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Research Support Task for Large Scale Antenna Pattern Measurements in a Near Field
Facility - Contract No. NAS1-18455
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Creation of an antenna system that could autonomously adapt contours of reflecting
surfaces to compensate for structural loads induced by a variable environment would
maximize performance of space-based communication systems. Design of such a system
requires the comprehensive development and integration of advanced actuator, sensor and
control technologies. As an initial step in this process, a test has been performed to assess
the use of a shape memory alloy as a potential actuation technique. For this test, an
existing, offset, cassegrain antenna system was retrofit with a subreflector equipped with
shape memory alloy actuators for surface contour control. The impacts that the actuators
had on both the subreflector contour and the antenna system patterns were measured; the
measured data is presented herein. The results of this study indicate the potential for
using shape memory alloy actuation techniques to adaptively control antenna
performance; both variations in gain and beam steering capabilities were demonstrated.
Future development effort is required to evolve this potential into a useful technology for
satellite applications.

Introduction

Space-based communication antennas are fabricated with state-of-the-art composite
materials to meet stringent dimensional tolerance and weight specifications.

Optimization of antenna system performance requires on orbit structural control of these
reflector surfaces. Variations in thermal loads throughout an orbit can produce distortions
in antenna structures, resulting in cyclic gain disturbances and the potential need for
periodic recalibration. One proposed approach to mitigate the impacts of such
disturbances is to develop an adaptive antenna system that provides for active control of
reflector surfaces. Creation of such a system will require the comprehensive development
and integration of advanced actuator, sensor and control technologies. As a first step in
this process, a demonstration of using shape memory alloy actuators to attain antenna
surface control has been undertaken. The principle thrust of this effort concerns the
measurement of reflector deformations and the associated changes in the field patterns
that can be attained in a representative adaptive antenna system.

Technical Approach

The cassegrain antenna, developed by TRW for the NASA Advanced Communications
Technology Satellite (ACTS) program, was sclected as the baseline system for this study.
This antenna consists of a 106.8 inch diameter primary reflector that is offset fed by a pair
of subreflectors and a cluster of feed horns. For this study, the baseline design was
modified to use a single subreflector and a single feed horn; this test configuration is
shown in Figure 1. The test subreflector was designed to be dimensionally equivalent to
one of the baseline subreflectors. A system of shape memory alloy actuators were
incorporated into the test subreflector design to allow for alteration of the reflecting
surface contour, thus providing a means to vary the response of the antenna system.
Measurements of both dimensional changes that occur at the subreflector contour and the
impacts that such changes have on the near- and far-field patterns produced by the
antenna system were taken for various actuation schemes. The resultant data set,



presented herein, provides an initial basis for evaluating the relative merits of using shape
memory alloy actuation techniques in adaptive antenna design concepts.

The adaptive subreflector, shown in Figure 2, consists of a hyperbolically contoured,
honeycomb panel with a series of hubs located on the back (non-reflecting) side of the
panel and sets of shape memory alloy wires suspended between adjacent hub pairs. Each
wire set, referred to as a string, consists of 20, 0.020 inch diameter, NiTiNOL wires
aligned in a plane parallel to the panel; the ends of the wires are locked into the respective
hubs. The wire sets are electrically coupled to a power supply such that current flow in
each string can be individually controlled. Strain gauges are attached to the back side of
the panel, located essentially at the mid points of the wire sets; one gauge per string.
These strain gauges are wired into feedback circuitry that limits the current flow in the
strings to yield desired levels of localized strain in the panel. The desired strain levels are
set by the relative positions of slide potentiometers; each string has a dedicated control
potentiometer. When zero current flows through a string, the wires apply no load to the
panel and the original (baseline) contour is maintained. Application of current heats the
wires, resulting in a contraction force that pulls the hubs together, locally strains the panel
and alters the contour. Subsequent removal of current flow permits the wires to cool,
relaxing the applied force and allowing the panel to spring back to the original contour.

Adaptive

Subreflector
Subreflector
Coordinate

Syst
Primary ystem

Reflector

Figure 1. Antenna System Test Configuration
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Figure 2. Adaptive Subreflector

Two series of tests were performed in this study: the first involved the use of a theodolite
system to measure subreflector contour deformations caused by the actuator strings; in
the second, antenna patterns were measured for various subreflector actuation schemes.
Both of these test series are discussed in detail below. The primary intent of these tests
was to provide a data set sufficient to allow future structural modeling of the adaptive
subreflector (use deformation data) and to make a preliminary assessment of the adaptive
antenna concept (use antenna pattern data).



Theodolite Tests

The adaptive antenna subreflector was exercised to confirm the operation of and to
measure the deflection and strain caused by the various shape memory alloy actuators
mounted on the back of the unit. Deflections and strains were measured for: (1) the
actuation of each individual string, (2) the combined actuation of all strings and (3) the
combined actuation of the perimeter strings. During these tests, each string actuation was
set to roughly 20% of the maximum possible strain capability. The results, consisting of
deflection and strain measurements, are presented in Appendix A. These results indicate
that all strings are functional and provide a base set of data necessary for future structural
analysis of the this adaptive subreflector design.

Objectives

The primary objective for exercising the adaptive antenna subreflector was to confirm
that all strings are functional and have the ability to deform the reflecting surface. A
secondary objective was to gather quantitative data regarding the relative motion and
strain imparted to the subreflector by the various strings.

Approach, Setup & Operations

The basic approach used to perform the operational tests was to mount the subreflector on
a rigid support structure and then measure the positions of select points on the
subreflector surface both before and during actuation of the various strings. Strains at
select points on the back side of the subreflector were also measured both before and
during each actuation. Measurements were taken for each string actuated individually
and then two composites were taken: one where all strings were actuated simultaneously
and one where only the perimeter strings were actuated. A theodolite system was used to
measure subreflector deflections; the strain gauges used in the feedback control loops for
the shape memory alloy actuator strings measured strains.

The upper half of the antenna support structure, to which the subreflector normally is
mounted when the antenna is fully assembled, was used to hold the subreflector for the
theodolite tests. This structure was laid over backwards so as to allow positioning of the
subreflector in a nearly vertical orientation (see Figure 3), thus simplifying both the
mounting process and the taking of data. Since the antenna support structure was used, in
this test, simply to support the subreflector in an opportune orientation for the
measurement system, no attempt was made to place the subreflector in the proper
orientation required for antenna alignment. (In fact, the subreflector was rotated 180
degrees about the Z-axis from the "proper antenna alignment orientation"; refer to Figures
1 & 3.) The subreflector was supported off the center hub ("H", see Figure 2) which was
connected to the support structure using four bolts equally spaced around the hub.

Fifteen theodolite targets were placed on the front (reflecting) surface of the subreflector;
these targets were located at the approximate projected centers of the hubs (note that the
hubs are on the back of the subreflector) and were assigned letter designators that
matched their corresponding hub designators (refer to Figure 2). The contour of the
subreflector surface was mapped by measuring the locations of these fifteen target points
using the dual telescope, theodolite system. The twenty-eight strain gauges that provide
feedback to the string control electronics were monitored during the actuation tests to
obtain strain data. Note that there is one anomaly in the shape memory alloy wire layout
between hub pairs that needs mention; refer Figure 2 to follow this discussion. The
center hub (H) is unique in that no wires are attached to this hub. Instead, a cutout has
been provided that allows the wire set spanning between hubs E and K to pass through H.



Due to the location of H between E and K, no strain gauge is located under this E-K
string. Since the E-K string has no strain gauge available for feedback control, this string
was never actuated during any of the tests. References made herein to all strings imply
all but string E-K.

The baseline approach for measuring subreflector deflection was to first map the
subreflector front surface prior to string actuation; map the surface after string actuation
and surface stabilization (which required just a few seconds); then deactuate, allow the
surface to restabilize (which required roughly 15 minutes) and remap. The remap
provides the initial map for the next string actuation. This baseline approach was _
followed throughout the first day of testing during which the individual actuations of four
different strings (i.e., A-C, A-E, B-D & B-E) were tested. The results of this first day of
testing indicated that the subreflector nominally returns to original shape once a given
string is deactuated; therefore, the remapping exercise was deemed to be unnecessary and
deleted from the procedure. Thereafter, a baseline map was taken at the beginning of
each day and assumed valid throughout that day of testing; a minimum of 15 minutes was
allowed between string deactuation for one test and string actuation for the next to allow
the subreflector to return to the baseline state.

Due to a lack of available equipment during the first three days of testing, only 20 (of 28)
strain gauges could be monitored at a given time; therefore, only this subset of strain
gauge data was taken during the tests where each string was actuated individually. This
subset of data was adjusted as required to always include the strain gauge of interest (i.e.,
that one located below the string being actuated). During the final day of testing, the
required equipment was available so that all 28 strain gauges could be monitored;
therefore, a complete set of strain gauge data was taken when the two combined actuation
tests (i.e., all strings and just perimeter strings) were performed.

ﬂ - Subreflector

Theodolite ~ o Coordinate Adaptive
System ~ < _ System Subreflector
Telescopes

—— —
— W S

0 — —

Reflective
Surface

Antenna Support
Structure (upper half)

Figure 3. Theodolite Test Configuration



For all theodolite tests, string actuation was limited to yield roughly 20% of the maximum
producible strain. This limit was achieved by mounting stop bars on the control box to
restrict the allowable motion of the slide potentiometers (used to set strain levels) to
roughly 20% of their total available motion. Actuation of a given string was
accomplished by simply sliding the potentiometer control lever up against the stop bar.
This limitation was imposed to preclude damaging the subreflector.

Results & Observations

Data collected during the subreflector actuation tests is presented in Appendix A; one
data sheet is provided per test. Each data sheet contains: (1) a diagram of the
subreflector which indicates the actuated string(s); (2) a listing of the relative power
levels (% of total capability) at which all strings were set during actuation; (3) the strain
data measured once the surface stabilized following actuation; (4) the measured positions,
both before (baseline) and after actuation, of the 15 theodolite targets mounted on the
subreflector surface; and (5) the computed relative motion of the 15 targets. This data
provides deformation and strain information necessary to support future modeling and
analysis efforts required to better understand the extent of contour control provided by the
actuation system developed for this particular adaptive subreflector design.

The original plan for exercising the strings was to test each string individually and then
run one additional test with all strings actuated; this plan was followed. Results of the
individual string actuation tests verified all strings to be operational. Evaluation of the
deformation data from these tests (see Figures A-1 through A-28, Appendix A) reveals an
asymmetry in the structural characteristics of the subreflector that appears to be most
evident in the -X+Y quadrant. This conclusion is drawn by simply comparing the
location of maximum deformation caused by a given string in a given quadrant to that of
a symmetric string in another quadrant. Such comparisons indicate that 4 of 6 strings per
quadrant yield symmetric responses for the following quadrant pairs: +X+Y/+X-Y
(symmetry about X-axis), +X-Y/-X-Y (symmetry about Y-axis) and +X+Y/-X-Y
(diagonal symmetry). However, only 2 of 6 strings yield symmetric responses when
comparing the -X+Y quadrant with +X+Y or +X-Y and only 1 symmetric response is
noted when compared with -X-Y.

During the "all strings actuated” test, the perimeter strings were noted to be slack. The
lack of tension in the perimeter strings implied that only the inner set of strings were
actually deforming the subreflector and that the resultant strains induced at the perimeter
by the actuation of this inner set of strings was greater than the strains produced by the
perimeter strings when actuated at the same power level as the inner set. To test this
hypothesis, an additional test was conducted where only the perimeter strings were
actuated. The strains measured around the perimeter during the "all strings actuated” test
were found to be, on average, 3.5 times greater than those measured during the "perimeter
only" test (refer to Figures A-29 & A-30, Appendix A).



Near-Field Tests

A series of tests were performed at the Near-Field Measurement Laboratory on the
adaptive antenna system to determine the impact of the shape-actuated subreflector on
system performance. These tests were conducted following an initial boresighting
operation during which the subreflector was aligned within the antenna system and
baseline performance was measured with no subreflector actuation. The subreflector
actuation schemes considered in this test series include symmetric actuation of all strings,
asymmetric actuation across subreflector axes and selective actuation of strings to attain a
desired deformations. The results obtained from these tests reveal the relative efficacy of
using shape memory actuation technology to attain adaptive antenna control.

Objectives

The primary objective for performing the near-field tests was to measure the extent of
gain change and beam steering that can be attained by flexure of the adaptive subreflector
using various actuation schemes. A secondary objective was to use microwave
holography to map the changes in the subreflector surface caused by the actuations.
Results of these measurements provide a basis for assessing the feasibility of the adaptive
antenna concept.

Boresighting Operations & Evaluation

To dramatically demonstrate the effects of surface distortion, the decision was made to
test the system at 26 GHz. To do this testing required a precision alignment of the
antenna system; however, the alignment geometry was not clearly known because the
original subreflector and feed were not included in the system when delivered. Therefore,
the system was aligned using data collected from the near-field scanner starting at a lower
frequency. After several iterations to determine the proper gain of the feed and
approximate location of the subreflector for optimum system performance at 6 GHz, the
frequency was increased to 18 GHz and then 26 GHz.

The boresighting of this antenna was complicated greatly by the lack of meaningful
mechanical reference points. With a center fed reflector, approximate lateral alignment is
known by merely finding the center of the reflector; axial alignments of the feed and
subreflector are then roughed in by measuring distances from the center or vertex to each
of these pieces of hardware. With a large offset reflector, conventional crude methods are
not very useful. Without an obvious lateral position marked, positioning of the
subreflector could only be guessed at based upon the remaining mounting hardware. This
initial guess turned out to be over 8 inches off. This error was determined through the
near-field measurements indicating that the feed needed to be located directly over the
main reflector to achieve a beam peak on boresight. After making this correction to the
subreflector, the feed position could be finely tuned both axially and laterally. The
resultant system response at 6 GHz is shown in Figure 4. The pattern is nearly ideal at
this frequency, with surface errors resulting in only 0.018 dB loss. The focusing of the
antenna is clearly near optimal because of the symmetry of the first sidelobes and the
depth of the null between the main beam and first sidelobe.
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Next, the alignment process was repeated at 18.6 GHz. After verifying reasonable
performance at 18.6 GHz, the frequency was increased to 26 GHz. Initially the SA
standard gain horn from 18 to 26 GHz was used as the feed for this measurement;
however, the gain of this horn was too high so the SA standard gain horn from 26 to 40
GHz was used instead. This horn change reduced the feed gain from 24.9 to 23.2 dB,
broadening the beam width from 13° to 15.9°, much closer to the 17.2° beamwidth
desired to achieve a 10 dB edge taper. The actual edge taper is shown in Figure 5, a
contour plot of aperture amplitude. The aperture amplitude was obtained by taking the
data collected over the near-field and performing a mathematical transformation to
regenerate the data as it would appear in a plane level with the center of the reflector _
surface. Figure 6 shows the amplitude data that was collected in the near-field 110 inches
above the reflector. In the near-field data the amplitude is significantly distorted, this
distortion is caused by the propagation of surface errors interfering with the desired plane
wave. At the aperture plane this effect is greatly reduced even though it is primarily
caused by the subreflector, the reduction in the effect on amplitude arises from the fields
only having traveled a third of the distance they travel to reach the near-field scan plan.
Figure 7 shows the far-field performance of the nominal antenna system. Although, this
pattern has obviously been degraded by surface errors, it is still a reasonable pattern for
some applications. For this research effort the important effect to measure is the change
from nominal, this change can be directly evaluated by the methods described above of
aperture back projection followed by one intuitive step described below.

To clarify the effects of flexing the subreflector, the decision was made to plot the
patterns resulting from ratioing aperture phase before and after subreflector actuation.
This approach dramatically reduces the effects of surface position errors in the nominal
case as can be seen in Figure 8, a plot of the far-field resuiting from ratioing the nominal
aperture fields on successive days. As the plot shows for this idealized case there is a
slight asymmetry between the E and H-planes of data, with the H-plane of the data
running from the top to bottom of the page. The lower sidelobes of the E-plane are due to
the narrower beamwidth of the E-plane of the horn increasing the edge taper of the
aperture by 5 dB (see Figure 5).

