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PREFACE
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The results were obtained by AROQ, Inc., AEDC Division (a Sverdrup Corporation
Company), operating conitractor for the AEDC, AFSC, Arnold Air Force Station.
Tennessee. The work was done under ARO Project No. V315-04A. The author of this report
was George W. Hyslip. ARO, Inc. The data analysis was completed on March 26, 1976, and

the manuscript (ARO Control Number ARQO-VKFE-TR-76-87) was submitted for publication
on August 11, 1976
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1.0 INTRODUCTION

A test program was conducied as a part of an overall cost reduction study for a
"Proposed Reentry Vehicle Ground Test Facility” with the basic concept as shown in
Fig. 1. The facility will be used to test models subjected to various environments and
conditions as they travel down range through a preconditioning chamber, an
ablatipnlerosion chamber, and into a free-flight chamber or a model recovery tube. The
model will be guided by four rails except in the free-flight chamber during free-flight
testing.

In this test program, the ablation/erosion chamber was examined because its length
makes it an item for which the design approach for rail support, fabrication technigues,
and utilization of material to maintain acceptable rail support, fabrication techniques, and
utilization of material to maintain acceptable rail position and alignment requirements
will greatly influence the overall facility cost. Component lengths and diameters shown
in Fig. ! have not been finalized; however, they are assumed to be reasonable for the
proposed facility.

The original cost estimate of $13,565,000 for the ablation/erosion chamber was based
on conventional and proved design concepts for maintaining rail position and straightness.
A conventional approach would depend on lieavy wall tubes to provide the required rail
support. Accurately machined, closely spaced supports between the rails and the tube
would be required to utilize the tube stiffness (see Fig. 2). Another approach considered
would utilize heavy rail supports independently attached to a foundation with a thin-wall
tube for environment containment. These conventional concepts although based on proved
designs are expensive.

Costs may be reduced substantially if the assumption is made that advanced
technology will permit designing for a lower rail load and that acceptable rail alignment
can be maintained with lighter weight components with fewer support points. Material
cost alone can be substantially reduced if lighter flanges, lighter rail sections, thinner tube
walls, and smaller support structures are required. Larpe savings may also be realized in
fabrication cost. The chamber wall can be much thinner if it is not used for rail support.
In this case, the tube wall can be sized to contain a vacuum or low positive pressure
only and to be relatively free to move without affecting rail alignment.

2,0 TEST OBJECTIVES

This study was made to determine if a cost effective ab]ation/erogion chamber could
be constructed to maintain acceptable rail position and straightness by utilizing a thin
tube design in which the rails are supported only at the flanges. A typical segment of
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the chamber assembly with rails of two stiffnesses was fabricated and tested to determine
the following:

1. Variation of rail position, straightness, and joint alignment at atmospheric
pressure, vacuum, and 15 psig under the following conditions:

a. With a sunshade,

b. With the top portion of the tube assembly heated to simulate
a very hot sunny day, with a sunshade (no insulation), and

c.  With the tube insulated, without a sunshade, exposed to the sun.

2. Disturbance of adjacent rail sections when one rail is subjected to transverse
static loading.

3. Effect of penetrations on the tube assembly and rail alignment.

4.  Repeatability of installation with and without centerline guides.

5. Fabrication and assembly techniques.
3.0 TEST EQUIPMENT
3.1 DESCRIPTION

3.1.1 General Arrangement

A typical erosion chamber segment consisting of two tube assemblies with rails, one
tube assembly 10 ft long and the other 9 fi long, was constructed of tubing having an
outside diameter of 30 in., and a wall thickness of 0.25 in. The tubes were flanged at
each end with internal mounting pads for the rails {see Figs. 3, 4, and 5). The pads were
located near the flanges to transfer load directly to the flanges instead of through the
thin tube wall. Provision was made to allow the option of center supporting each rail
from the tube wall to determine if some rail load could be supported by the tube without
affecting rail alignment. A 1-ft-long expansion joint section (one will be required for each
100 ft of ablation/erosion chamber length) was fabricated to duplicate the expansion joint
required for the assumed chamber installation. The standard 10-ft-long chamber section,
the 9-ft-long section, and the expansion joint were coupled together for the test. End
closure flanges with viewing ports and a thrust stand to carry the thrust loads due to
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pressure and vacuum were provided. Tube support stands were located at each flange joint
(3 places) with provision for axial movement between the tube assemblies and the supports.

Removable centerline guides were attached to the tube support stands for maintaining
orientation of the tube assemblies about the longitudinal axis (see Fig. 5).

Internal and external stops (see Fig. 5) were provided to limit the expansion joint
movement to the maximum amount that would be experienced in the full-length chamber
installation, This duplicates the maximum end load on the tube assemblies in a full-length
installation. The tube assemblies, expansion joint section, and support stands were designed
to utilize a minimum of material with simplified fabrication techniques for maximum cost
reduction.

3.1.2 Rails

The rail size was limited to a shape that would fit into a 5- by 10-in. rectangular
area. The maximum rail height of 10 in. was defined by the selected tube diameter of
30 in. and model diameter of 8 in. Experience with other installations indicated that
a nominal width of 5 in. reduced to approximately 1 in. at the model contact surface
would not produce excessive interference with the flow over the model and would provide
adequate area for viewing. A nominal tube diameter of 30 in. was dictated by a ratio
of test chamber diameter to model diameter which, based on previous experience, would
ensure that wall effects would not interfere with the flow over the model. Several beam
cross sections (shown in Fig. 6} were considered for rails before two were chosen for
testing. The choice of the 25.12-1b/ft beam (beam 3, Fig. 6) was based on the low deflection
for the weight of material using a standard I-beam shape. The shape was easy to fabricate
and could be readily rolled with modified beam rolling equipment in quantities required
for the full-length track.

The 48.7-1b/ft rail (beam 12, Fig. 6) was designed to minimize deflection with a
beam weight approximately twice that of the lighter weight beam (25.12 1b/ft) being
investipated. The beam geometry was established by distributing the area for minimum
deflection for the weight of material considering ease of manufacture of the special I-heam
shape either by fabrication or by rolling with modified beam rolling equipment. Again,
the size would fit into the desired 5 by 10-in. rectangular area. Material for all rails
was 'low carbon steel (ASTM-A-36-627T).

When the 48.7-1b/ft rails (Sections 5.7 and 5.8) were installed, the only rails exchanged
were number 9 for number 6 and number 10 for number 5 in the 10-ft-long tube assembly.
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All other rails were left in place. To replace the rails, the assembly was removed from
the test assembly, taken to the shop, rails exchanged, returned and reinstalled.

3.1.3 Insulation

The tube assemblies were wrapped between the flanges with a 3.5-in.-thick layer
of fiber glass insulation as shown in Fig. 7 (U = 0.091 Btu hr/ft2/°F), in the cases for
which measurements were obtained for insulated conditions.

3.1.4 Rail Loading Device

The rail loading device consisted of a jacking block between the upper left and lower
right rails attached to rods extending through the tube wall and anchored to a jack stand
on the foundation as shown in Fig. 8. Small hydraulic jacks mounted on the jacking
block and jacked separately against each rail provided the required rail load. The loading
device was moved and installed at three different locations (Stations 30, 60, and 90, see
Fig. 5 for station locations).

