,883 9
‘ o 1083 8% 3 18 88 5 gl : = 888 88
10 0.00) 0.0 12 0.609 0.0 24898 g:8 1 0:952 180.0 .
NE 9 42:007 6s.2 9 37.%13 1031 9 264306 =125.b 9 .72 34,4 S




= TABLE 11 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 1000 RPM
[}
;‘ RODE= LFy RPMe 1000r FREQUENCY® 1982 W2 (BLADE B8), 19.59 H2 (BLADE 50y DAWPINGs 0,10 X
N ® . . 255
: N 5§°1°‘§fp 254 afcgnf ua- _?- i i =5§ouolgo 8 Eco§0‘= o ;ss
; Sor . AE Bms sor . ame o Ten See  amp . pms Ca
o (lu-svnna leE? ee (nu-g?:u' ‘D:E? see tuu-svaun (D:2§ 5 (HU-gT‘Nl (022?
) 1 1.00) 0.0 1 +00 . 1 1,090 0,9 - 0.000 0.0
4 0.308 0.0 1 5:398 8:8 - g : - :
3 poggg d b owshr oegy D RE EDq RE L0
3 5 Qells  180.0 s 0:000 R 5 8.933 18,3 = §.900 8:8
4 6 0.078 -29.5 15 0.000 . : 8°8% 88 9 0,180 0.0
i ? 061 =23.% 16 0.000 g9 - .09 . 10 0,256 160.0
. O 5 < B 51 - B O 1 &
» 10 0.083 180:0 12 0.067 0.0 - o-00p A I 1,000 8:8
NF 1 831,028 13%,1 1 61,002 =155.8 1 58,839  le&,4 1 37:467  324.4
*
‘ MOOEe 2F, APMe 1000, FREQUENCYs 55,93 NZ (BLADE 8), 55,98 K2 (BLADE 5)y ODAMPING=~0.01 X
P D 0. 257 s ECORD NO. REC OR .
N A0 837 §S§°f° bos §° Rus°y  alp 337 nbi%°% (a0s §3°
4 » a s c " H 3 ?
Y see lnu-g?:m lDE’rﬁ see lﬂU'S!Rn (DEE? ste IHU-gT:Nl IDEG? v tﬂu-ﬁu) (022?
Ly 1 1000 8'° 1 1,090 0,0 1 1.000 () - 0,000 0.0
2  0.00) .0 1} 8:993  13g:p - 0,000 Ged - 0,000 0.0
3 0.786 180.0 l g8 . - 0.000 Cod S 0.368 ~leb.b
4 0.738 180.0 TR S YA L 2 T 0.080 6.9 8 5.037 Q.
. 5 0.b89 76.9 5 049 -Li8, 5  0.597 <=1ib.? - 000 0.0
A 6 0.533 9.2 15 8:838 18gg - 0,000 0.0 9 0.473 12.%
£ 7  0Ced50 .8 16 08 . - 0.000 0.0 10 0.275 180.0
- 8 0.89 0.0 : 8 8'8 - 0.080 0.9 - 3'8°° «0
. 9 0.699 GeQ 9 . 70 . 9 Q.67?7 0.0 - 000 0
N 10  0.089 <169,3 12 0.088 310 -~ 0,000 0.0 1 1.000 040
e F 1 26005 .o 1 27.04s 29,8 1 30.985 115.7 1 35,543 115,7
v MDUE= 3f, RPM* 1000, FREQUENCY=117,41 HZ (BLADE 8)s 11757 HZ (BLADE S)e DAMPING® 0,37 %
5 [y D N3, ReCORD WO, aecoao no. 262
N ) :SE"’_‘” i 6° Rox 2 1805 83 n0x03%Beh 857 AUx 3 tBLD 53°
- S ¢ W T Sc " ns s ? PHS SCe AP ’H
&) see (NU’STRND 1022? sce (ny- gr:~l (DEG? o ("U-;?R") (052: (Ry=STRN} (oici
; ) 0,0 o . 1,000 0.0 ~  0.000
& RO I VS S 1 B 13 2
s 15 *0s 13 8.‘33 2.9 z o 9:808 8.2 8 o:osv HR
5 5.?5 143.9 i 883 2.0 5 D,137 180.0 - o.g 0 9:9
S 8'5 - 3-« } o2 0,0 = 0.000 0.0 9 0,269 1t
: i 284 -78.3 & B 180,0 - 0.000 0.0 10 o.sus 108.8
¥ S 8’255 -18:9 5 e'gfe  afis 5 o005 83 : 8080 :
4 10 oiiea  1beto 13 890 1,38 - 0.000 0:0 1 1.000 8:3
; NE 1 24.451  =42,9 1 25+1%5 158+2 1 24,767 a156,9 1 22.358 =156.9
L]
’ nODEe LE, RPMe 1000, FREQUENCYs 25,09 HZ (BLADE 8}y 25.16 H2Z (BLADE Si, OAMPINGe 0,89 X
) 0 %g. Rp N0, . 269 REC ND, 269
¢ =5§°§ wis 85 nssozoquo "7 RS0 a0 8 nuxoaolltﬁ 8
l - - - ----—....-
3 H S Py 3
.: sce (nu-g?:m (DEJ o l"u-s?l‘) lDEan sce cnu-ﬁ?:m toEE? sce mu-suun lDEG§
M g:8° 0.0 1 0.000 0.0 1 0.000 9:2 T 0.000 9.0
; AT S S I N S 1 S S SR B
4 28 Q.0 1« 0.000 0.0 - 0,000 0.0 [] 8'3 6 8'8
= 5 3% g0 s 1,000 0.0 5 1,000 0.9 - . g .
4 341 .0 13 0.000 0.0 - 0.000 Ged 9 8'8 ¢ 108:8
1§t 88 1 0.000 0.0 - 0.000 Ged 10 81 80,
3 I I 1S 1 ST It B 7
: 3 0852 18:8 12 0.600 0.0 - 0:000 (4 1 0080 00
2 NF 5 55¢838 =84.5 5 5%4.074 57,3 S 63,146 ~10%.4 5 48,204 74.8
o
1€ ADOE= 1Ty RPRe 1000, FREQUENCY® 47,93 HZ (BLADE 8)+ 50.3% N2 (BLADE 5)y, OARPING= Q.46 X
-- relot 7 R . . 27 £
: Pl & MORats il MERAB B R I
- Pus ’ H 5 o
N e tnu—stun» cosen see (nU-g?‘nn toezi 56 (Nu-S!lNl (0!6) see llu—SYlnl loEs)
1 ? . . oco -
3 DR OCH O B o B o omm
pe 3 o:ght -20:8 12 5:003 §.o - :g8 g i & ! H
N N 174.4 S 0,945 «97.8 5 8 sg 14523 - ? 8 3 ‘8
’ . lz 123.9 15 0.382 «0 - 0.000 808 9 9 2
< B RO R mgg o BB a3 gk 4
10 088 %8 12 1893 83 2 4880 03 T e .xo? 9
W) NF 9 15,089 28,9 9 31.%43 as 9 34350 23,7 9 12.488 =100
-
ll
$
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- TABLE 12 MODAL PARAMETERS FOR CONFIGURATION 1(b) AT 680 RPM
13
L]
o, NODEe® LFs RPme 650, FREQUENCY® 13,52 HZ (BLADE B), L3.51 HZ (BLADE 5)y, DAMPING= 0,12 X
»
:} RECoRo N0, 317 RECORD wD, 338 IECORD uo. 319 aEcoun NO, 3{9
o nUX ILD AUk 2 8L0 80" ___:ug_ . AUX 3 (B8LD
) sGe " $Go np e s Anp PHS $Ge Hs
N |lu-sr:N) (otcn IHU-gvln) (DEG tMU=STRN) (DEG) (lu-srlu) tDEcl
1 1.000 0.0 1 1.000 0.0 1 1.000 0.0 - 0
. $  9.449 0. 11 0.184 0. i 131 §3 = 8 898 8:3 -
Y o.s;; 0.0 13 0.028 180.0 - 0. 8 . 3 ? 5 3 "8 8
: §  0.0% 0.0 14 0.000 0.0 - 8'2 0 9°3
4 0.280 180.0 5 0.281 180.0 5 276 180, - 8 Y 2 s 8
) ) g.o g 180.0 15 0.000 0.0 - 8'8°8 8'3 ¢ 1
' -02 100.0 1s 0,000 0.0 - +00 . 10 8 s 5 1.8 8
¢ § 0.8% 0.9 - 0.000 0.0 -  0.000 8:3 -
g 0.%g 0.0 9 0.405 0.0 9  0.40% . - ? 8 8 8 -
o 10 0.083 180,0 12 0.101 0.0 -  0.000 0+0 1 .
NF 1 398,169 16,7 1 45,624 -2.1 1 35.030 38.9 1 50.467 38.9
.
" NO0DE= 2F, RPMe 680, FREQUENCY= 43,88 H2 (BLADE 81, 44,18 HZ 18LADE S), DAMPINGs 0.48 2
b gucﬁno Ng, 320 RECORD NOD, 321 RECORD NO. 322 aecoko l°o 322
. 1 (8LD ) NUX 2 (BLD _ ___MUX_3_(8LD 8) nUX 4
5 Cs PHS  scf ' ;"; SCE ., ANP PHS sGo
. s «nU-grﬂn) (DEG) lnu-sr:ul (DEG) {Mu=STRN) (DEG) (lu-stlﬂl lbsen
<.
- 1 1.009 0.0 1 1.000 0.0 1 1.00 . = 0,000 0.0
2 0.042 0:0 11 0.409 180:0 - 0.888 8:8 3 9:999 0.0
3 0.83) 180.0 13 0,055 <-121.8 = 9-g% ] ] 82 0.0
~ & 0,695 180.0 14 0.349 180.0 - .58 . 8 g-899 0.0
N S  Q.367 $347 S 0,397 -68.7 s 2:8%8 g8 = + 990 0.0
6 04,219 44,9 15 0.526 180.0 - . 8 . 3 B33 180.0
Y I 0.162 50.1 i6 0.04] 180.0 - 9-9% W] 1 .26 180.0
N o 0882 1800 3 01898 18010 3 ge3de  18g = B:88% 8.8
- . L] » ] . L] L]
N 10 0.127 180.0 12 1.2?3 180.0 L 9 1 8:8 1 1089 8:8
‘e NE 1 27,47 70.8 1 31.358  143.0 1 29.744 138.7 1 12,998 18,7
*
: WODEe 3Fs RP?Me 80y FREQUENCY®104,08 HZ (BLADE 8)y 104.14 HZ (BLADE 5)y DAMPING® 0.39 X
' MO, RECORD NDe» 324 RECORD 8, 325 ECORD No, 325
Ab°1°(805 37 L2 8 (sfo 8 aox 3 (BLb 3% RG% 3 (el 3
Sge PHS sce »- " "#Hs  sce s sGe
¢ |uu—$tnn) ({DEG) (nu-STau) (DEGD (ﬂu-SYlNi (Dsa» (nU-gr‘n) (DE l i
. <00 . 1 0 [ - 04000 0¢0
boogia% nedd 11 ,2;8 168.8 - 8 8 8 Ge0 - 0:000 0.0
3 Q.i66 180.0 13 0. ¢ 88 - 8 g.g g g.g:; 191.3
s 338 14829 ' 81030 -3904 5 8 332 100.0 5 8-000 o0
2 & 0,208 180.0 15 <53l .0 - 8 8% 0.0 0.288 .g i
AT O R I O £ S T 1
o 9 1269 .0 9 0.27 -12:9 9 140) - 0,000 0.0
. 10 8.fzz 138.0 12 0.53%  186:3 - osod 0.3 1 1.000 6.0
%f NE 1 24,257 118.0 1 27.637 -158.1 1 32.375 =82.4 1 331,307 -59.9
b1 #0DEe LE, RPM= 680, FREQUENCYw 24,5« HI (BLADE 81, 24,44 M (BLADE S)y DAMPINGe 089 X
RECORD NOe 326 uscoa ¥op 327 RECORD Np, 328 Record MO, 328
2 nux 100 °_ af® °8% # muX 3 (alp 3} . #b5°3° 805 23
SGe . amP . pH . s ] PHS Soe anp PHS
': soe luu-srnn’ 'DEG} 3¢ tnu-stanx (Osan s (nu-gt‘np (DEG) (MU=-STRN) (DEG)
= 1 0.039 $1.3 1 0,034 10,0 1 0.0 180.0. - 0,000 0.0
) . . . - . . - 0.000 0
2 R 1O PO O 4 1 S 1 I 1 I o I
< R O N T S SR £ S+ S 131 S
. . . . - .
§.029 8:8 15 8'835 188 8 < 0.000 0:) 9 S:ooo §.o
g 0.4089 -8 16 . 8 - 0.000 0.0 10 «081 180.0
X I B O R O I B
3 w 0:8% 1338 17 0083 i8s: - 5.000 0.9 1 0.03% 180.0
F.. v 5 bB.09 $6.7 5 85,961 93.6 s 88229 58,9 5 57.206 238.0
53 ROpEe 1T, .7Me 680, FREQUENCYs ap,14 MZ (BLADE B!, 45,50 MZ (BLADE 5)y DOaRMPINGe 0.51 X
TS
ECORD N coRp NO, 333 uscono NOe 334 RECORD NO, 334
’ Rl 37 nbS 2°(heb 8 t8ld e;_ . nux__ 08 %
[ Hs SGe PHS sCe ARP ™ son
o s «nu-srann 10!0) |Ru-s’an (DEG) (AU-STRN? (otci (nu-srlua |o£2»
3 =52.1 1 0.174  =34,6 1 0.200 a7.9 - 0,090 0.0
‘ 5 3 3;3 1§0:0 11 0.099 180.0 - .00 0e3 - 8:?88 8°g
o $%0.0 13 0.074 10.2 = 9e900 0.0 s .13 19,
h 9 0.0 14 8'°°° 0.0 = 0.0600 0.2 & 2:8%8 88
» z 8 , j2o.0 s +28) =152.6 5 o.s s 0.2 - . 8 .
» 0.0 15 0.300 0.0 - 0.000 0. 9 b'g % 1 8'8
3 l 8 t p  1%.g 16 0,040 <21.4 «  0.000 0.0 10 3 .
'3 60, 3 o.goo 8'° - o.ogo 0.3 - 8'8 8 88
3 é 8 2 8-9 1.000 0 9 1.000 0.9 - .99 .
1 la0, 12 0.90e 0.0 -  0.000 0.0 1 3.35) 1320
NF 9 52432) 12740 9 al.epr  117,5 9 50,429 16l1.5 9 3.08% 29.0
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TABLE 13 MODAL PARAMETERS FOR CONFIGURATION 1(b) AT 1000 RPM
WODEe LF, RpmM= 1000, FREQUENCY® 19,04 H2 (BLADE B}, 18,69 n2 §BLADE %), DamplnGe 0.57 2
€ ouo Np. 301 RECORD NO, 302 RECORD mnDs 303 RECORD 30
Rk°1° a5 3 R6:%5°8%% &5 _RUX_ _(BLD 8} nox %30 0 29°
3Gs ] PHS  Sge anp PHS  SGe Y cs s
(nu-?rﬂnn 10EGH (RU-STRN) (DEG) (nu-sTRN) (oec) s «nu-srnn» coeev
1 000 0.0 1 1.000 0.0 1 .90 - 0,0
2 t231 310 11 ©:000 0.0 H 3.888 B:8 - Y 2 g 8:§
0.0%7 8.3 13 0.000 0.0 - 8.8 8 8-g s 8 180,
4 0.024 38.7 14  0.023 65,0 - . g . 8 b s 0.0
2 l.9o7 0.0 5 0.417 180.0 5 5'8 s 8'3 - Q 0.0
<704 0.0 15 0.000 0.0 - .28 . 3 8 Nt ]
I 09342 0.0 i6  0.026 0.0 - 8'3 8 8'8 i 3 180.0
IO £ SR 11 B4 SR 11 S 1 S 1 S 31
10 0:207 -142.4 12 0.062 0.0 88 8:8 1 100 8:8
NF ) 35.18p 132,.2 1 20,028 115.7 1 13,471 16440 1 9,306 38,3
MODE= 2F, RPM» 1000+ FREQUENCYs 55.066 HI (BLADE 81, 55,70 HZ (BLADE S)y, DAMPINGe=0,05 I
RECORD w0 3o~ :scono n 305 EcOorD
mux 1 (8L0 8 M 35 of RES050 M0y 830 Ros%% elp 3¢
- -.----------- - -
sGe PHS sce PH SG» PH [4
tﬂu-s’lu) IDEG) (IU-STRN' 4055* (MU= srann (DEG? see (nu-gt‘n) (DE%?
1 1,000 0.0 1 1.000 . 1 0 0,0 - 0.000 0.0
2 0.000 o0 11 0.5}5 58.8 - : - M b
§ 0:980 1s0:0 13 0.1k lxo.g - 8 888 §.8 i 3:98% _143:3
4 0e734 180.0 14 0.418 180, - 8 8 3 -9 1.071 8.0
5 1,065 180.0 5 0.888 180.0 5 ~lol, 3 8.900 0.0
6 0.787 180.0 15 0,073 0.0 - 8 8 8 g3 ? 0. EH 160.0
? 0.655 169,06 16 0,088 0.0 - . lo 0,270 180.0
8 0.872 0.0 - 0.000 0.0 - g 83 -  0.000 0.0
9 0.69) 0.0 9 0.69? 0.0 9 3 . =  0.000 0.0
10 0.106 180.0 12 0,095 0.0 - 02 1 1.000 0.0
NF 1 26,410 -177.8 1 31.335  1l6.6 1 28,775 120,3 1 33484 120,3
WODEs 3F, RPMe 1000, FREQUENCY=117.05 n2 (BLADE 81y 116.81 HZ (BLADE 5), OAMPING= 0.27 X
ascono no. 399 uecono n: aoo tECORD NE 310 Racolo NC. 310
nux JMux T2 nUX 0 8 nOX 3 (BLD 5)
ser . amP . PH Ec; T T UARP . PWS  sGs Sce ' PHS
(nu-srk~) loeci (RU'S1&V) IDEG) (nu-sranp (oEcn (Hu-svnu) (DEG)
1 1.000 040 1 0,0 1 1.000 0.2 - 0.000 0.0
2 «783 15049 x; 8-¢ g 168-3 -~  0.000 0.2 - « 000 0.0
3 0.273 180.0 l . g . - 0,000 0.2 5 0293 166.9
4 1.3;3 29,2 4 5'? :9 s 9.000 0.0 ] 3. 00 8'°
5  0.170 0.0 5 . 131, 5 0.1°2 =36.0 - . oo 0
6 0.228 180.0 15 8'9 88 ~  0.000 €.0 9 o. 0.0
7 0.361 18040 16 180, -  0.000 Ge0 10 oo 0.0
8  1.081 =29.8 - 8 9 98 T 0.0p0 (] - o.oao 0.0
9 0130 17.8 9 -21, 9  0.0°5 al.? - 0,000 0.0
10 0.211  1%56.3 12 02 1 180¢0 - 04000 0.0 1 1,000 0.0
¥F 1 21.702 =84.9 128,626 =75, 1L 21745 =62,4 1 19,129 =4%.3

mooe* lg, RPH* 1000,

FREQUENCYe 25,32 HZ (BLADE 81e 25,

2% H2 (BLADE 51 DAMPINGs 0,9 %

RECORD 0. L1 RECORD wp, RECORD NO .
. 525__ «* E L ---:Ef-i.lﬂgg-gif.. nox 3° (Bus 372 Res3%8%s 3}3
sG? [ M [ 293
“" (mu-3Ton1 (oFC] ERRRTIVR 1/ RN 314 SRR RPR | JTYS & 560 mu-$TRN1 10237
1 0.092 0.9 R g 180.¢ 1 0,021 =150.1 - 0.000 .0
o oED N gy ef D OBEHD ;BB OB
pogk g o m SRR B R I
$  8:34 8:8 ¢ g 8 180-8 2 §:898 o9 19 8:903 %08
Rt - Bp ER g D opm i
10 C.089 180:0 1? 8 8 0.0 - 0.000 0:) 1 0.036 -159.7
ME 5 79,464  =92,9 S T79¢233 =106+7 5 65,580 26, 5 51,467 154.0
RODEs 1T, RPMe 1000, FREQUENCYe 47,57 Wl (BLADE 8, 50,05 W2 (BLADE S, onn'lnc--o.da 4
=S§°§°.:Ea %}0 :55 :o(:go g}s gono(uo. 3‘5 =5§oao no. ;lo
- ----.---.---
‘ up " 5 Pus
36 (nu-ngNl ko) G lﬂu-s?n‘n (DECI SO0 mu-STRr (olll SO wtTan ofS
} 1619 3 §: 97 180.0 1 0.092  leged - 0,000 0.0
SR VI 1 B o B B I
s 8-373 ‘318 § 3.8 18%:8 5 0.a93  3gs8 - 8:883 38
6 3 1219 12 9:38s 0.0 S 0.000 003 3 3858 8°8
Toogigky sl i 0023 9.1} < 9000 0 30 R .
B I £ B 5t B B i
W8 b8 188 12 1.057 0.0 - 0.000 0.0 1 0:1¢) 180:0
NF 9 37.547 <924} 9 38,189 144, 9 36.723 =717.9 9 14,54 <=147,8