At 26 GHz, with the proper horn alignment and horn gain, two drivers on system
performance became readily apparent. First, the surface of one of the reflectors was not
very good for this frequency band. Good surfaces for most applications are considered to
have surface roughness not exceeding 0.01 wavelengths RMS (root mean squared) or loss
due to surface errors of 0.017 dB. At 26 GHz, the 0.005 wavelength roughness would
correspond to 0.0023", the observed system surface RMS at nominal was much higher --
almost 0.01" or approximately 0.022 wavelengths. This amount of surface error results in
a gain loss of approximately 0.34 dB. Because the main reflector, a graphite honeycomb
construction, should not have deformed significantly since original baselining, the RMS
of the main reflector was assumed to be 0.0055", based upon a 1984 report. This leaves a
residual RMS for the subreflector of 0.0083". The second driver on system performance
was the relatively small, usable area of the subreflector, as shown in Figure 9. This active
region corresponded to the 22.6" diameter beam aperture image having an area of 401
square inches; the total area of the subreflector was 1126 square inches. Within this
usable area, the subreflector has only 4 actuator strings available for tensioning. In
addition, there was an extra node (hub H, see Figure 9) in this region making it stiffer
than the remaining subreflector. Deformation data gathered during theodolite testing (see
Appendix A, Figure A-29) confirms the relative stiffness within this active region.
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Test Descriptions, Results & Observations

The first three tests performed with the subreflector actuated consisted of symmetric
actuation schemes. In Test 1, all strings were actuated simultaneously at the 20% level;
for Test 2, all but the ten perimeter strings were actuated at 20%; and for Test 3, only the
ten perimeter strings were actuated, again at 20%. The actuation schemes used in Tests 1
& 3 are identical to those used in the last two theodolite tests (see Appendix A, Figures
A-29 & A-30) and were selected as points of cross reference. Test 2 was run to
determine if the perimeter strings, when actuated at the same level as the interior strings,
have any impact on the antenna pattern; results of the theodolite tests indicated that these
perimeter strings should have no affect. The perturbation on aperture phase caused by
actuating all strings at 20% (Test 1) is shown in Figure 10. The difference in aperture
phase for Tests 1 and 2 is shown in Figure 11 and an overlay of the far-field antenna
responses for these two tests is presented in Figure 12; the differences shown by these
comparisons are minor implying that the two cases are essentially identical, as expected.
Aperture phase results and far field data for Test 3 are presented in Figures 13 and 14,
respectively.

The results of these first three tests indicate that the placement of the perimeter actuators
has made them relatively useless to effect significant changes in the performance of the
antenna system, whereas, the interior set of actuators can easily change the system
performance. In addition, beam steering and gain change, desired goals of this test effort,
have been achieved. The gain change attained in Test 1, clearly seen in the broadening of
the main beam of the pattern (compare Figures 8 & 12), was -0.62 dB. This gain loss was
caused by the increased curvature of the subreflector defocusing the antenna and thus
broadening the beam. The odd result of the actuation in Test 1 was the asymmetric
distortion of the reflector in the offset plane. As shown in Figure 10, the one side of the
aperture (row numbers <125) has remained almost fixed in position relative to baseline
while the remaining area has pivoted about it. This was expected to happen based on the
subreflector design with the center point (node H) as a fixed position. However, what is
surprising is that this fixed region on the reflector is apparently shifted off-center in the
+Y direction (compare row/column coordinates in Figures 9 & 10) approximately 5
inches. The assumption is that a stiff region must exist, caused by a varying end-to-end
rigidity in the subreflector, rather than a simple hard point at the mounting node because a
5 inch misalignment should have been readily perceived by visual inspection. All
subsequent testing continued to show the apparent existence of this rigid region in the
subreflector. Note that since the curvature of the subreflector is greater in the +Y half
than in the -Y half (refer to note in Figure 2), a greater stiffness in the +Y half is not
unexpected.

The next four tests (4 through 7) performed on the antenna involved the use of
asymmetric actuation schemes where only strings on a given half of the subreflector were
actuated; all actuations were at the 20% level. For Test 4, all strings on the -Y half were
actuated (i.e., strings A-B, A-E, B-D, B-E, B-G, D-G, D-J, E-G, G-J, G-K, G-M, J-M, K-
M, K-P, M-P). In Test §, all strings on the +Y half were actuated (i.e., strings A-C, A-E,
C-E, C-F, C-L, E-L, F-I, F-L, I-K, I-L, I-N, K-N, K-P, L-N, N-P). The perturbations of the
aperture phase for Test 4 and Test 5 are shown in Figures 15 and 16, respectively. The
far-field perturbations of Tests 4 and 5 are overlaid in Figure 17. The noticeable effect of
the stiff region under this condition was to reduce steering in the elevation direction for
Test 5. Test 4 steered the reflector more because the actuated strings are located in the
softer (-Y) region of the subreflector.
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During Test 6, all strings on the -X half were actuated (i.e., strings D-J, F-L, G-J, G-K, G-
M, IK, I-L, I-N, J-M, K-M, K-N, K-P, L-N, M-P, N-P). For test 7, all strings on the +X
half were actuated (i.e., strings A-B, A-C, A-E, B-D, B-E, B-G, C-E, C-F, C-1, D-G, D-J,
E-G, E-L, F-L, F-L). Aperture phase perturbations for Test 6 and 7 are shown in Figures
18 and 19, respectively; a comparison of the far-field perturbations is shown in Figure 20.
Both cases resulted in predominantly steering only in elevation. The steering in the
desired azimuth direction was minimal, primarily due to the lack of actuators within the
area of the aperture beam. The beam distortion and resulting gain reduction was minimal,
0.07 dB for Test 6 and 0.39 dB for Test 7. The fact that gain distortion in Test 6 was less
than in Test 7 indicates a possible asymmetry in subreflector stiffness along the X-axis
with the -X side being more stiff than the +X. Coupling this information with the
previously noted stiffness variation along the Y-axis, one can conclude that -X+Y is
probably the most stiff of the four quadrants. Note that results of the theodolite tests also
indicated an apparent asymmetry located in the -X+Y quadrant.

Next, three tests (8, 9 & 10) were performed in an attempt to effect a desired change in
the subreflector contour. Evaluation of the data obtained in previous tests had indicated
that the subreflector surface contour could be improved if the region near hub G were
moved in the +Z direction. For Tests 8 & 9, intuitive reasoning (or lack thereof) was used
to select the two strings (E-I & E-G for Test 8) and the one string (G-K used in Test 9)
thought most likely to produce the desired contour improvement. Unfortunately, these
guesses were incorrect because actuation of the selected strings did not improve, instead
degraded the subreflector contour. For Test 10, intuitive reason was abandoned and
replaced by quantitative assessment using theodolite test data to select all strings that
cause +Z motion at hub G. Assuming the effects to be additive, this should produce the
maximum possible desired change to the subreflector contour. The following strings
were actuated at 20% for Test 10: B-D, C-1, G-J, G-M, I-L, I-N, K-N, K-P, L-N and N-P.
(Note that string A-E also causes +Z motion at hub G, see Figure A-3, but was not
included in this test -- an oversight.) The aperture phase data for Test 10, shown in
Figure 21, indicates that the +Z motion at hub G was obtained as desired. In general, the
results from these contour modification tests indicate that although subreflector surface
control is feasible, this particular design does not provide for tight control of the image
aperture region. This lack of tight control is primarily attributed to the low density
spacing of actuators within the region (see Figure 9) and use of an indirect actuation
technique that uses actuator motion parallel to the surface (i.e., tension in the shape
memory wires) to enact contour changes perpendicular to the surface (i.e., Z-axis
displacements). Higher density, direct Z-axis actuation would be preferable.

The final test (Test 11) was conducted to determine the relative amount of antenna pattern
variation that could be generated by increasing the subreflector actuation level. For this
test, all interior strings were actuated at roughly 50% of their maximum strain capability.
Note that use of all interior strings is equivalent to actuating all strings, as proven in Tests
1 & 2. The phase data obtained from this test is presented in Figure 22. Because more
than one complete cycle of phase change has occurred across the aperture, the associated
deflection is greater than 0.4 inches from nominal. This deflection did introduce an
enormous quadratic phase error resulting in a gain loss from nominal of 3.28 dB. The
resulting beam, seen in Figure 23, was steered almost a beamwidth and was distorted to
roughly double the total beamwidth in the steered plane. Based on these test results it is
obvious that with the minimal adjustment capability in this surface, drastic changes can
be caused in system pattern performance without using the traditional complex
beamforming network.
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31
Proposed Applications & Recommendations

The subreflector surface control system used for these tests obviously has several
iterations to go through before it can be considered a viable technology for satellite use.
Important improvements to be implemented in the design include reduction in power
consumption, more predictable perpendicularly directed surface distortions and some
preloading method to get the actuators in their midrange of travel for nominal condition.
This method of surface control could be used on microwave antennas in the same way
corrective optics are used on telescopes to compensate for thermal or gravitational
loading that introduce a systematic distortion of the main reflector. Also, as the method
becomes more refined with more nodes of control on the active surface, the surface could
compensate for surface errors in the main reflector and atmospheric distortion.
Compensation for the large cubic phase errors seen in beam steering could also be
implemented to allow steering with only minor loss for smaller f/d antennas. Currently,
the most convenient way to minimize steering losses is with large f/d antennas which can
be extremely awkward to deploy. The important feature in whether the shape memory
wire actuator technology has an application in the antenna field is whether the technology
is cheaper, simpler, and more reliable as a mature technology than the other methods
currently in use such as beamformers and mechanical actuator/gimbal systems.

Conclusions

The adaptive antenna test program demonstrated that noticeable changes to antenna
patterns could be caused with minimal actuation of the subreflector, 20% actuation of an
actuator string could easily be detected in the near-field measurement. Because the
subreflector was shaped for near optimal performance with all actuators turned off, the
only variance in gain attained during actuation was negative. Gain loss was
accomplished by beam broadening, a similar implementation using a beamforming
network would be much more lossy. Beam steering was less than a beamwidth, but this
is reasonable for a system designed to produce small deflections. Much larger steering
angles could have been achieved using a long shape memory wire actuator pulling
perpendicular to the surface like a mechanical actuator. The overall test program
described herein is considered to be a success in that the use of shape memory wire
actuation to perform adaptive antenna control was proven feasible; however, the
technology demonstrated obviously needs to go through several more development
iterations to become a useful technology for satellite applications.
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Appendix A

Theodolite Test Data

Theodolite Test - String A-B Actuated
Theodolite Test - String A-C Actuated
Theodolite Test - String A-E Actuated
Theodolite Test - String B-D Actuated
Theodolite Test - String B-E Actuated
Theodolite Test - String B-G Actuated
Theodolite Test - String C-E Actuated
Theodolite Test - String C-F Actuated
Theodolite Test - String C-I Actuated
Theodolite Test - String D-G Actuated
Theodolite Test - String D-J Actuated
Theodolite Test - String E-G Actuated
Theodolite Test - String E-I Actuated
Theodolite Test - String F-I Actuated
Theodolite Test - String F-L Actuated
Theodolite Test - String G-J Actuated
Theodolite Test - String G-K Actuated
Theodolite Test - String G-M Actuated
Theodolite Test - String I-K Actuated
Theodolite Test - String I-L Actuated
Theodolite Test - String I-N Actuated
Theodolite Test - String J-M Actuated
Theodolite Test - String K-M Actuated
Theodolite Test - String K-N Actuated
Theodolite Test - String K-P Actuated
Theodolite Test - String L-N Actuated
Theodolite Test - String M-P Actuated
Theodolite Test - String N-P Actuated
Theodolite Test - All Strings Actuated

Theodolite Test - Perimeter Strings Actuated

32



33

1341011} +000°0- 100°0 L9TS’1- 68¢1°0- £691°81- I¥S°1- S8EL0- €0LT'81- d
85000 0 £000°0- 91IT0- vZ6¥'01 everel- vLIT O Yoy 01 PELTL- N
9000 0000 #000°0- 8600°C- £TL 01 v61¢£°T1- 8S10°T- TECLO1- 6171~ N
¥£00°0 0000 L1000~ £Cl10- Y20 1T 6666°S- YozT10- SET0°1T T866°S- 1
1000°0- 100°0- $0-d1 8107°0- S€00°0- A L10T°0- S700°0- 1979 h. |
L9000 €000 ££00°0- eLTY E- S8E1'1T- v8¢°9- 123 4% LIYLUIT 118¢°9- {
$2000 S100°0- ¢100°0 Y1290 98+$°01 ¥601°0- 68190 1055°01 0110 I
Y0-d1 v100°0 0 €700°0- $100°0 1100°0- 92000~ 10000 - 1100°0- H
$900°0- 70000~ 9000 (44 A% 6918°01- 8911°0- Lety'1- L918°01- $0z1°0- D
0 $000°0- y0-d1 8€€00- L988°07 601€9 8€£0°0- 1L88°0C 801€9 q
62000~ 100°0- L1000 6091°0- ¥€0°0- SIE9 8S1°0- €00~ SEIe’9 q
9L100- L£00°0 ¢e000 661t 8T 1T LLEOQ9 LI8Y'e- 6067°1Z- $S€0'9 a
(49111 €100°0- 81000 20600~ LLEE 0L SOLTTI 6L0°0- 6€€°01 LyLT'tl J
¥800°0- 8200°0- £000°0- ceLo'e- y8SI°IT- 8E10°TI 8490°T- 9SST'I1- [§4(0rAl q
95000~ S£000 200°0- 1T¥S°1 LETE Q- 987’81 §9tS’1- TLLEO- 998781 v
(unz (up X (‘up’xX (u)z (u) X (u) X (u)Z (un X (un X :
(3ur[aseq - UONIENIJY) UONIOJN SATIE[9Y UONEMDY SULTY] UONISOq uonisod uiIseg qny
elB(] JNOU0)) 3deIng
—v -
wu %0 dN u %0 wa weddery (oRap1qns Yoy
wu %0 dN | %0 o Ul PAION AV ("UT) UONO Z » Buryoo] uads se “yoeq
— %0 N-T 6z- %0 P wnunxep ¥ Sug parendy R UO SQNY) MIAA UOL]
u %0 d- ¢ %0 ra /
uu %0 N-A L %0 D-a
uu %0 W-f (A %0 40
uu %0 NI el- %0 40
L %0 TI [44 %0 D-4q A
or1- %0 p. 9! € %0 d-d ¢
L %0 NW-D Ll %0 adg
g %0 b, 3] | 2ad %0 q-v
1 %0 - 0 %0 v
9- %0 Td 99¢- %0T qa-v
(urensoIorur) (sAnear) (urensouorur) (9Ane[an)
ureng Jmod Suwng ureng BMOg Suing

(paInseaw jou = ur)