3.1.5 Sunshade and Heaters

A sunshade was installed over the complete test assembly as shown in Fig. 9 and
remained during all the testing except for the portion in which the tubes were insulated.
Twelve 750-w (9,000 w total) electric strip heaters were installed on the outside of the
tube assembly (on the top portion) to obtain a rough simulation of sunny day conditions.
The strip heaters covered an area approximately 3 in. wide by 100 in. long on each
tube section. The flanges were not heated. Before the sunshade was installed, the
temperature difference between the top and bottom of the tube assemblies was observed
during a day of hot sunshine (90 to 94°F) and found to be approximately 30°F. This
temperature difference was maintained during temperature testing. Iron-constantan
thermocouples were installed at the top, side, and bottom of the tube and centered between
tube flanges (Stations 60 and 114). A Leeds and Northrup Sbeedmax Recorder was used
to monitor and record shell temperatures.

3.2 RAIL FABRICATION TOLERANCES

The rails were fabricated by welding standard low carbon steel beam sections and
plate together (ASTM-A36-62T). The steps were (1) welding, (2) stress relieving, and (3)
grinding. The stress relief was as follows: Heat to 1,200°F, soak for two hr per in. of
thickness, and furnace cool with a heating rate less than 400°F per hr and a cooling rate
less than 200°F per hr. The rails were measured for straightness prior to installation in

10
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the tube assemblies. AN rails were straight within 0,002 in. except for one which was
straight within 0.008 in. Soon after testing, the rails were removed and remeasured (see
Section 5.1).

4.0 MEASUREMENT EQUIPMENT AND METHOD

4.1 SCOPE, TARGET, AND TAPE

The scope used was a Keuffel and Esser (K&E) alignment telescope, catalog number
71220, mounted on a Brunson Model 370 collimating test stand. The reticle in the scope
was located approximately 11 ft, 1 in. from station 0 (end of rail nearest scope). The
instrument accuracy is £0.002 in. at 40 ft and +£0.004 in. at 80 ft per K&E specifications.

A target was mounted on a specially designed holder which was spring loaded against
two rails simultanecusly, either the lower or upper rails. The target and target holder
are shown in Fig. 10. Packing glands in the test assembly end flanges were provided for
the target pull-wire. A steel measuring tape was used to locate measuring stations.

4,2 PROCEDURE FOR MEASUREMENTS

Prior to data taking, the telescope centerline was aligned to the centerline of the
test assembly. The test assembly centerline was defined as a line established with the
target set at stations 4.25 and 231.00 (limits of travel of target due to end flanges). Station
4.25 is over a pivot point, while station 231.00 is 7.33 in. from a pivot point. Since
the rails are rotated 45 deg from the vertical and horizontal centerlines of the vessel,
the telescope was also rotated so that the telescope centerlines would be parallel to the
rail surfaces.

Measurements were taken by pulling the target from station to station through the
vessel with the target position being read as (+) {above centerline of telescope) and (-}
(below centerline). A plus (+) reading indicated the rail was high, and a minus (-) reading
indicated the rail was low. After the measurements were taken at all stations on the lower
or upper rails, the target holder was rotated, and the opposite rails were measured.

The stations were located using a steel measuring tape to measure pull-wire lengths
extending ocutside the flanges.

4.3 ACCURACY OF MEASUREMENTS

The accuracy of measurements was dependent on the telescope accuracy,
environmental conditions, and the telescope operator. The distance from the telescope

11
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to the target varied from approximately 11 to 31 ft. Recorded measurements included
the telescope inaccuracy, rail straightness, machining deviations, and rail deadweight
deflection in addition to the deflections created by the condition being investigated.

44 METHOD OF EVALUATION

All measurements obtained during this investigation are recorded in Appendix A, and
an examination of the rail measurements, except for the rail transverse loading
measurements, indicated that distortion of the mails between support points (bowing and
twisting) greater than the error level of the measurements did not occur (see Fipg. A-2
for a representative plot of measurements taken). Therefore, movements of the rails at
the rail support points (Stations 4.25, 115,71, 124.25, and 223.67) are considered here
to define the total movement of the rails as installed and supported in the prototype
chamber. The rail support points are pivot points of the simply supported rails.

Although the rails were installed perfectly centered to the flanges in the shop, they
became misaligned during the initial test installation. This misalignment constantly changed
during testing, as a result of stress relief from aging and load cycling, atmospheric
temperature changes, and the inability to accurately adjust the supports at initial
installation. This initial misalignment was such to either increase or decrease the actual
measured step between adjoining rails dependfng on direction of movement. The recorded
measurements in Appendix A include the initial misalignment at the reference condition.

Rail steps, or joint discontinuities, between rail surfaces across the joints are those
actually measured unless noted "corrected” which indicates that an adjustment was made
to the measurement to cvaluate the misalignment of the rajls had they been perfectly
aligned at the start of the test. Joint misalignment did not affect the displacement
measurements.

Consistent with comments above, only the measurements at the support points were
used in evaluating the effect of the various conditions, and these data are presented in
Figs. 11 through 26,

5.0 MEASUREMENTS OF DEFLECTIONS AND MOVEMENTS

5.1 DIMENSIONAL CHANGE OF COMPONENT PARTS AFTER AGING

Table A-1 of Appendix A presents measurements of the straightness of all rails taken
before installation and again after conclusion of testing approximately three months later.
Comparison of these before and after measurements indicates that the rails do lose

12
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straighiness as they age. This condition can result from the relaxation of internal stresses
due to room temperature creep.

One could expect similar dimensional changes in the tube assemblies since they were
constructed of similar materials with no post-weld heat treatment. The validitv of this
logic was supported by the following: The rails were installed in the tube assemblies with
the distance between adjacent rail faces accurately set to 8.000 in. This distance was
remeasured during testing of the thermally insulated tube assembly at atmospheric pressure
and at a temperature near that of the shop during installation of the rails in the tube.
The changes in rail position resulting from approximately three weeks of aging are
illustrated in Fig. 11.

The rail and tube assemblies were fabricated from mild carbon steel shapes joined
by welding. The rails were stress relieved as described in Section 3.2, while all other parts
were left in the as-welded condition. The stress relieving process did not prevent changes
in straightness of the rails as they aged. The tube assemblies were not heat treated because
a considerable cost reduction could be made on the production parts if this test had
shown satisfactory dimensional stability without heat treatment.

6.2 REPEATABILITY [ATMOSPHERIC PRESSURE)

A 10t section of tube assembly including rails was installed with centerline guides
between the tube and its support stands, and measurements were made to establish rail
surface positions. This tube assembly was then removed and the entire procedure repeated
for a total of three times. The measurements indicate that repeatability of rail position
following removal and reinstallation of the tube assembly on its support was good when
using centetline puides. Figure 12 indicates that the maximum difference in position of
any rail at its support point was 0.011 in.

.The centerline guides were removed, and the procedure described above was repeated.
Rail measurements indicated that the assermbly did not repeat position quite as well as
with' the centerline puides. Figure 13 indicates that the rail position difference increased
to a maximum of 0.014 in.

All subsequent testing was done using the centerline guides.

53 MODIFIED I-RAIL, 25,12 LB/FT

This rail and tube configuration was tested under atmospheric, 15 psig, and vacuum
conditions with and without heating while protected by a sunshade, The tops of the tube

13
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assemblies were heated to produce a temperature gradient of approximately 30°F from
top to hottom.

