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MODAL ANATYSIS OF THE FIRST FRODUCTION DESIGN

HELIOSTAT USED AT THE SOLAR THERMAL TEST FACILITY (STTF)

John R, Janczy
Vibration & Shock Testing Division 9342
S8andia Laboratories
Albuquerque, M 87115

ABSTRACT

The experimental study sought to characterize the dynamic modal
characterisgtics of a heliostat to be used at the Sandia operated
Solar Thermal Test Pacility. Three modal studies were performed.
Two studles were conducted of the yoke and one on the facet
agsembly, During the course of the test, Power Spectral Density
gtudies were performed using wind-loading and transport environ-
mental data. The modal (frequency, damping ané stiffness) data
is presented. The data cbtained through the various studies
compares faverably. The data indicates a possible structural
modification, and this modification is discussed,
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MODAL ANATYSIS OF THE FIRST FRODUCTION DESIGN
HELIOSTAT USED AT THE SOLAR THERMAL TEST FACILITY (STTF)

Introduction

Lagt summer Division 9342 was asked to study the feasibility of experimentally
determining the dynamic structural properties of a Martin-Marietta designed and built
heliostat. The hellostat is a solar tracking array of 25 flat plate mirrors. These
mirrors focus solar energy onto a point on a centrgl receiver tower for the purpose of
generating steam, The steam could then be used to generate electricity. Several
hundred of these structures will be used at STTF. A photograph of a heliostat in its
"atowed" (non-duty) position is given in Appendix D snd a diagram of the structure is
given as Figure 1. The heliogtat is composed of two major assemblieg--the yoke and the
facet-arm. Both of these assemblies are depicted in Figure 1. The yoke is mounted on
a vertical support containing a motor which allows rotation of the structure in azimuth.
The facet-arm assembly is mounted at two points on the yoke. One support peint holds a
motor and the other contains a set of bearings to allow rotation of the substructure in

elevation.

After gome conslderation, it was decided to proceed with a series of tests to
empirically charscterize the modal properties of a complete heliostat. The results
would be used to verify and update analytic models of the structure. Due to the size
and complexity of the test item, response measurements were taken by considering it to
be comprised of two assemblies, the yoke and the facet (see Figure 1). Each of these
sections was studied separately, but with total test item in its assembled state., The
point of input excitation was the same for both studies, enabling comparison of results

for both assemblies.

Preliminery work was started in early fall of this past year on a test heliostat
located in Area III. As this work involved obtaining field data for full-scale struc-

tures, special requirements arose guch as the need for an instrumentation traller,



special test fixturing and new test techniques.

Dynamic testing on a structure of this size had not been performed by Division
9342, The bulk of the work done by this organization has been in the lab on component
type test items, Field testing of such a large structure required a slightly different

perspective and some progression along the learning curve,

Explanation of Theory Used

Modal analysis is a method of experimentation and analysis which allows the
engineer to characterize the dynsmics of a ftest structure in terms of its natural
frequencies, damping, and mode shapes. The mode shape can be thought of in two ways
(for our purposes). The first is that a "mode shape” can be considered as a set of
generalized coordinates which, when used in an operator form, transforms the mass,
stiffness and damping matrices of g multi-degree-of-freedom second-order system equation
to diagonsl form. The second way of considering the mode shape {and the way it is
represented here) is as a "map" of residue (or dynamic compliance) values for each

measurement point along the structure at each natural frequency.

Modal analysis is valuable, in that it permifs verification and adjustment of
analytic structural models. This means that effects of varying the elastic properties
(mass, stiffness and damping) can be studied, This technique also allows for the
identification of structural weaknesses and provides information which can be used to

eliminate unwanted noise and vibration.

Division 9342 performs modal analysis using the Hewlett-Packard S5451B Fourier
Analysis system. Most structural modeling techniques (i.e., analytic models) represent
the test article as a system of lumped masses, springs and dampers (see Figure 2). The

modal analysis system makes use of this fact.

Before proceeding, it is prudent to state the basic assumptions involved in this
type of modeling. Briefly, we must agsume that the structure may be modeled using a

finite number of masses, springs and dampers. Secondly, we assume that the test article



obeys Maxwell's Reciprocity Theorem. This last assumption is basic to the experimental
technique used. In terms of frequency response measurements, reciprocity means that if
& gtructure is excited at point A and its response ig measured at point B, then the
frequency response function formed, by the division of the Fourier Transform of the
output by the Fourier Transform of the input, is identical to the frequency response
function that would be obtained by exeiting the structure at point B and measuring the
response at A. This assumption allows simplification of the transfer matrix in that
only ocne row or ceclumn need be measured, as the othér rows or columns would contain the
mode shape vector multiplied by a component of itself, This leads to a requirement for
making inertial measurements (i.e., force input and acceleration, velocity or displace-
ment response measurements). This requirement is imposed when it is desired to go from
the uncoupled response (normal mode concept) to the coupled (see Figure 2) mass, stiff-

negs and damping matrices for modeling.

The modal analysis method used by Divigion 9342 uses fregquency response tech-
nigques. Frequency response messurements are obtained so that the structure's dynamic

properties (modal stiffness, frequency and damping) can be identified.
If we express Figure 2 in analytic form, we get
B{E(e)} + CHxe)} + [K){=(6)} = {£(8)} (1)

where
1) The quantities enclosed by brackets denote matrices.
2) The quantities‘enclosed by parentheses denote components of wvector quantities.
3) ~The dots denote differentation with respect to tine.
L) [4] = mass matrix
[c]

K] = stiffness matrix

damping matrix

{x(t) = components of position vector

{£(t)} = components of force vector

We can now take the Laplace transform of equation (1) and assuming all initisl



conditions to be zero, we get

[B9s% + [6]s + [K]]{x(s); = |F(s)} (2)
[B(s)]{=(s)} = {7(s)} (3)

where
[B(s)] = []s” + []s + [] )

[B(g)] is called the System Matrix. Let,

[8(s)]™* = [H(s)] (5)

[H(s)] is the inverse of [B(s)] and is called the Transfer Matrix,

Bobrp " B,

factor [B B B
H(s) = = igto?BEsgi)] o [B(s)] ©)

where, det [B(s)] is the determinant of the matrix within the brackets.

hll(s) hle(s) ot hln(s)

gy
()] = | & ; (7)
no(s) B (5)

Consider, as an example, the element hll(s}.

X, {s)
hll(s) = FITET (8)

or, in partial fraction form,



Xl(s) & a
by (s) = F (s) =Z (5 - p) (9)

k=1

8y is obtained for at each pole by solving

a
B I
11 Py
det [B(s)] ~ Z (s - p,) (10)
k=1

where p, = pole, or the value of s, such that (s - pk) = 0, Further,

Sk = Pk = dk + lfk’. (ll)

and
TMAGINARY AXIS

Py

[ ]

i

Fk ' Gk

1

]

] b R .

dk REAL AXIS
L ]
|

where,

dk = damping

fk = negtural frequency

& = regidue
i= /-1
Gk = resonant frequency

Fk = demping factor
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An equation of the form (10) can be written for each element hnj' As [H(s)] is
made of up elements hnj and the adjoint of the System Matrix (adj [H(s)]_l) is proportional
to the mode shape (so that the residue matrix is proportional to the mode shape), then

the Transfer Matrix contsins all the modal information we are interested in.

To perform this analysis using experimental data, we must have (as previously
stated) a linear structure that obeys reciprocity. This being the case, we can place
motion transducers (either acceleration, velocity or displacement) on the structure, at
specified locations, and input a known force at a specified point. We can record these
time domain signals and Fourier transform them using a Fast Fourier Transform (FFT)
algorithm. A division (output by input) is performed and the frequency response function
obtained. (9) can be rewritten as

R

X {8) r . ¥,
_.n - njk _ njk
hnj(s) T F.(8) [Ei(s -p.,) 2i(s -p ) (12)
J oy k k
where,
Toae
njk = 21 (13)

and the asterigk denotes complex conjugation.

Since the experimental data is in the Fourier domain, we want to transform it to
the Laplace domain (without losgs of informstion), so that the foregoing analysis can be
used. Realizing that the fréquency response function is just the transfer function evalu-
ated at s = iw (vhere, w = frequency), we can fit the frequency response measurements to
an equation of the form (12) and extract the modal parameters. The fit is accomplisghed
with a least-squares-fit curve-fitting algorithm. The effect of this process is to
decouple the frequency response measurement into a sum of single degree of freedom

systems.



Experimentation/Analysis

The data used in this study was obteined and analyzed in essentlally three phases.
The first phase was a modal study of the test heliostat installed in Area IIT. A report
was written and submitted to Division 5713 concerning the results of that test. That
report is included here as Appendix A so that it can be used for comparison between the
various phases of the-present study. Appendii A presents dats taken on the yoke assembly
(Figure 1) while it was loaded by the facet assembly, as this is its service environment.

The data was taken and analyzed as stated previously.

The second phage of the study started after heliostat installation at the STTF.
A modsl gtudy was mede for the yoke loaded by the facet asgembly, as in the first test.
The major difference in the test procedure hetween these two studlies wag that a much
longer record length was taken on tape for each excitation/response signal. The longer
record length allowed finer frequency resolution for the frequency response functions of

the second test, enabling the whole response signal to be sampled.