B1R(J Ureng 3 Jomog

PAENRY g-v Sung - 1s3x ajopoay), °I-y aandyyg




34

19000 #0000 yo-di- LreS1- S6€1°0- YOLT 81- 80PS°1- 66£1°0- €0LT'81- d
78000~ 1000 6000°0- L7170 6101 ESEITI- SHOT0- 16¥'01 1441848 N
1000°0 1100°0- 0 Lot 69TL°01- 981€°TI- 8¥10°C- 8¢TL01- 98It Tl- W
SII00- 2000~ 6000'0 PETI0- 9170'1T 9000'9- 6l 9¢T0'1T $100'9- 1
85000 €100°0- S000°0- vL61°0- 8900°0- [A244'4 7e0T°0- $S00°0- LEVT'Y- p.
€000 §000°0- ¥100°0- Slev'e- 90v1'1T- 1€8¢°9- Lyev'e- o1z LI8E'S- f
0 97000 0 1790 10§6°01 $801°0- 19790 SLYS Ol $801°0- I
$T000 10000 ¢1000 0 9000°0- 0 ST00°0- L0000~ 1000~ H
8700°0- 7000 100°0- Eovd'1- PLIBOI- 9LIT0- SLEY'T- ¥618°01- 9110~ D
vL100- 1$00°0- £500°0 $6S0°0- 988°0T pic9 18£0°0- 106807 L80E9 d
€000 1100°0- 61000 €091°0- TLE00- §S1E9 1LS1°0- 19£0°0- 9€1E9 q
10200~ 72000 S1000- 8L0S°¢t- L8711 18£0°9 LL8Y'E- T68T'1T- 96£0'9 a
78000 "~ 90000 20000 €€80°0- €LEE 0T 9LTT S160°0- L9EE°01 9LTTI 0)
ioo- 72000 L0000 8080'T- STST'11- 10Tl 9990°C- LYST11- 6€10°21 d
¥800°0- #1000 £00°0- IEpsS1- [AC4AA N 9487°81 LyeS'T- 95T¢°0- 9L8T'81 v
(w)Z (uy X (o) X (mz (un A (i X (W Z (u) X (u) X
(Sur[aseq - UONENIDY) UONO JANE[oY UONENOY 3ULN( UONISOg UONISO ] suleseq qnyg
v JNOJUO)) 20BLING
um %0 d-N =ma Mm v.m.w wedeg (owapasqns anos
w %0 4N H1- %0 4 Ul POION AV (‘Ut) UONO Z » Bunjoof uaas se Yeq
w %0 NT L %0 g umunxepy % 3ulng poteny o U0 SQNY) MIAA U0L]
uu %0 d-3 9 %0 ra \
wu %0 N-A %0 o-a
uu %0 W-A 141 %0 I0 1020°0-
uu %0 W-f ] %0 40
uru %0 N-1 A% %0 0
0 %0 T 9- %0 Dq A
S- %0 -1 or- %0 44 ¢
L %0 W-9 1 %0 a4
- %0 AD ST- %0 q-v
£ %0 -9 L91- %0T v
[ %0 Td LS %0 qav
(urensoiur) (sAnefan) - (urensoond) | (sAneal)
ureng Jomod Sumng ureng DPMod Sung

(paInseaw 10U = uru)

ele(] Urens  Jamod

PaenPY O-v Bung - 159), ayyjopoay, “g-y 3andiy




35

900°0- 21000 ¥0-d1 evel- 16€1°0- 8891°81- £8eS'1- €ov1o- 6891°81- d
£2000 1000~ 1000 SHOT0- S06¥°01 142384 89070~ si6v01 9Se1'TI- N
0 0 0 £810°C- 9TL01- FACAAN £810C- T9TL0T- LI1ETI- N
99000 80000 v£00°0- 98010 MWT0'1T €009 oo 8€70°1T 8666°S- 1
0 0 0 €207°0" $£00°0- 9T9- £200T0- ¥£00°0- 99T9- A
¢S100 91000 LT000- 891v'e- 10, 40 bAd £8¢'9- 1 XA% AN (18408 (A €08¢'9- {
¥900°0 T100°0 9¢00°0- §0£9°0 16¥$°01 121ro- 1v79°0 6L¥S 01 $801°0- 1
+Y200°0 +¥200°0 €1000 97000 11000 11000 70000 €100°0- T000°0- H
L0000 LE000- 1£00°0- 1LEV'T- L618°01- 6110 8LEY'T- 918°01- €110 D
79000 £2000 L£00°0- STE00- 868807 180€'9 L8800 €£88°0C 811E9 4
£00°0- 61000 81000 0910 16£0°0- SSIE9 TLSTO- LE00- LETE9 |
60100 +00°0- 000 (454 % 6L6T' 1T 0’9 106¥'¢t- 6687 17" 86€09 a
62000 - §000°0- 61000 €£80°0- 79EE°01 LTl 79800~ L9tE 01 18LT'T1 o
LS00°0 L£000°0 6000°0- $¥990°'T- €8sl 9t10'71 12L0°T- 6S1°11- SY10'Tl q
$6£0°0- 98000 000 LS 1~ 620~ $T8T8I ovESI- SIEe0- SY8T'81 \4
(m7Z (u) X (ur) X (unZ (s X (X (u)z () x (u) X
(au1[aseq - UONENIOY) UONOI SANB[IY UONEMJY JULT(] UONISOd aonisod aureseqg quH
BIR( JNOWUO)) ddelng
[4 %0 I-d
u %0 dN u %0 e wedng (so13yaqns g3nasm
uu %0 dN 91 %0 | 4 E_”___m_oMz 2<w_m ) S_SNMN mmmc.o.» m__muow__ _V_NM.@ H__Np
wu %0 N-T I %0 o IXel ¥ Suwng porenioy D sqng) M31A 0L
uru %0 d-X 0 %0 -a
wu %0 N-J £ %0 O-a
uu %0 W-J st %0 0
ug %0 N-r yi- %0 40
wu %0 N-1 a %0 g0
0 %0 TI €T %0 D4 X
8 %0 A1 6 %0 349 ¢
I- %0 W9 | (484 %0 ag
8 %0 AD 191- %0T J-v
0 %0 ) 66" %0 IV
S- %0 Td 0 %0 qa-v
(urensoniw) [ (3anejar) (urensonmun) | (3Anefar)
ureng MO Bumng ureng Jmod 3ung
(paijnseaws J0u = un) SNQ —.—mdbm u% uoaonm

PajEMOY J-V Sung - 1531, Agjopoay], °g-y Indyy




36

LEOO0" £000°0- $100°0 LO¥S'1- SOpi'0- tOL1'81- LES'T- w10 8ILI'SI- d
z1000 11000 LY0'0 £€0C°0- S06%°01 ELELTI- SY0T°0- 916¥°01 EV8I°TI- N
£800°0- L1000 1000 $S20'T- v¥TLO01- 60T€°T1- AA(Vxa 192L°01- 661€°T1- W
70000 000 7000°0- ¥601°0- 920'1T £000'9- 9601°0- 020'17 10009 g
00" 11000 8€00°0- LWOT0- 9400°0- 6LYT'S" SL61O- LS00°0- 9 A
$920°0- #0000 L0000 6LSY'E- EIPIIT 978€'9 14034 % LIVI'TT £€8E'9- f
0 21000 v0-d1 €L29°0 9LpS 01 0110 €L79°0 ¥9rS°01 €011°0- I
92000 91000 11000 L2000 T100°0- 1000 1000°0 82000 1000°0- H
L0000 82000 £00°0- ILEY'1- L1801~ v6I1°0- 8LEV'I- 8618°01- ¥oL1'0- D
0 11000~ 0 AL g 8¥88°0C 901€'9 TI00- 6588°07 901€'9 d
90000 1100°0- £00°0- L6ST0- 9S€0°0- STIE9 £091°0- S¥E0'0- SSIE9 q
v110°0- ¥200°0 71000~ T66¥°€- 687'1C- €8€0'9 8L8Y'E- v167'1Z- L6£0°9 a
£000°0- .0 €000 79800 19€€°01 18LT°Tl 6580°0- 19€€°01 1SLT°Tl o)
$800°0 62000 7000°0 LESO'T- 1091°11- 8¥10°T! wo'T- Tsyin- 9%10'T1 :
LT00°0- 041 71000 70p$°1- 687€°0- ¥$8T'81 SLES'T- 62€°0- 998781 \4
(unz (up & Cunx (u)Z (un X (uyx (u)z (un) X (X
(Suifaseq - UONEMIY) UONO SATIE|3Y UOREMSY Jun( UONISOq uonisod surjeseq qny
. B1R(] JNOIUO)) J0BLING
wu %0 Id
wu %0 dN un %0 P weideq (301321qns yBnos
wu %0 I wu %0 49 Ut PAION Y ("ur) GONOW Z » Bunyoof udas se Yoeq
urg %0 N-T u %0 oq wnuxep ¥ Sumg paendy U0 SqIY) MIIA 0L
wu %0 d- i %0 ra
wu %0 N wu %0 D-a
wu %0 W-) wu %0 0
wu %0 W[ wu %0 40
wu %0 N1 wu %0 70
wu %0 TI wu %0 D-g
wu %0 31 wu %0 3-€
wu %0 W-D wu %0T a4
wu %0 i L %0 3V
wu %0 D wu %0 v
wu %0 Td wu %0 a-v
(urensonmur) | (sAnera)) (urensonnu) | (2anefar)
ureng MO 3umng ureng 1Imod Bung
(pasnsedur 10u = ur) BIR(] UTRNS 2 JOMO]

paenpRy (-g Suing - 1531, ajjopoayy, p-v aan3yy




37

L6000 90000 91000~ 6$7S°1- ELETO- 1TLI'81- oSl 6LE1°0" SoLI'81- d
$€00°0 11000 91000 102°0- 126401 9€EI'TI- SPOT'0- 16¢°01 4 ANAC N
70000 91000 v0-d1- Loz 9€TL01- 981€°TI- 6v10T- TsTLon- S81€TI- W
0 0 0 $601°0- ¥20°'1T €000°9- €601°0- v20°12 £€000'9- 1
$0-d1- 100°0- 0 6661°0- £500°0- 12374 8661°0- £400°0- 123444 p|
8€70°0 $200°0 L1000 eSSy E- LBET'IT- SI8E9- SIEVE- e TE8E9- f
0 $100°0 v0-d1 €L79°0 9LYS 01 0110 £LT9°0 16¥$°01 €011°0- I
9200°0- $000°0- 11000 10000 L1000 10000~ LT000 T100°0- 100°0 H
85000 8€00°0 L0000 LEYY'1- 6v18°01- 9110 6LEY'T- L818°01- £911°0 D
95000 £000°0- L0000~ 9¢€0°0- $88°0C 660€°9 T10°0- £688°07 901€9 d
1€00°0 €000°0 61000 SISTO- S¥E0°0- 6T1€9 WS1'0- 8¥£0°0- 8rIE9 q
800" L1100 91000~ 14129 % voLT 1T- 9¢09 [4% 1 4% 116T°1Z- 9L£09 a
1100 90000 Z1000 €2L0°0 89€€°01 vLLTTI £€80°0- T9EE°01 wmLTel o)
v6£0°0- L9000 v0-91- 6501°C- 86v1°11- LEIO'TI £990°C- S9SI'11- 8€10°T1 d
v10'0 +000°0- 7000 90ZS°1- 9Te'0- $98T'81 9PES1- 957€°0- SY8T'81 \4
(u)z (un) X (un’x (unz (un X ()X (upz (u) X (‘u) X
(3urjaseq - uONENIdY) UOTIOpy ANEB[SY I0NENdY sunng aonisoq uonisod autjaseq QU
elg(J Jnowo)) ddeung
< %0 Id
wu %0 d'N um %0 e wesdeg (30103y33q0s g@narm
u %0 4N o1 %0 T Ul PAION IV (‘ut) WOROW Z » 3unioo[ u33s s yoeq
wn %0 N-T o %0 og umurnxepy ¥ Suing parenpy U0 SqNY) MIIA 0L
wu %0 d-d L1- %0 r-a
wu %0 N-) Iz- . %0 o-q
wu %0 W) L %0 I
wu %0 W1 I %0 40
uu %0 N1 ot %0 40
S- %0 TI 99- %0 D-4
£ %0 i1 981- %0 3-4
1 %0 W-D I- %0 a-g
vE- %0 b, 3] 1T %0 av
91 %0 -0 €S- %0 ov
6 %0 T 01 %0 g-v
(urensoour) (dane[as) (urensoomur) (oAnejan)
ureng 1Dmod 3uing ureng Jamod 3umg
(pasnseau Jou = ) E1E(J Uureng 2 Jomoq

PAENPRY J-g 3umng - 3531, Ajopoayy, s-y aandig




38

1900°0- 1000°0- <0000 6v¥S'1- £9E1°0- $691°81- 88ES1- 0910 L691'81- d
£600°0 ¥O-H1- w000 €€0T°0- 9Z6¥ 01 6Ll Tl PAYA LT6Y 01 61171 N
ev100- $000°0- 8000°0- 6L70°C 1€2L01- 681¢°Cl- 9¢10°T- LTILo1- 181¢°CI- W
16000 +00°0 000 €010 $870°'1T ¥£00'9- yivo SYT0'1T T100'9- 1
800°0- €100°0- 8000°0- woTo- LT00°0- oLYT9- 9%61°0- ¥100°0- 89 X
20000 11000~ $0-d1- (433 4% 6LET’IT- SH8E°9- 1413 A% 89¢1°'1Z- ¥¥8L'9- {
6£00°0 §000°0- 8+00°0- 6,790 105S°01 IE11°0- 290 905501 £801°0- I
10000~ £000°0 10000 0 T100°0 0 10000 60000 1000°0- H
$000°0- £00°0- L2000 LLeY'T- £818°01- S911°0- eLEY - £518°01- oo D
96000 L1000 $000°0- £9¢00- 1888°0C 660t"9 61400 ¥988°0C 19 d
LE100- L1000~ 20000 LILTO- 1v£0°0- 8t1E9 8S1°0- $7£0°0- 9t1t"9 q
£070°0 6£00°0- 1100°0~ pELY'E- 6T’ 1T 9¢09 Leey'e- 198C°'1Z- 1LE09 a
$910°0- -0 $000°0- Loro- LLEE 01 SSLTT 980°0- LLEE 0L 6SLTTI 0
S0t00- 1§00°0 8600°0- [4()&A SU°II- #600°T1 LoLO'T- ISST°11- [41{0XA q
£6£0°0° 75000 78000 L8LS' T~ £61€°0- 808781 P6ES1- SYIE0- 98781 v
(uzZ Cun X (i) X (W 7Z (& (X () z () X (X
(aur[eseq - UONENIIY) UOTIO ALY UOTIEMOY Suum(] uonisoq uonisoJ auijeseq qny
ele(J Jnojuo)) adeung
% I-
u %0 dN :w: @w MM wesdel(g X (Joayaqns ydnom
wu %0 dN L %0 9 U1 PION 35V ('ur) UONOW Z €6£0° o.* Buryoof uos st yoeq
wu %0 N-T - %0 o wnurxepy ¥ Sulng parenoy UO Sqnq) MIAA U]
uru %0 d-J Le- %0 -
wu %0 N-N o1 %0 D-a
um %0 W-X 61- %0 I-0
uu %0 W-[ ¢l- %0 4-0
uru %0 N-1 Lt %0 30
L %0 TI 661- %07 D4
I- %0 Al vL- %0 g4
£ %0 W-D v6- %0 ad
143 %0 A-D Li- %0 v
11 %0 ro 61- %0 v
(4% %0 1-d vi- %0 a-v
(uresisoomnu) (sAneja) (urensomnmur) (dane[an)
ureng Jomod Sumg ureng 1PMod Sumg
(paumseaur jou = wu) Ble(J ureng 2 Jomod