Measured rail displacements at 15 psig and vacuum relative to the position at
atmospheric pressure without heating are shown in Fig. 14. Figure 15 shows rail
displacements at atmospheric pressure, 15 psig, and vacuum with heat applied relative
to the position at atmospheric pressure without heating. The maximum indicated steps
across the joint between adioining rail surfaces shown in these plots are 0.019 in. (corrected,
see Section 4.4) with heat applied and 0.017 in. (corrected) without heat. The maximum
steps actually measured were 0.018 in. with heating and 0.013 in. without heating,

6.4 MODIFIED I-RAIL, 25.12 LB/FT SUPPORTED AT CENTER
BY WALL OF TUBE

The rail and tube configuration and test procedure duplicate those described in Section
5.3 except that an additional rail support, at mid-span of the rail and attached to the
wall, was installed.

Measured rail displacements at 15 psig and vacuum relative to the position at
atmospheric pressure are shown in Fig. 16. Figure 17 shows rail displacements at the
three pressure conditions with heat applied relative to the position at atmospheric pressure
without heating The maximum indicated steps across the joint between adjoining rail
surfaces shown in the plots are 0.025 in. (corrected) with heat applied and 0.018 in.
(corrected) without heat. The maximum steps actuslly measured were 0.018 in. with
heating and 0.014 in, without heating.

55 MODIFIED |-RAIL, 25.12 LB/FT WITH TUBE INSULATED

The rail and tube configuration and test procedure were similar to those described
in Section 3.3. Tests were made under atmospheric, 15 psig, and vacuum conditions after
installing a 3.5-in. thickness of fiber glass thermal insulation on the tube assemblies (see
Fig. 7). Tests were made on a sunny day without a sunshade being used.

Measured rail displacements at 15 psig and vacuum relative to the position at
atmospheric pressure are shown in Fig. 18. The maximum indicated step across the joint
between adjoining rail surfaces shown in the plot is 0.006 in. (corrected). The maximum
step actually measured was 0.013 in.

This was the best rail and tube configuration tested as determined by minimum rail
displacements under all pressure conditions.

14
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656 MODIFIED I-RAIL, 25.12 LB/FT SUPPORTED AT CENTER
BY WALL OF TUBE WITH TUBE INSULATED

The rail and tube configuration and test preocedure duplicate those of section 5.5,
except that an additional rail support, at mid-span of the rail and attached to the tube
wall, was installed.

Measured rail displacements at 15 psig and vacuum relative to position at atmospheric
pressure are shown on Fig. 19. The maximum indicated step across the joint between
adjoining rail surfaces shown in the plot is 0.007 in. (corrected). The maximum step actually
measured was 0.012 in.

5.7 SPECIAL I-SHAPE, 48.7 LB/FT

The rail and tube configuration and the test procedure were similar to those described
in Section 5.3. Two of the 25.12-Ib/ft rails, numbers 5 and 6, were replaced with 48.7-1b/ft
rails, numbers 10 and 9, respectively. The rail numbering and location scheme is presented
in Fig. A-1 of the Appendix A. Measurements were made under atmospheric, 15 psig,
and vacuum conditions with sunshade protection. The tops of the tube assemblies were
heated to produce a temperature gradient of approximately 30°F top to bottom.

Measured rail displacements at 15 psig and vacuum relative to the position at
atmospheric pressure without heating are shown in Fig. 20. Figure 21 shows rail
displacements at atmospheric pressure, 15 psig, and vacuum with heat applied relative
to the position at atmospheric pressure without heating. The maximum indicated steps
across the joint between adjoining rail surfaces shown in the plots are 0.014 in. (corrected)
with heat applied and 0.009 in. (corrected) without heat. The maximum steps actually
measured were 0.014 in. with heating and 0.012 in. without heating.

6.8 SPECIAL I-SHAPE, 48.7 LB/FT SUPPORTED AT
CENTER BY WALL OF TUBE

The rail and tube configuration and test procedure duplicate those described in Section
5.7, except that an additional rail support attached to the tube wall at midspan of each
rail was installed.

Measured rail displacements at 15 psig and vacuum relative to the position at
atmospheric pressure are shown in Fig; 22. Figure 23 shows rail displacements at the
three pressure conditions with heat applied relative to the position at atmospheric pressure
without heating. The maximum indicated steps across the joint between adjoining rail
surfaces shown in the plots are 0.013 in. (corrected) with heat applied and 0.006 in.
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(corrected) without heat. The maximum steps actually measured were 0.008 in. with
heating and (.016 in. without heating.

59 EFFECTS OF TUBE PENETRATION

Penetrations, or openings, were added to the tube assembly as shown in Fig. 24,
Except for these penetrations, the rail and tube configuration and test pressures were
unchanged from those in Section 5.7. Tube heating was not used in this test.

Measured rail displacements at 15 psig and vacuum relative to the position at
atmospheric pressure are shown in Fig. 25. The maximum indicated step across the joint
between adjoining rail surfaces shown in the plots is 0.006 in. (corrected). The maximum
step actually measured was 0.013 in.

510 RAIL LOADING (ATMOSPHERIC PRESSURE}

5.10.1 25,124b/ft Rail

This rail and tube configuration was similar to that described in Section 5.3 It
consisted of the tube assemblies with a complete set of 25.12-Ib/ft rails and shell
penetrations. Provision was made for loading one pair of opposing rails, consisting of the
upper left (number 5) and lower right (number 6). A single force of 6,400 Ib was applied
sequentially to rails number 5 and 6 at stations 30, 60, and 90.

The 6,400 Ibt simulated a predetermined reasonable maximum rail load for a reentry
vehicle test facility of this size. This value was obtained from a flexible model loading
analysis, which indicated that thick-wall Lexan® projectiles can experience acceleration
loads of about an order of magnitude less than a rigid body, if the dynamic design is
appropriate. This analysis yields a load of 6,400 Ib for a typical 8-in. projectile traversing
a 0.001-in./ft curvature at 18,000 ft/sec.

Rail position measurements were made immediately after either loading or unloading
a rail to minimize the possible effect of temperature changes.

Measured rail displacements of the loaded rail and its abutting rail produced by each
of the six positions of load are shown in Fig. 26. The maximum indicated step across
the joint between adjoining rail surfaces shown in the plots is 0.012 in. (corrected). The
maximum step actually measured was 0.019 in.
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5.10.2 48.7-b/ft Rail

Two of the 25.12-Ib/ft rails, numbers 5 and 6, were replaced with 48.7-1b/ft rails
numbers 10 and 9, respectively. All rail loading and measurement procedures described
in Section 5.10.1 were repeated.

Measured rail displacements of the loaded rail and its abutting rail produced by each
of the six positions of lpad are shown in Fig. 26. The maximum indicated step across
the joint between adjoining rail surfaces shown in the plot is 0.012 in. (corrected). The
maximum step actually measured was 0.023 in.

Rail displacement measured at mid-span points and corrected for support point
displacements were not greater than the calculated values.

6.0 COMPARISON OF PERFORMANCE
A summary of test conditions and results is shown in Table L.

The repeatability of rail position when removing and installing a tube assembly with
a V-type of support was improved by the addition of a centerline guide between the
tube and its support stand as indicated by the measurements discussed in Section 5.2.