TABLE 14 MODAL PARAMETERS FOR CONFIGURATION 2 AT O RPM

NQ0E= LFy RPMe O+ . FREQUENCY® 5¢19 HZ (BLADE 8), 5.35 H2 (BLADE 5), DAMPINGs 0,79 X

RECORD N0, 588 u:couo ND. 589 aeconu N0, %90 n!couo N 90
AUX 1 (8LD 8) AUX 2 (BLD 8 _?_ - __mux 3 (sib 8 Auk 3 (ob 37
SGs AN? PHS s ARP P cs [H sCe
¢ (lu-s’l": (DE?J s (RU=-STRN) (osci s luu-StuN) (D£G) lnu—gt‘n) ln‘cf
02 0.0 1 1.000 1 .0 o 0,0 -
§ é:gz 0.0 i1 Ge.4e8 2:8 - 8 858 8:3 - gg .
36 0.0 13 0.077 180.0 - 8 . i 141,
4 0.13 0,0 14  0.05% 0.0 - 8 ? 0 83 .
S 0.l48 180.0 S  0.150 180.0 D) 180, - 8'
6 «04) 180.0 15  0.031 180.0 - 8 8 8'8 9 . ]
7 0.000 0.0 16 o.ogo 0.0 - . . lo 17 161.0
‘ « 880 0.0 - 0.000 0.9 - 8.8 s 803 8 .8
0.398 0.0 9 0.210 53,1 9 . 3 . - ! p
10 0,097 180.0 12 0.223 0.0 - 0e0 0+2 1 o0
[T e 8,08) 94.5 1 8.609 92,4 1 8,039 -87.9 1 7-570 -48.9

nODEe 2F, RPMe Oy FREQUENCY= 32,20 HI (BLADE 8), 33.43 W2 (BLADE 51, DARPING= 0.49 X

ORp N R %93 C

E°10aBs 37 M PG 1L Mo 31
[ § PyS
sve cnu-Qr‘n) lnggf ¢! ..u-§¢:~. toggf sée luu-stln) |o€2§ ser cau—stunn (059.
1 1.000 0.0 1 +000 0.0 1 5'808 8'3 - 0,000 0.0

$ 2:53% 1333 833 138:8 - 8:888 8:3 3 B:980  1ed:

a «653  180.0 14 0.428 =143.0 - .00 . g BB 8‘
5 D0.208 137.1 S  0.000 0.0 5 8.869 '1‘8'3 299 -0
6 0.00) 0.0 1% o.goo 0.0 - . 8° N 3 833 3.0
§ 9.97 02,6 16 0.000 0.0 - 8'8 8 83 1 .43 180.0
o 8351 290 s 0580 % 3 03y s : 888 §:8
10 0.i15« =-138,3 12 0.544 14l.8 - 8.803 8.5 1 x-oso o0
NF 1 1pe177  =16.0 1 10,875 24.0 1 10.8%2 25.6 1 3,939 20%5.0

RODE= 3Fs RPN= O+ FREQUENCY® 90.58 HZ (BLADE 8), 89.33 H2 (BLADE 5)s DARPINGs 1,00

R . 595 N
ST KINR il U AR w1 X1 BE30 ls 37°
S G
ce (nu-§7:n’ (022? sce ‘IU-STI%’ (022? see (Nu-STlN) tbzaf see (nu-gr‘ni (otﬁf
1 1,00 -
T R R VL S 1 I A 3
o.z;o 160.0 13 0.167 5'3 - o9 o i . g -102.9
4 1.253 C.0 1é¢ 0.84b . s 8°p%8 B-3 . +0
5 0105 180.0 5 130 -Js-b 5 N 3 1a89,) - . ]
6 0.101 0.0 15 o.a;a . = 888 83 9 ; =917
7 0.066 145,) 16 g3l 189.9 - 4] . 10 0 18 '8
5T T 1 S -3 R 4 T B :
10 0:121 180.0 17 3:357  1.8:8 - o000 00 1 x. 4]
NE 1 24931 =131.0 1 2,829 17.0 1 3,097 =11s,3 1 3-o°x 37.8

MODE= 1E¢ RPMe O, FREQUENCYe 22,03 MZ (BLADE 81y  22.05 mZ (BLADE S)y OAMPINGe 0051 X

7 )
:550'01385 59 o -ueconn ¥9, §9° ) RECORD Mp. 601 5‘°‘°..;5 g5
sce (nu-g?gnl |Dggi see (HU-SYR\l (oggf sce (nu-St‘N) (Dgg; see (nu-S‘ln) (DE ?
1 04009 B 1 0,000 0,0 1 0.000 Oe -  0.000 0.0
R O 1 R - R < &
s 0.00) . d 8% 88 -~ 0.000 0.0 H .32 .9
TG R B A R R . B
7 0.529 : 10 8:808 8.8 - :3%0 N 0 0.986 8
§ 8.3 §.8 3 8’?89 88 ; 8 98 IR 10 g: 108:3
10 0079 180, 12 02035 0:0 2 3838 83 1 o § 0.8
NF 5 15,801 6.6 S le.181 16,3 5 100592 <01.9 $ 13.612 98.1
NODE® 1T, RPR® O, FREQUENCYs 37.96 HZ (BLADE 8)s  37.80 W2 (BLADE S)v DARPING® O.5¢ X
EcorD RecoRD NO.
o roc0%D "06 §9° RESO30a0s 89 n6£%30 805 8%’ A T 1] :?,
¢ H ;
sca 4nu~srnnn (053? see «nu-srnn) IDEGD o (ﬂu-gvc“» (nggi see (nu-stln' Iozci
1 0,002 0,0 8.072 0.0 1 0.002 0.0 - +Q0
i s:sgr T R I B B
. by
s 8;32° }38;8 3 81335 x'gig 5 ol%gg xo§:g : . §
$  3:8a%  1e8:8 te 8:89’ .0 - 3: 0 0.0 10 9.
el e de B8 3 fme & oM &
10 0:0% oo 1248 0.6 - 0.000 60 1 000 .a
NE 9 7.192 67,4 9 7.381 11850 9 7,087 17,8 9 0,740 =17.8
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. TABLE 15 MODAL PARAMETERS FOR CONFIGURATION 2 AT 775 RPM
‘l
2
b 4ODEs LFey RPMes 775, FREQUENCYs 15,%¢ M2 (uLaDE 81, 15.5¢ w2 (3L&DE 514 ODAMPINGe 0.10 Z
" . 3 RECORD NO. 631 ReCORD WO, 631
v R0t 30 oF° RES010 85 8)° 3 i H n5x%3° (88 57
5 S - ““““”“v,,
p [ H§ SGs /Y. 14 PusS
ser (nu-g?:un :oiﬁ? set (nu-§7:v| (053? s0e (RU-STRN) (oEcn |lu-sPnNn (DEG)
¢ 1 1.000 0.0 1} 1,000 0.0 1oy §o §2 - 0.000 0.0
. . . - .3 - °°°° o
5 3 8233? §.3 ii §. %z 1308 =g 888 §:3 s gis;o 103'
. . . . .
N S 8:980 1008 s 3:82 -128:% s g 6Y8 g3 LA 1411
h 6 C.031 180+0 18 0000 23 2 8 . e 0172 x‘g 8
; TR S £ O I R 4
Y 9 D.el2 0.0 9 0.Alé4 8 * g 3 83 < 9,000 g g
) 10 0.123  180.0 12 0.079 53e4 - 0 . 1 1,00 .
NF 1 14,791 <=151.6 1 17.985 7.2 1 14.838 =179¢6 1 4,81 0.
! MODE® 2Fy RPM® 7785, FREQUENCY® «T,00 rZ (BLa0f &), 51.50 M2 (BLADE 5)e¢ DAMPINGe 0,23 X
3 RgC 0, 63 ecORD NO 4
RECO%0 305 62 - -ufcoso 826 81° ﬂs‘ouo‘g - RES 50805 83
' et A T EMs s amp s Pys sGe n ’H
, sce lnu-g?:m lbga? soe (my=- snw (023? see (Hu-srRN) (Dee) lnu-grﬁn) wsci
bolemome b B 89 D opsee g2 o g 8
V] . . - . . r)
: : - . . 5 1.408 <=128.3
p 3835  i8eee 17 Bidge 138.8 - 8.333 63 8 1.099 0.0
S 0,502 71.8 8 g 49 5 0,504 =4l.d - o.goo 0.0
6 Doake 4344 {3 -120, - 0.:000 Ced 9 0.509 0.0
Posm G beogh g - R R e g e
: o : 9 o 0. -~ 0.000
10 0:8%% 1e0sd SRR RN 2 308 0.5 1 1.000 0.
’ NF 1 b.lli =79.9 1 64607 107 1 7,442 =l05,7 1 4.e51 73.
o’
¢
4
*
s
Ry DATA NOT AVAILABLE
.
[}
L]
..
[]
S MODE= lEe RPM= 775+ FREQUENCY® 22,32 M? (BLADE &), 22.40 HI (BLADE 5)¢ DAMPINGs 0,72 X
. D . 027 Cor 8 ECORD ND, 820
, QEEQED_"ED_§E°- -__55502 «:go gi___ REx 0(3 H RECT30 05 ¢
- 3¢ amr  _ PMs  SGa ,  AMP__PHS 56 Pus sCe ] pr
N ATV AT 241 TR S SPY 44 ' |nu-sta~n (0g8) tnu-$rkn w0ee
) 1 D403 ~140,1 1 gep3e -113-8 i 3 -152.1 - 0.000 0.0
. : 0. 1 .874 . - 0 - 0.000 0.0
» g 8.883 0'8 }3 8-83§ 15808 - 8 8 8.3 S 8-000 0.0
\ § 04000 geg ¥ « 000 . : 9 peo 6.2 ¢ o.1n 9.0
. 3 . . Y - .
= PP T 44 15 058 148:8 :ogigly 89 3 giggs 1000
7 Dedo? 0.0 16 108 ‘3 - 8 0. 10 Q.27 189.0
Z R S D O o T i B B
K Y . - . - - Iy
1 10 0.082 180.¢C 12 8:868 i3 - obo . 1 0.030 -158:8
. NF 5 BJ.e3b 12943 S 86.663 16043 5 ge.914 =-178,9 5 ©3,953 1.1
-
: MODE= 1Te RPMs 775, FREQUENCYs 4l.26 M2 (BLAOE 6}y  39.40 HZ BLADE $)y DANPINGe :.971
a RECORD NO ?
I e X . 3 0 L. 3 1 X
------ P s " PH sce anp HS
) sce tnu-srann (o:gf see «nu-s?nv) (Dsan 5 ¢nu-§r£u» «oec? tAY=STRN) (DEG)H
3 I O T 111 I Bt T o S 3
s : : . =35, - +000 . s 17,68
B SN I R I
b e : . . . 2 : : q o.
‘ LRI O B &
[} . - . - . . - . - .
. 9 . oo L 4 .000 Oa - °l [
‘ o 538 1,98 13 3% ubs $O§888 0.5 1 0.282 15%3e2
: ’ NE 9 7.891 781 e 8,075 120.7 9 1.739 7.0 9 2,008 82.2
.,
p.
”
A
Ca
f’ o \‘." TR \f,-r - Lo S TORS
[l Ly

R aXA ‘ ' ‘h’.



TABLE 16 MODAL PARAMETERS FOR CONFIGURATION 2 AT 1000 RPM

nOUEs 1F, RPM= 1000, FREQUENCY= 19,37 WZ (gLADE 81y  19.3D H2 (BLADE 5), DaMpInGe 0,09
RECORD Vo, 508 coau ND, 609 RECURD NO. 610 necouo NO exo
nug 80 8) 6 BLD 8) ux 3 i8LD.8) nux 3 (BLd s

“Tons ;z:""""""';is s
(DEG) inu-srau’ 1OEG) (ﬂu-sTlNl (052)

0.0

A

«0

1.8:8

8.8

00

0.199 32,8

“v
(24
-
“w
&
-

O O2rO0O0CIOO~OD WP

|nu-srl~)

-
=

O 000000000 ¢
-

-
.
(=3
O
<
=
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=
-e
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w
OO0O0OOWOOO

— e
N COOOOWOO!

~ NOITVRAL W
-

T NOOONOWWO »9
= 1) OO Iawn |

o) = L A S O e
G Y 1O AL
seeesevese
10 IV 1o
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{
fn
T
Q
1
2
0
0
]
0
[
1
H
1

£ CCLOCEROOO0QC =

[
o
w
[

[}
-
@«
.
-

MDOEs 2Fy RPM= 1000+ FREQUENCY® 54+72 HZ (BLADE 8), 55,03 H2 (BLADE 5)y, DaAmPING= 0,21

ReCORD §O, oao u . 612 necono NO 13 gECORD Mp, 613
i1 (Bb &) Ko 0o st __Aux 3 5 Fux 3 (8LD 5)

;Gl _A sGo

(nu-STR\' ‘DEGi

1.000
0.872

5Gs

L
<
-

lnu—g?‘nr (DG:?

[ 34

W NCOCOTOOND ~wv)

AnP
:Hu-s?nNn to
0
0
S

-14
=1%7.0

1 P st o e s e
e ROO
O NOODOOOODWD MY
Pt P P
- AD I CPNE W
-
- =l OO0l

0

1C1HItwE )

8:
8
8:
g:

EEXEEEEXX
OOOCOO00
EEEXEXE)
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w rOO®NEWN

0
Q
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]
0

-~
[l =2 - - X JUF WLl g

n
-

7
8
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3
1
Q
3
1
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-12 3.218 5243

-
-
1
-
o
-

MODE= 3Fs RP M= 1000, FREQUENCY*115,83 MZ (BLADE 8)s 115.75 HZ (BLADE 5)» DAMPING® 0,50

RECORD NO. 6lo aecoso ND . &ECoRo g ex~ neiﬂno NO. 6l
MUX 1 (8LD 8) WD nUx 3 ¢ Ul 3 (BLD S

Se8  aNP _ _ PMs  sc# S n ™
(AU=-STKN) (DEG) (nu-51nna (Hu-SYRN) lotul (nU-Qt‘ut (oec?

3:85¢ 8:8
R ¥
8:2:8

8338
8:258

S.011
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L)
oCco
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Ny NyO oo
~N WrOTVNCOOO
.
(=]
g

- O P

0
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=105

[
[ -2-1 L1 JUF FWI VT
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n0pEs 1t, RPMa 1000, FREQUENCYs 22,51 HZ (BLADE B8}y 22,49 #Z (BLADE 51y OaRPINGs 0.9)
RECORD %D, 617 RECORD NO, OLE uscnno NDe 629 RECORD no 19
Aux 1 (8LD 8} no5%2° (805 §) 3 teld * nux 3 (8Ld 8

$G»

s
llU-STRND (DEG)

$Ga Sce

[ 2> 4
-
=
[

)

xz
-
-
[~
oX

H O0COOOOOOD =—w

llU'g?:Nl |D£:?
260
B 82

X 232
i

534140 =124¢7

g

B N O NS e
(R AN NEC NN

>
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d
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MODE= 1T, KkPMe 1000, FREQUENCYe= 44,10 MZ (BLADE 81, 50,20 #Z (BLADE 50 DAMPINGe 0,37

ECORD vO. 623 nscoan u 8 24 RECORD no. ozs ReC NO, 2%
K5 100 & 5 8) o R 805 8% nox"30 s 83

L] (2] sc? $Ge H§
llu-g!‘N) (necf (nu-stnvb 1050) cnu-srnn» (DEG)

=117, B 68 lZa-a

3 63
i 3 aga 12y
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TABLE 17

RODEs LFy RPRs 0y

ReCoRY 80, 704
fmux 1 (8LD 8)

3Gy an? PKS
(NU-SYRNI (DEG)
3 oZ:oo
3 0.3
G150
§ €03
0
1

U
-t e
NI

00035
0.‘

0.39
0102

24,284

e

EEEEXEEREX

[elelolel Yolotol-T.1
€ COOONCOOCOO

1

e

T
~

-

vF

ROLE= 2Fy RPMe 0,

u
B0 1

FREQUENCYes .19 H2 (BLADE 8),

iuao a. 7?0 necuao no5 107
- - - - ----- ------ --: ........... Cemw
kT bl 5 it offh
i 8998 598 11 o3
13 e 18818 . 3:883 8.3
1 0.053 0.0 - 0.0 9 8.3

5 o.s«s 18040 5 0.13 le%,
15  0.020 51.0 - 8'8 8 8'8

16 OoOOO 0-0 - . .
- 0.000 0.0 - 0+000 8-8

9 0.402 0.0 9 0.401 .
12 0.231 0.0 -  0+000 043
1 224013  =43,9 1 25.061 25,2

$.37 1 (BLADE 3,

MODAL PARAMETERS FOR CONFIGURATION 3(a) AT O RPM

DAMPINGe 0,063 X

IECORD NO, 707
RUS 3 (80D 83

w
(24
-

H
(ﬂU-STlnD (OEG%

8828
i
ssga
£33

3.483 .92

-
[ I I-T TN VN
N ODOO00D00O00

FREQUENCYes 32,28 H2 (BLADE 8), 33,00 nZ (BLADE 53y DA™PINGs 0.062 X

RECO&D NO. 709
-0 8)

RECORD NO, ne
nux 3 (eLd 8)

RECORD %O, N0
AUX 3 (BLD 51

cs ’H

s |nu-91=n) 1oec§

1 1.000 040

2 0el88 040

3 D.895 180.0

& Jeb4)d 18C.0

5 04253 180.0

6 0.088  115,2

7 0.000 0oy

8 0.009 0.0

9  0.301 040

10 0,000 0.0

NF 1 114790 -96.%

MODE= 3F» R Me 0,
ascuuo ND, 711

X IDLD_ﬂl -

SG PHS

iHU‘SYHN) IDEG)

1 1.000 0.0

2 1.016 -lbs»5

3 C.104 .0

« 1,228 Ge0

5 0,000 0.0

& D.023 444

7 0.00) 0.0

8 0,002 0¢0

9 0.3060 88,4

10 0.000 0e0

NF 1 4,38% 120.2

MODE= LEs RPMe 0,

RECURD vo. 714
nox L0 8}

sce lnu-ST¢N) 10223
poog 8

3 oBgE 8

: 8:533 8:8

i 3ifse BB

10 0878 1488

NFE 5 107,005 37}

nQDg= 1T, APme 0,
uscono g 718
nUx 49

sGt

P pupa s

1
1
3
4
5
5
[
9
12
1

FREQUENC Y= 90,58 HZ (BLADE g3,
necono B 713
« &)

-

SGe

s e

 ND LT ARSI W

-

FREQUENCY= 23,76 HZ IBLADE 8),
€CORD NO, 716
ﬁuﬁ 3 (8LD 8

MUx o 8 _ .
‘NP - ;N; SZ:
(RU=STRV) (DEG)
1598 e8ip
RIS B
HI
01
0.320 8.8 9
0.320 18040 -
11462 =-137.0 i

ARpP ENS
(MU-STRN) (DEG)
b 8 4
g 8

3 ‘8 A 18:
8 88 8
B:8o8 8

11459 =16%.

w
©
-

c nS
tAU=-STaNy lDEG’

-
- i tODIawW !
W =O00000-000
® e e 9 86080
© OODONOH~OO
O 0000000 V00
~ OO0OQCOWOro 00

-

.