PJBMOY H-¢ Supng - 1S3, Aopody], °9-y aan3yy




39

12100 9100°0- £000°0- L9TS°1- 8LETO- L8t 88¢S°1- wtro L691'81- d
£600°0 T100°0- 000~ tE0T0- S16v°01 6£€l’Cl- 9TiTe- LT6¥ 01 61E1'Tl- N
$000°0 000 £000°0- TE10T- LyeLot- ¥81€°CI- 9t10'T- LTeLot- 181€°C1- W
Tit00- 90000 T1000 9Tyio- 1670°1 9- PILLO- SYT0'1T T100'9- 1
L0000~ LY00°0- 87000 L961°0- 1900°0- w9 9%1°0° ¥1000- 89¥T°9- A
$S00°0- 6£00°0- 70000 68¢e'e- Lovi'1T- H8e’9- veev'e- 89¢1°1T- ¥¥8¢e°9- {
6¥00°0- 60000 ¥200°0- 16190 S1SS°01 LO1T°0- ¥790 905<$°01 £801°0- I
$200°0 L0000~ 21000 97000 0000 11000 1000°0 60000 1000°0- H
67000~ 90000~ S1000 worr'l- 6S18°01- LLITG- ELEY']- £S18°01- 6110 1))
9090°0- ¥000°0- L0000~ s1°0- 988°07 L60E"9 61+0°0- ¥988°0C Y01E°9 d
¥0-41 L100°0- y0-d1- 6LS1°0- 00 SEIE9 861°0- ¥2e00- 9tlIe’9 q
¥800°0 y0-91 $000°0 1331 4% 98C’1T- 9L£09 LeEoy'E- 198T°1¢- 1LE0°9 a
9£0°0- 81000 11000 90210 S6££°01 el 980°0- LLeEOT 6SLT'T! o)
66100 00" §100°0- 80S0°T- €LSTLT- LEIOTL LoL0'T- Isstit- wsioet d
$T700 L5000~ <000 6915°1- T0eL0- 887°81 $6£S°1- SYee0- 987'81 \4
(u)zZ (u) A (u) X (u) Z Cuy) X (uy X (uwZ (o) A () X

(Sui[aseq - UOITENIOY) UONIOW ATIE[IY UONEMDY JULN(] UONISOg UONISO ouijaseq qny

vle(] InOJUOY) delNG
uru %0 Id

wu %0 d-N uu %0 - ueIderq X (Jowspaqgns qi3nanm

un %0 4N w %0 a Ul PIION AV (1) UONOW Z » unioof u3as se Yoeq

- %0 N-T wn %0 oq wnuxep 3 3ung parenpy Uo Sqny) M1 0L]

wu %0 d-J urg %0 ra

wu %0 N-} uu %0 oD-a

um %0 W- uu %0 I0

uu %0 W-I uru %0 e

wu %0 N-1 uu %0T £y

uu %0 TI uwu %0 D4

uu %0 31 uru %0 i

i %0 W-D uru %0 ad

uru %0 A0 uru %0 qv

uu %0 o uru %0 ov

uu %0 Td uru %0 gV

(urensonm) | (daneja) (urensoomw) | (sanej)
ureng JPmod Sung ureng omod 3uing
(painsesur 10u = wm) VIE(] UIBNS 2 JOMOg

pAaENOY F-O) Suwng - 1591, Afopoay,

*L-V uan3iy



£200°0 90000 1000 C9¢C’- 89¢1°0- £891°81- 88¢S°1- 910 L691'81- d
LY000" £100°0 92000 €L17°0 v6v'01 SYET'TI- 9zIT0- LT6Y'01 6IE1TI- N
$200°0 700" 71000 1110 6¥TL01- 691€°T1- 9€10'T- LTILO1- I81ETI- W
12€0°0- 6000°0- 1¥00°0 SEFLO- 9€20°'1T 1L66°S- 1414412 SYT0°'1T 71009 1
7€00°0- 0 91000 2661°0- 1000 48 (A 961°0- ¥100°0- 89¥T'9- b,
9200°0 vO-d1- £1000 80€V°€- 69€1°1T- 1€8€'9- PEEY'E- 89€1'1T- P8E'9- [
95000 6000°0 90000 ¥819°0 S1SS°01 LLOTO $29°0 905$°01 £801°0 I
$700°0- $000°0 z100°0- ¥200°0- #1000 €100°0- 10000 60000 1000°0- H
$S00°0- 81000 £000°0 sTtvy'1- 1L18°01- 6811°0- ELEY'T- £518°01- 6110 1))
v¥10°0- $100°0- S€00°0 £€950°0- 6¥88°07 6€1€°9 61400 ¥988°0C POIE9 d
£00°0- L0000 81000 191°0- L1€0°0- ¥S1E9 8S1°0- ¥Z€0°0- 9€1E9 q
65000 $700°0- L0000 966 '€- 988C'1Z- 8LEO'9 LEGY'E- 1982°12 1LE09 d
£500°0 60000 12000 £€6L0°0" TLEE01 8LTT! 9¥80'0- LLEEOT 65LT'TI 0
€500°0 #000°0- £200°0- 9L0'T SSSI'11- 6210'T1 LoLo'e- 1SStT°11- 10T d
62000 ¥200°0 7000 S9ES 1~ 12260 8781 y6ES1- SHZE0- 987'81 A
(uz (un) X (un X (u)zZ (un X (unx (u)z (u) A (u) X
Ao_:_ommm - UOIENdy) UONO ANy =o.:m3ﬂ=_.5h— uonisod uonisod auijaseq qnH
e1R( JNOIUOD) 9dBLING
e %0 -4
w %0 d-N wru %0 3 weideq (J019y21qns g3nosq
oo Lo L (| | % | E | gmeveswenz T} amemee
b %0 N-1 L %0 | PENF UK paemoy .
uru %0 d-J ) %0 r-a
uu %0 N-J (A %0 o-a
uru %0 W-) 61- %0 0
wu %0 W-[ oI1z- %0T 40
wu %0 NI L %0 -0
91- %0 TI 6C %0 D-d
8 %0 NI €1 %0 q-4
- %0 W-0 o1 %0 a-d
ol- %0 A0 T %0 Fv
I %0 -0 It %0 oV
(43 %0 Td 81- %0 a-v
(urensoirur) (sAne[ar) (urensoxdru) “(dAnelan)
ureng 1M0d 3umg ureng 1mod 3ung
(pasnseou jou = um) ele urens 2p 1amod

PAIBNIOY J-) 3uiS - 1S3 NJOPOdY], ‘g-V aandyy




41

8€00°0- 041 91000 9TYS'1- 19¢1°0- 1891°81- 88€S°1- T9E1°0- L691'81- d
Ly00°0- 81000 9200°0- €LITO- SP6Y°01 SPELTI- 9zIT Q- LT6Y'01 6IETTI- N
0 80000 vO-d1- 9¢10°C- 61ZL°01- T81€TI- 9€10'T- LTLLOL- I181€°TI- W
$T00°0 8200°0 1000 6801°0~ £LT0'12 9- 1484402 SHT0°1T T1009- 1
LS000- 8200°0- #0000 L1070 TH00°0- Yore9- 961°0- ¥100°0- 89vT'9- D,
61100 9400°0 80000 SiTy'e- 1432804 7$8€'9- vEeEp'E- 89€1°12- v¥8€'9- [
T€000 0 81000 TLT90 905S°01 1011°0- ¥79°0 905S°01 £801°0- I
1000°0- £000°0 10000 0 T100°0 0 10000 6000°0 1000°0- H
7000 #000°0- +00°0 ESEY'1- LS18°01- S0 ELEY'T- £S18°01- z611°0 o
69100 #00°0 1200°0- $T0°0- 7068°07 £80€°9 61v0°0- 988'07 0I1€9 d
18000 1000 $000°0- 1991°0- v1€0°0- IEIE9 8S1°0- ¥ZE0°0- 9EIE9 q
85000 #0000 L000°0- 6L81'¢€- S98T'17- ¥9€0°9 LE6Y'E- 198217 1LE09 a
8120°0- 1€00°0 97000 #901°0- 80v€°01 EELTTL 9¥80°0- LLEEOT 65LTTL o)
$S00°0- 92000 2000 79L0°T- STSI'1I- 4% (1A LOLO'T- 1SST°11- 10T : |
LEEOOr §S00°0 7€00°0- 1€LS°1- 61€°0- 8787'81 Y6€S'1- SHZE0- 987'81 \4
(i Z (i X (i) X (umzZ (o) X () X (i) Z (X (X
(3ur[aseq - uONENIY) UOTON 2ANR[IY UonNendy Juungg uonisoq uonisod auiasegq qny
ele( JNOU0D) JdBLING
Iz I-
uny %0 d-N o ww z.m weiderq (30131321905 G3nasg
wu %0 dN €1 %0 9 Ul PAION 2V (‘UY) UONO Z Rmo.c.» Bunjoo] u2ss se Yoeq
wu %0 N-T ol %0 oq ununxely % Jumg porenpy A U0 SqNY) MIIA WoL]
wu %0 d-Ji s %0 -a
wu %0 N-) S %0 o-a
wu %0 W-) 14t4 %07 I
wu %0 W[ LET- %0 40
wu %0 N-I SL- %0 -0
Ll %0 T1 14! %0 D-q A
8¢ %0 Do e %0 -4 -
91- %0 W-D z %0 a-d
8- %0 3-D I- %0 q-v
S %0 -0 S %0 oV
8¢- %0 Td 8z- %0 a-v
(urensonnm) | (Anejal) (urensonmn) | (3AnE[)
ureng lamod 3umg ureng Jamod Buing
(paunsesur jou = um) Bl ureng 29 Jamod

PABNPY [-D Supng - 1S3, Aopody L, °6-v anSyyg




42

£L000 8000°0- - £00°0- S1ec’1- Lel’o- LTLI'8T- 8861~ (& AN L69T'81- d
£100°0- 60000 TH00°0- 6€1T°0- 9¢64°01 19¢€1°Z1- 910 LT6Y'01 61L1°TI- N
¥$100 $000°0- £200°0- T866°1- ceTLor- LV ANAN 9¢10°C- LTTLor- I81€°TI- W
S110°0- L0000 1000 62T1°0- LSW'IT 20009~ FILLI0- SYT0'1T 1009 1
££00°0- S100°0- L1000 £661°0- 62000~ 85744 9%1°0- #1000~ 8979 A
L8000 €000°0- L0000 Ltv'e- LET'1T- LE8E'9- ytey'e- 89ET'IT- #8e9- f
$200°0- 0 T100°0- S179°0 9055°01 $601°0- ¥79°0 9055701 £801°0- I
1000°0 10000 0 70000 1000 1000°0- 10000 60000 1000°0- H
90000~ ¥0-a1- 87000 6LEV'T- ¥S18°01- ¥o11°0- ELEY'T- £S18°01- 6110~ D
L8000~ 6000°0 82000 90500~ £L88°0C ceie9 61v0°0- $988°07 PIE9 d
6700°0- 9100°0- L1000 6091°0- $£0°0- ESIED 8S1°0- #2700~ 9e1e9 q
790°0- 0100 000~ LSSS°¢E- 6SLT1T- LTE09 LE6Y'E- 198T°1Z- 1L£0°9 a
0 £000°0- 0 9800~ PLEE 0T 6SLT'TI 980°0- LLEE 01 6SLT'TI 9)
0 L0000~ ¥0-41 L0LO°T- 8SSI°11- £S10°T1 LoL0'T- ISST°11- (431Kt g
$800°0 #1000~ 0 1€5°1- 6STE0- 98781 P6ES'T- SYTE0- 98781 v
(umz (ur) X (un X (uz (ur) X () X (unz (un X (un X
(outjaseq - uonenoy) UONOA SANB[IY UOHEMOY Suum(y UoT 1S0d uonisoqd auiaseq qny
©le JNOIUOY) ddelINng
0 %0 I-d
uu %0 d-N wu %0 Mg uresdei(q X (J013q72190s g3noxp
uru %0 4N - %0 9 Ul 310N 4V ("ut) UOROW Z » 3upjoo] u33s e yoeq
unu %0 N-T o€ %0 o4 umwixe % Suwng parendy U0 SqNY) MIIA WAL
uu %0 d-J el %0 -a
uru %0 N-J LIT- %0T D-a
uu %0 WX 9 %0 I
uru %0 W-1 91- %0 I0
wu %0 N1 S %0 0
[4 %0 TI 12 %0 D-d
14 %0 31 91- %0 a4
9- %0 WO 801- %0 aq
6 %0 D)) ST %0 v
€T %0 - 6 %0 v
4! %0 Td o~ %0 a-v
(urensoniur) (3anejas) (urensoxsyury (3Anefar)
ureng 1mod 3uing ureng Jamod 3umg
(pamseaw 10u = un) ®IR( Ureng 2 1aMog




43

v0-d1- 20000~ 0 68tS°1- oEro- L691°81- 88t<’1- 9E10- L691°81- d
69000 $2000 ££00°0- JA A Ts6v°01 (43194 N 9z1T0- LT6¥'01 61€1°T1- N
¥600°0- #0000~ 81000 £20°T- 1€TL°01- £91E°T1- 9¢10°T- LTTLo1- 181¢°C1- n
£€00°0- 60000 L1000 110~ pST0'1T §666°S- 14980 SYT0'1T T100'9- T
86000~ 11000~ $000°0 810Z°0- ST00°0- EHWT9- 9%61°0- ¥100°0- 89vT'9- A
9600°0- ¥0-d1 20000 6ty'E- L9ET°1T- T8e9- 1433 4% 89E1°1Z- ¥8e9- [
$200°0- T100°0- T100°0- S1T9°0 ¥6¥$°01 S601°0- ¥790 906$°01 £801°0- I
2000 PO-HI- £100°0 $200°0 80000 T100'0 10000 60000 10000~ H
S000°0- L0000~ 82000 sLeY'l- 918°01- ¥o11°0- tLEY'l- £cI8°0l- T611°0- D
1€00°0- £€00°0 2000 SY0°0- L688°07 ¥T1e9 61+0°0- ¥988°07 PO1E9 d
+0-d1 L100°0- ¥0-d1- 6LS1°0- 1$£0°0- SEIE9 8s1°0- $2€0°0- 9t1E9 q
L7000~ 61000~ 1100°0- Y96¥°t- 88T'1T- 9¢0'9 Le6ye- 1982°12- 1L£09 a
0 €€00°0 0 9¥80°0- €01 65LT'T 9¥80°0- LLeeol 6SLTTL o
62000~ 80000 80000~ 9eL0T- 1118 ¥P10°T1 L0LOT- ISS1°11- TS10°TL g
87000 1000 200°0- 99¢S° 1~ SETE0- 8781 $6£S°1- SHTE0- 987’81 v
(u)Z Cun X (unx (unzZ (un X (un X (u)Z (u) X (‘u) X
(duyjaseq - UONENIDY) UONCIN SATIE|Y UOHEMDY JULT(] UONISOJ uonisod autjaseq qnH
ele(J In0juo)) adelng
4 %0 Id
uru %0 d'N wu %0 Y wesSer(] X (Jospaqns g3nosq
uru %0 dN 0 %0 19 ur PIION AV (UT) UOHOW Z » upjoof u3ds se Yeq
un %0 N-T v %0 oq wnunxe % umg parenoy Uo SquY) M3LA Ju0L]
wu %0 d-A 60T- %0T -d
uru %0 N-A £ %0 O-d
uru %0 W-A I %0 ID
uru %0 W 0Z- %0 40
uru %0 N-1 ¢t %0 0
9 %0 T1 81 %0 D4
v %0 .| 4! %0 d3-d
81- %0 W-D 9¢ %0 a-d
(4 %0 A 8 %0 v
6¢- %0 -0 S %0 v
S %0 Td £9- %0 a-v
(urensonw) (3anejar) (urensoxnrur) (oAnejar)
ureng Jomod Sumng ureng PMod Sumng
(pamsesur you = wu) Ble(g ureng 2¢ Jomod

pajenpy [-q Supng - 159, 3)j10podyy, °[[-V aandyq




L6000 000 L100°0- 16751~ welo- 14TA%: 1% 88¢6°I- 910" L691°81- d
6,700 0 85000~ L8310~ LT6y01 LLET'TT- 1 AYA N LT6Y°01 6IE1ZI- N