The measurements for the modified I-rail, 25.12 1b/ft, with the tube insulated as
described in Section 5.5, indicated that changes in pressure from atmospheric to either
vacuum or 15 psig has a small effect on rail position since rail displacements ranged from
0.00 to 0.010 in. maximum. The same rail and tube configuration protected by a sun
shield instead of insulation, (Section §.3) had rail displacements ranging from Q.00 to
0.037 maximum. When the tops of the tube assemblies were heated to produce a 30°F
temperature gradient from top to bottom, the rail displacements ranged from 0.000 to
0.012 in. maximum at atmospheric pressure, and 0.007 in. minimum to greater than 0.053
in. maximum at vacuum and 15 psig. Comparison of the above displacements indicates
that 0.010 in. is the maximum displacement resulting from the pressure changes with
the assemblies insulated. However, when the assemblies were heated much greater
displacements for the same pressure changes were noted (see Fig. 15). Apparently an
unstable condition in the tube assemblies develops upon heating causing greater
displacements for all the heated configurations.

It is evident that the thermal insulation minimizes temperature gradienis within the
tube assembly and greatly reduces the attendant rail displacements.

The effect of a center support can be evaluated using the configurations described
in Sections 5.5 and 5.6 since the insulation essentially eliminates distortion caused by
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temperature gradients. The change in rail displacements caused by center supports ranges
from 0.00 to 0.016 in. at vacuum and from 0.00 to C.018 in. for 15 psig. This indicates
that various pressure conditions cause the tube to deflect which causes the center support
and rail to maove.

When the special Ishape 48.7-1b/ft rails (Sections 5.7 and 5.8) were installed, the
displacements measured did not agree very closely with the previcus configuration. The
trails in the tube section that were left in place had different displacements than before,
even though they were left undisturbed except for the bolting together of the sections.
Apparently some strain either existed before the removal of the tube assembly or was
induced during the reinstallation due to the flange bolting sequence or an inadequate
self-alignment feature on the support stands. Error in flange face squareness to rail axis
could also bave been a factor.

Rail displacements determined after the penetrations were installed (Section 5.9) were
within the same minimum and maximum displacements as shown in Section 5.7 at
atmospheric, vacuum, and 15 psig pressures. The addition of the penetration and weld
shrinkage caused a noticeable deflection of the tube material toward the tube centerline
in the vicinity of the penetration. However, it had little effect on the rails.

The rail displacements at the support points due to rail loading for both’ the 25.12-
and the 48.7-Ib/ft rails (Sections 5.10.1 and 5.10.2) had displacements at the pivot points
of 0.018 in. or less except for two measurements at station 4,25 with the lower right
rail (No. 9) loaded. Since the time span of the measurements virtually eliminated
temperature effects, the rail displacements are the combined deflections of rail supports,
tube assemblies, flanges, and support stands.

The proposed ablation erosion chamber design concept employs simple pinned and
guided-end supports for the rails. Therefore, the exact shape and stiffness of the rails -
should not greatly influence deflections of the tube or rail support system resulting from
temperature and pressure effects on the tube. The comparison of the test data taken with
the alternate rail shape installed in the tube supports this comment.

7.0 CONCLUDING REMARKS

The modified I-rail (25.12 Ib/ft with insulation and without rail center supports,
(Section 5.5} was the best configuraticn based on minimum rail movement. This result,
however, could not be directly traced to the use of this rail configuration rather than
the 48.7-1b/ft rail. This configuration with centerline guides had better repeatability than
the configuration without centerline guides.
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It was found that displacement due to pressure was much greater with the top heated
than with insulation. Apparently an unstable condition was created in the tube assemblies
when heat was applied.

The tube assembly was distorted slightly near the penetrations when they were welded
to the tube. The range of rail displacements prior te penetrations was 0.001 to 0.012
in. compared with 0.000 to 0.019 in. after penetrations were installed. This indicated
that the penetrations affected the rail alignment only slightly since the 0.007-in. maximum
variation includes measurement inacurracy.

The rail displacements due to rail loadings were 0.018 in. or less except for two
data points, which were 0.032 and 0.03% in. Since temperature effects were eliminated,
the displacements were due to the deflections of the tube, flanges, and supports.

The measured rail deflections at midspan were not greater than the calculated values.

It was not proved that the 48.7-Ib/ft rail offers any advantage over the 25.12-Ib/ft
rail except in reducing rail deflection between support peints when the rail was loaded.

The following facts have been determined based on the testing and study:

1. The rails can be supported by attaching only at each end to the tube flanges.
2, A thin-wall tube can be used satisfactorily.

3. Penetrations can be made in the tube with a small effect on rail alignment.
4, The thin-wall tube cannot be used to support a part of the rail load.

5. Mild steel component parts must be heat treated to eliminate dimensional
changes due to aging.

6. The ablation/erosion chamber must be insulated to reduce temperature
effects.

7. Tube sections can be fabricated and rails instalted in the shop within the
accuracy required to obtain interchangeability between sections, with and
without penetrations.

8. The assembly must have centerline guides.

Further testing should be conducted to gain additional information on material
stability, insulation requirements, support stand requirements, optimum flange and tube
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wall thickness, and fabrication and installation techniques. The additional testing should
be conducted with an assembly designed with the same concept utilizing the information
gained from this test and study. The following changes are recommended:

1. All components of the tube assembly constructed of mild steel should be
heat treated using the best known methods available for the type of material
being used, to achieve maximum dimensional stability.

2. Only the insulated confipuration should be tested with tube assemblies,
flanges, and support structure fully insulated to minimize temperature
effects.

3. The mounting pads on the support stands should self-align and have height
adjustments to eliminate any preloading of the test assembly during
installation.

4. Flanges should be bolted together only after installing insulation on the
tubes and with mating tubes maintained at or very near the same
temperature.

5. Increase flange thickness to decrease the deflection due to rail loadings.
However, if at the time of testing information has been gained to indicate
that the loads are less than the 6,400 Ibf used in this investigation, the
flange thickness should be adjusted accordingly.

An estimated cost savings of 40 to 50 per cent over the conventional method may
be” realized in fabricating an ablationferosion chamber utilizing the test results obtained
in the present investigation.
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Figure 21. Special |-shape, 48.7 Ib/ft for rails No. 9 and 10, all others
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Station, in.

Figure 23. Special I-shape, 48.7 Ib/ft for rails No. 9 and 10, all others

25.12 Ib/ft, center support, displacements for atmospheric
pressure, vacuum, and 15 psig (with top heated, AT = 30°F).
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All Dimensions in Inches

Figure 24. Penetration in shell.
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+0.060

.

+0,030 15 psia

S

Atm
Atm
- e
0'032 Rail No, 8 (LL) Rail No. 1 (LL) X
+0,030 15 psig
15 psig rVacuun Vacuum
N —_—
0|8 3 o o
—Atm L"t'
é Rail No. 7 (UR) Rail No. 2 (UR)
o -0.03§
-]
g %
- +0.030 ¥ oais
E Vacuum 15 psig
& —
0 < <
\—Atm \'—"Vncuum LM;m
Rail No. 9 (LR) Rail No. 3 (LR)
-0.030 }— :
+0.030 > Rail No. 10 (UL) Rail No. 4 (UL)
Vacuum >0.004 15 psig
0 = + = & —0
1 Atm 1"15 psig \——Vncuuu \——Atn
-0.030 l | | | |
0 40 80 120 160 200

Station, in.