L

90.47 HZ (BLADE 5)v DARPINGs 1,24 X

o *
RE& 30805 31>

RS8O W25 a)?

o
b:8§8 8:8 !
g:432 °8:8 :
£:838  1°8:8 s
8:693 188-8 :

1308 1308 3
4e548 «30.0 1

RECOR 3
nSlozotg;O Z%S

Pus
(nu-S!RNl 1052»

1~
o
{=4
o
©
.

G.2
c'

£ OOO0O0OCOCOO
® & 060090000
~ O 0000000
£ OWOOOOO0O
[, alelolotalsts]
O
.
O ONOLVUVLUY

w
-~

L4
-

see an-gt‘u) IDEGi

0.0
°.°
it
R
0.0
g8
0.0
0.0

108.4

-
.

>4
-2
o

-

- =l loQIow)
00000000
R EEREXX]

~ OO0OWO IO
000000 O
OOO0O0OOWE O

~
)

-
o

23.70 HI (BLADE 5)y OAMPING= 0,060 X

RECORD NO. 11
AUX 06 1 6

----------o

a Pns ¢
e |nu-s?:1| (Dea) she
1 o, 0.
lg 5 ; 1'0.8 :
{ «03 180.0 -
§ P96 0.0 -
O B 1 I
18 8:85 0.0 -
3 8:929 9:0 3
Z 0.00'\ 0.0 -
5 106,887 -16,% L

FREQUENC Y= 44,14 HZ (BLADE 8}

RECORD NO, 720
RUX 3 (BLD 8)

---—--- ---------.- ----- --

gecono “J. 119

sos (ﬂu-SfRNl ‘022?

1 0, o.o

; B Bag l: .o

§ 8 883 * 8:8

8 8.8

10 o-o 040

NE 9 a.xas ~la4,3

17

s astad
D NOIC ANS Weps

-

PHS Sge
tnu-gt‘v) (0EG)

0.009 0.0 1
0.8 <] 0.0 -
0. [} 5.7 -
0.000 0.0 -
€.197 160.0 5
0-850 0.0 -
°o 31 0.0 -
0.800 8.0 -
1.000 .0 9
1,009 0.0 -
6030 =bp,5 9

" PHS
lHU-gTﬂNl (DEG)
0.023 04
0.000 0.2
0. 006 0.3
0.000 0.2
1.000 0.0
0,000 049
0,000 0.0
0.000 0.3
D.1306 0.9
0.000 (3%
100,406 <=15%4.8

(HU'SYRND (DEG)

0.000 0.0
0-800 8'3
0.000 o0
0.000 0.2
Q.26 180.9
00800 0.0
0.000 0.3
0-800 O-g
1000 Q.

0.000 02
5.921 29.0

Y
(HU’STRN] (D[G’
< 8999 0.0
3 éizgg 8:3
L] ']
i
19 8.0 .
e N 11 8:8
1 0.02¢ 180:0
5 88,9006 254

50010 M2 (BLADE 5), DAMPING® 0,48 I

0 ND, ?
nuxos °c 20

sc' (AU-SYIN) loscf
T %88 88
: ?2959 169:8
3 2:888 8:8
19 8:888 8:8
7 %88 88
9 0.1060 1707




RIS LT RET LIV oW AN & .- Lo g

19.42 H2 (3LADE 5},
ECURD NO. 739
RERO50 (8D 33

TABLE 18
40DEs 1F, RPMa 1000s FREQUENCYe 20,32 wl (BLADE &),
RECORD NO. 733 ° Recnao bl 73~
- _ngx_‘ 18LD 8) o ¢
$Gs ANP pHS Soe
(MU=ST2N) (DEG) v «Hu-stav» (OEEI
«00 . 1 1.000 0.0
s 60?29 8 8 ls 0,000 0.0
3 8'8 H 8 8 i 0.022 lo8.7
& 3 § 0.000 0.0
5 8 i 3 -75-1 0.182 180.0
6 6 ~4b 1 0,600 0.0
7 8 g 8'8 1 0,000 0.0
R I O R 3+ B
L] . .
18 8' 168:8 12 o0.0s% 0.0
NF L 04002 4549 1 41,378 _149,¢
MODE= &F+ RPM* 1000, FREQUENCY® 55,12 M2 (BLADE 8),
nscuao vo. 730 RECOgD W), 731
QUZ 1 _ _ - - L1V 4 (B.D 8)
H ?ns sGe ARP Ens
|nu-sva~) (DEG) (mu=-STRv) (DEG)
1 1.00 0.0
2 G099 -ls.ﬁ {* b 8? 8 8
3 0.83) 180.0 3 2
&  D.tb? 158.0 1% g
] %.69¢ 0 2 «.8 S
[ 3.926 QeQ t 3
7 002 0.0 6 8 358 8 6
N R
10 0.308 18050 12 ’ 54 I 3
NFl o 7.978 42,3 1 13.142  157.8
NODEs 3F, RPM= 1000, FKEQUENCYs116,72 42 (BLADE &),
ECORD ND. 727 RECORD NI, Zza
J 1 (3LD 8 HU! 5 18:0_ l -
SGe n? PH sc? AMP PHS
(HU-gTiNI (DEG? (RU=STRY) (DEGH
1 ooa 0.0 1 1.000 0.0
2 o. 8) 180.0 11 0.000 2'3
3 0.209 180.9 13 0.219 =-1l.
& l.4b5 0.0 ie  1.087 0:9
S D.194 15.9 5 0,096 1e6,
& L.4l8 G0 15 Q.694 8'3
7 0,09 0.0 16 C.265 180,
8  0.00) 0.0 - 8'°°° 88
9 D.27¢ =107.0 9 .z{o 180,
10 J.l4l =1%9,9 12 0.311 180.0
NF 1 9,405 163,2 1 12,787 =162.6
MODE® lEs RPM= 1000+ FREQUENCYs 24450 W2 (BLADE 8),
RECORD 80, 724 RECORD N3+ 7;5
MUX ) (BLD &) NUl-Z 8.0 8
Scr Y14 Pus SGe Tanp “on
("U-S?RNI (DEG) (NU=STRY) !osc§
T 0,009 0.0 1 0.000 0.
¢  0.00) 040 11 0.000 0.8
3 0.000 0.0 13 0,030 180.0
& 0,000 0.0 14 0.000 0.0
5  1.000 0.0 5  1.000 0.0
§ .50l 0.0 15 0.00) 0.0
0.00) 0.0 16 0,000 0.0
O 1 SR 1
10 0.040 180.0 12 0,000 0.0
NF 5 63,800 9.7 5 67,728 =39,
mODEe 1T, Rpm= 1012, FREQUENCY= 48,64 HI (BLADE 81,
nEcoao Nn. 721 CORD NI, 722
AUX ald s Ex 2 (8.0 8)
$Gs pHy Sge Awe S
|nu-srlul (DEG) (RU-STRY} (DEG)
180.0 1 133.0
: 0.3; -10%.0 11 8Z§§§ §.o
IR B 1 I 1 1a 8:318 4l
F 3.53. -188:% : 38 1i%a
2g) =126.9 1% o.sza ~34,0
3 b. 5 '12~'$ 16 0,092 33.2
T T O 1 S
LI § 1) 15.3 12 1.965  =25.2
NE 9 234293 "1%9¢p 9 Z1.lel 1.1

DRI Al Il e s T
)- )"-" g ‘-"\""‘.'.‘.‘.'\"- )

I-“l‘ !\‘) QA

SGs L) PH sc?
(IU-gTENl lD&Gi
1 1.000 0. -
- 0.000 0. -
- 0.000 8.0 S
- 0.000 «0 ]
5 0.103 18040 -
- 0.000 0. 9
- 0.000 .0 10
- 0.000 (28] -
9 0.437 00 -
- 0.000 Ce0 1
1L 324834 =123.5 1

55.30 HZ (BLADE 5)
ReCoRp NO, 732

MODAL PARAMETERS FOR CONFIGURATION 3(a) AT 1000 RPM

DaMPINGe-0.87 1

RECORD N0, 735
AUX 3 (BLD

-_-_. ----------

(Hu-S.IlN) lDEGg
0.000 0.0
8:99%  -e0:8
R 3
9:838  8:8
8:8§8 8:8
1,000 0.0

10,219 56,5

+ DAMPINGe 0,78
RECORD ND. 732
RkO30 30 11

WUX 3 (BLD 8) st

b YA ] V.14 Pus SGs ARP H
I“U-S?l“l (DEG) (nV=STRN! loec§
1 1.000 Ced -  0.000 0.0
- 0,000 0.0 - 0.000 0.0
-  0.000 0.9 [ 1.838 0.0
s 0.000 (%] ] 1,051 0,0
5 € 347 18¢.0 - 0.000 0.0
- 0.000 (] 9  6.196 0.0
- 0.000 0ed 10 0.000 8.0
- o.ogo C.0 - o.goo «0
9 lel 7% -62.1 - 0.000 8.0
- 0.000 Oed 1 1.000 «0

(4 . . .
1 11,892  1s52,2 1 9,088 332.2

116.36 HZ (sLaADE %)

RECORD NO, 72¢
AUX 3 (BL) 6)

» DAMPING= Q.17

RCMONO 729
nuUx (b 5)

5 HS

36 lﬂu-g?gﬂl IDEZ? sce (ﬂu-s?uN) (DEG)
. - 3 o°

5 88 8.8 - 80888 o.O
: 8 8 8 8.0 ] 00391 1 -2
o0 ? 3.1.7 «0

5 8 3 3 "8‘° - «000 0.0
- 8 .0 9 0.268 =14.5
- 8 8:8 g0 10 0.000 0.0
ol g o mEe e
2 Bl6ad 8:8 1 1.000 0.0
1 10702 162.8 1 4,235 61,0

24,45 M7 (9 ApE 5
RECORD ND. Zzo
)

s DAMPINGe 0,98
nEcuan ND, 7%6

__Hux 3 ¢BLd MUX 3 (8lD S
36 (mu-sTRnr of8) 5% (mu-$TRh) bl
1 9,090 0,2 = B398 8.8
3 BN
S R 5L
opigle  gp (0 BB M4
2 0ol 0e0 1 888 0.0
5 63,833 99,4 S 45921  279e4

50,59 n2 (sLADE S5}
RECORD uo- 7;3

o DamplnGe 1.39
uecouo 723
(f b sy

nyx 3 (g
.----..-----------
SO0 pu-tTRe ol st
! 8:8§ 18:3 -
: 9:88 83 H
- 0. 8 . !
Pl e
- 0:88° 8:3 18
- 0.000 . -
9 1:000 oo -
- 0.000 0.0 1
6 204445  lea,)d 9

AUX
inu-5TRvo (08}
0,000 0.0

8 9‘3 llB:Q

8 888 1 8:8

& 88 8:8
8:8:8 8.8
9 180%0
27.010 324.0

.
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TABLE 19

R0DE= )1F, RPM» O

0RO vOD, Teb
RO 5- 805 o
SGe PHS
llU-SYiNt toEGi
L]
bohge 88
3ogm 8
.
p bt
: - s 8:3
. .
10 8.305 8:8
NF 1 244337 -4ac8
#OVEe CFr RPM® 0y
lECDRD uo. lbo
Huxl (eLD 8)
sc? ANP PHS
tMU=STRN) (DEG)
boogs® o
.
3 0222; 138.3
g
- .
7 0009 3:8
8 0000 8¢9
9 24298 o0
10 Ue 002 00
NE L 144725 84.7
nQvEk= 3Fe RPMe 0,
RECORD NO. 757
010305 4
56 AN PH
' AU=STAIN) |DEO§
1 1009 040
é 0.002 0.0
3 0.00) 0.0
4 1423 0.0
5 0.l22 ~(26.7
® 0.111 180,0
7 0.00) 0.0
8 0.00) 0.0
L} 04343 0.0
10 0.00) Q.0
wF ] 4,408 82,7
400E= LEr R %e ")
RECORD ¥0, 75«
nux 3 (aLD 8)
Sce _ as?._ _ems
|'u-s?a“| (DEG)
1 v.002 0.0
2 0.00J 0.0
3 0.00) 0.0
4 0.00) 0.0
5 1,00 0.0
6 0.66l 0.0
7 0.00) 0.0
8  0.20) 0.9
2% 1 0.0
10 0.076 180.0
NF 5 98,217 -139.4

nODE= 1Ty Hpme O

IECDRD v . 151
Rux D &)

MODAL PARAMETERS FOR CONFIGURATION 3(b) AT O RPM

FREQUENCYs 5,17 Ml (BLADE 8}, $.39 n2 (BLADE 5)y DAMPING® 0.6% X

RECOnD gab 7e7

ﬁigﬂno NO. 768

RECORD “25 ;bl

sce H
INU-SIR\D 1053)

1 1,090 0.0
xs o.ogo 180.0
{ 0,050  180.¢
§ 0.9% 0.0
0.13 180.0

lz 0,038 =113.2
1 0.00) 0.9
- 0,000 0.9
9 0,000 0.0
12 0,000 0.0
1 22,032 75.9

aLd 8!
[ PH
60 (mu-8Thwr cof
1 1,000 o
- 0.000 8-0
- g.000 803
- O-OgO 0
13 0-6 8 160.0
- 0.00 02
- 0.000 (]
- Q.000 0.0
9 0.400 0.2
- 0.000 0.d
1 26.89% $.3

nux (1] -

T
R 1 .
g T
10 8:838 8:8
: 8:888 3:3

} 0.000 00
1.000 0.0

FREQUENCYs 32,22 n7 (BLADE 8), 32.95 M2 (BLADE 519 DANPING® O.66 I

RECDID NJ. 101
RUX 2 (8LD

cs E
lnu-srnv) (DEG)

[ N 8 8 138:8
2 8 g 185:6
2 8 58 1 8:8
¢ 8 ?88 8:8
3 8,522 138:8
1

14.889 =112.7

RECORD NO, 7o
26x°3° s 8¢

$Go Pu
vR“l §DECH

p ]
C
[]

—~ 3 OIS By
QOOVOOOOO™
esenvectenase

O ONOODOWOOOO wh

- ONOVOOOOOO

-~ OWOOOL,rOOOCO

.
O

e
»
.

AL 0 11
SGe

(nVe

-

o

ox
-

O000OON~OO Be
-
L,
COO0OOOWOO Mme

N)

—
CECINE-L AN VNN

0000 “
e 8223839~33 qS

se00c00es 0

000000 OWo0

Gsecsoense e

’ »OO0OOWO00

[- 4
[ 4
.
-

FREQUENCY= 90,62 HZ (BLADE 81y 90.7¢ MZ (BLADE 5}y OAMPING= 0.08 X

aecoao «u. zﬁs
RUX

---------~ " T -

$G* AHP PHS
(RU=STRY) (DEG}
1 1,000 s°’°
TRt 8.4
5 3:083 8.8
to 8858 8:8
- 000D 8-8

9 .333 .
12 o0.060 0.0
1 4.645  102.1

RECDRD ND. 759
L1724 (BLD 8)

sGs Hs
lﬂd'S'RN) ‘OEGl

f 5 88 03
- 0.0
: & aga gg
g 38 34

4e2%9 =37

[

COAD NOo 739
5<% llLB
SGo HS
¢ 1"0—59!"! wem
-  0.000 . 0.0
- gloo glo
s .82 190.¢
8 Qe 4 %.0
- 0- 00 .0
9 <000 0.0
10 <600 <0
Z 9930 0
1 0.000 0.0

FREQUENCY= 23+63 nZ (BLADE 81, 23.65 M2 (BLADE S)¢ DARPING= 0,00 X

RECORD ND» 7?5
nUX 2 (8.0

SGW AnP
(Ry=STRY) !oeu§
1 0.026 g
11l o.ogo 8
i3 0.038 xuo.
i e
15 0.000 3 3
16 0.000 8
-  0.000 0.
9 0.138 8.0
12 0,000 «0
S 96,296 152.7

RECORD no6 l?“

ECORD Npg, 756
Rk 3 (old 5)

_-_Pux 3 (8L

560 wu-tihn coffy ¢ |nu-gr‘u» uo‘:f
E 0.000 O:J : 8.008 08
: 8:888 8.3 3 3:895 0
R I S
2 T | B
2 §1§3§ §:§ i 8838 8:8
5 97,507  66.) s 800939 24643

FREQUENCY® 43,95 n2 (BLADE 81y 8% 1o W2 (BLADE 53, OamplnGe 0.%56 2

Racoao ND., 732
nUx 2 (sLD 8)

$Gs pHs
lHV-STiN) (DEG)

0.021 0.0

.
Q
O
fwd
O
.

(-]

QOO0 OrO0
» Q0000 OO
POV O

O

.

D OO @~ OV 2w N~

e ®scacso e

NF

e
~
[~
.
>

SGe

ox

me
-~ O00OONOGCOO —wi

A,P
(Ry=StrRv) (D

(=]
.
00
©
o

2000 OC

D ~VOODO~HENT
e
we

Ll e bt
OO OWNO O

000000000
IEREEEERER]

-
O MO ) OPPRI W

2“.32 -77.

« 783
nos 3o(e0s of

ce rH
s tnu srau' 10:6?

Lope g
< 8:838 8:3
2 02383 1803
- g
@ 888 &3
9 27.507 151

ucmo 753
aux 3 chbs»

sce (NU-SIIN) (O:E?
- 0.080 0,0
3 LY -8
L] 8:886 et .