S00- $000 1000 9¢90°C- LLILOT- ILIeer- 9¢10°T- LTTL01- I81E°TI- N
€L100 S100°0 ¥100°0- 1%60°0- 970’17 91009~ ylivo SYT0'1T 100'9- 1
1600°0- 61000~ 12000 1S0T°0- €£€00°0- LTy 9%1°0- +100°0- 89%T9- .|
8YI1°0- 6£100 1+00°0 (4343 % L TAAM A €08¢'9- 14334 % 8911 ¥8L'9- [
€000 S100°0 81000~ [AXAX1] 126S°01 1011°0- 790 90sS°01 €801°0- I
§200°0- 11000 1000~ ¥200°0- 000 €100°0- 10000 60000 1000°0- H
LEEOO- 1000 $000°0 ILy'i- 01801~ 88I11°0- eLey'l- £S18°01- (418414 D
8010°0- 1000 ¥100°0- LTS0°0- ¥L88°0C 60t'9 61v0'0- ¥988°0C #01E9 4
§500°0- 90000~ 950000 SE910- ££0°0- wie9 8S1°0- €00~ 9%IE9 q
6L50°0- $L000 €900°0 91¢S°¢- 98LT 1T 148,08 LEGY'E- 1982 1T- 1,09 da
LyYZ00- 61000 90000~ £601°0- 96££°01 eSLTTI 94800~ LLEEOL 6SLT'TL o
87000 S000°0 100°0 6L90°C- ovST 11~ 910°T1 L0L0T ISST'11- Ts10°Tl q
95000~ 61000 1200°0- Y23 & 92Te 0" 6£82'81 y6£S°1- S¥Te0- 98T'81 v
(unz (up X (w) ¥ (u)Z () X (fup X (mz (un X (ar) X

(Surfaseq - uoNeNIdY) UONON SANE[oY UOTIemOY UUN(] UONISOg uonisoq auaseg qQny

el INOIUOD) deIng

un %0 dN o s ¥a wesdeq powayaiqns ganom

u %0 4N op %0 9 ur patoN e<w (‘ur) uono Z » upjoof uxss se Yoeq

wu %0 N-T vEz- %0T o4 UMWIXEW 2§ SULnS PIlendy R U0 SqnY) MIIA U]

wu %0 dd 129 %0 -a

wu %0 N-J 88 %0 D-a

uu %0 W-J (Al %0 IO

um %0 NW-( €l %0 40

wy %0 N-1 61 %0 90

14! %0 TI 11 %0 D4

£e- %0 A1 1 %0 34

61 %0 W-D 8- %0 a-dq

vZ- %0 A0 [44 %0 Iv

|4 %0 D 1% %0 v

L4 %0 Td 79- %0 a-v

(urensosomur) (dane[an) (urensosomnu) (dAne[a)
ureng 1BMOg Sung ureng Imog Suwng
(Paumsesu 10u = umu) ele( Urens x Jamod

PAaENRY O-F Jupns - 159, AI0pody L *ZI-V andjy




45

6000 8¢00°0- - 9100°0- y62S°1- 1440 EILT'81- 88€C°1- T9¢E1°0- L691°81- d
¥160°0- $1000 #0-d1- 970~ (A, 3 408 [AARAN 9Z1T0- LT6Y 01 6IELTI- N
€00 £¥00°0- L100°0- 9€86°1- LTLot- 861€°C1- 9t10'C- LTTL ol I81E°TI- W
wilo- P0-d1 $900°0 9¢TT0- Wwzo'IT 8966°C- 14984\ x SYT0°'1T C100'9- 1
95000~ L£0000- #0000 91070~ 12000~ Yore9- 9%1°0- ¥100°0- 8HT9- .|
L9700 LL000- L£000°0- L90V't- 19448 rA 168€°9- 14334 % 89E1'1T- ¥8E'9- f
18€0°0- ¢1000 81000 66850 8165701 1011°0- 290 90S$°01 £801°0- I
97000~ L0000 1100°0- ST00°0- 91000 T1000- 10000 60000 1000°0- H
€000°0- L0000~ 87000 8LEY'T- 918°01- Yo11°0- eLEY'T- £S18°01- T611°0- D
1¥90°0- +¥000°0 w000 9010~ 8988°07 9iE9 61v0°0- $988°0C Y01€9 d
$800°0- ¥100°0- $200°0 S991°0- 8££0°0- 91¢’9 861°0- ¥Ze00- 9¢e1E9 q
79000 $700°0- 9t00°0- SL8Y'E- $887°1T- $€€09 LE6Y'E- 1987°1¢- 1LE09 a
£000°0- "9000°0- £00°0 6¥80°0- 1LEE°01 68LTTI 9800 LLEEOI 6SLT T J
$910°0- 77000 S€00°0- °L80°T- 6CSI11- L1oe L0L0'T- ISST'TT- [49{0 x4 g
$0-41- 6100°0- $0-d1 S6ES - YoTe0- 1987°81 y6eS’1- SYTE0- 987’81 \4
(unz (un X (‘unp X (umz (un X (un X (u)z (un) X () X
(ul[3seq - UOTIENIDY) UONIOW SANE[oY UONEMDY JULN(] UONISOg uonisod aureseqg qny
Bl JNOIU0)) ddeLIng
6t %0 Id
um %0 dN ur %0 > | wedng (3013y21qns gBnosm
I I i S B B A BT Tt
uru %0 N-T 18 %0 99 IXeA % sulng parenOy sqng) M3 wosq
uu %0 d-J 8¢ %0 -a
urg %0 N-JA |34 %0 0-d
wu %0 W Sl- %0 10
ur %0 2\ (44 & %0 40
uu %0 N-I 8T %0 g0
14t %0 TI 9¢ %0 D4
X4 %0 A1 6S %0 34
0z- %0 W-D 6y %0 a-d
8t %0 A-D 8¢ %0 av
8 %0 - 601- %0 0 4
(4! %0 Td L9- %0 qa-v
(urensoiorur) (sAne[a) (urensoiorur) (oAne[an)
ureng 1PM0J Sumng ureng PMod Sumg
(pamseaut 10u = um) 2IB( UTeNS 2 19M0g




46

8000 L0000~ 71000 POES T 69t1°0- $891°81- 88€S°1- T9E1°0 L69T'81- d
98100 9000°0- 6€00°0- ¥61°0- 126401 8SELTI- 9zITO- LT6V'01 61E1°TI- N
70000 £000°0- 7000°0- vEI0'T €TL01- €81E°TI- 9€10°T- LTTLO1- I181€°TI- W
LS000 0000 #0000~ LSO1°0- $T0°'1T 9100'9- 1208813 SP0°1T T100'9- 1
££00°0- 12000 L1000 £661°0- $€00°0- 1$YT9- 9%61°0- ¥100°0- 89¥7'9- b |
€000°0 ¥€00°0- £000°0- 6TErE- oI LY8E9- 14334 % 89¢1°12- v¥8€°9- §
Z€00°0 11000 81000~ TLT9°0 $6vS°01 1011°0- ¥79°0 905501 £801°0- I
90000 60000 6200°0- L0000 81000 £00°0- 1000°0 60000 1000°0- H
$000°0- L0000~ 82000 8LEV'I- 918°01- 110" ELEV'L- €S18°01- wlro- )
¥ZS0°0- 8000°0- £000°0- £160°0- 9588°07 101€9 6140°0- 98807 $OIE'9 d
L2000 72000~ 1000 £SS1°0- 900~ 9b1E9 8S1°0- ¥7€0°0- 9€EI1E9 q
S¥10°0 L£000°0- $000°0 T6LYE- 8987 1¢C- 99£0°9 LE6YE- 1987°1C- 1L£09 a
6200°0- 12000 61000 SL80°0- 86€€°01 8LLT'TI 91800~ LLEEOT 6SLTTI )
LS000 90000~ 8000°0- $90'C- LSSTT1- r10°TI LoLOT 1SST°11- TS0l g
19100 100°0- 6000°0- £575°1- $STE0- 168781 v6€ES'1- SHZE0- 98781 \4
(u)z (un x (u)x (uz (u X (un x (unz (un X (un X
3::3«@ - =o:m:5<v UONION dANR[OY =oumao%=h— uonisod uonisod aurjaseq qny
el 100D aseng
S0T- %0T I-d
wr %0 dN uru %0 | meBE gowatjaiqns ggnosm
uru %0 dN o7 %0 9 Ul PIION Iy (‘ur) UONo Z » 3unjoof u3as se yoeq
—_— %0 N1 vz %0 g wnunxe 3 Sung paremoy UO SqNY) MILA JU0L]
wuy %0 d-X 9 %0 -a
uru %0 N-J £ %0 D-a
wu %0 W-JI T %0 ID
wu %0 W[ 6T1- %0 40
wu %0 N-I vE- %0 4-0
(44 %0 TI 44 %0 o-g
€l %0 NI 9 %0 g-4
a %0 W-D 187 %0 a-g
I %0 A-D L %0 qv
T %0 -0 8- %0 v
901- %0 T4 L6 %0 a-v
(urensodur) [EXGTIEN) (urensoioru) (eAne[)
ureng 1P9M0g Suwng ureng 19M0g Sumg

(pamseaus 10U = wu)

eIe( UTENS 29 JOMOg

PajenY I-J Supng - 1S9, Ajopodyy, ‘pr-v aandyy




47

000 1000 Y1000 88¢S°1- €LETO- 6891°81- 1$S°1- G8E10- €0LT'81- d
0 €100°0 0 yLIT O LE6Y'O1 veleI- vLIT O ¥Z6v°01 12 MAN N
65000 6100°0- £000°0- 6600°C- ISTLOT- £61e°CI- 8S10°C- TETL 01 61E°CI- W
L9000 80000 v£00°0- L6110 €¥20°1T 9100'9- ¥9T1°0- SET0'1T 7866°S- 1
0 0 0 L1070 §200°0- 19%T°9- L1070 7000~ 19%T°9- p. |
S120°0 $0-d1 ¢e00°0- STiv'e- Pl 1T- £r8¢E9- 1214 % LIYUIT 118¢€'9- [
7¢000 $000°0- 8100°0- 17290 L6YS01 vZrro- 68190 1056701 90110 I
Y0-d1 S100°0 y0-d1- §200°0- 91000 1000~ 92000~ 10000 1100°0- H
1£00°0- 1200°0- L1000 8T 1- 8818°01- L8ITO- LoEy'1- L918°01- POT1°0- D
8t100 81000 £000°0- 200~ 6888°07 SOIE9 8€€0°0- 1£88°0T 801¢°9 d
1S00°0- ¢lo00 £200°0- I1€91°0- °ee00- cLie9 8S1°0- vEE00- SEIE’9 q
H0-d1- 90000 Y0-d1I 8Igye- €067 1T- 96£0'9 LISYe- 606Z°12- §SE09 a
6£10°0- L2000~ L0000 6260°0- £9eE01 YeLT'Tl 6L0°0- 6£€°01 JA/KAAl 2
LU000- £000°0- 100°0- SL90T- 6SST°IT- IE10°T1 8¥90°C- 9sSI'I1- 1+10°T1 q
§500°0- $000°0 1700°0- ws'1- 897¢°0- SY8T 81 S9¢S°1- LT 0 998781 \4
(u)z (um X (un x (u)Z (u) X () x (uz (m X ()X
(SU1[3SEY - UOTIEMDY) UOTIOJN JALIB[DY uonemdy suungy uonISog . uonisod sutjaseq qny
€le( Jnouo) aderng
- %0 Id :
wu %0 d-N u %0 ¥g weideg (30123 3qns g3nom
w %0 4N I %0 9 Ul PIION UV (‘U1) YOOI Z » 8unjoof uass se yoeq
uu %0 N-1 Z1- %0 g ununxe ¥ Jumg pareny U0 SqNY) M JuaL]
umu %0 d-J St %0 -a
wu %0 N-A vi- %0 D-a
ur %0 W-) or1- %0 I-D
uu %0 W-I [£4 %0 40
uru %0 N-1 (A %0 0]
V- %0 TI Cl- %0 D-d
t %0 A1 I- %0 q-d
0 %0 WD 6C %0 a-d
9- %0 A-D 9- %0 qa-v
[4 %0 () 1]} %0 v
991- %0T Td 18- %0 qa-v
(urensoioiur) (oAneran) (urensoiour) (sAnefa)
ureng Iomog Suwng ureng PMOJ Sumg -
(panseau 10u = um) ele urens Jomod

Pa1ENRY -4 Supns - 1531 Ajjopody], ‘sy-v dandyyg




48

100 #0000 1000 99Z¢°1- I8£1°0- £691°81- I¥S°1- S8EL'0- tOL1'8I- d
£600°0 80000 7000~ 180T°0- Te6¥01 ANAN vLITO- 26401 peLTl- N
9000 70000 $000°0- 8600°C- £zLot- ¥61¢°T1- 8610°C- TeTLon- 61¢°CI- W
85000 80000~ ¥000°0- 90T1°0- LTT0'1T 9866°S- ¥oTio- SEW0'1T 7866°S- 1
1000°0- 12000~ 0 81070~ 9%00°0- 1979 L1070 ST00°0- 19¥T°9- A
82700~ S€00°0 £100°0- 895t'¢e- T8EI'IT- ¥78¢L°9- pev'e- LIprie- 118¢°9- f
LS000 60000~ 90000~ 9979°0 T6vS 01 (4434 68190 1055701 90110~ |
§200°0 L0000 21000 1000°0- 80000 10000 97000~ 10000 1100°0- H
87000 61000 60000 69ev'I- 9818°01- S6I1°0- LoEy'l- L918°01- ¥0T1°0- D
8¢10°0 1100°0- 2000°0- 00~ 988°0T 901¢9 8£€0°0- 1L88°0 801€9 d
$700°0- 20000 £100°0- S091°0- Tee00- ie9 861°0- ¥ee00- SEIE9 q
£500°0 S1000 ¥200°0 PoLYE- P68 1T 6L£09 Lisy'e- 606T°1T- §S€0°9 a
9500°0- - €€00°0- 60000 9¥80°0- LSEE01 9sLTT 6L0°0- 6£€°01 LyLTTl o
85000 8€00°0- 1000~ 650°C- poSUTI- 1£10°T1 8¥90°C- 9ssI'II- |§ 4(0x4t L3
£00°0’ 91000 12000~ SEES'I- 95TL 0~ SY8T'81 §9¢S°1- TLTe’0- 9987'81 \4
(u)Z (un X (up X (u)Z (un X (umx (u)Z (un X (un X
(aulpaseq - uonNemIy) UONIOIN ARy UONEMDY JUUN(] UONISO] uonisod auifaseg qny
ele( JNnOu0)) IdeNg
[4 %0 Id
uu %0 d-N u %0 pa wesderg (3019331905 gBnosm
wu %0 4N 8 %0 9 ur pAION ary (‘ut) UONON Z » Bunyoo] uaes se “yoeq
wu %0 N-T . %0 oq wmunxepy ¥ Sulng porenpy UO SQNY) M3IA 101
u %0 da - %0 -a
uru %0 N-J L %0 D-a
uru %0 W-A I %0 I-0
uru %0 -1 61 %0 4-0
umu %0 N-1 € %0 340
(4 %0 TI L4 %0 D-4
6¢ %0 A1 € %0 q9-d
01 %0 W-D [4% %0 a-d
L1 %0 AD 9 %0 v
S9I1- %0T D L1 %0 19 4 4
£ %0 Td 16- %0 qaVv
(Urensonmg) | (sAnera) (Urensonm) | (3ARea)
ureng Mo Sumng ureng PMmod Sumng
(Pamsedw 10u = ur) ele(g ureng » Jomod