240

Figure 25. Rail displacements caused by tube penetrations, for atmospheric

pressure, vacuum, and 15 psig.
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Deviation,

+0.015

-0.015

—0.015<
+0.015 Rail No. 9 (LR)

-0. 015

+0. 015

-0,015

AEDC-TR-76-132

Rail No.
5,4 or 10,4

6,3 or 9,3

+0.015§

Rail No. 5§ (UL) Rail No. 4 (UL)

No Load

Load at

[T,
L Rail No. 6 (LR) No Load Rail No. 3 (LR)

60 and No Load

Load at

Station/— 30/ 60 \90 KNO Load

0.039 Rail No, 3 (LR)

Load at
lh.il NO. 10 (UL) Station

; ; g gﬂo and Bog

Load at & & _II\
Station 30— 60— 90 \-NO Load Rail No. 4 (UL)

I I [ | I

RN AN
Station 30 60 90 30 60 90 No Load

Station ~30 60 20 30 B0 90 No Load

S

S

0 40 80 120 160 200

Station, in,

240

Figure 26. Rail displacements caused by loading (rails 9 and 10, 48.7 Ib/ft;

all others, 25.12 Ib/ft).
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Tahle 1. Summary of Test Conditions and Resulis

Tast
Configuration

Esil
Pomition,
in.

Pressure

Teat Conditicne

Armpspheric

15 puig

Vacuum

Sunshield

Ingulated

Wicthout With

Eeat

Hear

Without
Center

Support

With
Cencer
Support

Loaded et
Stations
0, 60, and 90

Section 5.1
Figure 14

Max o
Digplacement

0.037

I

Maxirum Step
(Actual

_Measurcment)

0.010

Q.012

0.013

Heximm Step
{With Perfect
Initinml
Alignment)

0.014

0.017

Section 5.3
Figure 15

Max immm
Diaplacement

0.014

0,033

0.053

Maximum Step
{Actual
Measurement}

0.076

a.m3

0.017

Maximm Step
(With Perfect
Initial
Aligrment)

0.07%

0.006

Section 5,4
FPigure 146

Maxioum
Displacement

0,040

¢.00

Maximm Step
(Actual
Measutement)

0.01%

0.013

0.014

Maximm Step
{With Perfect
Initfial

Alignment}

0.018

Q.07

Saction 5.4
Figure 17

Maximum
Displacement

0.020

0.038

0.035

Maximum Step
{Actual
Meagurement)

0.015

0.015

0.018

Maximm Step
{With Perfect
Initial

Aligmment)

0.007

0.025

a.016

ZE1-94-H1-2Q3Y
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Table 1. Continued

Tegt
Configuration

Rail
Position
in.

Fresaure

Test Conditions

Atmospheric | 15 paig

Vacuum

Sunghield

Ingulated

Without
Hezat

With
Heat

Wicthout
Center
Suppert

With
Cantar
Suppert

Loaded at
Statlons
30, 60, and 90

Section 5.5
Figure 18

Maximm
Displacement

0.010

0.008

X

Maximum Step
{Actual
Measurement)

0.008

0.013

0.010

Maximumm Step
(With Perfect
Inicial
Alignment)

0.006

0.004

Section 5.6
Figure 19

Max imum
Displacement

o.ma

0.016-

Haximum Step
{Actual
Meagurement}

c.008

¢.012

0.012

Maximum Step
(With Perfect
Initial
Allgnment)

0.007

0.005

Section 5.7
Figure 20

HMaximum
Displacement

D.c12

0.0M

Haximum Step
{Actual
Meagurement )

0.012

0.008

0.011

Maximum Stcep
(With Perfect
Initial
Alignment)

0.009

0.005

CELBL-H1-0Q3Y
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Table 1. Continued

Test
Configuration

a1l
Fosition,
in.

Preasure

Teat Conditiona

Atmoapheric

15 paig

Yacuum

Sunghield

Insulated

Without
Heat

¥ith
Heat

Without
Center
Support

With
Center
Support

Loaded at
Stations
30, 60, and 30

Section 5.7
Pigure 21

Max i mos
THeplacement

Q.01

0.044

0.022

Mawimm Step
{Actual
Meagurement)

a.04

0.003

0,012

Maximum Step
(With Perfect
Inicial

Aligrment)

0.008

*0.011

0.014

Section 5.8
Figure 22

Haximum
Displacement

0.017

0.012

Maximum Step
(Accual
Measursment }

¢.016

».014

MHaximm Step
{With Perfect
Initial
Alfgnment)

0.006

0.006

Section 5.8
Flgure 23

Max imum
Displacement

0.066

0.0481

0.032

Haxioum Step
(Acrual
Heasurenent)

*0.007

0.008

0.007

Maxlmum Step
{With Perfect
inttial
Alignment)

>0.010

0.013

>g.008

ZEL-9L-H1-0Q3Y
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Table 1. Concluded

Test
Contiguration

Rail
FPoaition,
in.

Pressure

Test Conditiome

Atmospheric | 15 peig

Vacuum

Sunshield

Insulated

Without
Heat

With
Heat

Without
Center
Suppore

Hich
Center

Support

Loaded at
Stations
30, B0, and 90

Section 5.9
Figure 25

Max imum
Dipplacement

0.01%

0.019

X

Mazimum Step
(Actual
Measurement}

0.013 0.009

0z

MaXizum Step
{With Perfect
Initial

Alignmene)

0. 006

0.0

ra

Section 5.10.1
Figure 26

Maximum
Displacement

0,03

Maximum Step
{Actual
Mgngurement})

0.019

Maxigum Step
(With Perfect
Initial
Alignment)

0.m2

Section 5,10.2
FMgure 26

Hax{mum
Displacement

0.039

Haxiomum Step
(Actual
Megsurement )

0.023

Maximum Step
(With Perfect
Infrfal

Aljignment)

0.m2

CEL-94-91-2A3Y
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Upper Left Rail

No, 4
STQ—ft—long Tube

Upper Lett Rail
No, 5 or 10

10-ft-long
Tube

Upper Right Rail
No, 2

Upper Right Rail
/ No. 7

Lower Right Rail

Ne., 3
° Lower Right Rail
cﬁ}ot = No. 6 or 9
A A & \‘ 7 Lower Left Rail
R ? ~ ) No. 1 Note:
© Rails No, 9 and 10 are
. 48.7 1b/ft,
. : X
;gweé Left Rail All other rails are

Figure A-1. Rail numbering and location scheme.

25.12 1b/11.

ZEL-94-H1-2303v
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Target Position, in.

+0.060
Sym Rail
¢ Lower Left (8,1)
& Upper Left (7,2)
1 Lower Right (6,3)
+0.040 [— (} Upper Left (5,4)
& & ) 0 m - [} o o o a}
=3 o Q S QO o o = =
E & & & &3 & & & 2B
@ @ @ ) @ ® ®» ® o © @
+0.020 |—
Telescope Centerline
2...6-0.
Y 1 4 N
-0.,020 |— \0-\'{\)
- ] %] b= [ g u m -] -t 5] =]
@ o -3 -3 a & - o ] o
& o - & o >» o -] o R
~ = ~ =~ ~ o~ ™~ [ ™ =~
-0.040—
0,060 : [ 1 [ | | | 1
o 40 80 120 160 200 240 280 320 360

Station, in.

Figure A-2. Modified I-beam, 25.12 Ib/ft, vacuum, insulated.