Included as Appendix B is a report concerning the road environment seen by the
facet assembly as it is transported by truck to and from the assembly hangar (located
at Kirtland AFB-West) and the STTF, The facet assembly is transported such that the
plane of the mirrors is perpendicular to the truck bed. The facets had suffered break-
age due to excesgive lateral motion. Tt was desired to characterize this motion, thereby
finding a method of reducing facet damage during transport. To obtaln data for this
study, a Tacet assembly (and the truck bed) was instrumented and transported along the
typical route. Acceleration versus time signals were obtained at various positions on
the gtructure as it was transported. These signals were recorded and used to obtain
Power Spectral Density (PSD) estimates for the test structure due to the transport
environment. Resonant frequencies and energy levels can be viewed on the PSD plots
(given in Appendix B)., These frequencies can be compared against those obtained for

the modal study performed for the facet asgsembly.

A flow chart for the ingtrumentation used to perform the modal study of the yoke

is ghown in Figure 3. The figure pictorially describes how the date for the frequency
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response measurements wag obtained. Verious methods for providing the input excitation
were considered. Possible means included: a load-cell ingtrumented sledge-hammer, step
relaxation, electro-dynamic shaker, and an electro-hydraulic ram. After considering the
various procedures, it was decided that an electro-hydraulic ram (such as the one
depicted in Figure 3) would best combine the advantages of long pulse duration and ease
of set up and fixturing. DPulse duration on the order of 0.2 to 0.3 second was necessary
glnce the test structure is relatively "soft." The natural frequencies found were as
low ag approximately 1.8 Hz. The electro-hydraulic exciter that was constructed consists
of a hydraulic ram, a support structure, and a pump/motor/supply. The force was deliv-
ered to the structure through a 5000 lb strain gage load cell, which was flexibly coupled
to the shaft of the ram. The ram/transducer combination was supported by an aluminum
truss-work (see Figure 4). The truss-work was bolted to an aluminum base plate.
Reaction force was provided to the exciter assembly by means of approximately 2000

pounds of lead, loaded on top of the base plate.

The acceleration response signals were measured using three Kigtler model 303T
servo-accelerometers. These gccelerometers were used because of thelir extreme sensi-
tivity (approximately 2,6 volts per g). Fower supplies were used for both transducers.
An external amplifier was only required for the strain gage load cell, as the gervo-
accelerometer had an internal amplifier. Both time waveforms (input and response
gignals) were monitored on a Tektronix dual-beam ogcilloscope, so that any overloads
could be detected during the course of data acquisition. Finally, the signals were
similtaneously fed to an Ampex FR1300 analeg FM tape recorder for analysis in Area T
on the Division 9342 modal analysis system. A diagram of the location of the measure-

ment points referenced to the strucbture is presented in Figure 5 for the yoke assembly.

The technique used to analyze the data requires multiple samples to be taken at
each measurement point. This is a requirement of the software used. But it alsoc is
necessary for reducing noise on the data. If the noise source is incoherent with the
input, then teklng multiple measurements at the data point will average out the effects

of the noise.



The theory bhehind the anslysis system was briefly described in the beginning of
this report. The theory was implemented by using a Hewlett-Packard 5L51B Fourier anslysis
gystem. The modal analysis capability is software based. The analog input and response
signals are low-pass filtered at a cut-off frequency, fc’ which is one half of some
desired sampling frequency. The signal is then converted to a digital form (by the A/D
converter), The digital conversion takes place at the sampling frequency (twice the
maximum frequency). Analyzing only to f? elimingtes the problem of aliasing the data,
or "folding-back" of the higher frequencies above the desired range to some lower value,
on the frequency axis within the gnalysis bandwldth. These digitized time signals are
now Fourier transformed using a "hard-wired" Fourier anslyzer. The frequency response
function is then formed., Next, the software based curve-fitting algorithm is imple-
mented, so that the modal parameters can be identified from the laplace domain signal.

See Figure 6 for an analysis flow chart.

Figure 7 lists the modal frequencies and damping for the yoke assembly.
Figureg 8 and 9 tebulate the dynamic compliance values and residues, respectively,

for the five modes identified at the ten measurement points.

Figures 10, 11 and 12 give Power Spectral -Density (PSD) plots for three accelero-
meter locations on the yoke (positions 1, 4 and é--gee Figure 5 for locations). These
PSD plots were obtained by measuring accelerations at the specified positions on the
structure when the heliostat was in its duty position {i.e., facet assembly perpendicular
to ground--as in all tests presented here) and the structure loaded by wind gusts
reaching speeds of approximately 25 mph. Comparison of these plots (Figures 10, 11
and 12) with Figure 7 shows very good agreement concerning frequency content., The
only exception is the fourth mode at 3.99 Hz. This mode is only hinted at on the PSD

plots.

Figure 13A shows photographs of the animeted mode sghapes digplsyed by the modal
analysis system. Appendix C lists the tabulated modal characteristics at each messure-

ment point on the ycke.

Agreement ig less pronounced when Figures 10, 11 and 12 are compared with

13
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Figure C1l of Appendix C. The values of frequency and damping vary somewhat, with
regpect to the plots of power spectral density and from measurement point to measure-
ment point. This behavior seems to be more pronounced when considering the first mode,
The discrepancies can be due to slight variations in frequency resolution of the analysis
routines used by the PSD and modal packages, and by the fact that a low-pass filter was
not used in the data acquisition system loop (see Figure 3). Dynamic range of the tape
recorded time domain signals was a problem since accelerometers were chosen ag the
response transducers, and the frequency range of interest was discovered to be below
4o Hz. It was worthwhile to cut down thg testing time, so muliiple channels were
recorded simultaneously. A low-pass filter was not used because the problem was not
judged to be gsevere and & multi-chamnel filter was not awvailable (a milti-channel filter
is necessary so that any phase changes due to the filter are introduced on all channels).
This consideration arose since an accelerometer responds to small displacement, high
acceleration, high frequency (above 20 to 30 Hz) structural motion with a greater output
signal than it does for the large displacement, low acceleration, low frequency (1 to
20 Hz) output motions., This raises the possibility of saturating the recording with the
high acceleration, low structural displacement signals, which are not of great interest.
The difficulty was partially overcome by recording whatever signal the transducer
delivered. The signel was filtered after recording by means of the modal system's
anti-aliasing filters, at some j;. This method was not completely satisfactory for
two reasons:

1. The lower the cutoff frequency, jE’ the longer the data record that is

required for sampling by the A/D converter. Since the following

sampling relations hold:

fmax = 2 je = 2 (sample frequency) (1)
max _ L
where f = cutoff frequency

Af = frequency resolution



T s'time of total record length
N =data block size
2. Becauge of the possibility of saturating the dynamic range of the tape
with gignals that are not of interest, it is possible the low frequency
information could be partially buried in tape noise.
Due to these considerations, when data was obtained and analyzed, the largest possible

transducer gignel amplification and the lowest possible cutoff frequency were used.

Comparison of the data of Figures 7, 8, 9 with Appendix A is not straightforward,

The major procedural difference between these two studies is that the frequency resclu-
tion is at least twice as fine for the data of Figures 7 thru 9 due to a much longer
data record for each impulse/response measurement. The only mode from the first study
that can be uged for comparigon is the firsgt, at 2.38 Hz. The 2.38 Hz mode falls
between the first and secoﬁd modes listed in Figure 7. Comparison of Figure 13A for
the first and second modes with the first mode of Appendix A also indicates that it is
~some combingtion of the 1.8 and 2.8 Hz modes of Figure 7. This is explained by the
improved frequency resolution of the second study. Viewing the dynamic compliance
values for modes which can be compared indicates a decrease in magnitude by approxi-
mately a factor of ten in the final yoke study. The new velues are most probably more
correct than those of the previous analysis (and report). But they do have possible
errors due to the lack of sufficlent low frequency dynamic range. Tt 1s also possible
that the input excitation system calibration could have small errors, due Lo back-
slippage of the exciter when exerting force on the ground-fixed heliostat, as the
exciter was not so attached, There is confidence in the latest data due to the suffi-
cient agreement between the redundant information of the two modal studies and the

PSD studies,

The third phase of the experimentation began immediately following the comple-

tion of data acquisition on the yoke (at STTF).

The instrumentation dlagram for this part of the experiment is given in Figure

1k, The only difference between Figures 3 and 14t (other than the test assemblies
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studied) is that the two tests used different response transducers and signal condi-
tioners. The response transducers used for the facet assembly modal study were Endeveco
model 2262-25 piezo-resistive accelerometers. ZEight of these transducers were available
for use, whereas only three of the Kistler 303T accelercmeters were available. The
model 2262-25 still gave high gensitivity and it was possible to tune each transducer to
a common value for sensitivity. Thirty-three response points were used for the facet
study. Use of eight accelerometers allowed similtaneous measurement of eight response
points each time the structure was excited, thereby expediting the test. Data was

recorded and analyzed in the sme manner as in the previcus tests.

Responge data due to wind loading was not taken on the facet assembly, PSD plots
were made for the heliostat transport test. In the transport test, the facet assembly
was subjected to rough road input, which can be approximeted as random. The assembly was
secured to the transport trailer in a manner similar to its service state. The accelera-
tion response was measured using the model 2265-25 accelerometers. The PSD plots (Figures
2 thru 16) of Appendix B can be roughly compared with the modal frequencies of the facet
as the behavior of the arm should be approximstely the same in both transverse directions,

far from the point of attachment to the center shaft, due to the shape of the facet arm.

Figure 15 tabulates the average modal frequencies and damping for the heliostat
facet assembly. Figures 16 and 17 give the dynamic complisnce and residue values,
respectively. Figure C2 of Appendix C gives the modal fit data for the individual (33)
measurement points nsed for the assembly. Figure 18 illustrates the location of the
regponse points with respect_to the structure. Figure 13B shows pictures of the ani-
mated mode shapes obtained through the modal system. The undeformed position is shown

along with the deformstions about the neutral plane.