3 Eg 88
- 8:888 8:8
1 0.000 0¢0

1,000 0,0
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TABLE 20 MODAL PARAMETERS FOR CONFIGURATION 3(b) AT 1000 RPM
AQUEs Liy RPM= 1OCO. FIEJUENCYe 1gs71 M7 (BLADL 81s  18e71 M2 (SLADE 5)y DANPINGs00,.51
Re CURD 73o €COxp N3, 737 RECORD NO. 738 RECORD uo. 73'
Rox 10300 RGE 2% b o) AuX 37 (0LD 8) A8 (a0b s
;--------:--------; Sa;- e ---P;- ;(.: ARP PHS SGo ARP HS
G (RyY~STR N} (Dzex 4.u-915‘; lazu§ (My=STRN) (DEG) (AU-STRN) (OEG’
1 1,000 Ued 1 1,000 0.9 1 1.000 0.2 - « Q0 .
3 g:ooa 0.0 11 G077 293 - 0:00¢ 843 - 8.32 8:8
o 0 13 0,098  180.0 - 0.00 . 5 l'f $ 88
$ Qepid -93.9 14 0.025 ¢.0 - 0.000 s.g [] . &8 .
37 -11. 5 l.le?  =12.9 5  l.ll7 =11, - s-g 9 88
§ gl -19.8 15 0.000 0.0 - o.goo 8.3 9 .28 .
297 «0 16 0.000 0.0 -  9.000 od 10 8'8 8 88
NI T 151 S 13 ST £ { S 1 S 4 S £
10 " ottds 18038 12 G.070 0.0 - 0.000 0. y 8 8:8
NF Ol 18,136 =24,0 1 29,976 165.3 1 15.23  126.8 1 10.227 30b.0
nODEw aF, Roms 1000, FREQUENCYs 54,62 HZ (YLADE 8), $%,22 2 (8LADE 53, DaMplinGge 0.45 2
tCURn ‘E. 73 RECORD NO, 740 RECORD NO: 74l IECOID ' 141
8} AUX 2" (ReD 8) L _IBLD 'Y nUX 3 4 5)
sG 1 PHS Soe ARP . PHS 308 . amP_  _PWS Scs H
tnu-§1i~) (DEG) (MU-STRY) (DEG) 'Hu-S!kNi 10EG) :nu-sra~| lbez:
1 14000 0.0 1 1.000 0.0 i 8'808 §°8 - 8° 0.0
2 .002 040 11 0.315 =-83.9 - .09 . - g 352 0.0
3 0e843 180.0 13 0,413 =107.2 - 8.8 8 E'g 5 =140.1
4 Ue713 18040 14  0.443  140.0 - 9 . 8 6'8 1 0.0
5 5,456  180.0 5 S,.747 58.9 s 3'8 8 18p+0 - %00 0.0
o 3.772  180.0 15 1.439 -126.4 - %9 . 3 15.3 ) 0.0
l Jve 002 Qev 16 0.000 0.0 - 3-8 8 2-3 1 . 8 0.0
J.908 0.0 - 0.000 0.0 - .39 . = 988 0.0
9 lebb? =4l,.9 9 1,876 =115.% 9 1.501 14647 - .Og 0.0
10 Ge309 ~-74,4 12 3.939 -120.8 - 0.000 0.0 1 1.000 0.0
NE L 9.088 107.6 1 10,634 36,6 1 5.678 <155,5 1 4,480 24,5
MODE= 3Fs APMe 1050+ FREQUENCY®117.064 HZ (BLADE 81y 136,22 HZ (BLADE S)y DAMPINGe 0,39 2
ReCURY w0, 742 RE onD N). 743 aecoao no by RECORD NO, 744
AUX 1 (3LD ) 2 (8.0 8! __MuK 3 18Ld l AUX 3 (BLD 8)
Sca . ag’_ Pms sEZ' TTTaRe en sei sce nn HS
tﬂu~s?iN) (DEG) an-sveu) (JEG? (nu-staun (DEG! (HU=STRN) bgco
11,002 Uev 1 1.000 0.9 1 ] U,d - 8 g B 0.0
2 0l G. 11 6.252 180, - . . - 0.0
5 5Z§g§ 18309 13 o0.138 0.9 < 8.883 8:3 : ¢ 335 180.0
3 ' 375 0.9 18 1.182 0.9 -  0+000 943 0.
04251 39.6 5  0.174 =142.06 5 0.188 a8z, - 8 g g 08
g Q.ea0 3707 15 0.705 0,0 - 0.808 23 9 =41,
0.0QJ 0.0 16 0.000 0.9 - 0.00 . 10 3 8 8 8+2
g Usels 0.0 - 0.600 0.0 -  0.000 g.o - <0
G.323 =28.1 9 0,377 0.0 9 0.256 =24.9 - 0.0
10 Cel72 =1léeb 12 0.416  180.0 - 0.000 042 1 0.0
NE L 9,925 82.7 1 9.060 -162.6 1 12.i08 =31, 1 3-95~ -97.0
MUVEs Lty RPMe 1000, FREQUENCYs 24,79 HI (BLADE B, 24.8) Hl (BLADE 5)y ODAMPINGe 0+9) X
RECURD vO0e 745 leCuuo V] 7~o EcOrRD N 74 ~
__Mux_17(3ip ) AuX ‘3 Ri5°3° a5 817 Ru5%3 808 437
SGe AM? PHS SGe P 56 an PHS ] ARP PHS
4 (mu-STIN) (DEG) (My- srnv) (Dean (nJ-SIﬁNl (DEG) (AU=STRN) (DEG)
«Q0 . 1 9 0.0 1 0.000 0e2 - 000 0.0
: ! 3-33 8.2 g 8 3 13304 - 91000 0.3 < §!goo 8:8
3 8'8 g 8'8 l -7T1. - 0.000 0.0 % . go .
4 58 . 3 g 8 0.0 = 04000 0.3 [ o.a 4 108.0
5 11993 89 3 0.0 5 1.000 0.9 - 0.000 .0
® «572 . lg 8:e8 0.0 - 0.00¢ C.) 9 8'3’5 8:8
7 0.00) 8y 16 9 0.0 - .000 Ged 10 «00 .
A R A I ¢ S I £ B+ A 1 I i
10 23830 10818 12 o+000 0.0 - 0.000 6.) T 8:838 -148:8
NF 5 93,285 765 5 90,034 52,7 s 89,826 37.7 S $%5.969 217.7
MODE* 1Ts RPMs 1000, FREQUENCY= 50,27 Ml (BLADE B8)s 50433 M2 (BLADE 51y DAMPING®=0.1% X
necono ND, o8 ECORD N), 749 RECURD ND, 75U RECORD, NOe 750
808 8 Auk 20825 &3 mO% 3 (BLO €1 _ G085 83’
SGe PHS $G PHS Sge ARP PHS A ANP PHS
s (HU-S7RNI t0EG) lﬂU-gIRN) (DEG) I RU=STRN) (DEG) tru-STRN) (DEGH
: 10, -159,1 1 0.229 -=153.17 1 04212 =160.9 - 0 .
i 8 8 g 9%y 11 0.085 =1b2:0 < 0.900 €ed - 8:838 8:8
g £, 12 0.202 0.0 - 0.000 043 ) 8'3 i THR)
3 g 9% 38 i 0.106 180.0 - o.goo G.d 1 N 3 115
} lg ' 5 3137 Q80.0 5 3,218 180.) - ?'8 8 8:8
g 5 8y 1%geg 1 0.771 0.0 - 0.000 0+0 9 3] .
3 . 1 0.057 180.0 - 0.000 G.0 10 8'8 8 8'8
8 Y 3 8°8 - 0.000 0.9 - U.000 Ce2 - . 8 .
? . 9 1,000 0.9 9  1.000 Ced - 8'8 ? 8'8
19 -1oa 0¢0 12 2.022 0.0 -  0.000 0 1 .03 180,
NF oy 6on4) 45.1 L} .95 121,77 9 5,937 15242 9 53,173 332.2
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TABLE 21 MODAL PARAMETERS FOR CONFIGURATION 4(a) AT O RPM

{V
%
)
A
o
-
& DATA NOT AVAILABLE
¢
v
o
i‘ -
N RODEe 2F, RPMe Oys FREQUENCYs 32,17 HZ (BLADE B8), 32.89 Hl (BLADE 5)y ODAMPING= 0+49 X
3 . 64l ¢ ECORD W R N «
. BTG BOE°3° 8B 81 65030405 83
o Sor  Tamp . Tpnms Pns G TEns Sge ARP PH
;; 0 (nu-iTn toEc) see |nu-51n~) (0ed) s (HU-STEN) tDEG) inu-8TRn) (DG
& L « 000 .g 1 8 0,0 I 1.000 0.0 - 0.000 0.0
5 . =32, 1 . - . 000 . -
QT I O R 1 S+ R 1
& Q.049 80. 4 8 3 3 idg.g - 0.000 043 8 5'839 0.0
S O S (I 1 B T« G 11
o] § gi0%e 8:8 16 8.5 ¥ 8:8 - G.000 Ced 10 o344 -18%:9
‘ § 339 i ;88 88 voooige 88 S 3388 83
.f, 10 o882 168308 12 0:383 180%0 - 0.000 0.0 1 1.000 0.0
< NFol 9,937 114.2 1 9,304 -10,5 1 9e3le  -52,2 1 1.868 127.8
Y
R MOQUE™ 3F¢ RPM® 0+ FREGUENCYs 90,69 HZ (BLADE B)y  B9.30 MZ IBLADE S)v DAMPING® 3.04 X
uecuao 0, RECORD N), RECORD NO, 64 [ 646
_Aus 1 (8L 5 Rk ¢ (80D 8) n85°3° 805 §3° nﬁﬁfggtg°: M
P SGe PHS SG anp gHs Sce ‘VP PrS scs pu3
N IHU‘STRN) the Gy tmu=STav) (DEGH (Mu~-STRN) (DEG) luU-STlN’ (DEC
A 1 1.002 0,0 ¢ 0. 1 1.000 ) -
s g AsslT qeply ii }.98¢ 9:8 - 0:000 ved - 8888 8:3
; - 3 U.los a0, ? 8 ;bg 0.0 - 0.000 0. 5 0.221 108.8
’ o 3.fa 88 1 0.0 - 0.000 Ged 8 s. 56 .
A 5 13 180, ¢ 3 5 3 180.0 5 0.114 =54, - +000 8'8
: I 8-86 08-8 * 0.0 - g.ooo 0.2 9 0,258 .
7 0.0 180, [ 9 180,0 - +000 €. 10 8' 3 108.8
gl iy s EROCEE DM B e g :
) 19 0sids -13en3 %, 8 §cd 14010 - 0:000 ) RN 11 8:3
f% NF Ol 1.782 133,3 1 1773 -85, 1 1.715 93.9 1 1,863 273.9

e, n0pEs 1E, RoMs Oy FREQUENCY= 23,93 nl (3LaDE 8), 22,00 M2 (BLADE 51y DaARPINGe 0,083 X
[ [ o, tCOR . 9 R [ 4
! Aok 1 (Lo ) nOx 2 (Bed 8)° 8°5° a5 89 - n5§°f°.-86 )
- » Pns 53 5 68 ARD . Pns
'Z see cnu-srun» (DEZ§ e tﬂu-g?nNa (0520 Sie dnu-;?:~3 -oiﬁi e lnu-sraun lD!G%
> . . . . . - 0,090 0.0
) y o8 8 3 8:8 11 8.§gg 68.8 : 8.888 6:8 - Y:s g 8:8
\ ? 3 g 0.0 13 0.034 180.0 - 0.000 0.0 5 -8 .
8 0.0 14 0.000 0.0 -  0.000 0.0 LI 3311 88
5 b 2 0.0 5  1.000 0.} 5  1.000 g.o - -9 .
& ) 0.0 18 3'3°° 0.9 - 0.000 .0 3 8293 88
, 7 0.9 16 <000 0.0 -  0.000 6.0 1 018 100,
g bitgd 8:9 LB+ R 3 o'i3  teo S B88 B8
0 18 8 b 1800 12 0.628 0.0 - 0.000 5.0 T osodo 0.0
“ NE 5 Bbes9% 4l 5 87.6) 111 5 89.066 64,3 5 73,918 244.)
2 MODEs 1T, RPMs Oy FREUUENCYs 39,01 M2 (BLADE 8)y, 4l.0% HZ (BLADE 5)y DamPINGe 0,97
£ . R 0 5 .§C°l° N 52
" AbE010 s 83° RSRO80 305 o . :‘§°;°-“ 5 3)¢ vio3 (alh 33
568 Ge " "
Sce (ﬂu-sqlN) (D:gi see lnu-e?:nl !Dzzi soe |nu'g?=nl 1022§ s (nu—gt‘ni (D‘G?
¥ . . 9 1 ] 047 lel. -
8 RS BT O 1 B B | £
. . L] L] L ] -
W HI 8344 ;Egig ‘i . 8§ 10 Ié 5 8:?;9 280 3 , 3‘8 4
K 9 Delo? Qe I3 . . - 8'88 8'3 ) Y 8 .
. a g’os,z) l.o.g 16 . gs 2008 - ?.888 8.3 9 8:888 .
LA . . - . . - * ° - .
" 10 é:égﬂ -9§:2 12 80889 8:8 2 8% 0490 1 % L
W 9 8,132 ~99.4 9 8,026 ~-1%%.9 9 8,06} -9.1 9 0e0) 3¢}
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TABLE 22

200€E= LF, Rpma 3000,

RECURD NO, bbb
Mux 1 (alD 8)

FREQUENCY= 19,33 HZ (BLADE &),

Bco“n uu. boT

RECO%D ND~ b?b

sGs np Hs
inu-3TRws cofcl

}
3
3 ohy -niid
i
18
NF 1 32.02) 15

MOUE® 2Fy RPMs 1000,
nacono 663
13 b &)

X 2 (AL
SGe PN;
cnu-s’asn (DEG)

1 1.000 0.0
11 0.1390 =19.7
13 0.026 154.5
14 0.000 0.0
S  0.436 125.6
15 0.000 0.0
16 0.000 0.3
-  0.000 0.0

9 0,469 ~10.6
12 0,057 0.0
1 2%.184 -113,2

SGs

¢ (HU-SYRN' lo:ci
1 1.000 o
- 0,000 8.8
- 0.000 808
- 0.000 .
H) 24627 -123.8
- 0,000 .
- 0,000 808
- 0.000 .
9 0.a38 -93.5
- 0,000 Ced
1 34640 170.0

14 8" i 84 [ - S Al Aol Sl f

MODAL PARAMETERS FOR CONFIGURATION 4(a) AT 1000 RPM

19,49 H2 (BLADE 51, DampInNGe-p,0}

RECOR
Rex%30 800 85°

sGe Ane ’
(AU=-STRN) (OEz

0,000
£:%
bi58

[
- = 1100 Iewl
o
e o
Y
Ow
)
-
o

6,317 350,

FREQUENCYs 54.83 HI (BLADE &) S4e42 HZ (BLADE 5), DAMPING® 0.54

€
-] ¢ OrD NE. g?t

RECORD ND, o665
mUX 3 (BLD 8)

nuUx
sce (nu-srznu (06}
R
0
3 95 ;6
$ 1% 14818
I
19 0-059 180%0
NFO 1 8,246 <«143,8

NODEs 3F, RPMs 1000,
aEcoRD uo- 659
nux 1 []]

sGo HS
(HU-STIN) (DEG)

dobgs Bl
3 0+000 8.8
“ le453 .
- Qe36) 1800
P
8 8:701 6.0
9 80{50 )4
10 o135 180,0
NF ) 84285 <=148.6

ADDE= LEs RP M= 10009
lEtD%D NO, b?b

8Ld -
Sge AnP PHS
(MU=STRN} (DEG)
1 0031 180.0
§ 9:8%8 g:2
0:000 .0
4 04000 8.8
s 1:.000 .
[ Pe550 _8.8
5 0:1%8 0.0
§ 9:33% 0.0
10 0.037 18060
NF 5 101.949 =124.7

MODEs 1T, ®PAs 1000,

Regoko 106 os:

ux 2 18
sGa PHS
(ﬂu-gtgvb (DEG)

1 1.000 0.0
11 0.000 0.0
13 0.125 0.0
1a 0.445 180.0
H 2.882 58,7
1 0.625 180.0
16 0.111 23.3
- 0.000 0.0
9 0,537 75.9
12 1l.6l4 180.0
1 loe744 <1276

FREQUENCY®1386,91 HZ (BLADE &),

RECOKO EJb obl

see |HU-SYR\D (0ed}

1 .
boedh §
3 3 539 1009
ig 8. 3 g 108:§
lg §038 I g:g
1 11,927 1,05

EREQUENCY® 21,35 HZ (BLADE 81,

Sgs ANP PHS
(MY=STRN} IDEG}

1 1.000 Ced
- « 000 02
- .000 0.2
-  0.000 042
5 2.9%4  103.7
-  0.000 GeD
-  0.000 0.2
- 0,000 Ged
9 0.637 180.2
- 04000 0.0
1 104270 =124.8

URD N
ﬁec ] Eo o?

510805 357
SCo . aRP _wns
lnu—srlu) (DEC)
:898  8:8

gesle  293:9

0.000 Q«0

B i
gl g

12.986 30.3

117,00 MZ (BLADE %), DARPING® 0+03

RECDRD NDo ggz

sCs PHS
lnu-§15~| {DEG)
1 1.000 G0
- 04000 C.0
- 0.000 0.0
- G.GO0 09
5  Q.361 137,)
-  0.000 0ed
- 0.000 049
- 0,000 0.9
9  Q.4068 0.d
- 0,000 0.0
1 14,777 =109.0

L 17) 4 (8LD
5c8 AR T
(AU=-STRN} (DEG)
O 13+ S T 13 4
5 0969 ~l4600
8 1.08%5 0:0
- 0:000 0.0
3 giiss 233
10 0.223 180.0
- 0.000 0.0
< 0.000 0.0
1 1.000 0.0
1 14,342 37.0

21433 M2 (BLADE 5)9 DAMPING® 0,97

. oRp No,
Ao dh Hi =5§°'°.5 i RES 300 $1°
e T, :
sce ‘HU-SYRQI |0E2? see (HU-SYRNI IDEEI sve (lu-gY‘Nl loggi
. . 4 - 3 - .
A R R T I At R
14 82883 8:8 - QIooo ¢ F 3 .
T B N 1 S |
ke 108 8:8 = 8:88% 0. 10 0,060 160.0
ST 5 R S
13 8838 8.8 - 0:000 0.0 1 0.03%5 <=95.0
5 102,801 =175.0 5 112,515 8,5 s 03,433 88,5

FREQUENCY= 38,60 H2 (B8LAD: 81,

IECDRD uub 65&

sos (HU:i;EN) (DEG%

O
.