ZEL-94-41-0Q03v
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Table A-1. Straightness of Rails (25.12 Ib/ft and 48.7 Ib/ft)

Distance from End of Rail, ft

Rail M. | 1 2 3 ‘ 5 6 7 8 9 10
BT* | 0.000 | 0.000 | -0.0D01 § -0.001 0.000| -0.001( -0,001 | -0.001 | -0.001 ( -C.001 | 0,000
1 ATe | 0.000 | 0.000 [ +0,001 | 0.000 | +03.00% | +0.001 [ +0,001 ) +0.001 | +0.001 | 40,001 | 0.000
BT | 0.000| 0.000 | 0.000] 0.000| 0.000| 0.000| -0.001! =D.001 | 0.000( 0.000| 0.000
2 AT | 0,000) 0.000 ] 0.000|+0.001] +0.00% | +0.001 | +0.001 ' +0.001 0.000 | ~0.001 | 0.000
BT D.000 | +0.00 0.000 0.000 0.000 0.000 0,000 D.000 0.000 0.000] 0,000
? AT | 0.000| 0,000 0.000;-0,001| -0.002| -D,002] -0,002| -0,002 | -0,0011 | -0,00% | 0.000
BT 0.000 | -0.001 | «0.001 | -0.001 | =0.002 | -0.002]{ =0.001| =D,001 | -0.0M 0.000 | 0,000
¢ AT n.000 | 0,000 | -0.001)-0,001]| -0.002| -D.0Q2| ~0,002| -D.001 Q.000( 0.000| 0,000
BT | 0.000 | -0.001 | -0.001 | -0.001) -0.002| -0.002| -G,002 | -0.002 | -0.0D02( -D.001 [ 0.00
. AT 0,000 | =0.007 | =0.001 | =0.001 | -0.001 D.000 G.0D0D| +3.001 | 40,001 0.000 | 0.000
BT | 0.000| 0,000 |-0.001 |-0,002| -0.002| -0.002| -0,002 -0,001 | =0.001| 0.000( 0,000
: AT { 0.000 | +0.001 | +0.001 | +0.002 | +0.002 | +0.003 | +0,003} +0,003 | +C.002| 0©.000| 0.000
BT 0.000 0.000 | -0.001 | =0.002 -0.002} -0.002 -0:003 =0.002 | =0.,002 | -0.001 | 0.000
’ AT | 0.000 ( 40,002 | +0.003 | 40,003 | +0.003 | +D.003| +0.003 | +0.002 | +0,002 | +2.001 | 0,000
BT | 0,000 | ©.000 | -0.001 | =-0,001 | -0,001 | =0,001| =0.,001 | =0.001 | €.000| 0.000| 0,000
) AT | 0.000| 0.G00 | -0.001 | =0.001 | ~0.001 | -0.001 0.000| -0.001 0.000 | -0.002 | 0.000
BT D.A0Co 0.000 0.000 0.000 0.000 0.000 0.000 0.000 d.000 a.0o0 | 0.000
*i AT | 0,000 ) 40,002 | H3,005 | #0007 | H0.00B | +0.009| 40,008 | 40,008 | +¢.005 | +0,002 ( D.0QO
BT | 0.000 { 40.001 | +0.002 | +0.003 | +5.004 [ +0.006 ( +0.008 | +0.006 } +0.005 | +0.002 | 0.000
19 AT | 0.000| ©,0DD | 0.000| G.000( -D,.001| -0.001| -Q.007 0.000 | C.000 0.004 | 0,000

#BT - Before Testing, AT — After Testing

*k43,7 1b/Et /»— End of Rail

—
- 10ft——|
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Table A-2. End Misalignments and Dimensions between Rails

Heagurad
Hall Spacing
Item Ball Toot Eeils End
Over Full Lengihk Ramaran
Neo, Configuration Condition Locgtion No. ::::;;:m::t 8.000t, 1n,
R LL k1l 0.010 +0,014
tmoapheric
1 23,12 Prosaure UR rez 0 -0.016
b/t with
Sunshade LR 8 k3 a,.004 +0.,004
w S k4 0.005 -0.012 =~
LL 8kl 0.004 +0.436
VYacuua UR Tk2 Q.003 «0,018
i with
Sunahade LR 4 K3 4.013 +0.011
L 3 &4 0,009 -0 .048
LL &1 0,003 +0.016
15 psig Uk 782 0.004 -0 .026
3 with
Bunsbade LR d4a3 1.010 +0,.005
1.8 b4 0,012 ~0.042
a LL k1 0.0q01 +a.017
tmosphorls
‘ Pregsure R 783 0.001 -0 .008
Top Bonted
30 deg Approxiasta LR &3 0.0186 +0.031
w 384 0.008 -0.048
LL A&l 0.001 -0,0813
Yacuum e 742 4,001 0,073
L} Top Heated
30 deg dpproximmate LR LI 0.017 +0.008
mn 5 &4 a,008 >+0.108
LL LN Wt 0.002 =0.021
15 peig UR T832 Q.001 -0.004
a Top Heated
30 deg dpproximmte LR 6 &3 0.018 »20.108
n 584 4.008 +0.,008
A . LL A1l 0,002 +0,017
tmospheric
v Pressurs Wwith R T k2 0.004 -0,818
Bunshade Ratl
Support at Center LR 6§82 4.010 +0,304
L 5 hd 04.010 =-0.032
LL 8 &1 0.009 +0,318
Yacuum
8 with gunlhadn R Th2 4.002 +0,902
Bail Bupport
st Conter LR B &3 0,014 -0.00%
UL 544 0.007 -0.017
15 . LL 8 &1l 0.001 +0,011
paly
8 with Bunshade UR a2 0.004 ~o.a10
Rail Bupport
at Conter LR 6 a3 0.013 «0,008
UL 5a4 0.008 -0,034
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Table A-2 Continued

AEDC-TR-76-132

Heasured
Rail Spacing
Item © RAail Test Rails End Over Full Len
gth Remarks
No. Configuraticn Condltion Lecation No. ﬁ:i:i:ﬁ?mi:? B.0Q0E, in.
Atmospherle LL B &1 0.007 ~0.316
Fressure
o 25.12 Top Heated R 7Tk 0.005 -0.013
1b/ft 30 deg Approximate
Rail Support LR 6 &3 0,015 +0,006
at Centsr L 5 k4 0,011 -0.014
Yecuun 1L B k1 0 .005 +0.008
Top Hented UR 7T k2 0.001 +0.000
11 30 deg Approximate
Rall Support LR 6 &3 .018 =0,002
t Center L 584 0.006 -0.016
15 psig L LI o +0.011
Top Eeated Tk 7L2 0,011 ~. 005
12 30 deg Approximate
Eail Support LR a&3 0.013 «0.011
at Center L 5 &4 0.015 -0.012
LL Ak 0,003 +0.016
Atmocspheric UR Tk 2 0,001 +0.008
13 Freéssurs
Insulated LR 6 k3 0.008 +0.000
UL 58 4 0.006 =0.017
LL 8kl 0.003 0,010
Yacuum UR T&2 0,001 +0,003
14 .
Insulared LR PE 0.008 -0,002
UL 5% 4 Q.010 =-0,024
LL & k) 0. 003 +0,015
18 psig UR ThZ 0.001 +0,008
15
Insulated LR e &3 0.013 +0,000
L 5k 4 0.008 =0.014
Atmospheric LL &1 0.003 +0.016
Presgure uR T k2 0,001 +0.006
18 Ipaulated
Rail Support LR 6 &3 0.008 +0.000
ut Ganter oL 5k 4 0.006 -0.017
LL 8 k1 0.003 +0,012
Facuam "
17 Inaulated LR T2 0,005 +0.000
Aail Bupport
at Center LR 6 &3 0.012 +0.,000
L 5k 4 0.011 -G.011
LL k1 0,003 +0,013
15 paig
18 Insulated UR Th2 0,008 +0,000
“:11c2:g§?’t LA E&3 0.012 +0.000
L 5 & 4 0.011 -0,021
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Table A-2. Continuad