For the purpose of this analysis, & mode ig considered a "global" property of
the structure. This means that the properties for a particular mode of vibration can
be measured at any point along the structure, with the exception of one that coincides
with a node., This assumption has physical limitations. TFor example, one could dot

detect the modal contribution of a flagpole astop a large building by measuring responge



on the fleor of that building. The example illustrates what is called a "local"” mode
(one that can be measured only on a subgtructure of the test item). This poses no major
problem with the test structure at hand. For the present study, the concept of 'global”
modes means that modal content should be the same for the yoke and facet assemblies |
(amplitude from point to point, of course, varies) except at nodal lines. This can be
verified by considering Figures 7 and 15. Five modes were identified for the yoke and
six for the facet assembly, Comparison shows good agreement for the first three modes
of each structure. The first mode for each agrees very well for both frequency and
damping. The next two modes show good agreement for frequency, but not damping. The
remaining modes do not compare as well, Congidering the possible error sources (i.e.,
the lack of low-pass filter before recording, etc.), the agreement is quite encouraging.
The limited dynamic range on the recording for the low frequency content and the attend-
ant problems with frequency resolution mean that some modes may get "smeared together™
or be partially buried in noise. Thig can asccount for possible errors. Another error
gource is inherent structural non-linearities. Thege non-linear effects arige due to
slippage at points of rotstion when loading the heliostat yoke. Two such points are at

the ground support of the yoke and at the facet assembly support points on the yoke.

Figures 19 thru 28 are Power Spectral Density plots for the response signals
from verious positions on the facet assembly. Comparison of these plots with the modal
frequencies of Figure 15 show relatively good agreement. These PSD plots also illus-
trate the noise problem due to the lack of a low-pass filter in the dats acquisition

system before the date is recorded,

Comperison of Figure 15 with Appendix B (Figures 3, 5 and 7) show reasongble
agreement. The pertinent graphs of Appendix B ghow sufficient energy at the modes found
in the final modal study {especially the first three) to warrant confidence in the

results.
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Conclusions

The good agreement with respect to modal frequencies for the various types of
analysis performed (i.e., PSD, transport environment, wind excitation, modal) lend
confidence to the data obtalned for the latest yoke and facet assembly modal anslyses.
Errors apparent in the dets are most probasbly due to a need for improved dynamic range
for the low freguency response signals on the FM tape recording, and due to inherent
structural non-linearities. The dynamic range for the low frequencies can be improved
by passing the input and response signals through low-pass filters before recording the
time domain signals. The effect of the non-linearities can be further studied by making
two or three sets of frequency response measurements at a few points on the structure

using a different input force level for each set of measurements.

Based on the modal data obtained, 1t can be concluded that the mode shapes
(particularly the first three) show pronounced out-of-phase motion of the facet arms.
If this motion could be forced in-phage and made to approximate a rigid body mode, then
it is probable that image resolution could be improved and structural integrity enhanced.
One possible method for doing this is to use lateral restrainits between all vertical
armg above the yoke support shaft (as the structure stows in one direction only) and

lateral restraints for the three inner arms below the support shafts {see Figure 29).

Most equipment necessary for field enviromment freguency response measurement
is aveilable to Division 9342, and additional personnel have been added to the Modal
Testing project group. This means that the time required to perform further modal
analyses of the heliostat (e.g., a sbudy of the final design heliostat) would be con-
siderably less than the previous studies. If additional work is performed, it would
be instructive to install temporary lateral supports (as previously suggested) and
perform & modal analysis of the structure so that the degree to which the dynamic

properties have been altered can be discerned.
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AVERAGE MODAL FREQUENCIES AND DAMPING
x x x X x x ]

NAT.FREQ. DAMP .FACT. DAMP .COEFF .

MODE (HZ) (%) (RAD/SEC)
1 1.8179 28.3445 3.3760
2 2.8075 2. 3434 + 4136
3 3.4418 - 3669 0793
4 3.9967 .0889 .0ea21
S 4.5623 2191 - 0628

Figure 7. Average Modal Frequencieg and
Danmping for the Heliostat Yoke
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AMPLITUDE UNITS: IN-/LB
MEAS X b 4 x x X MODES x x b b 4 X X
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2
3
3
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9 .1430c-02 151.8 .4931E-03 167.0 .1196E-02 197.5 .1067E-02 8S5.5 .1346E-03
10 .4008E-04 113.7 .4863E-03 172.2 .1433E-02 217.1 .4599E-02 143.2 .4791E-03

Figure 8. Dynamic Compliance Values for the Heliostat Yoke
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Regidue Values for the Heliostat Yoke Assembly
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Figure 10, ©PSD Plot - Heliostat Yoke Assembly
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Yoke Assembly - Mode 1 - 1,81 Hz

Yoke Assembly - Mode 2 - 2,80 Hz

Figure 13. Yoke and Facet Assembly Mode Shapes
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Yoke Agsembly - Mode 3 - 3.Lk Hz

Yoke Assembly - Mode 4 - 3,99 Hz

Voke Assembly - Mode 5 - 4.56 Hz

Figure 13. Cont'd



Facebt Assembly - Mode 1 - 1.85 Hz

Figure 13.

Facet Assembly - Mode 2 - 2.2 Hz

Cont'd
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Facet Assembly - Mode 3 - 3.34 Hz

Figure 13. Cont'd



Facet Assembly - Mode 4 - 5.42 Hz

Figure 13.

Facet Assembly - Mode 5 - 5.69 Hz

Cont'd
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Facet Assembly - Mode 6 - 6.48 Hz

Figure 13. Cont'd
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Figure 1k. Instrumentation Diagram for Fhase 3
Study of Heliogtat Facet Assembly
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QUERAGE 110DAL FREGUENCIES AND DAaMPING
'y « K 4 X X * X X x

NAT.FREQ. DAMP.FACT. DAMP . COEFF .

U {HZ) (%) (RAD/SEC )
4 1.3%26 e2.9623 2.7462
2 2. 2032 12.7859 1.7846
3 3.342% 5.0983 1.0721
4 S.4214 3.5774 1.2194
5 £.6938 1.4484 .5182
1 6.4891 1.9695 8032

Figure 15. Modal Frequencles and Damping
for Heliostat Facet Assembly
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APPENDIX A

Preliminary (Phase 1) Yoke Aggembly Modal Study

Introduction

This brief report containg a sumery of data and some conclusicns which can be

dravn from thig first, albeit rough, data &cquisition/analysis session,

A short overview of the HP-2100 Modal Anglysis data system is presented as an

insert to this report.

To obtain the dabs presented herein, an impulsive input was used for excitation
to obtain the system transfer functions. The structure was excited (at one location)
by means of a hydraulic ram. The input excitation was measured by a strain gage load
cell. The response was obtained at ten locations along the structure, and was measured

by means of a Kistler 303B servo-accelerometer.

Since this was intended as a preliminary sfudy, data was taken only on the

heliogtat yoke,

Discussion of Figures/Tables

The average modal frequencies and damping are presented in Figure 1. Figures
2 thru 5 show plots (made by the computer ) of the lst thru 4th mode shapes, along with
the undeformed yoke shape. Figure 6 ligts the amplitude and phase for the four modes,

at the ten meagurement points.

I believe that it is quite likely that there are additional modes between the
1st and 2nd listed in Figure 1. But due to limitations encountered with the present

data, they weren't identified. (This point will be clarified shortly.)

Due to the remoteness of the structure from Area I, the input and response
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signals were recorded on magnetic tape for playback and analysis on the Division 9342
compuber in Area I. Data-taking was further constrained to be completed within a few
days, ag the heliostat was being shipped out. When using the transient test technigue,
miltiple samples of input/response must be taken to obtain the transfer function. With
the above considerations, and upon viewing the resultant transfer functions, it appears
that:

1. More samples should have been obtained per measurement point, as this would
have improved the value of the coherence function (i.e., a meagure of cauwsality
between respense signal and input). Hence a better fit for the transfer func-
tions would have been arrived at; and

2. Longer record lengths (i.e., 1 sample of input and response) are necessary,

as resolution would be possible,

Data Conversion to the Time Domain

The gteady-state impulse-response of a second order system is glven by

X(t) = |A| sin (Ft + p)

where,
|A] = mode shape amplitude (or compliance as given by Figure 6)
p = phase angle
F = modal freguency
t = time

As an example, we will find the displacements at points 7 and 10 (the tips of

the yoke vertical sections), at times such that, for the lst mode:

(Ft) = 180°, 90°

For measurement point 7,

I}

|a] = .12 x 107" in/1p

= 2,39 Bz = 14,70 rad/sec

P
I



P=28.8°=.,15 rad

for
Ft = 90° = 1.57 rad
=t = ,11 sec
X(,11) = (.011) * sin [(1.57 rad) + .15 rad]
= (.011)(.99)
= ,0L09 in/lb
at

(Ft) = 180° = 3.1k rad
t = .22 sec
¥(.22) = (,011) =sin [((TI’) + .15 rad)]
= (.011)(-.148) = -.0016 in/1b
For measurement point 10, -
|a] = .69 x 1072 in/1p
P = 193.3° = 3.37 rad

F. = 2,30 Hz = 14.7 rad/sec

1
for
(Ft) = 90° =% = .1l sec’
x(.11) = (.011) sin [((w/e) + 3.37)]
= ,011(-.97) = -.0107 in/lb
for

(Ft) = 180° =t = .22 pec
X(.22) = .011 [sin (v + 3.37))

(.011)(.225) = .0025 in/lb

Therefore, considering the points 7 and 10 at

(W) = 90°

then there is a net displacement about zero equal to

= (.0109 + .0107) = .0216 in/lb

"The "true" value of displacement depends on the magnitude of the input force at

the particular modal freguency. This would be determined through a shoek spectra or
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Fourier analysis of the input signal.