49

1900°0- 2000 0-d1 ILyS'1- §9e1°0 T0L1'8I- Ivs'1- S8E1'0- €0LL'8I- d
SLIOO- ¥1000 60000 6¥€£70- 8€6v°01 [$XANAY PLITO- ¥Z6¥ 01 PET'TI N
¥£t00°0 S200°0- S100°0- yeIoe- LSTL 01" SOTE'TI- 8610°T- TETL 0L 61€°T1- N
§T00°0 91000 T1000 6£C1°0- 1§T0°1T L66°S- yoT10- Se70'1T 7866°S- 1
8+00°0- 000~ 97000~ §907°0- SP00'0" L8YT'O- L10T0- ST00°0- 19%T9- h.
S0L00- 29000 $00°0- 321 4% SSEL'IT- 198¢€9- 1234 % L 11829 {
t1100 PO-d1 ¢100°0- 70€9°0 T0SS 01 81110 68190 10§S°01 90110 I
§200°0- $000°0 T100°0- 1600°0- <0000 €000~ 9700°0- 1000°0 11000 H
(444000 12000 L0000~ 619¥°1- o¥18°01- 1IZro- Lety'1- L918°01- AN D
87€0°0 €000°0- 91000 100°0- 8988°0C Yie'o 8¢€00- 1L88°0C 801¢£'9 d
97000~ L0000~ z100°0- 9091°0- 1700~ £Tie9 8S1°0- £€0°0- SEIE9 q
67800~ 1€10°0 T000°0- 1100 % 8LLT'IT- £5€0°9 Li8r'E- 606T°1¢C- §6€09 a
9t10°0 $T00°0- $200°0 $$90°0- §9¢€°01 1LLee 6L0°0- 6£L°01 LyLTTl J
900 Ly00°0 1$00°0- y601°C- 60S1°11- 600°C1 8¥90°C- 9eSI' 11 I¥10°T1 g
82000 $00°0 1100°0 LEEST- TeTe0- LL8T'81 §9¢S°1- (14455 998781 \
Wz Cm A (I X Ty Z X (i) X T Z Cm X (m X
- (Suyaseq - uonemOy) UONOA SANE[OY UONENIOy JULN(] UONISOg uonisod auiaseq qQny
vie(J In0luo)) Jdeyng
9, ﬁ-
mo | w0 | oan w | w | va wdng ) goowwars dom
wu %0 dN 9z- %0 I Ul PION e<m (‘u) uonOW Z » Zupfoo] us ST YXq
wu %0 N-T 26~ %0 o1 WINUIXE % SULNS pIleny U0 SqNY) MIIA 0L
wu %0 a3 (44 %0 -a
uzu %0 N-A 4 %0 O-a
uru %0 W-J (A8 %0 10
uu %0 W-f I- %0 40
wu %0 N-1 e %0 40
(& %0 TI £ %0 D4
89 %0 A1 L %0 I-4
8- %0 W-D 14! %0 ad
08I- %07 AD LT %0 v
£ %0 o or- %0 v
0 %0 Td V6~ %0 a-v
(urensoIdw) (sAngejarn) (urensoiur) (aAne[aI)
ureng Jomod 3umg ureng 1mod dumg
(paInseau ou = wu) SNQ Cmﬂ.—um ﬂ hoacm

pajeny -9 uing - 13, AOPOIYL, °LI-V 3InS[g




6790°0- €900°0 TL000 6£09'1- enro- 1€91°81- I¥<T- S8EL’0- £0L1'81- d
SL10°0- 9€00°0 60000 6¥ET0- 96¢°01 TEELTL- YLITO $T6v°01 yET'TI- N
SO¥0'0- 12000 60000 £960°C- 11zZL°01- 661€°T1- 8S10°C- TeTL0l- 61€CI- 17
£L10°0 62000 ¥100°0- 1601°0- ¥970°12T 9666'S- ¥9z1°0- SETO'1T 7866°S- 1
8010°0- 1100°0- 61000 STITO 9€00°0- 8vT9- L1070 $200°0 19vT°9- A
66¥0°0 S1100- 12000~ I+8¢°¢- TESI 1T T€8€'9- 3 4% LIPI1T- T118€'9- [
18000 £000°0- 90000 L2790 86¥S°01 o 6819°0 108S°01 9011°0- I
92000 1000 71000 0 60000 1000°0 97000 1000°0 1100°0- H
60100 80000 81000 88TY'1- SLISOT- 98110 L6EY'T- L918°01- ¥OT1°0- D
100 £000°0 v0-41 £010°0 ¥L88°07 601€'9 8€€0°0- 148807 801€'9 3
9500°0~ 12000 L0000 9€91°0- §S€0°0- wie9 8S1°0- ¥€€0°0- SEIE'9 q
75000 L0000 $700°0 SoLY'E- 06T 1T 8609 LISP'E- 6062°12- SSE0'9 a
8000 " 76000 €€00°0 1L0°0 8SEE01 8LTTI 6L0°0- 6£€°01 LrLT'Tl o)
$200- #0000 9€00°0- 8680°Z- TSSILI- $010°Z1 8¥90'C- 9¢SI'T1- 1710°21 g
1100 6¥00°0 TH00°0- SLYS'1- £22€°0- ¥787'81 $9ES°T- TLIE0- 9987'81 \4
() z (un A Cun'x (unz (un X (unx (u)zZ (un X Cun’x

Aw-_:vmam - :o:«:.uto UONOA 2ANB[Y =ouaauﬂ=§ uonisod uonisod auiaseq qnH

ele(g IN0U0D) 9oeng
0T %0 I-d

un %0 dN wu %0 ¥ wesldeg (s013y21qns ganom
i %0 4N . %0 9 Ul PIION 31V (‘1) BOROW Z » 3upjoof u33s se “yoeq
w %0 N-T 65 %0 oq wnumepn ¥ umng paenoy Uo SqnY) M3IA W0s
uu %0 d- W %0 r-a

wy %0 N- 8 %0 D-a

wu %0 W-I 9l- %0 I

wu %0 W-L 4 %0 40

wu %0 N1 T %0 -0

4 %0 TI €1 %0 O-q

Is %0 31 S %0 g-9

£2T- %0T W-D 99 %0 a-q

s %0 3D £ %0 gv

X4 %0 o 14 %0 ov

SI- %0 T €S1- %0 g-v

(urensonwur) |~ (3Aneqar) (urensonmr) [ (3Ane[as)
urensg Jomog Sumng ureng Jmod Sumng
(pasnseawr 1ou = wu) e ureng 3 1 amog 6290°0-

PIJemIV -0 3upng - 153, Ajopoay), °‘gr-y aanSyy




51

65000 60000 7000°0- ISES°I- oLET 0 SOLI'81- I¥S°1- S8E1°0- €0LI'81- d
0 1100°0- 0 PLITO- £16+°01 vEL'TI- PLITO- ¥yZ6v°01 1210AY N
9000 §200°0- £000°0- 8600°C- LSTLOT- €61¢°C1- 8610°T- TECL'OT- 61E°TI- W
rt00°0 $000°0 L100°0- 1 XA $20°'1T 6666'S- yoT1o- SET0'1T 866°S- 1
$T00°0- £00°0- 1000~ woTo- §500°0- eLYTY L1070~ $TU00°0- 19%T°9- A
£910°0 €00°0- 95000~ LLIV'E- Lyy1'1z- L98E°9- vev'e- LIYI'IT- 118¢°9- [
1£00°0- S000°0 81000 86190 90<S01 8801°0- 68190 1065701 9L10- I
$T00°0- 20000~ 1100°0- 1€00°0- 1000°0- w00~ 9200°0- 10000 1100°0- H
££00°0- §200°0- 61000 vy 1- 61801 S8I1°0- Loty'l- L918°01- 4 AN )
€000 90000 8100°0- 80£0°0- LL88°0T 60¢€°9 8EL0°0- 1488°0C 801€°9 d
9500°0- 0 90000 9¢91°0- $ee0’0- Ivie9 8S1°0- ¥£e0°0- Stit9 q
20000~ [40. 01} 20000 618t°¢- L68T'1T- LSE09 LIBY'E- 606T°1T- §S€0°9 a
95000~ - 21000~ 6000°0 9%80°0- 8LEE°01 9SLTTI 6L0°0- 6£€°01 LyLTT J
$800°0- 100°0- 2000°0- €ELOT- 99SI'IT- 6£10°T1 8Y90°T- 9sSI'II- I#10°T1 g
L2000 L0000 1100°0- T6ES'1- §97E°0- §S8T 81 §9¢S°1- TLTE 0~ 998781 \4
(u)z (un) X (un) X (u)Z (un) X (u) X (mz (u) X (u) X
(Jut[aseq - uonemdy) UONOW oAnE[3Y uoNETdY JuLm uonisoq uonisod autjaseg qnH
vlg( Inojuoy) adeung
S % Id
um %0 d"N _wE @M p o | wesdeg X (30191521405 g3nosm
uru %0 dN 88- %0 9 ut pAIoN o.~<wa.=_v Uonon Z * 3unjoo] u3ss se “yxeq
uu %0 N-1T 0z %0 o4 Wnuixey 2 suing paendy U0 SqQNY) M3IA 100
uu %0 d-J St %0 -a
wu %0 N-A te %0 D-a
uu %0 - L1T %0 IO
uru %0 N 0oz- %0 40
wu %0 N-1 8¢T- %0 q-0
8t %0 TI 8¢6- %0 D4
tT- %0T A1 [4:] %0 q3-4
£l- %0 W-D oL- %0 ad
81C %0 A-D 154! %0 av
[4 %0 - 012- %0 v
6 %0 Td L1~ %0 a-v
(urensoidiur) (oAneran) (urensouorur) (2Ane[a)
ureng 19Mog ung ureng PMmod Suwng
(painsedu 10u = un) Ble ureng 2 Jomod

PajenRY NI Sups - 353, AOpodY], ‘G[-v 2andyy




52

t100 70000 $000°0- 6¢6°1- E8E1°0 LOLT'81- 1$5°1- S8E1°0- £0L1'81- d
v700°0- 11600 £100°0- 86170~ 1373 4] ESETTL- LITO ¥i6v'01 12394 N
£800°0 11000~ 11000 SLO0T- evTL0l- 6L1E°TI- 8S10°C- AXANI] & 61E°CI- 13}
00~ $100°0- 1000 P8S10- o'ie Twoe6's- 12748\ SeT0°1T 7866'S- 1
§200°0 #0000 ¢100°0- WoTo- 12000~ LLYT9- L10T0- $700°0- 19%T°9- A
65100 #0-31 €000 $:184% 4849 b 1¥8¢°9- 124N LIyV1T- 11889 I

§00°0 90000 ¥200°0 6£79°0 L0SS°01 T801°0- 68190 10¢5°01 9011°0- I
000" 61000~ £100°0- $00°0- 8100°0- #2000~ 92000~ 10000 1100°0- H
L7000 $000°0 11000 LeYy'1- £918°01- t611°0- Lety'1- L918°01- Pozro- D
Lo 90000 £700°0 990070~ LLBBOT IE1€9 8£€0°0- 1488°0T 801¢9 d
1£00°0 90000 000~ 6¥S1°0- 8T£0°0- SLIE9 8S1°0- #te0’0- SEIE9 d

98000 $T00°0 £000°0- t06v'¢- ¥88C'1¢Z- T5E0°9 Li8v'e- 606T°1T- §€£0°9 a
8000 - 97000~ ££00°0 1L00- $9£E°01 8LTTL 6L0°0- 6££°01 LrLTTl J
100 L0000~ 21000~ 9L0°T- E9ST'I1- 6210°T1 8+90°C- 9sSI'II- #1071 g
67000 70000 2000~ 9ees’1- LTe0- 9881 §9ES'1- TLTE 0~ 9987°81 v
(uyZ (uy X (un X (uyz (un A (uy X (u) Z (uy X (uy X
(aurjaseq - UONBMIOY) UOTIOJY SATIE[oY uonemdy Junn(q uonisoq uonisod auiaseq qQuy
el JNOJUO)) IdBLING
194 %0 Id

i %0 dN w %0 N3 wreaderq X (a0o1>9y21qns yBnosp
uru %0 O 22 %0 9 Ut PIION AV ('UT) UOROW Z » Buryoof usos e Yoeq
w %0 N-T 6 %0 oq wnunxep ¥ Suwng parenpoy UO SqQNY) MITA 0L
uu %0 d-3 139 %0 -a
wru %0 N-A 8Z- %0 D-a
uu %0 WA 81 %0 I-0
uu %0 W-I 11 %0 40
uu %0 N1 LE %0 40
182- »0T TI 9- %0 Oq

Y4 %0 b.b| Lad %0 d-4
[4% %0 W-D IS %0 ag

< %0 A 6" %0 g-v

S %0 rn | 4 %0 v
£6- %0 T 0 %0 av

(urensonnu) [ (AnE[) (urensonow) 1 (aAnefar)
ureng 13M0d ung urens Jamog Sumng
(pRInsesur 1ou = wu) BIR(] UTRNS 79 JOMOd

PajenidY 1-1 Supns - 153, ANOPoIYY, “97-V 3ndy




53

L1€00- 6000 L£000 £0LS T~ SEI'0- £591°81- 98¢ES - 66£1°0- 691°81- d
120°0- 91000 92000 v8ET0- [4140) PIEL'TI- YLITO 9Z6¥'01 12194 N
wioo- 10070 8000°0- 8120°C- LETLO1- L8IETT- 9L00°C- LyTLO1- 6LIE’TI- N
£910°0 1$00°0 S100°0 8101°0- yLU'1T 6566'S- 1811°0- £e70'1T ¥L66°S- 1
90100~ 2000°0- 2000~ £e1T0- 2000- 1SPT'9- LT o 81000~ 1evT9- .|
£E000 ¥0-d1- 91000~ S81v'e- 1§34 1A 8£8¢°9- 8ITY'e- 134 WA T78E9- I
e00°0 8100°0- 8100°0- 99’0 £8¥S°01 clro #1790 10sS°01 ¥601°0- I
v0-dI- 90000 10000 €000~ 20000 2000 ££00°0- $000°0- 61000 H
£€00°0 1000 61000 toby'1- 9¢18°01- SLI1'0- otrd1- L1801 9¢I1'0- D
18000 e00°0- §000°0 T600°0- 69880 CIe9 £L10°0- 1068°0C ST1E9 d
vo-d1 2000 ¥0-d1- 9991°0- 9vt0’0- 91¢9 L991°0- 89¢0°0- 191¢°9 q
w100 LE000- £000°0- SoLY'e- 976T°1T- 8€0°9 606v't- 6887 IT- £8€0°9 a
£500°0- £1000 1200°0- 9L80°0- LLEE 0T 9LLTTL £780°0- oL 01 L6LTTI J
85000 £000°0 100°0- £EL0T- 9LST'IT- 6£10°T1 16L0°T- 6LST'11- 6¥10°T1 g
§600°0- £000°0- 1200°0- 8PS I- 6£TL 0~ . SE8T'8I £6€S 1~ 9eTL 0 958781 \
(u)z (un X (un X (u)zZ (un X (up) X (unz (up A () x
(Suijaseg - UOTIENIOY) UONOA ANy uONeN)dy SULN(] UOKISO] uonisod auiaseq qQny
e1g(J JNoUo)) 9ovLNg
I % y
S1 %0 dN _wE @m V__M wedag -y (or2pa1qns gBnasm
81- %0 dW . %0 9 Ul PAION AV ("ur) UONOW Z » 8unjoo[ uads se “yoeq
€LI- %0 N-T ge- %0 o1 WIUIEN ¥ Bung parenioy U0 SqNY) MILA 1ol
O %0 d-A S %0 rd
Z01- %0 N-J 61- %0 O-a
134 %0 W-A lal %0 10
61- %0 W-[ wu %0 40
LLe- »0T N-I wu %0 40
£C %0 TI uu %0 x|
(4 %0 A1 wu %0 q-4
S %0 W-D wu %0 a-g
t- %0 AD uru %0 v
i- %0 O uru %0 v
|£% %0 Td ur %0 a-v
(urensomu) (sane[a) (urensodur) (sAnefan)
urens PM0d 8uing ureng Jomog Sumng
(pasnseaw 10u = wu) BJR(J ureng 2 Jomoq