<
~NO
-~
w
b
.e
wo

[
B ODE~NOC VS W
W OrOOr OO0
T EEREEEED
N QOWECT OO0
L OBIP OO
S CNNOBOU
{e]
-
O

x
-
~
-
.
~
[ ]
»
>
.
~

sc? ANP ns
t{nU=STRV) IDEB)
l{ g.osg -36.4
13 01833 168:8
14 0.000 8-8
5 1,849 .
15 0.129 148
16 0,000 0.0
-  Ge003 8.0
L 1.000 .
12 0.%39 . 0.0
9 25,994 <-lb4.l

H

REC 0!0 NO. 0?5

38.6%5 H2 (BLADE 51+ DARMPING® 1,21

IECO!D N°6 [T 1]

_ MUK 37(8Ld

see IHU-STRN) (DEG?
Logels g
o 6
P opRh K
Y
Dol 6
9 244283 =305

aUX 3 (8L
sce "
inu=4T00) |osc)
- 0.000 0.0
= 0.000 9.8
: As lg 8
; 0. ﬁo :
R R LT
- 0.000 °o°
- 0.000 8:0
1 0.000 .
9 17,297 30,5

%
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TABLE 23 MODAL PARAMETERS FOR CONFIGURATION 4(b) AT O RPM
*,
by ROQDEs 1Fy RPMe Os  FHEQUENCY= 5:18 HZ (BLADE 8), 5,34 HZ (BLADE 5), ODAMPINGs 0.68 2
) RECURD %0, 670 ascono ND. &71 a&conu ~o 372 RECORD MO, 72
¢ nUX 1 (BLD 8) 2 tsLo 8) Avx 3 ) KUX 3 I8LD S)
4 - PORA5t -3
I SGe ANP PHS Y ARP P SG# PHS sGs ANp [
15 |'U-SPRN) (DEG) (MU=-STRV) (oec? (nu'sreu) (DEG) (RU-STRN) logci
1 1.002 0.0 1 l.000 0.0 1 1.090 0,0 - 0,000 0.0
2 0.704 0.0 11 C.5«3 0.0 - 8'8 g §:8 - 0,000 0.0
> 3 04377 0.0 13 0.09« =82.3 - . 8 . §  Beere «99.6
& o 8.111 0.0 14 0,02« 180.0 - 8'0 g 8'8 « 990 0.0
3, ) 124 180.0 5 0.155 180.0 H 33 180, 5 §e990 s.o
; 6 0.051 180,90 15 0.035 180.0 - 8-8 8 83 9 191 «0
f 7 0.009 0.9 16 8'°°° 0.0 - . 8 . lo g+ 809 8'°
g 9.000 0.0 - « 000 0.0 - s.g 0 g3 - V00 .0
¥ Te39d 0.0 9  0.282 180.0 9 . 3° 180, T Q-800 s.o
iy - 10  0.000 0.0 12 0.165 10,0 - 0e000 02 1 900 .0
* NF 1 10,781 142,7 1 14,712 =148,.0 1 64523 =l63.0 1 6e558 leeo
ﬁ NODE= 2f, RPMa O, FREQUENCY= 32,16 HI (BLADE 8)y  32.70 MZ 1BLADE 5)s DAMPING® Q.47 Z
: RD NO. 613 RECORD ND, 674 RECORD NO, 675 RECORD NO, 7%
g‘ :5 oxutafo 3] MUx 2 (BLD _8 - nux 3 (8LD 8) n0X 3 (8LD 5)
‘ ne PH 56T amp PSS  SCa T Hs Sce awP *us
A sce lnu-griul (oﬁc? (MU=5TRY ) (DEGH (HU=STRN) lDEG) |nu.ngN| (DEG)
v
y «009 .0 1 1,000 0,9 1 0.2 -  0.000 0.0
w boodiBR  -e¥ib 11 giesy  usgig LI X 8 €3 ; 8900 ]
3 0.89¢ 180.0 13 «107 . - 8 8 Ced s 206 ~121,.1
4 C.689  180.0 14 g.aaz {’3'8 - £ 0.2 8  1.060 0.0
' 5 0.232 180.0 5 . 260 ad, 5 3 gig  1eg.} - 0.000 0.0
Iy & 0.027 63.6 15 0.207 1‘8'3 = ] . 9 0,144 =22,6
7 0.037 29.2 16 o.ogo . - 8 Be8 g3 10  0.224 180.0
> § 5233 8% s 0:930 1.8 ’ 8 : S %008 810
N 10 0.107 18070 12 0.s15 1800 - 8:8 1 1000 0.0
-, NF o1 9.129 ~b9.8 1 9,104 =152,2 i 90406 ~294)3 1 2,694 91,8
.
o wOut= 3Fr  RP M= O+ FREQUENCY™ 90,32 "I (BLADE B}, 89,29 HZ (BLADE 5)s DAMPING= 1,58 X
: RECORD 0. 6l6 RECORD NI, 077 RECURD WO, ©79 RECORD NO. 679
3} ROX 1 (BLD 8) nux § 8.0 8) WUX 3 (BLD 8) nui (sLD )
. T Y PP e Mt aTe - - T -
SGo An? PHS 131 ] AWp PHS SGo AnP Pus $Go
iﬁﬁ ¢ (MU=STLN) (DEGI (MU-STRYI (LEG) ({My-STRN) (DEG) HU-STlnl (otci
1]
| 1 1.002 0,0 . 1 14000 0.0 - o 000 040
b 2 0737 -1304% {l X 89 8:8 - 0.000 0.0 - 0.000 0.0
1 3 0.095  =95,7 3 3 5 6 "b'é -  0.000 0.0 5 o.zoa 180.0
4 & le248 0.0 14 3 - 0.000 0.0 (] x.s;x 0.0
S  Q.875 =122.) [ 8 7 3 s 5 0.710 18049 =  0.000 0.
6 04112 180.0 {5 3 -  0.000 0.0 9 0.275 180,
. 7 0.00 0.0 6 8 8 g 8 8 - 0.000 0.9 10 o.soo 8'°
4 $ 0.0 e:8 3 g 3 9:56% 6933 c 9:98% 90
™ . . . . - - .
¢* 10 04009 040 12 8 2 3 lee § - 0.000 C.d 1 1,000 0.0
‘: NE 1 4,069 3.7 1 adlel 9ue2 1 307 (3 1 5,207 <93.¢
A
N mODE+ LE, RPMa 0o FREQUENCYs 21,83 WZ (BLADE 81y 21,76 HZ (BLADE 57, OAMPINGe 0,42 2
RECIRO W0, 680 RECORD ¥ o9l RECURD NO. egz lscono no. giz
, _Mox 17gaLD 8) sux 2 (B_D 8y wul 3 (BLD & __ MUK 3 eLd_5)
sc aRp PHS  SG# I PHS  sGa . eNP Pr S8 us
-j (RU=STRN) (DEGH (my-$TaN) (osen (uU-gvnu: IDEG? |nu-$tn~) lDEG)
. 1 . 1 ¢, czo 0.0 1 0.021 Ced -  0.000 0.0
3 e 8 883 8.3 ‘i 0.003 0.9 - 0.000 0o - 0 8 8'8
‘ 3 8 3 ] 8?2 } 0.03 180, 0 = 2.000 0ed S  1.00 .
o 4 8 . § C.000 049 - 0.000 Ged 3 3.355 8'8
" 5 5'9 3 g8 1.009 0.0 5  1.000 1] - N 8 N
d 6 19 . lz 0.£00 0.0 - 04000 €.0 9 8'3 4 8'8
? 8'3 3 8’8 1 00000 0.0 - 0.000 C.0 lo . 80 .
T I G 1 ¢ B 1 S R 11+ S 1t B 1 S
S 10 Bds? 1l 12 0.035 049 - J.000 ¢ 1 0893 1800
>, NF 5 SB.94l 176e2 5 55,009 8,3 9 93,093 7.4 5 50.833 217.¢

NoUEs 1T, RPMm FREQUENCYe 37.89 MZI (BLADE 8)9 4227 HZ2 (BLADE %), DARPINGe 0,43

. - 8
o
-
"

3 0 . . 68 D ND, b8
. §5x°§°.§ 6 $3° RGR 2005 89° AbEC3 B0 810 AGE'S dalp 800
P "
= ses Iﬂu-sf(Nl (0t} 360 wudTRy) (ofl} ST 1 S 441 LU 1| SPRPPY 141
oot 1 0,066 0.0 )} 0.080 0.9 1 0,071  =98.2 S 808 8:8
3 R QS S O 111 S 13 S 1 T O £ i
\ g 9-90 Q.90 14 O.0064 82.8 - 0.000 8.8 8 3
3 HOMNRT IO 5 L 5 B O 5 B B I
€\ 5 8:3p3 8:8 16 0.000 0.0 o 3:8%8 8:3 19 g 888 8 8
-, § ¥:83 989 5 0% 80 s 1:888 &3 z
1w olo® C.0 12 0.924 0.0 - 0.000 € 1 8 8 8 8.8
- NF 9 10,0610 92,7 9 9,478 9.4 9 9,020 -«8.8 9 0.3 9200

-




R |

TABLE 24

RODE® L1Fy R?A" 1000,

RECORD vo. 390
nux 1

FREQUENCY® 18,42 HZ (BLADE 81+

nEconD N), 599
MUK tB.D &)

©ox

21.552 140.1

nOLE= 2F, RPMs 1000,

RkCURD V0. 073
nuX (3L0

G

-
- OOVD®NC V& WA

N COOCNWOOOLC

<
-

n0pEe 3F, KpMs 4q20,
aECURD NO. 701
8)

$Ge ne
(HU-STRVI (UEGI

bo4.8%%
g

3 :352 Iég

e g:937 1 8:
g g% 0.
1 1060 180,

-3 OOODO»-U!OU!

1 17.57 128,

FIEQUENCYs 52,64 H2 (8LaADE

RECORD wO.- 7?(

mUX 3 (8LD
SGe PHS
c”u-s’u~; (DEG)
1 1.000 0.0
- 0.000 Ued
-  0.000 0.2
- 0,000 C.2
5 1.685 -16.8
- 0009 Ced
- 0.000 0.0
-  0.000 )
9  0.772 0.9
- 0,000 0.0
1 17.181 Vel

aECDRD NE 697
MyX D &

MODAL PARAMETERS FOR CONFIGURATION 4(b) AT 920/1000 RPM

18440 HZ (BLADE S51¢v DARPING® 0,10 X

lECORD ND- 7?0
nUX

ses lnu-svk~l lDEGi
: 8:§§ 8:8
v 1% o8
- 0.000 28

10 0:83% :
- g b
1 1.000 8:3
1 12.057 169,06

55,02 HI (BLADE 5), OAMPINGe 0439

5colo ND , e91

st (nu-stn\) 1023?
g 80
) FLR YN
b gy ey
e 8:?63 18g-8
s 1:358  1.8:8
12 3141 1800
1 8,073  158,5

$
1nu-515un (ogc
1 1.000 049
- 0.000 0ed
- 0.000 0ed
- 2.000 Ged
5 $5¢3%1 ~130.2
-~  9.000 Ged
- 0,000 0¢d
- 0.000 0.0
9 l.213 -13.8
-  0.000 Co
1 Se3ly 110G,

FREQUENCYw110,74 H2 (BLADL 8

RECORD NI, 7?2

X 3 (BLD S)
Sce , PHS
(Mu-STRN) (DEG)

T %8 8:0

S 5,496 180.0

8 1.148 180.0

-~ 04000 g.o

9 2,384 -=1%%5.6
10  0.000 0.0
- 0.000 0.0

-~  0.000 0.0

1 1.000 0.0

1 S.115  280.9

Vo 109.85 HZ (BLADE 5)y OAMPINGe 0,86

atcono ~o- 793

nux 1 (8LD nUX 2 (R.D 8
Ge AN N s P PHS

5 lHU-STRN) lbgci ¢ I“U—§9R‘) 1052) s6s tnu-g?sni loggi
'BR N, 1890 1 udieds 199 11 83
1 Q:ng 27.9 13 0.374  180:0 -« 0.000 c!g

<58 0.0 16  1.171 =12.6 - 0.000 0.
29l 180.0 5 0,939 180.0 5 l.d2e =56l

4 130.0 158 1.122 0.9 - 0.000 0.
OEE S R BN o i

1% 5 61900 1 3 0936 -116.
IR SR S 1 S £ 1 B
NF 1 124085 =139e9 1 8,019 139,3 1 2,569 =%8,7

MODEs LEs R>M= 1000+

lscolo NO, 690
mOx 1 ¢8LD 8)

HA H PHS
(Mu=STRN) (DEGC)

1  0.109 18G.0

2 0.051 180.0

3 ©.00) 0.0

& 0.00) 0.0

5  1.002 0.0

® o.rsx 0.0

1 0.00) 0.0

3 0.137 18040

9  G.28! 180.0
10 0.042 156.5
NF 5 60,154 <=139.06

nOpe= 1T, RPmMe 1000,
EcUuo ND, 687
5 1% 0 8%

FREQUENCY® 21,99 HI (BLADE 8),

RECORD NJ- 0?1

—— !‘-2- -L- L
36T (nu-8TRv) 10803
dosa e
i 8:8 168:3
5 1.000 9:9

oy b
< 0.000 8:8
9 0.286 8.8

12 0.600 .
5 58,724  =1.7

SGo

01 8 14>

L

RECORD gn 692
nux 3 (BLD &)

T
0.]60 190,02
gl 5

9:888 8:3

gl wl
8:988 -18:3
0000 Ul

60,906 25,9

RECORD “06 ;?3

---5°5.2-12-..-----
soe lﬂU‘STlNl (DEE?
- 0,000 0,0
; 8:2 8 -128:2
ol T
19 8:383 °8:8
: 828 8§ 88
1 1. 000 00
1 14320 10,6

22.03 B2 (BLADE S5)¢ DARMPING= 0,26

“E onn "Eo 692

5)

sGe PHS
llU-gT‘N) LDEC)

- °l°°° 0.0
- 0.080 0.0
Popae g
= 0930 0.0
9 0.282 -10.%
10 0.000 0.0
- 0.000 0.0
- 0.0090 0.0
1 0,102 180.0
5 600942 205.9

FREQUENCYe 38,1C MZ (BLADE 8), 37,77 M2z teLADE 51, DARPING= 1.03

RECORD NO, 688
AUX 2 (BLD 8)

sGe PHS
tnu-gtﬂnv (DEG)

1 0,000 0.9

2 0.0 152.8

3 0.0 -26.0

& 0.03  =28.1

z 1"11 OOO
Do804 Ge0

1 9.0m 0.0
o.~83 12145

v 1.00) 0.0
10 0.067 =35%.2
NF 9 2117 29.9

S¢e ARP s
(MU=STR¥) (DEG?

1 0.057 180.0
11 0.0060 0.0
13 0sCa& «116.2
le 0.041) 0.0
5 2219 180.0
15 0.217 -75-5
16 80888 o0
9 1.000 8:8
12 O.88¢ “62:5
9 22.2%2 120,2

SCe

10V AV B L

RECORD N0+ 089
AUX (8LD &)

aecono 689
nOX |I 65

E"
lnu-stnun (0EG
1

8'8§3 IR
8 g8 £:3
8.8 3¢8 8.3
8: 888 8:8
5:808 B3
20.299 2042

60 u-sTan) (OFE]
- 0,000 0.0
; pd
- 0.0

8 aa" I8
: g 8 R R
1 o-o 21,2
9 14.737 20,2

-~
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MODAL PARAMETERS FOR CONFIGURATION S(a) AT O RPM

TABLE 25
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- TABLE 28 MODAL PARAMETERS FOR CONFIGURATION 5(b) AT 1000 RPM
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N I1AU=STRN) 4oecv (RU=-STRN) 1oEcl (mu-STkN) (DEC) (AV-STRN) 4050*
1 1.00? 0.0 .0 1 1.000 0.2 - 0.000 0.0
N 2 8' 03 8¢ i} 5 828 8.0 - 0.000 0ed - 0,000 0.0 -
. 3 057 180,06 3 8 83¢ 1888 - 0.000 0.3 S 1.138 0.0
r & 0.02¢  180.y 14 { 29, - 0.000 0.2 8 l.251 0.0
¥y 5 1419 . : yei g-0 5  1.199 Ged - 0.000 0.0
v 6 0737 g-¢ { 38 180,90 - 0.000 ) 9 0,486 0.0
. 7 0.562 0 6 8898 g9 - 0.000 G.0 10 o.sxo 103.0
vy 8 1123 89 - -8 .0 < 0.000 €.0 -  0.000 o0
K §  0.702 . 9 827 88 9  0.701 042 - 0,000 0.0 .
- 10 0es166 180.0 12 056 . - 0.000 0.0 1 1,000 0.0
8 NF 1 3e.162  -125.3 1 48.141 63.7 1 41,898 125.5 1 31.79¢  30%.%
i"
1: 20pE = zF. RPMs 1000, FREQUENCYs 55,50 Ml (8LADE 8), 55,15 H2 (BLADE %), DaAmPINGs 0.57 X
: gD NO, 443 RECOKD NO, 44s lEiulw NOs 445 RECORD NO. ;'05
N - nux (8L0 8 nUx 2 (BLD B) AuX“37¢8L0 8)° __Rux 3 (8L0 %) -
) st ANP PHS SGe Anp Pus sGe ene pus sG#
. tMuU=ST2N) (DEG) (Hu=STRN) (DEG) (MU=3TRN) (DEGC (Hu-SYRNl (DEG’
. 1 0 1 1.000 0.9 3 1,000 Ged - 0,000 0.0
}og: 8 3 3:3 13 ci3%¢ 18000 - §.000 0.0 - 0900 28
3 3 ; l 8'8 i 0.212 180.0 - 0.000 ] s .088 .
4 9 1s%, s 9999 T0.0 - 0.000 0.0 8 3'82 83
g 5 3 193 30.3 S  9.300 180.) - .00 .
. 6 39 o368 lg 1.673  180.0 -  0.000 Ged 9 6. 93 83
~ 7 a-x 5 { 1 C.090 13.8 -  0.000 e 10 0. 8 .
, ! =19, -  0.000 0.0 = 0,000 0.2 - 3'8 0 8'8
< g 8 3 i 3 ¢ 9 2,000 180.0 9 0.000 %] - +000 .
. 1 o 45 r2  3.766  180.0 - 0,000 6.0 1 1l.000 0.0
<
* NFOOL 34585 “13.% 1 6,993 -54,9 1 5.975 179.1 1 7.213 3%9,.1
noDes 3Fy RPMe 1000, FREQUENCY#116.65 HZ (BLADE 81r 1lese3 nZ (BLADE 5)¢ DAMPINGs 0,12 X
) RECOJU ¥D. 44b ReCORD yI 447 ORD NO. 446 nscono NO. 448
N - nbx 30 o nUX 2 (E Rok°s 6) UX 3 ( _0_31 -
. A pHs SGy PaS (X1 9 PH? (1 PHS
P (nu-STiN) (DEG) lHU-STR‘l toed) (MU= TRN) (DEG (HU‘STRN) (0EG)
) } 1 1.000 0.0 1 1.000 Ced - g0 0.0 -
, 15 0.809 180.0 - 0.000 Ced - .g 0 g-g
» 3 } 0.185 15.1 - 04000 0.2 5 . -6l.
4 §  0.000 0.0 - 0.000 0¢d ] 3'8 88
5 0.221 =140.2 5  0.104 180.2 - o go .
5 i Geblb 0.0 - 0.000 €.2 9 o.~ 3 49.0
7 1 0.156 =-l66.8 - 0.000 Ced 10 56 -149,9 .
8 =  0.000 0.0 - 0.000 Vo) - 0.000 8'8
B 9 9 0,170 0.0 9  0.191 God - 0,000 .
Q) 10 12 0.411 180.0 - 0.000 Cev 1 1.000 0.0
;’ NFOL 1 9,686l 79,4 1 9,417  =77.3 1 6,834 53.6
~1 Q0Ea LEy R?Me 1000, FIEQUENCY= 24,83 HZ (BLADE 81v 2483 HZ (BLADE S)y OAMPING= 0.79 X
nscuno ~~9 ecan na. 450 RECORD NO, 51 080 no 451
x Pt e I REs 8 AuX 3 19_0_&1 . nux £08°,805 33
4 SGs Pys SGe e PnS Y1 PHS sce HS
- IHU-S'H.N) 106Gy (MU=3TRY) (DEG) IHU'STRNI (DEG) lﬂU-STRN) IDEG)
Y 1 0,¢0) 0.0 1 0.000 0.0 1 0.000 0.9 - .
e 5 8000) 0.0 11 0.000 0.0 - 0.000 (.-08 - 8 888 8.8
. «00) 0.9 13 0.027 180.0 - 0.000 C. H 6 't 8°8
3 9000 0.0 14 0.600 0.0 -  0.000 g2 3 .
’ +00) 0.0 5  1.0C9 0.0 5  1.000 Co - 8 g 88
§  p-3% G0 15 0.009 0.0 - 0,000 63 9 .
. 0.0 16 0.000 0.0 -  0.000 N 10 s 18Q¢
3
A § e 88 ° 0399 8% I 1 R - :
- . . L] . . -
: 10 0+039 1800 12 0.000 0.0 - 0.000 042 1 8 829 -153.3
- VE 5 142,404 82,5 5 191,288 73,4 5 132,189 =-104.d 5 99,627 752
Py AODE= 1Ty RPM= 1000+ FREWUENCY= 50023 7 (BLADE 8), 50,51 HZ (BLADE 5)y OANPINGe-0.74 2
’ R COR . 45 RECORD uo- 457 RECORD NO, 459 RECORD Np, 459
%1 (3p 81° MUK z_la ) _? _ mux 3 (8Lh L) MUK 3 (8LD %)
TRt~ Sy IR o T o o - T
'y ¢ (ﬂu-§91~) lDEG? 1nu-sru~i tpeoi (MU=STRN) (DEG) 1nu-gt‘u) (ogcn
1L 0.180  158.8 1 0.220 1804 1 2.%99 la2,) -  0.000 0.0
2 ¢ Ue03l  167.) 11 0.126 1s0. - 8‘38 £3 - 0.000 0.
3 Q.las 0.0 13 o.goz 4843 - o9 . i <426  133.7 .
‘ &  Del4b  =10.2 14 0,063 11l.§ T ,9:8%% g'e .140 180.0
i 5 1850 151 .4 5 2-923 180.0 5 2¢., 8 143, - + 000 8.0
i 6 1e344 154.9 15  0.732 0,0 - 8-8 8 E-a 9 1,000 «0
7 0.000 0.0 16 0.009 xeg.g - <00 . lo « 000 Oe
T T N 1 I S A B 1 | S
4 10 Ocléd  =38e4 12 1554 8.8 ! 808 %) I 0.06 180.0 .
NEO5 5,724 26,8 5 24753 ~lal,7? 1.000 0. 5 240327 6.3
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TABLE 29