By a Fourier analysis of a typical input signal (see Figures 7, 8 and 9), it wag
found that approximately 163 lbf exigted at a frequency of 2,38 Hz. This means that the

meximim relative displacement of the two yoke vertical sections was

(.0216 in/1b)(163 1b,) = 3.5 inches

Conclusions

From the data that has been obtained, it is felt that this is a promising tech-
nique for determining the modal displacementsg of the structure. With the determination
of the modal displacement field for the structure, it should prove possible through the

geometry to determine pointing errors which would be caunsed by some input.

Further work definitely needs to be done. In particular, it is necessary to
determine whether the input force spectrum used in this experiment closely approximates

the shock spectrum due to a wind gust. If not, then this needs to be corrected.

More data needs to be taken with more samples (of input/response) per measure-
ment point to improve the coherence between the inpu£ and response, thereby improving
the transfer functiong obtained. It is also necessary to lengthen (in time) the records
taken, so that frequency resolution can be increased, and all significant modes can be

identified.

As has been pointed out, the numbers obtained thus far have to be viewed very
cautiously until it can be determined whether or not the force levels used are reason-

ably close to the actual in-gervice levels.



AUERAGE MODAL FREQUENCIES AND DAMPING

Y ¥ X X x X
NAT.FREG. DAMP .FACT.
MODE (HZ)» (%)
1 2.3869 0885
2 12.7746 12.8544
3 13.6752 6.6456
4

18.2966 3.8071

Pigure A-1

b X x

DAMP . COEFF .
(RAD/SEC)
«0133
8.7641
5.7228
4,3798
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Figure A-2
&ND MODE -
12.8HZ
HELIO. YOKE
Figure A-3




3RD MODE —

13.6H2

HELIO. YOKE

4TH MODE —

18.29HZ

HELIO. YOKE

Flgure A-h

Figure A-5
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AMPLITLUDE

MEAS

SWUO-JHN &M -

X

1
AMPL

.1014E-01
.3127E-02
.2679E-22
+1769E-021
g12eE-ee
.1258E-21
.1143g-@1
.1372E-021
+1460E-01
. 6900E-02

UNTTS:

X

PHS
ces8.9
215.9

48.6

61.7
337.8
340.5

8.8
181.9
185.0
193.3

IN-LB

X X

2
aMPL

. 3576E-05
« 7378E-05
. 7898E-06
.1251E-03
.2432E-04
«1335E-04
+3521E-25

.C379E-04 234.9
.1834E-04 233.5
.2218E-03 273.6

MODES X
3

PHS AMPL
26.5 .1404E-03
177.6 .5137E-04
42.8 .2535E-04
3.0 .2323E-04
68.1 .S1BRE-Q4
76.3 .4092E-24
S.0 .1473E-04
«6443E-04
+S5771E-04
»3138E-03

Pigure A-6

PHS
168.5
185.0
337.8

8.0
354.6
343.7
2139.90
190.6
157.3

g1i.e2

4
AMPL

-2393E-04
+ 7S54E-05
. 297SE-04
.1161E-04
.2831E-04
.1218E-04
+.3787E-04
+S5434E-06
.91B7E-05

PHS
153.7
159.2
3a29.7
335.4
298.1
298.90
147.6

€8.4
234.8

39.3
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J. R, Jénczy - 9342

Heliostat Transpertation Study (RETO4ER)

The Heliocstat Transportation Study requested by Division 5713 was completed
this month., This memo is a compilation of the pertinent data and conclu-
gsions.

The study was necessitated by mirror damage experienced during heliostat
trangport to and from Kirtland West and Area Y. The objective was to deter-
mine an improved way of moving the heliostats from site to site. The test
consisted of instrumenting a heliostat mounted on the transit trailer. The
system would then be subjected to road enviromments as certain parameters
were varied, with the intent of optimizetion., These parameters were: truck
speed, added ballast, tire pressure and facet-arm restraint techniques. The
truck traveled at speeds of 5, 15, 20 and 30 miles per hour on asphalt road
surfaces, and 5 mph on the gravel road at the Solar Thermal Test Facility.
The addition of ballast amounted to 6000 1b of lead distributed over the
bottom of the trailer. There were two restraint systems: one consisted of
horizontal snubbers with cross-diagonal cabling, and the other just deleted
the cables. The effects of the restraint system and ballast were studied

at 5 mph (over gravel) and 15 mph (over asphalt)}. The tire pressure of the
rear cab and all trailer tires was reduced to LS psi from nominal. The
reduced pressure was malntained while the heliostat/transport system traversed
the route back to Kirtland West from Area Y. Twelve piezoresistive accelero-
meters (Endevco Model #2262-25) were mounted on the heliostat and support
assembly (see Figure 1 for placement diagram). The accelerometer signals
were conditioned and recorded by a self-contained unit developed and operated
by F. R. Gustke (Division 934k4). Mr. Gustke acquired all test data Tor this
study.

Baseline data was obtained while the truck-trailer combination traversed

its normal route from Kirtland AFB-West to Areas Y. Data used for analysis
in this report was acquired at or wvery near the Solar Thermal Test Facility
(STTF) site. Some of the road conditions over which dats was taken included
asphalt and rough gravel, Rough grevel was the most extensively used test
surface, as it provided the highest input acceleration (G) levels.

The original intent of the data analysis phase was to perform g modal
analysis of the heliostat and support assembly as it would appear in the.
actual transportation environment., The recorded signal from the accelero-
meter mounted on the lower front support (see Figure 1) would be considered
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as characterizing the input to the test structure. Transfer functions
could then he formed between the input point and all remaining locations
of interest. These transfer functions would be analyzed using the Divi-
sion 9342 Hewlebt-Packard Model 5451B Fourier Analyzer System to obtain
the mode shapes of the structure shown in Figure 1. The motion of the
vertical facet-arms is of prime interest, as excessive out-of-phase motion
could result in mirror breskage. Thig movement is what would have been
viewed on either mode shape plots or an animated mode ghape display.,
Unfortunately, the input signal was not uniformly strong over the band-
width of interest (2 thru 50 Hz). This behavior indicated that other
technigues might better display the desired information.

A method that was successfully employed was that of viewing the Power
Spectral Density at two of the accelercmeter locations for the various test
conditions (see Figures 2 thru 16)., This technique allows one to study the
energy levels over the frequency range of interest and the overall RMS-G
level, thereby identifying possible trouble spots.

Signals from the accelerometers mounted, in the X-direction, on the lower
front support (LFT) and the tip of the second forward vertical arm (#2-VERT)
were snalyzed. Accelerometer #2-VERT was viewed as "worst-case" due to
amplification by the facet-arm and support assembly. Accelerometer LFT

was analyzed to be able to view what could be considered as input road
conditions. All of the gravel road data analyzed was taken on the road

into the BTTF since it had been judged to be "worst-case.”

Figure 17 gives a summary of the data analyzed. Figures 2 thru 5 are data
on asphalt with the only varied parameter being truck speed., Figures 6
thru 12 show data taken on the gravel road at the STTF with ballast,
restraint system, and rear truck and trailer tire pressure varled. Figures
13 thru 16 show data obtained on asphalt with low tire pressure while truck
speed was varied,

The conclusions which can be reached from analysis of the test data are:

1. By comparing Figures 7 and 10 it is seen that adding the 6000 1b of
ballast lowered the overall RMS-G level {by approximately .1 RMS-G).
The predominant resonance, at 4 Hz, had about the same level of energy
for both plots, but all other peaks were reduced in amplitude. The
effects of this attempted fix were beneficial.

2. No conclusion can confidently be drawn about positive or negative
effects of lowering tire pressure (down to 45 psi) on the rear cab
tires and trailer tires. The graphs of Figure 18 show essentially
no difference for accelerometer locations LFT and #2-VERT upon low-
ering the tire pressure as indlcated. Any difference is certainly
ingide the error bounds.
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3. Speed variations can be viewed by examining Figures 2 thru 5, 13 thru
16 and 18. Incremesing speed does seem to increase the value of the
overall RM3S-G, but it does so by increasing energy most at the higher
frequencies (above 20 Hz). As there was no significant reduction of
resonant magnitudes below 20 Hz, there does not seem to be any great
benefit in increasing the speed of truck transit.

4. The best single system for reducing the overall RMS-G level and energy
over the bandwidth of interest (2 thru 20 Hz) ig the snubber, Use of
cross-cables with the snubber appears to reduce levels slightly, but
the difference is too small to allow hard conclusions to be drawm.

Examination of Figures 7, 8 and 10 suggests it may prove useful to combine
a snubbing system and increased ballast. Since the heliostat/trailer
combination can be approximated as a spring-mass gystem, we know that
increasing the mass (ballast) should decrease rescnance problems at high
frequencies (probably above 5 Hz) and inereasing stiffness should reduce
resonance at lower frequencies (in particular the predominant peak at 4 Hz).
The snmubber would increase the stiffness, while the ballast increases the
mass, thereby optimizing the operating range of the heliostat transport
system (compare Figures 7, 8 and 10).