Heasured
Rail Spacing
Iten Raill Test Ralls End
Over Full Length Remarks
Na. |Coafiguration Condition Location Ho. E:::iignm::l B.000E, 1n.
LL 8 &1 0,00l +0,024
Atmospharic UR T k2 0.008 +0,010
a 25.12 Proesure
1 1b/tt with LR 8 &3 0,014 +0,032 No. 6 Rail
Sunshade Loadaed te 6,400
i, 5% 4 0.008 -0.010 Lb et Station 30
LL g &1l 0,004 +0,025
UR LE 0.045 +0,002
z LA | e&3 0.018 +0,038 No, § Rall
Loadad to 8,400
n 5 k4 0.01¢ -0,014 1b at Statipn 30
LL 84l 5 40,023
UR Th2 0.007 +0,008
21 LR 6 &3 ©.O15 40,045 Ne, 8 Rail
loaded to 8,400
m 5 &4 0,008 -0.011 1b at Station 60
LL HEk1 o008 40,030
R 7R o.008 +0,002
z LR 643 0.011 +8.038 Ne. 5 Rail
Loaded to 8,400
L 54 0,007 -a.019 1b mt Etation 60
LL 8k .02 +0.021
uR Tk 2 ¢,a12 -g.002
b LR 6 &3 0.014 >40.020 No. 6 Ratl
Loaded ta B,400
mn S a4 0.008 -0 .008 1b at Btation 9O
LL BE1 13 +0.013
UR Th2 ¢.006 -{.005
24 LR 6 &3 ¢.018 +0.040 Nc. 5 Rail
Loaded to 8,400
. L 5 & 4 o411 =-0.019 ib at 8taticn BO
LL Bkl 0.003 +0.028
8.7 4571 | Atmosphoric uR Taz .00l +0.013
25 B ID Pressure
ALl others vith kA 2 &3 o +0.039 No. @ Rail
25,12 1b/rt Sunshade Loadad to B,400
' n 10 & 4 £.a13 -0.008 1b at Btation 30
u 8Lkl 0.002 +0.024
UR T2 0.a07 +0,007
o LR B &3 0.006 +0.053 No. 10 Rmll
Loaded to 8,400
m 10 & 4 0.014 —0.000 1b at Etation 30
LL -3 Y 0002 +0,023
UR Th2 0.004 +0.004
27
LR &3 0.0a4 +0,037 No, 9 Rail
loadad to 5,400
UL 10k 4 0.011 -0, 009 1b at Station BO
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Table A-2. Continued

AEDC-TR-76-132

- Mensured
Item Rail Test Rails End 092:111?u??.::2§th Rezarka
Ne. Configuration Condition Location Fo. Misslignment 8.000+. o,
Maximum, in. M
LL 3 kL 0.008 +0.024
e Atmospheric uR TE2 9.010 -0.008
28 9 & 10 Pressure
All Others with LR 9 E3 0.007 +0,028 Ne, 10 Haill
25.12 1b/tt Sunshade Loaded to 6,400
: uL 10 & 4 a,018 -0.017 1b at Staticn B0
LL k1l a.004 +0,022
UR T k2 0.002 +0.007
28 LR 9 &3 0.005 +0.021 ¥o. 9 Rall
Loaded tp 5,400
L 10 & 4 D.018 -0.009 lb &t Statlon 20
L E k1 0,001 +0.037
UR Ta&2 0.002 +0.00%9
0 Ly 43 B.008 +0.030 No. 10 Rail
Londed to 6,400
m 10 &k 4 0.023 -0.,001 lb at Station 90
LL LI I &.008 +0.017
UR Th2 0.008 +0,004
3t LA I k3 9.011 +0,005
L 10k 4 0,012 -0.014
LL ikl 0.004 +0.013
Yacuum UR TE2 0.001 =0,002
32 with
Sunshads LR o k3 a0.007 =-0.003
L 10 & 4 0.011 -0.017
LL E&1 n.oos +0.013
15 paig UR T k2 0,003 +0.001
a3 with
Sunshade LR & &3 n,0c8 —0.008
LA 10 & 4 0.0CE -0,024
LL 8 k1 0,002 +0.019
Atmospheric UR T k2 [1] +0.003
N Presaure
Tap Heated LA I3 C.ol4 +0,008
30 deg Approximate
. 10 & 4 0.012 —-0,004
LL [ § LU +0,024
e 1] 7T R2 a.008 +0.005
a5 Top Heated
30 deg Approximate Lk 9 k3 a.00a +0.,009
L 10 k 4 a.012 -0.008
LL 8 k1 g.6001 +0.009
15 paig UR T A2 0 -0.007
36 Top Heated
30 deg Approximate LR e & 0,003 +0.010
LA 10 & 4 >n,001 -0.012
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Table A-2. Concluded

Eonsured
1tem Rail Taat Reile fnd au::i;n?gaftggth Remarks
No, |Configupmtion Condlticon HMisalignment
Locaticon No. Maximuz, in. 8,000+, Ln,
Atmospheric LL 8 &1 [+ +0.018
48.7 1b/1t Prossure
Ralls with [1):] Ta3 ©,04a7 =0.001
37 & LD Bunehade
All Othera Bupport LR o &3 0,013 +0,.004
35.13 1b/rt wt Conter w 1064 v.018 -0.008
Vacuum LL aal 0,005 +0.014
with ur T h2 [+] +0.000
an Sunshade
Bupport LR &3 0.012 +0.015
at Center . 10 & 4 a.o18 -0.016
15 psig LL Bkl 0 +0.01%
with VR TE2 0.003 -0,008
38 Sunshade
Support LR : N ] 4.003 >+0,004
#t Gonter un 10e4| >0.004 -0.014
Atmospheric LL 8k1 0,003 «0.016
Preasure
- . Yop nente: L1 Thk2 0,005 =0.4902
D dog Approxinmte
gu"m_t 1R 9 k3| >0,007 +0,003
at Center n 10 & 4 >Q.003 -0,016
Vacuun LL Bkl 1] +0.,014
Top Heated VR 7812 0,007 +0,004
41 30 dog Approximate
Bupport LR L 0.40) +0,004
ot Center W [10a 4| >0.005 0,018
15 poig LL Akl 0.008 +0.008
Top Heatsed UR &2 D.008 +0,000
42 230 deg Approximate
Suppert LR 863 >0,004 +0.001
at Canter W [W0&ka| »c.007 -9.013
L Atmospheric LL B &1 0.00L +0.013
Prosaure
. with Bunshade VR 7a2 a +0.%00
with
Peneiratione LR 8 k3 0.011 20,011
in Yeasel L 10 & 4 04.013 -0.013
Vaouun LL &1 a +0.021
with Bunahade UR Th2 0.001 +0,011
4 with
Penatrations LR 2 &3 0.012 +0,018
in Vessel . 1084 | »0.012 -0,010
15 peig LL 88l 0.003 +0,028
with Bunshade m T &2 0.006 +0.003
43 with
Pepetrations LR P &3 0.008 +0,020
in Vesasl UL 10 & 4 0.000 ~9.008
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Table A-3. Displacements Due to Test Conditions