PRBNRY N-J Sung - 1S3, ajopody], ‘[z-v aandig




54

79000 81000 0000 8YHS'l- I8€1°0- 889181~ 98¢¢°1- 66£1°0- 691°81- d
6S00°0- 1000 £000°0 £ETT 0" 9¢6¥°01 LEET'TT- PLITO 9Z6v'0l 121945 N
9000 L0000 £000°0- 9100°T- ¥zLol- [£11XAG 9L00°T- LyeLor- 6LIE’Tl- W
0 82000 YO-d1- 1811°0- 1920°1¢ SL66'C- 1811°0- eET’IT ¥L66°G- T
$700°0- L1000 71000~ 75070~ $£00°0- erve9- LT o 81000 1E¥2°9- p.|
6800°0- 62000 $000°0- LOEY'e- 1ovi°iz- LT8¢9- 81Tv'e- triie- [44:1%'a [
L0000~ €100°0- €000 L0790 88¥S°01 ¥901°0- v1290 10$S°01 #601°0- I
$00°0- 81000 ¥200°0- €800°0 #1000 $000°0- ££00°0- ¥000°0 61000 H
8700°0- ¥100°0 1000~ Yory'l- 9c18°01- WIT0- 9EYY'1- L18°01- 9110~ D
15000 61000 ¥200'0 oo 7888°0C 6E1E™9 €LI00- 1068°0C SIIE9 d
9200°0- 8£000 T100°0- £691°0- €€0°0- 6V1E9 L9910 89£0°0- 191€°9 q
€200 9000 10000 6E1SE- EV8T1Z- ¥8€0°9 606°€- 6887°1¢- £€8€0°9 a
96000 - €200°0 6000°0- L9L0°0- L8EE01 88LTTI £780°0- ¥9t€01 L6LT'TT J
Y0-d1 S€00°0 1000°0- 6L0T- 1421815 8¢10°CI 16L0°T- 6LSI11- 6+10°C1 q
0 71000 0 £6£S 1~ yZzeo- 9¢87°81 £6€£5°1- 9¢TE0- 968781 v
(u)Z () X (u) X (unzZ (uh X (u) X (unzZ (u) X (un X
(ou1[aseq - uoTIeMdY) UCTIOJ 9ATIE[oY UOTIBMDY SuLN( UONISOJ uonisod aurjoseq anyq
e1B(J JNOIUO)) oG
(4 %0 Id
6 %0 N wra %0 N ureaBel(q X (30133pgaIqns y3norp
87 %0 dN 6 %0 9 Ut PAON 3TV (Ut) VOO Z » 8upjoof u3ss se Yeq
I- %0 N-T el %0 oq umunxepy % Sug porenpy U0 SqNY) MITA WOL]
L1- %0 d-A oL %0 -a
- %0 N-X ot %0 D-a
9z %0 W-M S1- %0 I0
£0t- %0C - uru %0 40
(A %0 NI uia %0 90
1- %0 TI uru %0 D4
S1 %0 A1 ura %0 q4-4
61 %0 W-D uu %0 ad
(44 %0 A-D uu %0 v
YA %0 D uu %0 v
0 %0 Td uru %0 g-v
(urensotur) | (3AnE]) (urensosomu) 1 (aAnear)
ureng PMod Suwng urensg Jmod Sung
(paInsBAW 10U = W) ®le(] UIEns % Jamog

PArENRY W-f 3ung - 153, AMoposy], ‘7z-y andyy




55

8L10°0 £1000 ¥000°0- 80T¢s°1- 98e1°0 ¥691°81- 98¢S°1- 66£1°0- 691°81- d
¥100 ¥100°0 L0000 v£07°0- 610l teel’tl- vLITO- 976¥'01 1£1% AN N
iTe0o- LEO00 70000 86£0°C- 1zL01- LLIE'TI- 9L00°T- LYTL 01~ 6L1E’TI- W
LS000 #1000 9000°0- 1£48% Lyto'ie 866°¢" 1811°0- 13X/ 1814 vL66°'S- 1
7000 £100°0- 91000~ $661°0 1£00°0- Lty L0T0- 81000~ 1E¥T'9- b |
LEVOO- ¥L00°0 8000°0- SSoV'e- 9SET’IT- €89 81Tr'e- 1240 I (4415 [
18000 81000 90000 $679°0 £8Y<°01 8801°0- ¥179°0 10§5°01 ¥601°0- 1
v700°0- L0000~ 1000 LS00°0- 11000 L0000 ££00°0- ¥0000- 61000 H
80100~ L000°0- 8100°0- vysy'l- LLIBOI- vLITO- 9Ery’l- L1801- 9110 )
15000 80000 £2000 Teioo- £688°0C 8E1E9 £L100- 106807 STIE9 d
1£00°0 1000 61000~ 9£91°0- 86£0°0- Trie9 L991°0- 89€0°0- 1919 q
€L10°0- ¥00'0 $0000- {80s°¢- 6v8T'1T- 8L£0°9 606v't- 688T°1¢- £8¢£0°9 a
9000 T000°0 6£00°0- £9L0°0- 99¢£°01 8SLTT £280°0- vt 0l L6LTTl o
t000 T000°0 L0000 19L0°C- LLST'TI- 9¢10°CL 16L0°C- 6LST 11~ 6v10°C1 q
85000 £000°0 1100°0- SEES- £E7E°0- SY8T'81 £6£5°1- 9¢TE 0 958781 v
(u)Z (ut) X (u) X (u)zZ (un) X ('up X (uyZ (u) X (un X
(Sur[aseq - UONENIdY) UOTION 9ATIR[oY] UGnEMIY JUDN(] UONISOg uonisod auifaseq qny
ele(] JNOU0)) Idelng
- %0 Id
€9- %0 d-N w %0 33 umBed oy Goroatjaiqns ganonp
+81- %0 4N I- %0 q Ut PAION AV ('U) UONION Z » 8upjoo] u33s se yoeq
8 %0 N-T - %0 oq ununxe % Sulng parendy uo SqQNY) MIIA 0L
81 %0 d-A 9 %0 ra
6 %0 N-J 6 %0 O-a
T0g- %0 WA 6 %0 ID
9- %0 W-I um %0 40
0T %0 N1 wu %0 40
9- %0 TI wu %0 04
9 %0 A1 wu %0 it
9- %0 W-D um %0 a-d
6 %0 A-D umu %0 v
8I- %0 D wu %0 v
8 %0 T-d uru %0 gV
(urensonmu) (oAne[as) (urensonmr) | (sAuRd)
ureng 1Mo Sumng urens Pmod Sumg
(Pasnseaw J0u = um) Ele(] ureng 2 Jomod

PAEMOY W-Y U - 13T OPOIYY, ‘£7-V anTiy

S




56

¥20°0 1000~ 90000~ WIs'1- 601°0- 9691°81- 98t~ 66E1°0- 691°81- d
$t00- S100°0 61000 vIsTo- 19601 12e1°Cl- PLITO- 9T6v01 relren- N
€100 S100°0- £000°0 £€66°'1- 9TL01- [AA AN 9L00°T- LyTLor- 6L1¢°CI- N
IS$0°0- 20000 L0000 Te91°0- SeT0'1T L966°S- 18110~ £eT0°'1T ¥L66°S- g
6+00°0- 61000~ $200°0- 9L07°0- L£00°0- SS¥T9- LaTo- 81000~ 1evT'9- p.§
L1100 #1000~ L0000~ 101t°¢- L4240 t4 678t'9- (44 % [ 340 YA (4418 I
8800°0- £000°0 ¥200°0 9Ci190 8055701 L01°0- 1790 10$€°01 6010~ I
§200°0- 1000 [100°0- 8500°0- 90000 80000 £€00°0- $0000- 61000 H
LS000 L0000 $000°0- 6LEY°1- £918°01- 1911°0- oEryI- Li80I- 9s11°0- D
9610°0- 61000~ <1000 69t0°0- 7888°07 LTIE9 €LI0O- 1068°0T STIE9 d
£00°0 12000 6100°0- LEST0- Lrt0'0- wie9 L991°0- 89¢00- 191¢°9 q
5000 L0000 $700°0 LS8Y'E- 88T 1T- LO¥0'9 606¥°¢- 688C°1T- £8€09 a
£00°0 - 20000 6100°0- £6L0°0- 99¢€£°01 8LLT'TI £780°0- ¥9tE01 L6LT'Tl 0]
¥100 21000 €200°0 1§90°C- L9ST'11- TL10°Tl 16L0°T- 6LSTL1- 6¥10°T1 g
LS00°0 1100°0- 100°0- 9Les T~ Lo 98781 £6ES°1- 9eTE0- 968781 \4
(u) Z (ur) X (un X (unz (X (unx (u)zZ (u) X (un X
(ourjaseq - UOTENI>Y) UOTIOJN SANE[IY UOREMOY SULT(T UONISOg uonisod auijeseq qQnH

BIE(] IN0IUO)) 9oBLING
11 %0 Id
s91- %0 dN w %0 33 weidug oy (1owayaqns ganosp

1 %0 dN 8- %0 9 Ul PIION 31V ("UT) UONOI Z » 8unjoof u30s se “yoeq

v %0 N-T - %0 o4q WnuXely 3 Sumg porenpy UO $QNY) MIIA 0]

[44 %0 d-J 67 %0 -a
y6L- %0T N-J YA %0 oa

S1 %0 W-A I- %0 I0

6 %0 W-f umu %0 240
68- %0 N1 uu %0 4D
(44 %0 TI uru %0 D4

L %0 A1 uu %0 34

62 %0 W-D wu %0 a-g

6 %0 AD wu %0 TV

£- %0 - uru %0 v
61- %0 Td uu %0 g-v

(urensoxniu) (dAnearn) (urensoiou) (aAnean)
ureng Pmog Sutng ureng Jomogd 8umng
(painseawr 10u = wu) BIB(] UrRNS 29 JOMO, d

PA1BMOY N-Y SuLng - 1591, AOPodY], ‘pz-v aandiq




57

¥0°0- 8¢00°0 §700°0 98LS°1- 19¢1°0- S991°'81- 98¢tS°I- 66£1°0- 691°81- d
L¥00'0 81000 92000 IXAtA S 601 pIEL'TI- vLITO- 9Ty 01 12 A0AN N
10000 1100°0- PO-Hi- SL00T- 8STLO1- 81e°Tl- 9.00'T LyTL on- 6LI1L’TI- N
Y9100 S1000 S1000 L1010~ 8¢70°1T 6566°'S- 18110~ £ET0'1T ¥L66'S" 1
80000 $100°0~ 62000~ 61070~ ££00°0- A LT0T0- 81000~ §374'S b |
¢S100 €100°0- 2000~ 990t 't~ 134484 LY8E'Y 8itr'e- e [44:1 %' [
$200°0 L0000~ ¢100°0 8£79°0 P6vS°01 80170~ ¥179°0 1065701 P601°0- I
¥200°0- L0000~ 1000~ LS00°0- 1100°0- 40000 ££00°0- $000°0- 61000 H
1600°0 90000~ 92000~ Sveyl- 9L18°01- [4:188 1 9Erv'I- LI%01- 9110~ D
elo0 67200°0- 8200°0 19000~ TL8BOT 124 PR €L10°0- 1068°0 SIIE9 d
¥0-d1 8700°0 v0-d1- 9991°0- Y00~ 9It9 L9910 89¢0°0- 191€°9 9
80100 L000°0- 7000 108¥'t- 9687'1C- £0v09 606¥'t- 6887°1C- £€8£0°9 a
LS000 © L1000 60000~ 99L0°0- 18e€°01 88LTTI £280°0- roee’01 L6LT'TI 9)
96000 67000 2000 SELO'T- SSI'il- 6910°T1 16L0°C- 6LST'LT- 6¥10°TI 4
$500°0" 9100°0- 6000°0 8¥yS I- [AY4X 5 S98T'8I €651~ 9¢Ce0- 9587 81 \4
(i Z W A Cun X tmZ Cun) X (X Cu) Z (X (X
(Surfsseq - UONENIdY) UONGN 9ATIE[SY UONEMIY SuLng uonisod ~ UOMISOd auijaseq qQny

‘ €1e( JROUOD) ddeyIng
¢ %0 Id
- %0 d-N wu %0 e weldng o (1o131520q0s G3n0Ip
spl- %0 d'W o1 %0 9 Ut PIAON AV ('Ut) WONON Z * Bunyjoo] usos se Yoeq
o0z %0 N-T ¢ %0 og wnunxep ¥ Sumg poreny uo sqNY) MITA JUOL]
982- %0T d 14 . %0 ra

1 {4 %0 N-M 0oc- %0 D-a

1z %0 W-A SI1- %0 IO
te- %0 NI wu %0 4-0
§T- %0 N-I wu %0 30

6 %0 TI wu %0 D4

t %0 A1 wu %0 |

I- %0 W-D uu %0 a4

6 %0 A-D wu %0 qv

I %0 o wu %0 10 4

I- %0 T-d wu %0 ad-v

(urensouorur) (sanejan) (urensonnr) | (Aneal)
ureng 19M0d Sumng urens JPmod 8ung
(paJnseaw j0u = wu) S.&Q Cmﬁbm .&v .—OBOnm

PAIENPY g-) Surng - 153, NOPOAYY, ‘Sz-v 2Indyy




58

9L000" 72000 1€00°0 %51~ LLETO- 6S91°81- 98€STT- 66€1°0- 691°81- d
L1100 £000°0 90000 LSOT0- 626+°01 ovELTI- vLITO 9T6¥°01 1 ANAS N
900°0- #0000 #0000 9€10T- €vTLOl- SLIETL- 9L00°T LYTLO1- 6LIETI- W
18000 90000 60000 AZAN Y 6€20°1CT £866'S- 1811°0- £€T0°1T YL66'S- 1
6¥00°0- Y7000 $200°0- 9L07°0- W00 9$¥T9- LWTO 81000 1€9T9- .
90000 L0000 LU000 e €THIIT- 6¥8€'9- 81Tv'E 134004 TT8E'9- {

0 80000 0 ¥129°0 605S°01 ¥601°0- y129'0 1055°01 ¥601°0- I
§T00°0- 1000°0- 21000 8500°0- $000°0- L0000 £€00°0- ¥000°0- 61000 H
85000 L0000 90000 8LEY'I- €918°01- 9110 9Ery'1- L18°01- %110 D
LY20°0- 87000 1000- oo £L88°07 SO1€'9 £L10°0- 1068°0C SLIED d
92000 LY00'0 11000 191°0- 12€0°0- LIE9 L9910 89€0°0- 191€9 q
L5000 80000 90000~ TS8YE- 1882'17- LLEOD 606¥'¢- 6887'1T- £8€0°9 a
75000 vO-d1 12000 $L80°0- S9EE01 9LLTTI £280°0 Y9EE 01 L6LTTI o)
68000 L0000 62000 0L0°T- wSIl- AL¥A| 16L0°C- 6LST'I1- 6¥10°T1 :
v0-d1 6£00°0- v0-41- T6€S°1- SLTE0- $S8T'81 £6€S°1- 9€TE0- 9587'81 A
(u)z Cun X (un X (uz (u) X (uy X (unz (un X (un X

(auioseq - uONENIDY) UONOW SANE[Y UOTIen}oy Juum(y UoNISoq uonIsod auldseq qQny
ele(] JNOJuo)) IoejIng
Lz %0 dN s ww V_.M wede gy (ow3y1qns yBnorm
1 %0 dN c %0 9 ul PIION ATV (‘ut) UOTIO Z * Bun00] u%0s se Y%eq
8- %0¢ N-T Lz %0 | UITE 3 BuLng paremoy 10 S90q) ML M
9 %0 - 1z %0 ra
87 %0 N-) Li- %0 D-a
0 %0 W-) 4 %0 ID
01- %0 W-I u %0 40
- %0 NI uru %0 g0
o %0 TI uru %0 o-d
6 %0 ¥ uru %0 a-9
4 %0 W-D wu %0 a-g
T %0 ¥-D wu %0 v
A %0 o uru %0 v
11 %0 T wu %0 a-v
(Urensonmw) | (aAnefa) (rensonn) | (Anera)
ureng 1Mm0d 3ung ureng Jamod 3umng