JRJ:brs
Digtribution:

5713 J. V. Otts
5713 D. J. Kuehl

5713 G. A. Anderson
5715 R, C. Reuter

9342 D. R. Schafer
934k F. R. Gustke

314t Central Tech File
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Z
Y
X
pA 32 6 7
L‘- 1

Longitudinal

Divection (-X)
e m—— |

Truck Velocity

No. of Sensitive
Location ) Accels. Axis
1 2 X, Z
2 2 -X, z
3 1 -X
L 1 -X
5 1 X
é 1 =X
T 2 X, Z
8 2 X, 7

Figure B-1. Schematic of Heliostat Trailer Bed Assembly
Showing Accelerometer Locations
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Figure 17. Summary
Accelerometer Plot
Location No. RMS-G Test Description Commentg *
Lower Front 1 .018 Asphalt Road @ 6 mph  Major resonances at 2 Hz,
Support (LFT) k.5 Hz, 7 Hz, and 1k Hz
Tip of 2nd 2 .082 Asphalt Road @ & mph  Highest amplitude peaks at
Heliostat Arm 4 Hz and 14 Hz
(#o-VERT)
LET 3 .039 Asphalt @ 20 mph Energy more evely distributed
from 2 to 30 Hz
#2-VERT b 197 Asgphalt @ 20 mph Increased energy at higher
frequencies
LFT 5 Q79 Gravel Road at STIF Excitation at approx. 3.5,
@ 5 mph &, 14 Hz
#2-VERT 6 .351 Gravel Road at STTF Major pea% at 4 Hz w/amplitude
@ Smph - lo—l.hg /He
#2-VERT 7 222 Gravel Road at STIF Major peak at L Hz w/amplitude
w/snubber & cable -2 2
@ 5 mph of 10 g/HZ
#f2-VERT 8 .229 Gravel Road at STTF Major resonance at 4 Hz
w/snubber only-5 mph w/emplitude of 10-2g2/HZ
#O-VERT 9 .254 Gravel Recad, no Major resonance at 4 Hz with
snubber w/6 KIP of . -1.5 2
lead on trailer-5 mph amplitude of 10 & /HZ
LFT 10 070 Gravel Road, low tire Most energy between 2 to 5 Hz
pres. for trailer and and 10 to 30 Hz
rear truck tires
(45 psi)
#2-VERT 11 .357 Gravel Road at STTF Major resonance at 4 Hz with

w/rear tire pres. of
truck and trailer
tires to 45 psi

¥A11l accelerometers sense longitudinal motion.

92

an amplitude of approx.

10'1‘3g2/Hz. Amplitude of
2 Hz peak increased
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Accelerometer Plot

Location No. RMS-G Test Description Comments

LFT 12 .03k Asphalt Road @ 15 mph Peak at 2 Hz is higher than
Low tire pressure that of Plot #3

#2-VERT 13 by Asphalt Roat @ 15 mph
w/low tire pressure

LFT 14 057 Asphalt Road @ 30 mph Only 7 averages were used for
w/low tire pressure this sample vs between 11 and

14 for others
#2-VERT 15 .262 Asphalt Road @ 30 mph All peaks increased in ampli-

w/low tire pressure

tude as compared to Plot #13
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Figure B-18. Plots of RMS-G Level vs Speed for
Accelerometers #2-VERT and LFT with
and without Lowered Tire Pressure
(Down 45 pei)
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AMPLITUDE UNITS: G’S/ LB-SEC

MEAS. 1

MODE FREG(HZ) DAMP( X ) AMPL
1 1.7369 22.7148 0018
2 2.8065 2.2385 - 0004
3 3.4496 + 4448 0003
4 3.9983 1971 0004
5 4.4186 4.8007 0009

RES.FUNCT. 1 ~.186Q0E-C6 +519E~-07
i -.673E-06 -.2091E-06

MEARS. @

MODE FREQ(HZ) DAMP( X ) AMPL

| 1.8065 21.1801 « 0030
2 2.7899 2.1383 + 0006
3 3.4548 «8113 + 0006
L 4.0017 0508 -0008
5 4.2585 4.3742 9011

RES.FUMT. 1 -om"“ -133"'“

1 .2386E-05 -.6458E-06

MERS. 3

MODE FREQ(HZ) DAMP( % ) AMPL
1 1.6016 23.6682 0017
2 2.7046 5664 - 0000
3 3.4612 1.1362 0003
b 3.9325 1.1964 0003
> 4.5703 0020 .0001

RES.FUNCT. 1 ~-.4456E-06 .8239E-07

1 -8874E-06 +1281E-06

PHS
9.3

196.4

2.9
283.1
205.9

62.8

208.4

2.7
274.3
£46.6

340.0

3.1

13.8
2.6
287.9

Figure C-1, Modal Fit Data for Heliostat Yoke Assembly
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MEARS. 4

MODE FREQ(HZ) DAMP( %X ) AMPL
1 1.4629 10.0682 0002
2 806948 08943 Om
3 3.4360 . 7994 0003
b 3.9046 2793 + 0000
5 4.5703 0018 0001
RES.FUNCT. 1 -.3650E-06 +A484E-07
1 .6824E-05 ~.5173E-06
MEAS. S
MODE FREQ(HZ) DAMP( X ) AMPL
1 1.1671 21.4740 - 0001
2 2.6919 +OB7T? +« 2000
3 3.4326 . 7042 -0001
L 3.9415 6696 +0001
5 4.5703 0017 « 0001
RES.FUNCT. 1 -.1123E-086 +2232E-07
1 +2ITEE-05 -~.BE8TIE-08
"Eﬁs. 6
MODE FREGQ(HZ) DAMP( % ) AMPL
1 1.2198 26.0192 N
2 2. 7050 + 4017 « 0000
3 3.4224 4721 + 0001
L 3.9301 .2110 - 0000
5 4,5988 0270 0000
RES.FUNCT. 1 8862E-97 -.1397E-O7
1 -.1411E-05 . E58SE-06
MEAS. 7
MODE FREQ(HZ2) DAMP( % ) AMPL
1 ‘ 1.28314 30.8806 + 0007
2 2.6873 .1638 0000
3 3.4158 « 4306 0002
4 3.9331 <1324 .0001
5 4.5981 0147 + 0001
RES.FUNCT. 1 +2OT4E-08 ‘oM‘.‘?
1 ~.44689E-05 +E85T1E-05



MEAS. 8
MODE FREQ(HZ) DAMP( X )

1 1.2960 a7.7aae
2 2.8371 2.1698
3 3.4097 « 3867
L 3.9356 . 0688
5 4.5977 0086

0016

<0003
+ 0004
0001
+0001

RES.FUNCT. 1 +4021E-08 -.1019E-06
1t -.7271E-05 + 4528E-05

MEAS. 9
MODE FREG(HZ) DAMPC X ) AMPL
1 1.2607  46.7727 0020
2 2.86540 3.7524 .0003
3 3.4083 3567 .0002
4 . 3.9373 .0385 . 0001
5 4.5973 0043 0000
RES.FUNCT. 1 .20B80E-06 ~.2E73E-07
1 =-,1414E-06 ,1222€-05
MEAS., 10 X
MODE FREG(HZ) DAMP( % ) AMPL
1 1.4580  27.7821 0018
2 2.8250 2.8457 . 0083
3 3.4689 6260 0083
b 3.9902 5995 0083
5 4.5408 2.1679 0001
s

RES.FUNCT. 1  .4060E—06 -.4706E-07
1

~.4004E-05 ~-.9749E-06

PHE
ave.a

176.5
198.4

90.6
148.2

8.0

167.0
197.5

85.5
162.1

191.9

i7e.8
a17.1
143.4
a837.4
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HMELITHDE UNITSs G’S-s LB-SEC

fiEas, 1 K

R E o FREG(HZ) DAMPC % ) AMPL
1 1.727ve 12.85e8 + 0025
c c.01387 5.9145 + 0030
7} 2.9773 2.38290 . 0007
9 4,.8130 2.8594 . 0053
r, S.7071 . 4526 » 0008
i 6.2522 1.4704 » 0004
2 =—.3815E-06 « P9 78E-Q7
Miomh, &
TS FFREQIHZ) DAMP( %X ) AMPL
i 1.7342 £6.5469 0063
& 2.3363 4,3028 0016
o 3.2834 2.5770 . 0004
3 E.5274 4 ,3856 . @09t
51 ., 7207 1.4070 L2016
™ 6.o101 .HE29 . DOO4
EOSFMMCT, @ —,4942E-93 - .S97TE-04
& -.2332E-96 .BET7EE~-Q7
ME T, 2
(NI o FREQ(HZ) PRMPC % ) AMPL
1 1.8732 19.9660 .0024
o =.1730 £28.3591 . 0055
2 3.1057 15.1208 .00285
4 4.4807 5.5729 . 0026
ot £.9438 4,.8315 . 0008
¥ 6.7812 11.0914 . 0033
B FMCT., @ -~ .5129E-03 .S686E~C4
2 .1158E-06 . 1B94E-06
s, 4
Ny FPEQ(HZ) DAMP( X ) AMPL
J 1.7787 27.5791 . 0079
s 2.3446 8.4835 ~0014
b | 3.2899 c.9082 .0014
4 £.0985 2.9097 .0015
oS 5.4335 1.5987 .9019
e 6.3505 . 3182 . 0004
FELFUNCT., @ -,4321E-03 ~.3924E-04
2 -.1027E-06 . 1473E-06

Figure C-2.

Modal Fit Data for Heliostat Facet Assembly
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c,

Pt .