M00E= ik RPMS 0
RECORD NO, 479
Kux 1 (8L0 &)

Sge AN PHS
(MU=-STRN}) (DEG)

-
-

Lo
o

~ UTCUNWOO W
-
C

W
-~ COCON~OCCOT

-
" COHR AT B WA
- CLOOoOCOCC
* sceceesses
©C QU COCIeria~
WV QUROCH S w~IN
Lol
YR
N CCUOWNOOD

<
sl
-

-11

NOLEe 2F, RPAe Co

RECORD VO- %82
nox 1 tpLo f

SE;----_-_-_---_;H-
tAy=STIN) ‘o£c§

10000 Ue
00113
0.89)
Vet51
De268
UeQavy
«00)
0,000
04294
0.003

Se488

o O
)

[ R Rl
wwoe
O COOOMOH

<
REEXEER]

[
[ 1 oL L ST, QU F YWT V. g

W OC OC W~NOC OO

z
"
-

mODE= 3F, RPMa o,

i nu NO. 491
(3LD 8)

FREQUENCY® 5,18 HZ (BLADE 43,

RECORD ND+ 440
nux (8.0 &)

$Gr ( ARP L}
qU-STRV} (DEG)

d 0 b3 8:9

13 8:8:3 ,8:8

15 Qa3 1998

e % §8 8:8

1 2% 8:8

1 10.228 125.6

S8 0 0% Ve At %y Riy e 3V %

RECURD ELD ﬁax

nx 3 —
Sce (nu~stauj sbga)
1 0.3

z 8 888 §:§

s 8. Ya xsgig

- 8 888 G0

- 8 OOJ

9 g8 0.9

- o-o 8]

1 11,291 ~154,9

MODAL PARAMETERS FOR CONFIGURATION 6(a) AT O RPM

5e35 HI (4LADE 5)¢ DAMPINGs 0,53 %

KEE%30 (805 81"

Cs L )

s «nU-gt‘u) (osci
- .000 °0°
- .000 °o°
5 0.000 8
8 §. &8 «0
3 0968 8:8
10 o.goo 0.0
- 0.000 0.0
- 0.000 8-0
1 1.000 «0
1 la.170 -n7.%

FREQUENCYs 32.05 nl (BLADE 8), 32.70 HI 1BLADE %)y DANPINGe Qe68 X

RECORD ND 363
wux 2 (6.0 8)

SGe Anp PeS
(nu-srav) (DEC)

1 80 0,0
ii 8 888 8:8
H 8:353 *;g:g
1o bl 183
3 8:9 2 8.4
12 Qe 1800
1 6.889 29.5

nECOaD "30 484

15 ORD NO. 484
X

RuX 8)
sGs ANp PHS
NU-STKN) (DEGH

l l.ooo o.o
- 0.000 Qed
-  0.000 C.0
- 0.000 [ %]
5  0.380 14,7
-  0.000 0.2
- 0.000 0.0
= 0,000 0.2
9 0.320 98,1
-  0.000 0.2
1 o*8% 153,

(aLD %)

SGe ne /MmS
tnu-srau: 10EG)

S g p
5 8:898 8:3
H 6'827 0.0
- . 00 0.0
9 Oel24 0.0
10 0.000 0.0
- °¢°°° 0.0
- 0.800 0.0
1 1. 000 0.0
1 13.8i1  333.0

FREQUENCY® 49,23 HZ tBLADE 83, 90,47 HZ (BLADE 51, OAMPING= Qo34 X

RECOKD ND, 492
mux ¢ (8.0 &)

P L LN o L 2

chonD ND. 493
Mux 3 (BL) 8)

RECORD NO, &9
§SO30 805 872

SGe E"S
tnu-svkun (DEG)

0
T
- ¢ 0
2 asgz 1eg’s
= 88 6e0
9 9333 €3
- 3:000 6.3
i 5.902 ~173,.8

Sce HS
tﬂu-spaﬂo (0Ee)
- 0.000 0.0
- 04000 0.0
3 0:31  1e0.0
588 <0
9 0.214 0.0
10 0.263 180.0
- 8800 .
T 9888 0+0
1l 7.148 «18%.6

FREQUENCY® 19,98 WZ (BLADE 8)s 20408 HZ (BLADE 5)y DAMPING® 0,69 X

RECURD NO, 490
&)

nUx 3 (BLD
Scs App PHS
tMy=-STRN) (DEG)

1 0.023 Ced

- 0.000 God

-  0.000 0.0

=  0.000 0.2

5  1.000 0.

- 8.000 9]

- «000 0.0

- g.oco Ced

9 «078 0ed

- 0,000 Ced

5 $9,326¢  112.7

lECOﬂD ND- 490
Aux 3 LD %

?Ei‘I:ZZSZJI'I;EEE
3: 809
ot
g: 8¢
gl 1
88

47,907 292.

-
L AR E-T N ICHN]
oo o

°
O OO0 00 00 OO
® 50 00 60 00 »
LN - -1~ -1- -1- -T..]

FREQUENCYs 37.75 Al (BLAD: &)¢ 3780 2 (BLADE 5)¢ OARPINGs 0,40 X

PH SGY ARP PHS
sce (nu-sranl tosc? {MU-STRN) (DEGH
1,002 Ded 1 1.000 0.9
% U509 180.0 11 8-5&7 169.9
3 Velde 180.¢ 13 elod .
6 1.27b 0.y 16  Ce84C 9-2
PO T Y 180.0 5  0.055 16¢.5
%] Jelde 1C.2 15 00%69 8'8
7T J.09¢ 0.7 16 0.1%9 180,
g Je847 Q.0 ; 8-%02 808
L] . . -
10 8. Ji 133.8 12 o.«go 160.0
NF ) 5987 -58.9 1 5,871 -91,%
MOUE™ 1Es kPMs O
RECORD O By RECORD w3, 489
Box 10(8Lb 8y RS E ielh 8
scu o TR
(nv-stkN) (DEGH (ru=STRY ) (DEE»
1 0,0 1 0.022 0.0
; 8 8 g 8§ 11 0.073 0.0
8 . 12 0.03s 180.0
; g 8 3 88 1 0,009 0.0
g . H é.ooo 0.0
$ 8 g 3 88 1 «033 180.0
8 . 16  0.000 0.0
8 g-o - o.soo 0.0
v oY 9 0.0878 0.0
10 o-oex 1800 12 0,024 180,0
NF 5 59,104  ~89,1 5 600193 =63,9
40Yes 1Ty, R7As G
CyR 494 ECOKD NI, 495
nSxa u‘g 8) lu. 2 (8_L 8)
[) Pys SGo n (L]
56 «uu-stann (O:En ‘nU-vauo coea?
1 0291 =-l4,1 1 279
2 64000 0.0 S 41 8 8
3 Dede2 16249 13 0,307 ?
4 D279 164,8 14 0.17% 100
5  1.009 0.0 5 12009 3
? 1.148 =10.1 15 1.999 =12,
14309 =12.0 1o 0.3 77 808
4 g.azz -17.3 - 0,009 .
9 o252 -19,0 9 Te289 -lg.&
10 0.031 =100.1 12 bodas -11,
NE 5 2,107 =99,6 5 1957 «54,7

ascono u06 ~9e

aux _ -
EE""""F"" PHS
{RU=STRN) (DEG)

1 0.305 =175
28 88 &8

3 % 88 8:3

: 8 888 ¢:3

y 9 gs 8:3

- 0'0 Ged

S 1,979 51,0

RECORD MOy 49
ros080008 37

(1] (1.4 H
5 lﬂu—i?!nl (D:G;

Wi
Y sE§§§ ugiﬁ
DB E
L3 1.08%¢ 126.¢
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TABLE 30

NRODE~ 1Fy RPMe 410,
tcouo 0, 52¢
!Lb 8

FREQUENCY= 9,38 HZ (8LADE 8)»

‘ECDRD N3, %25
Uk 2 tsLD A}

MUX
sos
se (lu-STiNl (0:5?
1 1,00) 0.0
§ B8y 2:8
g 8-57 35.3
B3 T8
9 3,695 0.0
§ 833 -ladcs
10 oi3% 2883
NF 1 5.716 -27,7

mOpEs 1E, - RPMe 410,

nEcoaD VE 521
MuX v 8}

Ge L] s
(nu-ergwn (DEG)

1 1,000 0.0

11 0.2061 0.0
13 0.035 180.0
14 0.0062 180,0
s Q.182 180.,0

15 G.040 180,0
le 0.021 ~161.,1
- 0.000 0,0

9 0+405 0.0

12 0.138 180,90
1 9,289 -126.e

FREQUENCY= 21,33 M2 (pLADE @),

“scolb NU, 522
nVx

SGe g“s
(HU-STRN) tDtG)

} 0.00) 0.0
0.00) "

2 0+00) CeQ
V.00, O.u

2 1.203 0.0

O 33 Q.0

l 8-2 H Q.0
1192 8.8

18 8-053 180.0

NF 5 57274 bl KXY

nOuE= IF, RPMe T10,

RECORD N0« 519
Mux 1 lstD 8 }

$Ge ™
tmy- sraui ‘DEG§
1 1.00) 0.0
2 Jehdy 40.4
3 Uells °'§
4 0.057 191.
5  GelBa 12840
6 0.094 100,3
7 0+055 1380$
o
10 0ok 1808
vFol 224996 -14al

MQODE® 2F, RPMe 710,
RECURD 10b 316

---525-5-1---------
sce thy= S!RND (OEE§
¢ et 8
b ook by
¢ 3§ 3., R
$ 8:9 £:8
10 U'J 18040
NEF L 17.655 -2 4

MOUE* 1E» RP?Me 710
RECURD %0, 512
4)

¢ (8LD 8)
SGe A’P PHS
(RuU-STRY) IDEG)
1 ¢.000 Q.0
11 0.0G72 0.0
13 0,029 165.9
14 0.000 0.0
5  1.000 0.0
15 0,022 1069.5
16 0.000 0.0
- 0.000 0.0
9 0.276 0.0
12 0.026 0.0
5 80,202 ~132,3

FREQUENCY* 14,26 HI t8laDE 8),

RECOKD N, §l6
o020 800 &

RECORD NO, 524
nux 3 (BLD &)

sGs anp PHS
{MU=STRN) (DEG)
1 3000 0.0
-  0.000 8:8
- 0.000 ¢e2
5 0ui22 -1e8.7
S 0.000 ¢9
- 6.000 .
;9000 g3
9 .081 Ge
- 0.000 O-O
1 17.670  127.3

RECORD N 523
mux 3 (p 0‘ ‘

see (HU-STRND (ocai

9 000 2.
o

§: 8

0,00

OO

']
0

1010V I 1

w OO OVUOOUUCL

(=4
.
O
Jod
(]
[N al-Y - et - To of

w
-
-
P
.
-
™
~
w

REcUlD NED gx

MODAL PARAMETERS FOR CONFIGURATION 6(a) AT 410/710 RPM

953 H2 (BLADE 51y OAMPINGs 0,42 2

RECORD ND. 526
nux (BLD S)

sce (HU-;?:N) (DE:%
B8 68
IR
B

Belt g
1888 88
1

ehel 307.9

[ 4
o Y- 1N CRY]
00
.
ND
-

21.33 M2 (6LAOE %), DaMPING= 0,47 X

RECORD O 3
nSx 1‘ b 3%

Soe

000
90.017 21

-
> =~ 1100 10N !
oo
m

14,22 HI (BLADE %)y OAMPINGe=0.15 X

ﬁscono NO, 311

Myx 18L
Anp PHS 5Cs s PHS Sge ANP PHS
lnu-STRvi (DEG) (nu-SY N} LDEG) AU=STRN) (DEG)
1 90 0,0 1 1.000 0.9 - 0.000 0.0
15 8-9 - 0.000 0.2 -  0.000 0.0
] f 99, - 2.000 0e0 S  0.156 -99.8
4 9 b 3 1ol ¢ - 0.000 Ce0 8 1.030 0.0
5 £ g . 5 04109 180.0 -  0.000 0.0
15 8 833 'l 2.5 - 0.000 0.0 9 o.szo g.o
16 a - °.°°° 0.0 10 0. 30 ° .z
- Y 2% 8 9 - 0.000 0.0 - 0,000 0.0
9 5 15 9 0.413 0.0 - 0,000 0.0
12 ©+084 4 b - 0.000 Ged 1 1.000 0.0
1 1,713 =at,8 1 210956 =13b.1 1 11,350 <25%5.3

FREQUENCY= 45,32 2 (BLADE 83,

RECORD Ny, 519
Mys 2 (3.p 8)

Racono NO, %20
nUx 3 (8L0 &)

sGe n s Sce ABP PHS
(nu-gt:v) (DEG) IHUOS?RND (DEGH

1 1. 000 0.0 1 1.000 Qe
11 0.57¢ 180.0 - 04000 0.0
lz 0.5;3 0.0 - 0.000 Ce2
1 Ce 180.0 = 0.000 Ged
H c.~s§ 180.0 S  0.357 1802
1 0.08 180.0 - 0.800 [(TY]
16 0.0v8 %1 - 04000 Ced
- 0.000 0.0 - 0.000 CeD
9 C.0609 0.0 9 0e696 Oel
12 C. 106 180.0 - 0.000 Ced
1 laesdy %6.0 L 124455 112.7

FREQUENC Y= 21+79 H2 (BLADE 9),

lolnN-’a
AGK 2 1825 af

MUX 1 (BLD (8 -
G an’ T 5Ge AHP- “pn
("U-S?RND (DFC§ tay=-Stry!? ‘DEGi
1 0.00) ") 1 .921 534
¢ 0:00 010 11 8:8%% %33
3 64005 0.0 139083 1e9ig
s 0.0 0.0 ia  0.006 .
5 1.90) 0.0 3 Liges g3
& 0:598 0:0 15 +000 .
7 J+456 [PY] 1¢ €.009 0.0
U B 1
10 w.ued 18800 12 8iegd k.2
NF 5 Lla.aa -la,l) 5 113,460 «20.8

RECORD MO, 314
s 8}

45043 HZ (BLADE 50y DARMPING® 0.52 X

RECORD, NOo 520
nux 3 (BLD $)

SG# AMP Hs
(RU~-STRN) (DEG)

T §:8%8  8:8
? L&Y 98
s 998 h8
10 gt 188
PO ¢ 1) 8:8
1 22.17% 101.7

21475 HZ LBLADE 5)y OAMPING= 0.72 X

RECORD W 4
Rus 3 cabd 3}

wy
oy
-

IHU-STRND (0

:
;£
- b
:

100,018

w

-

w»

o oo CC o MY
oo o0 o0 se o0

P OO UDLT O

¢

see IHU-£1‘NO lDEC%
- 0.9000 s.o
- 0- 00 -o
3
v o .