(p31nseawt Jou = wm)

ee(] ureng 29 Jomod

PAaENRY N-T 3ung - 1S3, AYOPodY ], °‘97-v 3ndy




59

91000~ 61000 - t000 ToPS°1- 8¢1°0- 991°81- 98¢C°1- 66£1°0- 691°81- d
L1100 $000°0 90000 162C°0- £64°01 eerzl- vLITO- 9T6%°01 PELTI- N
0 0 0 9L00°T- LyTL'o1- 6L1ETI- 9L00°T- LyeLor- (JANAY N
S1100- L1000 60000 96210~ ST0'1T §966°S- I811°0- £L0'1T ¥L66°S- 1
60000 7£00°0- £00°0- 81020~ §00°0- 1929 LWTO- 8100°0- 1$3/4' p |
1020°0- L2000 ST00°0- 6lvve- eoPL 1T LY8E'9- 8ITy'E- 1340 (A [44:1 % I
7000 $T00'0- 81000 8190 9LySO1 9.01°0~ p179°0 10sS°01 ¥601°0- I
$200°0- $000°0 T100°0- 86000~ 0 L0000 ££00°0- $000°0- 61000 H
$00°0- 6000°0 ST000- o8vy'1- 1918°01- 1811°0- Serv'l- L1801~ 9SI1'0- D
92000~ 100°0- 1100°0- 6610°0- 1688°0C Y01£9 €L10°0- 1068°0T STIE9 d
L5000 €000 8000°0- 191°0- STE00- £S1E9 L9910 89t0°0- 191¢9 d
[481¢X0 1+00°0 S100°0- 120S°¢- 8¥8T' 1T 89€09 606¥'t- 688717 £8€0°9 a
£800°0 - Y0000~ 20000 ¥L0°0- 9¢e’ot 66LTTL £7800- ¥9EE’01 LeLT’Tl 9
$800°0 1000 P0-41 90L0°T- L9sT11- s10°TI 16L0°C 6LS1°11- 6¥10°Cl q
87000 L0000~ 1000 S9ES'T- evzeQ- 9987’81 £6ES°1- 9¢Te’0- 968781 \4
(unz (un X (ur) X (uz (uy) X (u) X (unz (up X (u) X
(ourpaseq - UONBNIIY) UONIOIN SANR[Y UONEN}OY SULTY] UOHISO] uonisoq suifeseqg qQny
elg(J Inouo)) aoelng
[ I
b %0 dN un %0 wa URBO powapjaiqns ganosg
zZ€s- %0T 4N 81- %0 a Ul PAION 4V (‘ur) UONo Z » 3unyoof uass se yoeq
81 %0 NT oz- %0 oq UMW % 3umng parenidy UO sqnY) M3IA 1W01]
16- %0 d-J 9T %0 ra
(4% %0 N-X SI- %0 D-a
Ao %0 W-N or- %0 I0
0z %0 W-I wu %0 40
£ %0 N-1 uu %0 90
S %0 TI uu %0 D4
134 %0 b | wu %0 q-9
33 %0 W-D wu %0 ad
9Z- %0 A umu %0 q-v
9- %0 - uu %0 v
I- %0 T-d uu %0 g-v
(urensour) (3Anepan) (urensodur) (sAnefan)
ureng 1M0d 3ung ureng Jamod 3ung
(panseaur 1ou = ur) Bl ureng 7 Joamod

PEmPRY Jd-W 3uing - 1591, Atjopoay), °Lz-y dandig




0000~ LT000 +0-d1 88¢S°I- wLero- 6891°81- 98eS°1- 66£1°0- 691°81- d
85000 91000 £000°Q- 911T’0- (4,1 44¢ 141 0AN pLITO- 9T6¥°01 PELzl- N
6L10°0- 91000 60000 §$20°C- 1eeLon- L1eTl- 9L00°T- LyzLor- 6L1E°CI- 144
£L10°0- 60000 €£100°0 yoe1o- [AZLVRYA 1966°S- 1811°0- £eT0°17 vL66°S- 1
10000~ 1200°0- 0 8707°0- 6€00°0- §374% L30T 0" 8100°0- 1EvT9- h |
8800°0- S000°0- 90000~ 90ty'E- SEVITIT- 8789~ 81TH'e- evi'ie- (443 % [
7t00°0- £100°0- 81000 8190 88¥S°01 9L01°0- ¥179°0 10§$°01 $601°0- I
$200°0- 20000~ 1100°0- 8600°0- 9000°0- 8000°0 ££00°0- $000°0- 61000 H
t000 1€00°0 8100°0- Pory'1- 6E18°01- vLITO- oevy1- L18°01- 9110~ D
$910°0- 19000~ L0000~ 8¢€0°0- 988°0C 801€°9 £ELIOO- 1068°0C SIIeE9 d
£00°0 6£00°0 81000~ LE9T0- 62£0°0- 14 E%Y L9910~ 89£0°0- 191€9 dq
t000 w00~ 6100°0- LL8Y'e- 16T'1C- ¥9£0'9 606%'t- 6887°12- £8€09 a
10000 - 1000 0 7800~ vLEE 0L L6LTTL £T80°0- $9€€°01 L6LTTL 0
w100 61000 L0000~ 6v90°C- 9eT°11- [44(1 KA 16L0°T- 6LST 11~ 6¥10°C1 4
62000 1£00°0- 60000 y9Es1- L9Te'0- $98T 81 £6£S°1- 9¢TE0- 958781 \4
(un z (un X (u) X (unZ (un X (un X (uyZ (un) X (un X
(Sur[aseq - UONBMIOY) UOTIOJY 9ANE[9Y uonemdy Juungg uonisoq uoniso  auijaseq qQny
BlE(] JnOIU0D) 9oelIng
1 %0 Id
oge- %02 d'N wn %0 3 wedad g powataiqns ganosm
8¢ %0 4N ¢ %0 - U PIION 2V ("uT) UONIO Z » 3urioof u3os se “yoeq
8¢ %0 N-T g6 %0 o wnuixe » Sung parenoy Uo sqNY) MIIA U0
ve- %0 d- S1 %0 r-a
SI- %0 N-J or- %0 O-da
£l- %0 W- 1 %0 -0
8- %0 W-f wu %0 4-0
L4 %0 N-1 wu %0 q4-0
v %0 TI uu %0 Dd
L %0 Al uu %0 a4
91 %0 W-O uu %0 aq
9 %0 A-D wu %0 v
I- %0 N u %0 v
9 %0 1-d ua %0 -V
(urensoirur) (aane[a) (urensoiomury (3Ane[an)
ureng RMod Sung ureng Pmod Sumg
(pasnsesur Jou = um) Ble(J urens 2 Jomod

PABRPY J-N BuULnS - 1591, jl0poayy, 'gz-v aindyy




61

81€1°0- SE10°0 LLOO0 $OLY 1~ ¥oz1°0- eIo1°81- 98¢e¢1- 66¢1°0- 691’81 d
£8L0°0- 79000 82000 LS6T0- 886+°01 TIeren- vLITO- 9Z6v'01 14 ANAY N
9e01°0- L1100 8£00°0 e EILol- Iv1eT1- 9L00°T- Lyl ot~ 6LIECL- n
teTT0- 9100°0- §00°0 Pive0- L1T0'12 vT66°S- 1811°0- £LT0'1T vL66'S- 1
[€10°0- £000°0- ££000- 8S17°0- 12000~ rorey- LTO- 8100°0- 1E4vT°9- h|
t6120- $0£0°0 L0000 L1¥9'¢- 9TIvIT- $18¢'9- SiTty'e- 1340 (4 [44:1% I
LSSO0- 7000 1£00°0 L§9S°0 [423 3¢ £901°0 ¥1T9°0 10SS°01 ¥601°0- I
$00°0- 62000 £200°0- £€800°0- $T00'0 $000°0- ££00°0- #0000~ 61000 H
es00- $00°0 L1000~ 896¥°1- tI18°01- eLITO Styy'l- L1801~ o9si1°o- D
61€7°0- 6£00°0- T100°0 wrT0- T988°0C Lie €L10°0- 1068°0T SIIE9 d
80100~ S¥Y00°0 S100°0- SLLTO- £T€0°0- 9it9 L9910~ 89¢0°0- 191€°9 3
L8YT0- 98¢0°0 £000- 96tL't- t0ST'12- £ESEQ9 606%°¢t- 688 1Z- £8€0°9 a
TLLOO- $$00°0 P0-d1 S6S1°0- 81$£°01 86LT°TI £T80°0- 9Lt 0l L6LT'TL J
L680°0- wioo $Y00°0- 8891°C- LEPTIT- $010°TI1 16L0°C- 6LST°11- 6+10°Z1 2|
L9210~ 81100 ¥900°0- 999°14 811€°0- TOLT'81 £E6£S - 9eTe 0~ 9687’81 v
(w7 Tu) A (X (unzZ T X (X T Z (un) X (i x
(quipaseq - UONEMOY) UONO SATIE[9Y UONENIOY JuLN(] UOHISO] ~ uonisod auiaseq qny
ele( InOuo)) Ideyng
1T %0T 14
- 9 . wu g ursdeq X (30123j21qns y3norp
MWM. MMM M.m hT- gmm ww Ul PIION ATV (‘W) UOTIO Z » 3unjoof uaas se yoeq
0+9- %0T N-1 1¢£2- %0T 04 UIMUIXEA 3§ SULRS potenioy (V) 0 SNH) MIAA 10K
891- %»0T d-3 08¢s- »0T ra
081- %0T N-A 1€¢- %07 oa
81¢- %0T W-A 87¢- %0¢ I //\.w»&.o-
148 5 %0C W £69- 0T 40
Ll %0T N1 91¢- %0T 90
SLI- %0T Tl 13 (A % 0T o4 A
881- %0T A1 viz- %07 34 ¢
y0C- 0T W-D £L9- %0T ag
6L1- %0T A0 oLl %0T gy
(1A% %0T 5} 86L- %07 v
619- »0T T4 6¥S- %0¢ a-v
(urensodrur) (sAne[ar) (urensoiomu) (eAnear)
ureng PMod Sumng ureng nRmod 3umng
(paInseow 10u = um) ele(q ureng 2 lomod

PABNPY s3uLnS [Iv - 1AL AOPOIYY, °67-V Indyg




62

£v200- 8¢00°0 L0000 679S°1- 19¢1°0- £891°81- 98¢S’I- 66E1°0- 691°81- d
¥10°0- 8€00°0 L000°0" YIET0 ¥96¢°01 LYET'TI- vLITO 9264701 vELTI- N
9820°0- £000°0 #1000 79€0°C- vyTLOL- £61€°Z1- 9L00°T- LYTL o1~ 6LIETL- W
€L0°0- 77000 0 1161°0- $ST0°'1T vL66'S- 18110 £€20°1C vL66°S- 1
6¥00°0- ¥700°0- $200°0- 9L07°0- 000" 9¥T9- LT O 81000 1€9T°9- p'|
1€60°0 100 SY00°0- 6Y1S°€- €EL'1Z- L98E'9- 81Zp'e- €P11Z- TI8€9- §
90100 v0-d1 81000 80190 206S°01 o ¥129°0 105501 ¥601°0- I
£€00°0 7€00°0- 61000 0 9€00°0- 0 £€00°0- $000°0- 61000 H
¥TT0°0- 0 90000 91 L1801~ 9110 9Ery'1- L1801~ 9110 )
79900 £000°0 0 $€80°0- $068°0C SIIE9 €L10°0 106802 SLIE9 d
78000 LS00'0 $000°0 S8S1°0- 11€0°0- $91€9 L9910 89€0°0- 191€9 4
L960°0- 61100 82000 9L8S°€- LLT 1T SSE0'9 606¥°€- 688712 €8€0'9 a
1220°0- LY00'0 0000 vv01°0- 1I¥E01 2082°T1 £780°0- ¥9€€°01 L6LTTL o)
£520°0- 000 900070 01T 6IST'11- £P10°CI 16L0°T- 6LST1I- 6¥10°T1 :
8LY0°0* 95000 7700°0- 1L8S°T- 81€°0- vE8T'81 €6€S°T- 9€TE'0- 9587°81 v
() z ('ut) X (un X (un Z (u) X (¥ (unzZ (unp X (u) X
Avc__omam - :O:m:~u<v uonow SANR[Y =Oﬁaao<d=§ :O_:mo& :om.-_mo& ua:omaﬂ D_;m
Ele( JNOJUO)) 9OBLINS
oL %0 I-d
6L- %02 d-N u %0 P oL powayaiqns gBnosm
o | w | aw : s | ra | ewnevcmwnonz  *h st uos e
€61- %0z N-T L %0 07 TUPEN B SIS PV oy SA00) M3AA Mo
- %0 d-) 01e- %0T r-a \ /
I %0 N-) £9- %0 o-a o)
0t- %0 W € %0 ID /os.o.
LLT- %0T W[ 91¢- %0T 40
"ot %0 NI 9 %0 2 30)
- %0 11 6 %0 o-q A
9 %0 ¥ 9 %0 -4 -
81 %0 WD 81- %0T a-d
g %0 -0 61- %0 v
€L %0 -0 9L1- %0T ov
891- %OT T4 1L1- %0T a-v
(urensontwr) | (saneiar) ~(urensodnu) | (sAnean)
ureng 1BM0d 3ung ureng 1M0q 3uwng

{panseaur 10u = un)

BIE( UTENS 29 JoMOg

pajenpy
SBULDS 3R] - ISIL AYIOPOAYL, “0¢-V an3fy




Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this coliection of information s estimated to average 1 hour per response, inciuding the time for reviewing instructions. searching existing data sources,
gathering and maintaining the data needed, and compieting and reviewing the collection of information. Send comments re?arding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden. 1o Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Dawis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
September 1994 Contractor Report
3. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Experimental Evaluation of Shape Memory Alloy Actuation C NAS1-18455
Technique in Adaptive Antenna Design Concepts

6. AUTHOR(S) : WU 233-01-03-22

W. Neill Kefauver and Bernie F. Carpenter

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
. . - REPORT NUMBER
Martin Marietta Corporation.
PO Box 179

Denver, CO 80201

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING /MONITORING

. . . . AGENCY REPORT NUMBER
National Aeronautics and Space Administration

Langley Research Center " }
Hampton, VA 23681-0001 ASA CR-194983

11. SUPPLEMENTARY NOTES

Langley Technical Monitor: L. C. Schroeder
Final Report

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Unclassified-Unlimited

Subject Category 45 3 Z

13. ABSTRACT (Maximum 200 words)

Creation of an antenna system that could autonomously adapt contours of reflecting surfaces
to compensate for structural loads induced by a variable environment would maximize
performance of space-based communication systems. Design of such a system requires the
comprehensive development and integration of advanced actuator, sensor, and control
technologies. As an initial step in this process, a test has been performed to assess the use of a
shape memory alloy as a potential actuation technique. For this test, an existing, offset,
cassegrain antenna system was retrofit with a subreflector equipped with shape memory alloy
actuators for surface contour control. The impacts that the actuators had on both the
subreflector contour and the antenna system patterns were measured. The results of this study
indicate the potential for using shape memory alloy actuation techniques to adaptively control
antenna performance; both variations in gain and beam steering capabilities were
demonstrated. Future development effort is required to evolve this potential into a useful
technology for satellite applications.

14. SUBJECT TERMS 15. NUMBER OF PAGES

antenna beam steering, shape memory alloy, adaptive reflector 65
shape control, near-field pattern tests 16. PRICE CODE
A04
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION ]20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. 239-18
298-102