R &I FREG(HZ) DaMP( x ) AMPL PHS
1 1.9007 20.8363 . 0086 18.5
o 2.3343 5.3079 L0021 1863.%
3 3.2993 2.5480 0022 191.4
4 c.2686 3.5439 2028 0.0
= L.3314 1.e212 0041 272.7
v . 3c03 6327 Q009 190.2

CEGLLUFUNCT, & - .3°232E-03 «.S053E-05
2 -.1737E-06 -.c409E-07

R, 6

LR T FREJHZ) DAMP( % ) AMPL PHS
i 1.9775 39.8156 . 0049 18.5
Vi 2.3117 3.2789 .0016 38.9
3 3.1897 6.2132 0008 120.1
4 . 8.4196 4.9856 .0033 189.9
v 5.7480 4.4212 0012 46.0
¢ 6.5489 8497 .0012 181.8

FES. FUHCT. @  ~.3008E-03  .2294E-04
2  .7062E-07 .1761E-06

Mies, 7

FLE FREQ(HZ) DAMP( % ) AMPL PHS
1 1.7691 18.8340 0012 2.5
A 22,3410 4, 4495 .0015 13.1
2 3.13%2 4,1191 .0003 235.4
4 E.1242 1e.2391 0027 243.5
£ 5.6011 2.8299 .9013 121.8
v 6.5382 .8880 9006 189.7

WEG L FUNST,. @ -.G261E-04 . 3923E-0
2 -.3952E-07 -.2538E-07

M yas, 2

i e FREDIHZ) DaMP( X ) ANPL PHS
i 1.7297 32.7430 0026 45.1
2 2.2491 1.8e97 0003 32,3
4 3.279%5 <. 8997 O3 199.7
q % .33%2 E.9824 .0043 1%2.5
. £.6571 5.1c83 0022 257.1
€ 6.0923 11.6514 .0028 311.0

FESGUHCT,. ©  ~-.9396E-04 + 7362E-05S
=4 +4177E-07 -~ .6797E-07
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ME g, =
HIRI IS FFRERUHZ)

1 L7459
& 2.2764
3 3.2926
4 &.2063
L €.4195
2 €.5435

RES . FUNCT. @ —.1118E~03

DaMPC % ) AMPL
33.0477 . 0041
5.9121 . 0008
e.771e .0015
13.3655 . 0047
1.9575 . 0003
9.9095 .9031

«3479E-05

e .4533E-07 -.2262E-08

ME = . 10

D FREGIHZ)
1.7285
2.8576
2.2947
S.3491
S.6447
. & .3624
FURFUNCT,. ©

(ol AT LY 7Y

¥

DAMP( % ) AMPL
30.9902 .0023
3.0592 . 0009
2.3587 .0014
1.7213 . 0020
5.2888 .2016
8795 . 0004

+4395E-05 - .c621E-04

2 -~.7680E-07 -.4907E-07

M, 11

e s FREQHZ)
i 1.8720
3 €. 3336
3 3.44412
4 L.SIE6
G 5.7519
& 0.5336

DAMP( % ) AMPL
19.5994 .0010
3.9578 . 0011
€.197% . 9006
3.2303 , 0007
3.4111 L2012
1.5078 . 0006

FES FLMCT. @ —-.6204E-94 - ,25S8E-04

e -.6698E-07

MEwes, 12

LG E ¥ FREQrHZ)
1 1.8423
I c.2394
o 3.2838
4 S5.2902
L 5.8174
i 6.5589

« 7421E-07
DAMP( %X ) AMPL
13.9854 . 0006
7.6215 « 0009
3.6582 0011
2.3015 . 0007
-1138 . 0002
+.129¢ . 0001

PE<.FUMCT. @ —-.S33SE-04 —.3486E-04

2 -.S546E-07

+4333E~07

209.3

3

.

W= >y
$§§Uﬂﬁ)“
0 4 -thu
UL LTI ) T

354.1

44.4
146.1
32.0
152.2
183.5

PHS
13.3
37.3
180.6
137.3
177.2
95.4



m H-"t 13

PO FREGQ(HZ) DAMP( %X ) AMPL
H 1.7443 27.2345 .0019
o 2.4469 10.7288 «. 0007
3 3.2961 2.73228 .2011
4 5.3184 2.1834 .0014
i ©.6268 2.3177 + 0004
= b.5436 . 3032 .01

RECLFUMLT,. @ .5034E-04 -.223cE-04

’Il".')“ 1"'

My DE FREQ(HZ) DAMPC( % ) AMPL
1 1.5334 11.3626 L0015
b £3c4 2.8%30 + 0008
E] 3.2869 2.321% .001S
4 €.4138 2.8306 - D007
= %.2347 S.1716 012
£ £, 3444 . 4690 « 0006

L FUNCT. @ .4447E-04 -.1312€~-03
& -.2512E-06 -,.1045E-09

PEaY . 1S

Pl FREQ(HZ) DAMP( % ) AMPL
i 1.8572 30.7939 . .0028
c 2.3378 3.4890 9017
G 3.2768 6.5562 . 0004
4 €.3722 3.9880 0024
L 5.6539 +883@ 0013
v 6.5646 1.053¢ + 0021

FEZ.FINKT, © +1768E~03 - .B344E-04
e =-.2605E-06 -—.4337E-07

. 16 ,

{40 FREG(HZ) DAMP( X ) AMPL
1 1.7667 23.6078 +» 0009
3 2.3814 3.1605 .0011
K] 3.4700 2.9533 + 0096
4 5.4192 4.2392 « 0007
) 5.759%5 1.3749 .0010
& 65.6914 9264 + 2008

U SFHCT. @ +A954E-04 -.6372E—QS

e =-.2733E-97 -.5971E-07

PHS

41.7
136.9
191.6
148.7
251.6
e51.1

PHS

1.0
192.3
201.7
113.7
168.6
357.8

PHS
217.3

a‘.s
218.9

44.7
267.7
181.4

241.9
43.1

197.1
84.5

e87.8
184.2

103



1oL

My, 1T
WD FREGQIHZ ) DRMF(C % ) RAMPL
1 . z04 4.1924 0002
R 2.195 c.5186 . 000
o 3.2812 3.6132 .0014
4 S.3E31 1.5694 . 0005
“ H.azee » 1595 . o002
T h.2338 2.3013 . 0003
FELLFINET, @ +74682E-04 ~,3750E-04
¢ =-.BlaeE-07 . 1867E-07
M. 1%
MoaDE FREJUHZ) DAMP( X ) AMPL
1 1.7058 49.8291 - 0029
G 3.2754 3.3625 .001S
4 5.3387 1.7522 .0019
' 5.8364 .0243 . 0002
6 5.2041 . 73287 . 0003
FES FUNCT. @ +4B76E-© -.7111E-04
MEres, 19
MO DE FREG(HZ) DAMP( X ) AMPL
! 1.7373 £29.4475 . 0026
b 2.3361 12.2142 .0018
3 3.2794 3.8200 . 0023
-4 5.3278 1.8781 . 2039
. €.8359 . 0266 . 0002
£ €.2330 S444 . 0005
S FUNCT, @ . 1040E-03 -.179BE-0©
c -.2592E-06 . 163BE-06
MRS, co
vODE FRED(MZ Y DAMPC % ) AMPL
1 1.7976 14.1432 0015
z <.2936 1.3055 +0011
o 3.2462 13.1790 . 0026
4 C.n518 1.8388 . 0047
L £.33%2 .0088 . 0006
& 6.6927 . 8989 0011
RO FIRECT. © .12876E~-03 +«1547E-03
e .CS61E-96 -.4427E-06

PHS

86.6

S8.8
182.86
i00.1
187.8
218.4

»;a»
32883
YIS

e
nty

cli.e
118.2
236.5
349.8
313.3
136.7



MEves, 381

MOLE FREQIHZ) DAMPC %X ) AMPL
1 1.2046 26.9250 0028
o 2.3757 2.2771 « 0007
! 3.4967 2.0881 . 0006
4 c.4076 5.9982 0014
3 5.7468 1.4796 0017
) 6.6826 1.e272 N
FES.FUNCT. © .2014E-903 —,1054E-04
2 . 7665608 ~.1323%-06
MENG. 22
MODE FREQ(HZ) DAMP( % ) AMPL
t 1.9286 26.6789 .23
= 2.0987 1.5100 . 0001
3 - 3.2687 3.4906 .0012.
-+ S.4195 S04 .02
., £.7950 .12396 . 0003
S €.9e52 1.9264 . 0005
REDGLFUNCT. @ 206E-03 - ,3542E-04
2 -.9134Eg-07 ~-,3307E-07
%, &3
M LE FREQIVHI) DAMP( % ) AMPL
1 2.1261 21.22851 .003¢e
o 2.2663 19.8638 . 0039
4 S.4514 1.7817 . 0032
L, € .3292 2.598% .0013
[ 5.5395 3.3883 . 0008
LS FMLT, @ +CH85E-03 - .9596E-04
2 =-.1100E-06 .B986E-07
MWz, 24
MODE FREQ(HZ) DAMP( % ) AMPL
i 1.3019 9.3882 0010
& Z.2848 18.2237 . 0065
3 3.2432 4,.4009 .0013
4 € .2809 2.5216 . 0089
= c.6293 3.759e . 0048
(= 6.3801 1.9721 . 0038
2 =.3442E-08 -.1011E-06

186.1
180.0
196.2

58.7
214.8
313.0

3

.« * & &

Wrerbhbwoo

>

BERI8y

113.5
174.0
211.3
133.7
282.0
827.6
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106

M. 2%

FIslE FRPEQ(HZ) DAMP( % ) AMPL
1 1.7672 23.6823 . 2863
0 2.3218 2.2819 . 0009
e 2.5146 2.7e67 0014
4 £.5114 3.0979 . @057
L. 5.7089 1.1340 0041
& 6.7056 1.1824 . 0037