lo 3.535 10 .3
- «00 «0
- §| °°§ .0
1 +00 0.0
S 75,343 336.4
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TABLE 31 MODAL PARAMETERS FOR CONFIGURATION 6(a) AT 1012 RPM
SN0DE® 1Fs RPMs 1012, FREQUENCY= 19,5C M (BLADE 81y 19:01 M2 (BLADE ) DAMPING® 0,11 X
ReCORD %0, %00 RECOKD N), 50 RECORD NO, 902 RECORD nn- Soz
Aol a0s 89 Ruf 2 (82 83 nb%°3" (B0b 89 __hux _3_lg 0 5)_
sce PHS  SG# ARP  pas  Scs anp 7Hs sce
(HU-STRND (DEG) (MU-STRN) (DEG) (nu-s7a~; (DEG) (nu-sruu' ‘oeot
1 1,0Q7 o,V 1 1.000 Qe 1 1.000 (75 - « Q0
3 3'335 8°8 11 0.1147 0.9 - 0:000 0:3 - 3.823 8:8
<04 . 12 0.023  180.0 - 0,000 God 5 Qo551 -53 3
3 g-g g -7!-3 1 0.000 0.0 -  0.000 0.0 8 1,074
. -he, § 0.337 -e7.8 5 0.351 =69.3 - s.gog 8'8
$ B3y it 1 0.000 0.0 - - 0,000 0.0 9 .27 .
. ?9 -5y, 16  0.000 0.0 - 0.000 0.0 10 .sss 108.8
§ S 88 3 oo 8 3 0ies 613 . 411 :
10 oiils 180l 13 51088 6.9 - 0.000 ¢ T 9858 8:8
NF L 30,089  =-p4.l 1 323.104 13.1 1 30,904 62.9 1 17,551  132.0
n0pEs 2F, RpMa 1012, FREOUVENCYe 65,58 HZ {uLADE 8}, 55,61 MZ (BLADE 51, DaMPING=-0,44
nEcuaD N so: cokp ND. 504 RECORD NO. $Q% ECORD NO, 505
Aok 1 80b 6 ab5%2° (405 &) AUX 3 48LD 39- - 30 b8 39
56t Sos a Pas 58 AP PA Sc# Anp PyS
(RU-STRN) loE ("u-s7nw» (DEG) (MU=STRN! (oec? (RU=STRN) «er,
) 1.000 0.0 1 1.000 0.0 1 x.oog 8'8 - 0,000 9,0
0,009 0.0 11 0.5¢5 130.0 = 3.00 . - 0+000 0°0
3 9.821  jEg.p {3 118 0.0 - 0,000 0.0 S 0.184 180.0
“ L,773 8L, g 8'2 3 180.0 - 0.000 C.J 8 6.059 8.8
5 o.sae -«8.3 :49 0.0 5 0,306 =352 - « 000 .
6 0,000 i5 8:4:28 180.0 -  0.000 0.2 9  0.340 8.0
7 109 163-9 16 + %9 0.0 - 0,000 0.9 10 0.252 180.0
8 0.865 s 8:9% 0.0 - 0,000 0.2 - 0,000 0.0
9 0,552 8 ¢ 9 . 0.0 v 2,557 0.3 - 0,000 0.0
10 V.15 18 12 0-0¢8  1%0.0 -  0.000 0.) 1 1.000 0.0
NF 1 13,25 -144.3 1 12,013 =-lal,} 1 14,59 9.8 1 18,528 96.8
WOUE® 3Fs RPMas 1012, FREQUENCY3116.85 HZ (BLADE B)s 116463 n2Z (BLADE 51, DARPING® 0,57
a cuau N0, §06 kEcono NI, 507 CORD NO, 508 RECORD NO 500
- 51°1% 308 8 Rus 2 (8CH 8y nb5°5° (825 &5 MU 3 (8L LD 52
Se . amp Prs  sGe Aﬂr pus  Scr PHS scs Hs
¢ |nu-sre~v (0EG) (MU=-STRY) (DEG)H |nu-sruun (DEG) inu—srnn' IDEG)
1 0.0 1 1.600 0.0 1 1.000 Ced - - Q0 .
3 8 8 3 8y 11 1.035 162.4 - 2.000 0.2 - 8.8g8 8.8
2 . 13 0.294 %0,9 - 0.000 043 5 g-s } 1!8-8
3 b ; B8 ) 1.076 180.0 - a.oog Ge2 8 98 .
ls . § 0.809 180.0 5 J.5%5 180.2 - 8'3 g g.9
=101 1 0.582 180.0 - 0,000 0.0 9 . €2 .
§ b 8 8
g N is  0.279 9,1 - 0,000 0.0 10 8'5' 1 8'8
8 5 'lb'” - 0.000 0.0 - 04000 G0 - . 8 .
9 -18 NS 9 0,472 180.0 v 0.225 ~19.2 - °'8 3 8'8
10 8 1800 12 0.688 180.0 - 0.000 G0 1 «00 N
vF 1 10.131 95,6 1 990 <«17¢,4 1 11,682 =67.3 1 19,008 =80.4
nOpEe 1€, Rpmw 1012, FRFQUENCYs 22,25 HZ 18LADEL 81, 22,39 HZ 1BLADE %)y DampInGs 0,78
atc3n0 ve 509 Rsco“o NJ, 510 RECURD NO- 5;1 n:cono B gll
AUX ) nOx 2 (L0 8) nu:_a_lgg_ . nux 3 ¢BLD
5G» pRS  Sc awP . PdS  SGE . CAmP . . BNs  s¢ ’ys
lnu-STRN) (DEG) lnu-S’nv» (DEG ) ‘ﬂu-SYRN' {0EGI (nu-srnno (DEE)
) 0.035  -83.3 1 0,022 =118, 1 0.027 -28-: - 0,0
0.00) 0.0 11 0,044 =54,0 - o.ogo o - 9 8 3 8-8
2 0.009 0.0 13 0.029 180.0 - 04000 8:3 S 2 .
¢.002 O.U 14 0,000 0.0 - 0.080 N 8 8 3o3 88
2 1.9 0.0 5  1.000 0.0 3 s.o 8 8'3 - P .
D.74 0.0 A8 8.ooo 0.0 - .08 N 3 8'6 8 88
i 449 0.0 14 «000 0.0 - o.g 0 8'3 1 +3 180,
0.13 0.0 = 0.00) 0.0 - 0. 80 N - 8'8 8 88
8 0.1 2 009 9 0.201 0.0 9 0.20) 803 - 2 .
1 0.03 180.u 12 0.000 0.0 - 0,000 . 1000 0+0
NF 5 Tee27y <131.4 5 78,482 12.0 5 6B.318B  123.5 5 50,758 303,%
MQDE= [Ty RPMs 1012, FREQUENCYs 40,63 mZ IBLADE 8), 40,67 Hl (BLADE 5%y DARPINGe 2.00
497 n:cou J, 4% EcOaD Np, 499 CORD N aoo
=5§u§o‘\o: _7 o‘g 8 o5 5 18b5 83 nsx oo0b 3
o TTame T Tews Sce Pus  sGa PHS Y anp
se !nu-stlul ‘oec§ |nu-5taun (OEG (nu-grsno (DEG) tRy=STRN) (DEG
| 8-841 °S'3 1 3 0,0 1 0.085 180.9 -  0.000 0.0
.026 180, 1 . - 0.000 Ged - 00
§ 508y i3 ii 3 § 8 -58.2 - 0.000 0.2 s 3:380  ~etid
4 0.0 121,53 4 8'8 FI 1S AF - 0.000 Ced 8 0Qe500 100.8
5  3.151 100.8 5 34 -l . s 3,131 Ged - 0,000 .
6 2.001L 160, 15 g b?o 13¢-9 - 0.000 0.2 9 3'000 o0
7 1.6% {’8'° 16 . 3 =27 -  0.000 ] 10 .st 118.1
§ g8 fsS 5 mBR 88 5 %8 §3 o &e%e &
w0 1905 1e8:0 12 o0ledn 170 - 0.000 0o 1 0.000 0.0
vF 9 e.297 1769 9 7.831 87.3 v 4026 =107,0 9 3,230 <=118.7
"‘." n.- a, qq U Tt N '\-‘_-_- - LR IR L . . P
)‘!‘o'v"yn,.vu ' »
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TABLE 32

MODAL PARAMETERS FOR CONFIGURATION 6(b) AT O RPM

DATA NOT AVAILABLE

n00g= 26, Rome Oy FREQUENCYs 32482 HZ 'pLADE 80y 32,63 W2 (BLADE 5), DanpinGe 0,00 2
ECORD N R . R . 532 4
610 a8s 37° MBECRODs B RSN 3 RIS Do 32
I 3 3 P e eHs rus
ses (nu-grsn) |0£2§ ¢ (nu-;?nw) |D£3§ sce {my- ;YRN) (otc? sce (nu-sraun (Osen
1 1e000 Q40 1 1.000 0.0 1 5 808 g3 - 0,000 .0
. . . 0 - ' o -
§ 9:% 1820 3o %88 : g 8 §3 5 8:93 189:8
4 D.639 180.0 14 0.315 180.0 - 0 . 8 b 873 «0
8 0.770  180.0 5  0.7864 180.0 5 g: 868 10¢:3 = 9 M
O0e374 18C.C 15 0.137 180.0 - . 8 . 3 8 3L 149°0
1 0.00 0.0 16 0.05¢ 0.0 - 8'8 83 1 a 80.0
s 0:33% 8:9 3 8:38% -108:% 111 Y : §:8
10 001 7440 12 0.172 1281 - o.So 5.3 1 1-08 «0
NE 1 50974 28,1 1 6,297 =78,2 1 7.070 =772 1 al.228 =77,2
MODE= 3Fy R M= Os  FREQUENCY® 90032 nZ (BLADE 8)y 90,45 M2 (BLADE S)y DAMPING= O.44
RECORD ) Ecor
RO I 3 AT N 3 ST L R0 ats 37°
freemsmsmmsSemcmo-s eoeoololo S-Sl S-S v 3 -
¢ lﬂu-e?iN) lo:gf o !nu-g?:\' (0227 sce 1nu-srn~» |D:zv soe (HU-gY‘Ni logc?
1 (.00) 0.0 1 1.000 8'8 1 -  0.000 8.0
.00 . 0.838 180, - . - 0,000 0
£ 5:008 318 IR 3 8:8 - 8 8 8 8.3 § 9.208 10810
4 10,323  =37.7 14 0,840 . - 3 8 g3 1.076 o0
5 0,391 95.0 5  0.046 108-8 5 3 1ab, - g.ooo 0.0
6 1.598  =19.6 15 0.375 . - 8 8 8 83 9 .;ae 3'°
7 0.00) 0.0 15 0.133  180.0 - . 10 0.236 180.0
8 7.04) ~-38.8 - 0,000 . - 3 g g £°3 -  0.000 g.o
9 2.9l ~=37.» 9  0.354 °'8 9 3 . -  0.000 .0
10 1.038 142,8 12 0,445 180.¢ - 20 02 1 1.000 0.0
NF 1.000 0.0 1 .16 =173,4 L 7,198 106,9 1 8179 10649
MUDEs LEy RPAMs O, FIEQUENCYs 19.98 HZ (BLADE 8)y 20,02 MZ (BLADE 5)y DAMPING® 005
RECORD 0. 536 R RD NOD 37 RECORD Np, 538 RECORD N
AGS 1o t80h al° __hox 020808 8 Aok 3 (abh 33 w053 (305 37°
SGs ANP ru; SGe App PHS 17} AH‘ PHS SGe A'r s
(nu-STeN! (DEG (MU~STRY) (UEG) (MU=STRN) {(DEG) (MU=STRN) (DEG)
+ 009 1 0,0 0,2 . . - [ [
: 8.083 8:3 1] 8'823 -1?8'6 tg:.898 &9 - 5:899 §:o
3 0000 8'8 l O3 89, -  0.000 Ce0 s 1.000 «0
4 o.ogo . 4 9 8 8 88 -  0.000 G.0 8 o.sya 3'0
5  1.007 8‘3 s . 5 1.000 C.0 -  0.000 .0
6 J.65b . 15 8 8 "8'8 - o.ogo God 9 0-8&1 11;.7
7 0.000 3'3 16 . -  0.000 0.0 10 ~ 089 ~83.0
8 U.197 . - 8 8 g 29 T 9.090 0.0 -  0.000 0.0
9  0.086 g-o 9 ; =114, 9 Q.07 ~13.2 =  0.000 0.0
10 0,078 75.6 12 0.0 18¢0-0 - 0,000 0.0 1 0.000 0.0
N‘ 5 64.016 “310' 5 02.42‘! shol 5 ‘3'4’.6 '.,oo 5 6’0‘30 -l.o'
MODE* 1Ty RPNM® Oy FREQUENCY= 37,81 HI (BLADE 81y  38.51 M2 (BLADE 5)v DAMPING® 0,64
3 0 R coR
- it 1 REE°1° s 31° RSO0 80s 31 R R L
3 ’ G $ 13
Gt lHU‘S?iN) c053§ see cnu-srnu) (ogog i l'u-g!lN) tong sce inu-??‘ui !o:c
1 0.0 24,1 g 22 =120.3 1 0.021 ¢ 0 - «00 .
s :gz w1} gl TUEE D B# onp o Bme A
4 80 -lﬁz'l 1 . 9 |§ - 8.08 08 ] . .8
S 11O S R O+ L B 3
7 8.335 8:2 ¢ 1080 0.0 c §8:88% 8: 10 :8 ] 8:3
PRt B8 g g 3 5 e & .+ :
10 b 0.0 1 0.0 -  0.000 G2 1 .803 8.8
NE 9 15,498 66,3 9 1%:.0l6 =231 ? 15.8%1 1lac4 9 3,928 =421
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TABLE 33

nODE= 1F, RPMa 1C00,

RECURD NQOo 549
myx 1 (BLO &)

L L T T T

ser (nu-g;;~l 1052?
bt 3§° §:3

4 8 £§ -12:3

2 N gg? 8:3

! i ; 8:3

18 8 I H 1!8:3

NF 1 25644 17.5

MODE= 2Fy RPMs 1000,

reloRp 40, 552
mUX 1 (8LD 81

SG#& AnP PHS
(Ru=STIN) (DEC)

1 1.90) Oy

2 De045 671

3 D825 18040

g 0.‘70 180.0
le 38 91 .3

9 1.277 2.4
1,026 4.7

) 0.865 Qe
G.535 0.0

g 0.112 18040
NFOl 14,982 6,6

n0pE« 3F, RPM= 1000,
ﬁtCORD ~B. 555
8}

$Ga g PHS
(MU-3TRN) (DEG)

1 1.000 0.0

'4 Ge661 180,y

3 J.214 18040

4 1:49 Qev

5 04202 13.8

[ o168 122.7

Z 0.2006 33,5
Q.87 0.0

9 0.2806 13,4
10 04119 180.0
NF O 3+48) «105.0

RUDE= 1ty RPM®" 10CO.

aEtuau NG, 3*5
AUX 1 (3LD_

SGo HS
(mu-STaNT (DEG)

1 0. 055 «l65,06

5 :8 ] T1%8:8

3 e:sgs g:3

$ 5.3 ? 8:8

§ 233 1818

10  0+062 =169:1

NE S 117.531 S6.6

RODEe 17, Rema 1000,

RECURD vD. 562
LIVI R (sLB 51

scr PH
tnu-3Ton) tofCt
1 04090 808
g 0:038  1e0.
3 gega0 g:
3 9003 .
S 20427 Qe
s LhH
ot b
R 34 1 BTy
vF 9 12579 161,.2

FREQUENCYs 18,50 HZ (BLADE 81,

RECORD NO, 550 ioao N
MUX 2 (B.D 8)

SG AnP Pns SG# Anp

(My-STRV) (DEG) (U=-5TR

1 1.000 0.0 1 1.000
1l 0.21e 0.9 - 0.000
HIEH A 14

. [ . - )

3 1.629 0.0 5 1.227
15 0.028 117.5 - 0.000
A 1O H I 531

5 9.777 0.0 9 Q.79
12 0.051 0.0 - 0,000

1 24,237 -146.° 1 25.291

FREQUENCY= 55.24 H2 (BLADE 81,
nscono no. 35

REQORD NG o 5?3
nuX 2 (gLD 8

sGe Anp PH;
(RVU-STRY )} (DEG

i 1.000 Q.0
1l 0.548 180.0
13 Q.12) 0.0
14 Q0.435 180.0
5 1.626 180.0
15 0.180 -63,2
16 Q.088 0.0
- 0,000 0.0
9 0.530 0.0
12 J.1906 -63.3
1 17,248 12.06

FREQUENCY=116,39 HZ (BLADE 8),

RECORD N). 556
AUX 2 (8.0 8)

------------------—

$Ge - PAS
(HU'SVRN) (DEG)
1 1.000 0.0
i1 Q. 783 1402
13 0.119 67,0
16 1.103 0.
5 0.140 160,11
15 04 %20 0.
16 0.215 180.0
- o.goo 0.
9  0.340 102,9
12 0.499 165.3
1 9.809 -82.1

FREQUENCYs (2,74 MZ (BLADE 81},

HU!

sct

POV PIWVYL 0N~

>
e

RECORD N
Mux 8

SGs ANP
(MU~STR
3898
g:g8g
B
:808
8:308
8,799

OOOO

OV IR b

=

Q. 5%1
BLD & _

T

PHS
lHU’STRNl (DEG)

MODAL PARAMETERS FOR CONFIGURATION 6(b) AT 1000 RPM

18,49 H2 (BLADE 5), DAMPINGs 0,27 2

ascano uo 51
nOX b g

Sch . ame . phS
(nu-5TRw) (0EE}
0

0008? §
52
3308 8
a.gqs -log
.38 8
1.000 0
19,918 122

= OO tawI !

55,28 1z (BLADE 5), OAMPING=s 0,11 X

RECORD NO, 554
nux 3 (8LD 5)

ses |HU-§;:N’ (ong
= 888 89
ioEa -
s gl B
12 8:686 1 8.0
povel 8
1

14,517 7249

116,16 HZ {BLADE 51, OAMPINGe D.e) X

0, 557 nscnlo ‘ob 557
LD 8} MUX 3 ¢

N) 4022? sce (nu-sruu» |0£E)
9.8 - o.ogg . °'8
533 s 6 29 1678
. ! 6' °.°
16803 - g 0.0
8:8 18 B30 16%:0
10}« < 8:8 8 8:8
b.b 1 oso 0.0
-14%,1 1 10.259 -132.7

22482 M2 (BLADE 51 OAMPING® 0,52 X

uecouo ND, 547 RECORD N0, s~s RECORD no- s’a
Mux 18LD 8) mUX 3 (BLD &) X [
¢ S A ’ ¢ ANP ’H
see cnu-STRvn (050? o (ﬂu-svnﬂn cozzf see (RU-STRN? loEc’
80, 052 . - «000
SR A 1 S 1 B S 1 B 4
12 8. 3 3 0.0 - 0.000 €ed I 111 8:8
F b 8 0.0 s  1.000 0.0 - 0 og 8'3
9 0.0 -  0.000 Ced 9 0.22 .
6 8 8 0.0 - 0,000 0.9 10 8' A4S 108.8
- 0.0 - 0,000 0ed - «000 .
3 8 s 3 0.0 9 0.206 0.2 -  0.000 3.0
1 0 0.0 -  0.000 040 1 0.06% =106%.9
5 60648 =100.2 5 83.880 134,08 5 62.6l¢ 314,.8