KESFUNRCT, © .2624E-03 + 7391E-04

e .9707E-07 -.6755E-07

Poase FREQ(HZ )
1 1.7418
2 <.1197
Ei 3.2968
y 5.5614
‘.'.) 5 . 9953

FECSGFLIMCT . O

DAMPL X ) AMPL
27.3805 . 0046
6.1823 . 0006
3.5683 . 0008
3.7950 0019
6.2731 . 0042
1.1436 .0005

»3912E-03 —.2624E-04

2 «1031E-06 « 3287E-07
MEwl., 27
1N0E FREQIHS) DAMP( X ) AMPL
i 2.6431 18.0458 .0050
a 2.21E58 15.2416 .0031
3 3.3742 4,8373 .0010
4 5.3162 3.4869 . 0028
o 5.5433 1.1455 .0020
n €.4125 . 9368 0010
PES.FUMNCT, © +4124E-03 ~.6301E-04
MEsy, 28
P i FREG(HZ ) DAMP( % ) AMPL
) 2.1317 15.6594 . 0080
i 3.5265 10.2919 0027
i =, 4500 2.,0377 .0092
U2 €.749€ 4.0445 . 0054
i 5.3940 1.1443 .0032

i
RES.FUNCT. O

e =.2399€E-07

+6541E-03 ~.l1622E-03

+1835E-e6

iE:

L d

[A] [
0828y
~Shnono

L 3

212.9
184.2
165.7
239.2

6.3
115.6

144.2
c48.5
171.1
214.1

sa.1
c04.3

Ba2.e
e15.8
124.7
127.6
243.8
299.4



dbas, &3
r

e REGCHS)H DaMP( %X )
1 1.3867 19.2583
o £.3551 1.4521
3 3.5502 2.0438
4 c.6%73 S.1099
= 5.8722 1.3430
o 6.4572 5.5412
BLAFUNCT,. O LI9T73E-04 -~

ik s . 30

PO FREQ(HZ DAMP( X )
1 1.8713 18.6577
3 2.345%8 i.2207
2 3.565% 1.7564
<4 S. 4669 9.3660
F"' ) 5 - 7?'41 1 . 7598
£ 6.7451 1.0878

a2 «2437E~-06

FiE s, 31

T FREQ(HZ) DAMP( % )
1 1.7747 32.2072
& c.2430 4,5138
3 3.4085 2.9583
R 5.5512 9.9752
L. 5.7486 7.8323
& 6.6823 . 0641

PES.FLHCT. 0 LSO0I2E-03 ~

c .1191E-06 -

MEA% . 3
D FREQA'HZ) DAMP( %X )
| 1.9135 12.1125
o2 2.1188 17.4730
3 3.3809 8.53%6
4 5.4179 1.5086
2 5.6704 1.6157
{3 B.3814 1.1809
FE® JFUNCT. @ .8283€-03 -

c .2511£-07

AMPL

+ 2059

+ 0004

.0010

+0129

.0019

. 0042
+ 1046E~04
«2909E~-06

AMPL
. 0066
0003
.0012
+ 0094
N
+ 0007
«4377E-014

AMPL
- 0073
» 2005
.0008
. 2076
0034
+ 0000

- CIIZE-04
. 7228E-09

AMPL

.0028

0097

0030

. 0026

.0013

0013
-1384E-03
«1137E-06

104.7
197.8
164.4
ie2.1
32:2.1
a218.3

107



108

MEs%., 323

DR FREG(HZ ) DAMP( X )
L 1.9337 17.3105
e 2.2641 14,1589
3 3.4786 14.3e220
4 5.4682 1.6140
&2 £.86886 3.4108
0 6.3880 1.3376
PESFUNCT. @ .5394E-03 -

DL EYODE UNITS:

fEerse  L0F

P, FREQ(HZ ) DAMP (RS
1 1.7vave 1.4065
v 2.9773 . 4457
-4 4.85130 .8651
L S.7071 .1623
® 6.2%52 877

FELLFIRWT. @

-.2477E-03 -~

e -.3815t-06

S AT I o

P FREQ(HZ) DaMP(R-35)
! 1.7242 3.0004
2.3263 .6331

B 2.2224 .5318

i c.5274 1.5246

e S, TSO7 5058

¢ 5.6101 .1923

L FUNCT,

-.49042E-03 -.

e ~.233cE-0v6

MENT, i

LRI LN FREDTHZ) DAMPIR/S)
1 1.6732 2.14a2
o4 C.1lTIO 4, 0378
R 2.1057 2.98%0
“ 4. 42@7 1.5714
= S.9438 1.8065
= 6.7312 4,7551

FES,ELNCT. & -,.5129E-03

AMPL

. 00285

0036

. 0045

L w‘a

o022

.0018
-1453E-03
. 1836E-06

‘S, LE-SEC

AMPL

- 6035

0030

. 0007

0053

+ 0006

+ 0004
+9580E-04
. TS78E-07

AMPL

0063

.0016

2004

+ Q095

+O016

+ 0004
SI?TE-04

.6272E-07

AMPL

. 0024

0055

0085

0826

. 0008

.0033
.S686E-04
. 1894E-06

PHS
155,.8
177.6
131.9
120.2
206.5
213.

gf5 Wi
Bws 853
O NS

PHS
I47.7
13.9
§9.3
173.5
294.3
40.



l‘“~ S, 4

Moahe FREQ(HZ ?
1 1.7787
b 2.3446
K 3.2899
o 5.0985
¢ 5.433%
138 6, 3505

FEZ.FIRICT. O

DAMP(R/S)

3.28065
1.28543
.6014
+ 9325
.5459
1270

2 -.l1e27E-06

MEsn. 5

Piaf FREQIHZ )
1 1.9007
s 2.3343
2 3.2993
q £.,0656
b £.3914
[ 6.32803

BEL L FIHCT, @

DAMP(R/S)

2.5443
+ 7796
5284

1.2241
3459
2536

=, 3332k -3

& ".ATIVE-OE -

TH 1%, it

R LM FREGIHRI) DAMP (R S)
1 i.9775 5.3929
! c.2117 . 4765
I 2.1897 1.2476
4 5.4196 1.6998
& S.7480 1.5983
Lo 6.5480 + 3496

FLYLFURCT. @ —.3008E-03

e «TSSSE-O7
PR, 7
FOLE FREQ(HZ) DAMP(R/S)
! 1.7691 £.1316
b 2.3410 .6551
3 3.13%2 .8121
5] S.1242 3.3141
- 5.6011 . 9963
i 6.538e + 3648
RETLFINCT. @ -.6261E-04

2 =-.3952E-07 -

AMPL

0079
0014
0014
.0015
0018
« 0004

- 392 4E-04

- 1473E-06

AMPL
. 0086
.0021
o022
. 0028
. 0041
. 0009

- 3953E-05

+ G409E-97

AMPL

. 0049

.2016

« 0008

.0033

.0012

.0012
«2C94E-04
+1761E-06

AMPL
0012
.0015
T L0003
0027
.0013
. 0006
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Py, B

RO FREQ(HZ )

1 1.7297
a"_'. 2.2491
3 3.279%
3 5.3352
L2 5.6571
o 6.3

RECLUEUNCT, @ -, 9396E -4

DRAMPI(R/S) AMPL
3J.7662 . 0026
.2586 0003
.5978 . 0008
c.0090 « 0043
1.8397 .oege
4,490c . 0028

. TBoIE-05

= LA1TVE-27  -.BTI97E-Q7

[y PR o

sk, FREQ(HD)

i 1.745%9
o c.ave4
3 3.28926
3 5.2063
2 5.419%
Gy 5.5435

FECLFUMCT, @ -,1118E-03

DAMP(R/S) AMPL
3.8390 . 0041
. 8471 + 0008
5735 .001S
4.4118 . 0047
. 3601 « 0003
4.0943 .0031

2 .4533E-07 -.2262E-08

Mbrs. 10

15DE FREQG(HZ)

1 1.72&9%
o e.28576
2 3.294%7
4 £.3491
s 5.6447
¥ E! . 36&4

r"{"“.:-‘." . FL" “‘:T . é’

DAMP(R/S) AMPL
3.5419 . 0023
4342 . 0009
. 4884 0014
.5786 . 0020
1.8784 .0016
. 3516 . 0004

+4395E-05 -.2621E-04

2 -.768RE-07 -—.4907E-07?

i3

[ I K1 2 FREQIHZ)
{ 1.2720
o c.3036
I 3.4412
3 c.59%c6
) L.7510
G C BL.B335

DAMP(R/S) AMPL
2.3497 .0010
5732 .0011
1.125%5 . 0006
1.1365% . 0007
1.2333 .0012
.5190 .0008

PESLFLNCT. ©  —.G004E-Q4 - .255BE-04

¢ - .6698E-07

+ 7421E~-07

PHS

45.1

3.3
199.7
152.5
257.1

311.0

PHS

$3.8
209.3
196.6
aie.

79.8
330.