FREQUENCY® 40,17 HZ (8lLADE 8,

RECDRD NJ ah3

soe (HU'SYRV, lDEC)
gl B8
1g0;

by 99’a Y3y
12 asx §'8
: ?s 8'y

12 0'3 154+
9 13.102 87.7

40,46 HZ (BLADE 53y OAMPINGs 1ea0 2

Ros®3aBs 3 nbE03°%80s 31°
eea - 3

$Ge llu-gT:NJ 'nfaf or lnu-g?:n) l022§
1 0.089 0.0 - 0.000 0.0
S A S
- . 09 gog 8 80.88 - 3-9
5 go , . - . .
- o.goo 0o 9 &. 8° 8.§
- 0.000 Ced 10 . 1 180.
R 1 S 1+ B
M 14313 8:3 O 111 72.0
9 li.001 3173,9 9 7.8%3  173.9
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TABLE 34 MODAL PARAMETERS FOR CONFIGURATION 6(c) AT O RPM
MO0E= 1Fy RPM» 0y FREQUENCY® 5,18 HZ (BLADE 8). 5,34 H2 (BLADE S)y DAMPINGs 0,59 X
RECORD NO, 558 RECORD NI» 559 RECURD NU, 56 EcOrD Np,
w051 306 33 _AUX _ 2_‘539 8 _ . nux 30 B0 39° Aus5%els 33°
Sce AnP PHs  sor . “pns  sce ane PHS ¢
({MY=STRN) (DEG) !nu-srnu' (DEG?) |nu-StaN) 4052» st (nu-gv‘n» l052§
1 1002 0.0 1 000 . 1 Ged - . .
§ 8.1 0.0 1 8:898 8.3 - 3 888 0.0 8 1 8:8
0.367 0.0 13 87« 1«8.8 - 0.9 i 92 180.0
4 0.1 0.0 14 59 . - ? 0.2 1.0 g 0.0
5 0.154 180.0 5 '5‘6 1’?'8 ] 8 18¢.) = o.oso 0.0
6 0.048 180.0 15 0, 57 11, - 3 8 3 g3 9 0.187 0.0
7 0.00) 0.0 16 8'8 8 8:8 - .0 10 0.221 180.0
8 (.88) 0.0 - 00 . - 8 2 8 g - 0,000 8.0
9 0.402 0.0 9 g.hoe 8' 9 8 o) - 0.000 0.0
10 0.100 180.0 12 224 . - 040 €0 1 1.000 0.0
NF 1 17.%0% 117.2 1 15.986  142.2 1 16,707 =44,06 1 15,409 121,86
MODE= 2Fs RPMe O, FREQUENCY= 32,19 H2 (bLAOE 8), 32,77 HI (3LADE S, DOAMPING= 0.66 X
RECURD NO. LT RECORD N3, 52 RECORD N ® .
___:g:_______-_9___ __nux 2 «8cb f) N I n65030 805 3%°
sCe PH Sce An Pns 56 STTT TN Sce
lnu-Staui ‘DEGi IRU=-STRN) (VEG) (nu-sygnn (o:c? ¢ lﬂu-g’:ﬂ) (ogg§
1 1.00) 0.0 1. 1,000 0.0 1 1.000 [ -  0.000 0.0
¢  0.10¢ 0.0 l; 862 1293 - 0,000 Ced - 0.000 0.0
3 0.90) 1og.u i %9 gt - 0.000 C.2 5  0.167 =168.3
4  J.653 18,0 s 839 _t%eg - 0.000 Ce2 8 1.049 0.0
5 0223  180.0 5 PR 15 5  0.213 =109.0 - 0,000 ¢.0
6 U.071 180.0 15 8-5 § 1 -  0.000 0.2 9 0.096 0.0
7 0.00) 040 16 08 14, -  0.000 0.2 10 0.236 180.0
8 0.833 0.0 5 85% 89 s 9.0p0 Ged -  0.000 0.0
9 0,245 1'3'8 9 « 304 79, 9  0.2% “2.% -  0.000 0.0
10  0.l16 180, 12 0398 1800 - 0.000 €3 1 1.000 0.0
vE o1 s.215 17145 1 s5.831 5.9 1 64363 =11.¢ 1 10,514 89.5
100gs 3Fy RP M= Oe FREQUENCYs 90.3) HZ (BLADL @)+ 90040 M2 (B.ADE S)y, DAMPINGs Q.44 2
RECOR « £COkD NU. 569 RECORL ND. 5066 RECORD NO. Soo
nqu 0(3 5? ﬁui 2 (BLD 8) AUX "3 iagu_ul _ AU 4 i8LD 5)
Pus PH 1] ARP Hs sce HS
s¢e (Hu-STllNl lDEE) 560 ..u-t',‘ﬁ‘, (DEG? s (MU=STRN)} (DtG) IHU-STIN) |DEG)
1 1,00 040 1 1.000 0.0 1 1.000 [ - Q0
5 ge8a2 180.0 11 0.8%) 140.0 - 0.000 o.g - 8. 08 8 8
<39 160.0 13 0,179 0.0 - 0.000 0. 5 ?'5’7 108 8
s gl GeV 14 0.838 0.0 - 0.000 Ged [ . 57
] D84 180.0 5 0.088 180.0 5  Q.093  180C.) - 8'9 g g 8
$ £°8%s -13.9 15 0.394 0.0 - 0.000 0+ 9 .19
.90 0.9 16 0.1% 180,90 - 0.000 0.9 10 8.858 1'8'8
RSO ST 1R T ST 11 ¢ S -+ S 1 S 1
10 ui1% 18010 12 0.465 180.0 - 0.000 Ged T 9:808 8.
NF 1 10,588 =-80,3 1 10.510 =sl.0 1 10.527 53,9 1 12.307 $3.9
MODE= 1€, RPMs Co FREQUENCYs 20,04 HZ (8LADE 81, 20,03 Hl (BLADE 5), DAMPING= Oeb? X
ascono NDs 567 RECORD NU, 568 icﬂko N 559 ntcoao NO. %69
X-l_'dLD 8)_ aux 2 (8.0 8) 530 als nos "3 (bon 83
Gr . ame_  pHs P Pus  sGs F's Sce Anp PHS
s ‘Hu-ST(N’ (DEG) 56 |nu-srnn: (0EC) (uuogrgnp (0EG) (AU=STRN) (DEG)
0029 1 0 0.0 1 0.000 b - 0,000 0.0
b 8:883 £:8 1y g 883 2819 < 0:0600 g3 - 0.000 8:8
3 0.0 7 i'8‘8 t 3 lgo.o - 0.000 Ced s 1,000 .
& 0.021 8d, 3 9 g3 1%2.2 -  0.000 Ged 8 0.141 8'8
S 3-0 Q 83 g 0.0 5  1.000 GeD -  0.,000 .
6 +656 . lz 8 8 l 75,5 - 0.000 0ed 9 0.003 ‘8
? 8-5 3 88 1 180.0 - Q4000 0+ 10 0.501 .
8 i9e . - g-g 9 Q-9 =  0.000 Ge @ - 0.000 o0
9 «089 -23.8 9 ] - 2 9 0.100 180.9 - 0.000 .0
10 U85 =163,0 12 0+0¢6 180.0 - 0,000 0. 1 0,035 0.0
VE 5 3% (7YY s 35,908 15,2 5 3p.147 14240 5 28.136 322.0
MODE® 1T, RPNa= 0, FREQUENCY* 37.94 WZ (BLADE 8)y  38.47 HZ (BLADE 51y DANPING® 0.58 X
a:coko N0 510 Econo N b 571 RECORD NO, 572 D NOs 572
mux 1 (8.0 8 ok ¢ c8l Rb5°3° (805 31 - _ngxgg «guo 5)
sca PHS 561 #ns  Scs anp PHS sco . a
(nu-srun) |0e2) an-gTEN) tOEGH tAU-STRN} (DEG) |nu-slnn. (ogc»
i 0,058 Oeu 1 0.059 0.0 1 0.059 042 - «Q0 .
s 8'8 g 8.8 11 0.0C0 0.0 - 0,000 800 - 8.888 8!8
7S lg . 13 0.042 0.0 -  0.000 o 5 8'. ; -33-8
rO 4 18geg 1 0.031 88.3 = 0.000 0.0 8 .18 .
v.la o H °'5?° 8'8 5  0.132 0.0 - ?-8 8 88
$ 3'6 8 88 1 0,270 . -  0.000 0.0 9 . 8 .
.90 . 16 0.023 0.0 -  0.000 0.0 10 8 8 8 8-8
R R ¢ S 13 R S+ B :
15 ohodd 040 S 1] 0.0 - 0.000 0. 7 & gag 38
NE 9 2%.0%3 130,98 9 240333 =107.7 9 24,507 19,6 9 4.%32 =108.9
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3 TABLE 35 MODAL PARAMETERS FOR CONFIGURATION 6(c) AT 1000 RPM
!
:, €0DEs LF, Rome 1000, FIEQUENCYs 18.70 A2 fBLADE 8)s 18,78 Wl (BLADE 51, DaMpInGe 0,26 1
€coad vp, ok . . 575 c
R 37 %20 3% 81 BLPas 37 RIS 1
o sGr  amp  pAs 3 NS son . Tame . Tenm
}9 300 «nu-?tSNv tog } ot (ﬂu-S?iVl «oiaf s tnu-??Snl (ozzf sce llU—STlN) 1052)
v
<00 . . . 0 - 0 o ] 0,0
G R R Y S O R
N . . . . - .
2. i 83,3 $ied 1+ 0.043 -84.9 - o.so 8.3 : g 83 8:8
M 3 153 10040 5 2,208 180.0 s 2. 1.2.3 - .
> 13 180.0 15 0.050 18040 - o. . 3 8 g ] 89
; 0.81 1%0.0 16 0.045 180.0 - oo 3'3 i -113,
0. a 50.0 - 0.000 0.0 - 0. . - 8 8 8 8’8
w 3 g.073  -89.e 9 0.094 =26.2 ? o.xos 218 - 8 .
3 0802  =21,3 12 0.082 0.0 -  0.000 G.0 1 1000 00
» NF L leeu?s 10843 1 11.7Tet =91.0 1 9.007 =88.2 1 10,727 91,0
¥
:: MODEe 2F, RPMe 1000+ FREOUENCY= 55017 M2 (BLADE 8), 55,32 HZ (BLaDE 51, DAMPINGs~0,17 X
) . ? € DN
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y TABLE 36 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
: FREQUENCY OF FIRST BENDING MODE OF BLADE S/N 8

- = not available

P
ST L, o

Configuration Frequency, Hz
; Flex Pitch Precone Droop { speed, rpm)
E' Stiff 0 0 0 5.21 9.53 12.75 16.30 19.52
) (1)) (400) (600) (800) (1000)
- 12 0 0 - - 13.52 - 18.98
¥ (650) (1000)
¥
. 0 0 -5 5.21 - - - 19.37
: (0) (1000)
4
12 0 -5 5.19 - - - 18.73
9 (0) (1000)
0 S 0 5.19 - - - 20.32
(0) (1000)
12 5 0 5.17 - - - 18.71
o) (1000)
Soft 0 0 0 5.19 - - 15.46 19.37
(0) (775) (1000)
j 0 0 -5 5.18 9.38 - 14.19 19.48
‘ (0) (410) (710) (1012)
3
y 12 0 -5 5.17 - - - 18.50
0) (1000)
-12 0 -5 5.18 - - - 18.70
(0) (1000)
0 5 0 5.19 - - - 19.33
(0) (1000)
3 12 5 0 s5.18 . - - 18.42

(0) (1000)




TABLE 37 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF SECOND BENDING MODE OF BLADE S/N 8

- = not available

Configuration Frequency, Hz
3 Flex Pitch Precone Droop ( speed, rpm)
,?
) Stiff 0 0 0 32.17 - 41.15 49.37 55.94
! 0) (600)  (800)  (1000)
12 0 0 - - 44.76 - 54.34
" (680) (1000)
‘
R 0 0 -5 32.36 - - - 55.30
e, (0) (1010)
S
12 0 -5 32.32 - - - 55.15
’ (0) (1000)
» 0 5 0  32.28 - - - 55.12
. (0) (1000)
i
12 5 0 32.22 - - - 54.62
< (0) (1000)
Yy
P
i Soft 0 0 0 32.20 - - 47.06 54.72
(0) (775)  (1000)
e 0 0 -5 32.05 - - 45.17 55.58
if (0) (710)  (1012)
R 12 0 -5 - - - - 55.2
(1000)
R -12 0 -5 3219 - - - 55.17
R (0) (1000)
0 5 0 32.17 - - -  54.83
(0) (1000)
& 12 5 0 32.16 - - - 52,64

(0) (1000)
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TABLE 38 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF THIRD BENDING MODE OF BLADE S/N 8

- = not available

Configuration Frequency, Hz
Flex Pitch Precone Droop ( _speed, rpm)
.6
o Stiff 0 0 0 91.80 95.88 102.05 109.29 117,37
’ (0)  (400) (600) (800)  (1000)
; 12 0 0 - - 103.51 - 117.10
; (680) (1000)
., 0 - 0 -5 91.31 - - - 114.34
Y (0) (950)
¥
' 12 0 -5 91.23 - - - 117.03
2 (0) (1000)
& 0 5 0 90.58 - - - 116.72
p (0) (1000)
) 12 5 0 90.62 - - - 117.04
s (0) (1000) )
:
:
Soft 0 0 0 90.58 - - - 115.83
. (0) (1000)
o 0 0 5 90.22 - - - 116.85
. (0) (1012)
12 0 -5 90.32 - - - 116.39
. (0) (1000)
g -12 0 -5 90.31 - - - 116.17
3 (0) (1000)
- 0 5 0 90.69 - - - 116.91
(0) (1000)
5 12 5 0 90.32 - - - 110.74
A (0) (1000) -
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: TABLE 39 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF FIRST EDGEVISE MODE OF BLADE S/N 8
. - = not available
N Configuration Frequency, Hz
i Flex Pitch Precone Droop ( speed, rpm)
o Stiff 0 0 0 24.02  24.31 24.51 24.72  25.09
? (0)  (400) (650) (800)  (1000)
N 12 0 0 - - 24.53 - 25.31
(680) (1000)
)
N 0 0 -5 23.91 - - - 24.46
‘ (0) (950)
\ 12 0 -5 23.68 - - - 24.83
3 (0) (1000)
N 0 5 0 23.78 - - - 24.50
. (0) (1000)
i 12 5 0 23.63 - - - 24.79
N (0) (1000)
E,u‘ .
l‘_
’ Soft 0 0 0  22.03 - . - 22.51
(0) (1000)
.
Re 0 0 -5 19.98 21.16 21.82 - 22.25
Ny (0)  (410) (710) (1012)
‘ 12 0 -5 19.98 - - - 22.74
i, (0) (1000)
-12 0 -5 20.04 - - - 22.74
» (0) (1000)
L
0 5 0 21.91 - - - 21.35
X (0) (1000)
>
o 12 5 o 21.83 - - - 21.99
’ (0) (1000)
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.' TABLE 40 EFFECT OF ROTOR CONFIGURATION AND SPEED ON

N FREQUENCY OF FIRST TORSION MODE OF BLADE S/N 8

™ -

&

A - = not available

A )

! Configuration Frequency, Hz

Flex Pitch Precone Droop ( speed, rpm)

p Stiff 0 0 0  43.61 45.00 44.51 48.50 47.93

K 0) (400) (650) (800)  (1000)

- 12 0 0 - - 46.14 - 47.57

. (680) . (1000)

= 0 0 -5 44.24 - - - 53.87

R (0) (950)

)

12 0 -5 44,19 - - - 49.49

” (0) (1000)

o4 0 5 0 44.14 - - - 48. 64

b1 (0) (1000)

o

12 5 0 43.95 - - - 50.27

- 0) (1000)

<

3

< Soft 0 0 0 37.96 - - 41.26 44,10

e (0) (775)  (1000)

2 0 0 -5 37.75 - - - 40.63

. (0) (1012)

y 12 0 -5 37.81 - - - 40.17

= 0) (1000)

y -12 0 -5 37.94 - - - 40.47

"y 0) (1000)

) 0 5 0 39.01 - - - 38.60

; (0) (1000)

. 12 5 0 37.89 - - - 38.10
(0) (1000)
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é; . TABLE 41 SAMPLING RATE AND BANDPASS FILTER ASSIGNMENTS
Yy

+% Excitation Sampling Frequency Bandpass
y. Frequency Rate Resolution Filter

Hz samples/sec Hz Hz

¢

A 0 - 10 100 0.1 fe + 2
" 10 - 20 200 0.2 fe + 3
Y

: 20 - 30 400 0.4 fe + 4
o

N 30 - 50 1000 1.0 fe + 5
. 50 - 150 2000 2.0 fe + 8
.

\ 150 - 300 4000 4.0 fe + 10
: Note: fe = excitation frequency in Hz
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'  PRECONE =DROOP =0
CASE 1: STIFF }
CASE 2: SOFT

< - |

0
CASE 3: STIFF } 8. PRECONE =5°
CASE 4: SOFT = 2B,(NEG) DROOP =0

0

Bg. PRECONE =0
CASE 5: STIFF } — _|_ AB.(NEG) DROOP= -5°

CASE 6: SOFT
FLEXURE (STIFF OR SOFT IN TORSION)

Figure 2 Rotor Configuration Cases Selected for Tests
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Figure 3 UTRC Vacuum Spin Rig
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Figure 5 Instrumented Model Rotor in the UTRC Spin Rig
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Figure 6 Model Rotor Drive Crystal Arrangement
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Given a set of digitized time domain signature:
X (tl)' j=1, ...N

Assume an analytical wave form

] . Y () ="M exp (¢t [Apsin 2nfmt) + By cos @nft), J=1, ...N
(} m=1 ) '

N
3 Minimize X [V (t) - X ()12
3 J=1

g

Figure 19 Time Domain Modal Curve Fit Algorithm
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X () = Ascos [27f (y)) + ) j=0,.N-1

M,e'tu=FFT [X ()] u=0, ..(N/2-1)
My +1

My+1+My

Assume t, <f=<f, 4 Af=f, =1, y=

o=srv=1/2 12<v =1

f=1,+vat f=f,,.4-(1=-p)al
A= TvM, Isin(Ty) A=T (1=v)M, 4/sin(m=7V)
¢ =¢, -7 (N-1)/N d=d 44+ T -V)(N=-1)N

Figure 20 FFT Spectrum Interpolation Formulas
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se FOKR CHANNEL 1, RANDPASS FILTER USED IS FROM ~ 3. TO 7. HZ

W, INPUT SIGNATURE LENGTH (FROM 1 TO 400 ) = 400
& NO, OF ITERATION- = 6
¥ NORMALIZED STDe DEVIATION = 0¢720131g-01
. e-t-4-s—s—t RESULTING PARAMETERS #-#-¢=¢-4-s
FOR CHA ?Eh 1 KUN 588 '

. YeEXPLZN#A2) #LALSS IN(ZN® A3 ) +A4¢COS (ZIN*A3)])
;‘:. MODE NATURAL FREOQ DAMPING AMPLIYUDE PHA
;5 (tH2) (z)y (nU-S}RR) (053
i 1 5+20 -0.780 8.0800 94446
N
¢1
L
> ** FOR CHANNEL 2, BANDPASS FILTER USED Is FRoM 3. To 7. W
¥ RESULTS OF MODAL INTERPOLATION FOR CHANNEL 2
FREO MPL PHASE
3 (HT > LS 2 (DEG)
2 5.20 5.21 96.30 ' .
"N
i e+ FOu CHANNEL 3, BANDPASS FILTER USED 1S FROM 3, TO 7. Hz
5
!
-\{
~
} eee SUMMARY OF MpDAL ANALYSIS FOR RUN 588 ¢s¢
&) CHANNEL FREOUENCY DaMpING HAP-A NP SHAP=PHS
: (HZ) (2) (§c5-5t§N), (DEGREE
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Figure 26 Optional Tabulated Output: Example of Curve Fit and Interpolation Detalls
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TABLE RESULT OF MODAL ANALYSIS FOR ITR DATA

LA,
<

&f

RUTOR CONF: (P= 0y C= Os D= O+ FLEX= )
MoDE™ 1F, RpMa [
FREQUENCY® 5,19 HZ (BLADE g)
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P
»

-

By
. . )
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N RUS 10 (LB 3 _ _hox 2 80% 8 nux 3 (B0 3) AUX 3 (BLD 5)
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Figure 27 Example of Data Reduction Program Tabulated Output
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