60.4
cla.4
194.6
127.1
2e9.2
346.2

PHE
354.1

44.4
1456.1

32.0
1se2.2
133.5



{i‘E:: r’f"..'.. . 1 c'.:

L FREGI(HZ) DAMPIR-S) AMPL
H 1.6423 1.4574 « 0006
4 3.2838 7553 0011
4 £.2902 . 7652 . 0007
2 5.3174 0416 . 0002
Li 5.5589 .0532 . 0001
2 -.5546E-07 + 4333E-07
PlEres, 13
FMODE, FREG(HZ) DAMP(R/S) AMPL
1 1.7443 3.1e21 0019
e 2.4469 1.659%90 . 0007
3 3.2961 5661 0011
4 5.3154 . 7298 0014
E " 5.6268 .8196 + 0004
[ 6.5436 1246 .0001
KEZ FUMCT. 0 -.5034E-04 -.22832E-04
2 ~.4114-07 + 7TO27E-08
TMEe. 14
MR FREQIHZ ) DAMP(R/S) AMPL
1 1.9334 1.4637 . 0015
I 2.2954 4174 « 0008
K 32,2369 . 4796 .0015
A4 5.4138 9543 . 0007
= S. 2347 1.8984 .2012
v G.3444 1870 . 0006
FESFUNCT. @ ,3447E-04 =, 1312E-03
Mbista, 1%
P LE FrRESUHZ) DaMPI(R/S) AMPL
t 1.868%72 3.7769 . 0028
& £.3378 .51e8 .0017
o 2.28766 1.1457 . 0004
4 S.37c22 1.3472 . 0024
o 5.653%6 . 3137 0013
G 6.5646 « 4346 . 0021
PEZFUNCT, @ +1762E-Q93 -~ .B344E-04
2 -.C605E~-96 -.4337E-07

PHS
13.3
37.3
180.6
137.3
177.2
95.4

41.7
136.9
191.86
148.7
e51.8
251.1

1.0
182.3
201.7
113.7
168.6
357.8

e1v.3
24.6
218.0
44.7
a267.7
181.4

111



1li2

!'"" |:'|.:_; . 16

R0 FREQ(HZ) DAMP (RS ) AMPL
1 1.7667 2.6968 . 0009
P 2.32814 . 4731 .0e11
& 3.4700 6442 + 0006
4 S.4192 1.4447 . 20007
= S5.7595 - 4965 .0010
£ 65.6914 . 3895 . 0009

| B EIN ¥ A} ":T * @ . 4%45"04 e Bm-05

2 -.2733-07 -.5971E-07
AP B
PRIDE CREQ'\HZ) DAMP(R/5) AMPL
i 2.0204 5494 « 0002
& c.1950 3475 . 0002
2 3.c8le . 7454 .0014
4 t.3831 5273 . 0005
L. . 2RES @584 .0002
- &.2238 . 900 . 0003
WL P T, O . T462E-04 -, 3J7SOE-O4
¢ ~.3122E-07 .1667E-07
M, 13
bl FREQIHZ) DAMP(R/S) AMPL
1 1.7058 6.1599 . 0029
“ &.1618 3.5949 .0014
> 3.2754 .6924 .0015
-4 5.3387 .S878 +0019
L ©.38264 0089 . 0002
i 5.2941 .2856 . 0003
#5,FUNCT,. O +4876E-04 ~.T111E-04
2 -~.12B6E-98 + TB46E-07
MHm&s. 19
POE FREG(HZ ) DAMP(R/S) AMPL
1 1.7373 3.3636 . 0026
é 2.3361 1.8063 0018
3 3.2794 7877 . 0023
- 5.3278 6288 . 0039
. 5.8359 « 0097 . 0002
K 6.2330 2132 » 0005
WE S FIRICT., @ . 1040E-03 -, 1798BE-03
2 -.c592E~-e6 .1638E-06

PHS
241.9
43.1

184.2

PHS

$5.0
cle.s
187.9
103.5
219.9
179.3

PHS

g8.0
185.
184.4
108.9
as3.90
147.7



Myt 20

Mot FREQTHZ) DAMP (R/S) AMPL
1 1.757V6 1.8137 .0015
R . 2926 . 1886 L0011
3 3.2462 2.7117 . 0026
4 S.6518 6708 + 0047
£ t.23%e . 0032 . 0006
2 a.RE2T + 3780 0011

CEELFUHCT, @ J1276E-03 . 1547E-03
e +2S01E~-08 —.4427TE-08

Pllers, 28

I FREQ(HZ) DAMP(R/S) AMPL
1 1.804g 3.1700 . 0028
K 2.3757 +« 3400 + 0007
2 3.4967 . 4589 + 0006
“} - 5.4976 2.0420 0014
5 S.7468 5343 +0017
3] 6.6826 .4313 . 0005

RESFUNCT, @ +2014E-03 -.1054E-04
2 . 7665E-08B -.1323E-06

fbhv=. e

IO FREN(HZ) DAMP(R/S) AMPL
I 1.9286 3.354% . 0023
[ 2.0987 .1991 + 0001
3 2.2687 . 7173 +0012
R} S.4195 1772 . 0002
€ c.,7950 . 0690 N
f 5.9652 .reee . 0005

FESLFLINCT, © +2206E-03 -.3542E-04
2 ~.9134E-07 -.3307E-07

Mbsas. 33

UG A FREQ'HZ) DAMP(R/S) - AMPL
1 2.1261 2.3901% 0030
i c.2e63 2.8351 . 0039
E 3.3301 . T98e .0012
4 £.4514 6104 .0032
= E.2232 .9521 .0013
[ w.,.5395 1.393 . ma

RECLFUNCT. © L 2685E-03 -.9596E-04
Z -.1100E-06 .8986E-07

PHS
211.2
236.5
349.8
313.3
186.7

PHS
185.1
180.0
196.2

55.7
214.8
313.0

™.
207.56
171.3
132.4
e18.1
268.3

113



11k

M. 294

frit s OE FREQ(HZ) DAMP(R/S) AMPL
1 1.2019 1.0676 .00190
L 2.c848 2.6607 « 9085
3 2.2432 + 8977 .0013
4 £.2809 .8370 . 0089
= 5.6293 1.3306 . 0048
£ 6 * 3201 - 7833 . m

RES.FUMCT. @ .6633E-03 —.9868E-0

MEyn, @b

Mo FREQ(HZ)  DAMP(R/S) AMPL
f 1.7672 2.7078 . 0063
& 2.3218 .3330 . 0009
g 3.5146 .5979 0014
3 5.5114 1.0733 0057
2 5.7089 . 4068 .0041
i 6.7056 . 4982 . 0037

FECLFUNCT. O .2624E-03 . 7391E-04
2 .9707E-@7 ~.67SSE-07

”i."‘:' » E-'E,

E ST 3 FREDOHS DRMP iR -3} AMPL
i » 7418 3.1773 . 046
I <. 1187 .Ee51 . 0006
K 3. 3868 . 7621 + 9009
A t. 3404 1.27V43 .0019
= Z.5614 2.1964 . 0042
£ Z.9953 . 4308 . 2005

FESLPUHCT, @ L 3912E-03 - .2624E-04
2  J1031E-06 .3287E-07

M, 27

H U BN FREQ(HI) DAMP(R/S) AMPL
1 2.9431 2.3553 0050
o 2.2158 22,1471 -9031
£ 3.3742 1.0267 . 0010
4 5.31e2 1.1654 . 0028
£ 5.5433 + 3990 . 0020
(] 6.4125 <3775 <0010

PES.FUMCT, @ «4124E-03 -.6301E-04
e - 1063E-06 +6848E-07

PHS
113.5
174.0
a211.3
133.7

227.6

RIS

YO OR O

*

PHS
212.9
184.2
165.7
237.2

5.3
115.6

PHS
144.2
248.5
171.1
cl4.1

S2.1
204.3



M. 2B

MUDE FREO(HZ) DAMP(R/S)
i 2.e117 1.9869
It 2.1317 2.1238
n 3.5269 2.2929
<+ 5,.4600 .6992
L c. 74986 1.4624
s 6. 3940 + 4897
Fef 0 JFLMT, © .6541E-03 ~

2 -~.2399E-07

HEfe:. P9

ALk FREG(HZ)
i 1.8867
i 2. 3651
e 2.5%ee
- T EL,BeET79
= 5.87a2
K. 5.4572

FU L PENCT, 9

2.3266
.2149
. 4569

1.8139
« 4956

2.2%516

AMPL

. 0054

0080

0027

0092

. 0054

0032
+1622E~-03
.1835E-086

AMPL
.0059
<0004
.0010
.0129
.0019
. 0042

& «2910E~-06 +29C9E~-06

s, 30
FIOLE, FREQUHZ) DAMP(R/S)
1 1.8713 2.2329
o 2.3459 1799
3 3.565% . 3935
S.4669 3.28314
< S.7741 .6386
£ 6.7454 .4611
WE s FUHCT., © . 3SS9E-0I

e . 243?E-w

M, 21

MO FREGI(HZ)
i 1.7747
4 2.2430
K 3.4085%
q 5.56518
G 5, 748¢
e 5.6822

RS .FUNCT, O

DAMP(R/S)

3.7934
6368
.6338

3.4971

2.8377?
. 0269

.S093E-03 -

e .1191E-06 -~

AMPL

. 0066

« 0003

0012

» 0094

. 0028

« 0007
. 4377E"°4
+1179E-06

AMPL

0073

. 2005

. 0008

. 0076

0034

. 0000
+29IBE-04
+ 7828E-09

PHS

ge.2
21%.8
124.7
127.6
£43.8
209.4

PHS
138.2
69.7
165.7
2.7

196,
5.9

202.5
88.9
151.8
47.0
286.8
6.

PHS
221.0
120.6
160.7
329.5
127.1

ig.@

115



116

MEdE, 38

1
(84
3
-"

B ._r

s
P

M fy

|

(9181 FREQJIHZ) DRMP(R-S) AMPL
1.213% 1.4671 » 0028
2.1188 2.3625 . 0097
3.38e2 1.8139 . 0030
C.4179 .5136 . 0026
E.ET04 5787 .0013
G.3514 +4735 .0013
LUHCT, @ .2e83E-~93 ~.1384E-03
c .2511E-07 +1137E-06
=, 23
1 DE FREGI(HZ) DaMP(R/S) AMPL
1.9337 2.1355 0025
2.2641 2.0347 .0036
3.4786 3.1629 . 0045
5.4682 5546 0042
5.8686 1.2584 . 0022
6.328@ 5369 .0018
FONCGT, © -S394E-03 -.1453E-03

Com O b B

-
o

2 -.1907BE-06

. 1836E-06

PHS
104.7
197.8
1E4.4
162.1
3e2.1
218.3

155.8
17?7.6
131.9
iz2e.2
206.5
213.7
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Photograph D-1. Heliostat (in stowed position) and Relation of Exciter




Photograph D-2. Typical Placement of the Kistler 303T Servo-Accelerometer
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Photograph D=-3.
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