Ratlg Vacuum With Sunshade 15 ppig With Surnshade
Item Rail Erferance
No. Conflg. Condition - Station, in, Station, in. Station, 1a. Scacien, 1in.
t1oa | NO- 4,25 | V15,7V [ 124,25 | 223.67 | 4.25 (115,71 |124.25 | 223,67 | 4.25% | V1S.71 ] 124,25 223,67 | &.25 | 135,70 [124.2% | 223.26
LL | 8,1 0 0.007 | —-0.007 1} 0.003% | 0.004 | =0.00% 0
Atmospheric -
1 25,12 Presgure m | 7,2 0.002| 0,012 0.015 | 0.003 | =0.002 | D.O06 | 0.002 | -0.009
1b/fe With
Sunetade | LB (83 | D.o0a| 0.037) voz0] o | 0.006 | 0.0z | 0015 0 !
m ;5,4 0.021 Q =0.003 | 0.02% | 0.005 {-C.004 | 0.002 | 0,005 ;
Atmospheric | LL | 8,1 0.005 | 0.004 | —0.004 0 L) 0.001 [ -0.002 | 0.006
Pressure
25,12 With ur | 7,2 2.017 } =0.009 1 =0.015 | 0.028 | —0.004 | ~0,004 | —C.012 | 0.035
2 lb;It Sunshade, -- -
Rail R | 6,3 0.003 | -0.008 | -0.004 | -0.007 g.003 | 0,008 | ©.005 0
Supports at B
Center UL | 5,4 =0.012 | 0.031; Q014 | -0.020 ] D.040 | 0.022 | -0,016 !
LL | 8.1 0.006 0.010 | 0,008 | 0.007 0.007 G012 | o.an 0.004
Rails Ho. Atmosphetic o T
9 and 10 » P VR | 7,2 0,003 | 0.0 | -0.005 | ~0.003 | 0.002 |-N.006 | 0.003 | 0.004
3 | e8.y lbsfe | TTRIRRES : -
All Othees | o oo, LK | 9,3 0.007 [ 0.005) 0.006 | 0.001 | o.0M% [ 0.012| 0.012 | 0.003
25.12 tnahace - _
lh/ft U 19,4 =0.011| -0.010| -0,006 | -0.009 | -0.006 | =0.010 | -0.003 | -0.00¢
Rails No. | Atmosphericf LL | §,1 0.007 | 0.010| D.009 | 0.008 | 4.006 | 0.017: 0,011 | D.01Z
9 and 10 | Pressure —- - _
4B.7 1bJEL With R 7,2 0.001 | -0.006 o 0.0 0.004 | 0.003 | 0,008 0.014
4 All Othera | Sunshade, - - —
25.12 kail LR 39,2 —0.00% ¢ Q.012] 0.008 | Q.006 | 0.007 [ 0.011 | 0.010( 0.011
1bsfr Supports at
Cearer L |10.4 a 0.002) 0.00 0.004 | 9.001 | »0.003 | 0,004 0.0na

CEL-9L-H1-003V¥
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Table A-3. Continued

Atmoapharic Preesure,AT ¥ 30 deg

Vacwum, AT ¥ 30 deg

15 peig, AT & 30 deg

Rails
Item Ball Refersnce
Yo, Config. Candition -~ Scacion, ip. §Sraclon, in. Station, in. Statiea, in.
cton | ¥ | wzs |15 [12e.2s (223067 | s.25 Jras.7e [128.25 (223067 | 425 | 115.71] 126,25 | 223,67 | 8.25 | 195.71 | 128,28 | 229,67
L (8.1 |-b.003|-0.009 | o.010 | 0.005 | 0.076 | 0.033 | 0.032 | 0.039 | c.o07 | 0.032{ o0.0%5 | o.050
Abmogpher i
. 25.12 Preasure tR 17,2 |-0.00% | -0.000 | -0.012 ¢ |-0.007 |-0.0M [-0.035 |-0,097 | -0.010 | -0.035 [ -0.039 | -0,052
bife ] w (63 | o.002] 0.010] 0606 [-0.014 | 0,005 |-0.016 | -0.021 | 0.053 | ~0.075 | ~0.022 | ~0.028 bo.053
e 0.00% | =0.011 [ -0.008 | 0,011 | 0.015 | 0.020 | 0,022 »0.062 | n.092 | a.0nv| oc.013 [>o.0s2
Atmoapheric | LL | 8,1 0.002 [ 0.0N2| 0.006 0 t.a02 | 0,005 | -0.002 [ 1] 0.005| @.003 ] -D.004
Prassure
. 2512 WiTh R [7.2 | -0,020] ¢.009) 0.002 |-0.002} 0.013 |-0.008 |-0.011 |-0.c10 | 0.074 | -0.004 | -0.019 | 0.014
r Sunshade,
b/fe Rail IR | 5,3 0.002| ©.014| 0.009 |-0.012 | 0,003 | 0.017 | 0.009 [-0.016| o 0.008 | 0.005 | -0,026
Supports at
Centar | 5.4 0.019 [ 0.005( 0.003 |-0.018 [-0,004 | 0.035 | 0.019 |-0.028 [-g.e15 | o.038| o0.013 [ 6021
Roila No. LL | 8.1 0.005| 0.007 | -0.001 | 0.0%1 | o.o01 | Q007 [ 0.010 | 0.021 | 0.013| 0.032| 0.025] 0.084
9 and 10 | Armogpheric -
. 48.7 1677t | Pressure UR | 7.2 =0.002| 0.008 1] 0.003 | ©.007 | 0.022 | 0.00B —_ 0.00# | 0.025( 0.7 | o.020
ALl Ochers With
P Bumatde LR | 9,3 0 0.008 | 0,005 0 0.012 | 9.012 | o.018] c.oio | o.oz| o.aie| o.027| o.03s
1b/fz w 10,6 |-o.00z( 0.007| o.007 | 0.008 | c.008 | s.mve | 0.os | — | 008 | +0.007) 0.028 | 0.031
Kailn Mo. | Armogpheric | & | 51 n.oz| 0,051 0,023 | 6.046 | a.003 | a.025 | a.ozn | o.o32| e.a12| o.025( o.0z8| o.0s1
9 and 10 Prémsure
R PPy 9r A e R | 7,2 v.010| 0.029| 0.029 | 0.013/ 0.006 | o.027 | 0.025 | 0.013 ) c.o0v | 0.020| 0.033| o.0%4
‘I;S?:";“' s“;":'i':""' ix |9,3 | c.009] 20,000 o.028] 0.027| v.miz | v.028 | euma | ooz | o.ovo [ se.0%0] o.om | 0.0z
ibife sug::::: 2| 10,4 0.010( 20,014 0.024 | 0.013| 0.009 |>0.014 | 9,022} 0.007 | o0.009f~0.014] 0.020] 0.011

ZEL-9L-H1-02d3Y
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Table A-3. Continued

Rails Yacuum 15 paig
Ltem Rail Refarence
o, Comfig. Condition o Station, in. Scation, In. Scatdon, in, Stacion, in.
tion Ha. 4.25 115.711 | 124.25 | 223,67 4,25 115,71 |124,25 ;223,67 4.25 115,71 | 124.25 [ 223.67 4.25 1M15.71 |124.25 | 223.67
LL 8,1 O 0.006 | ©.006 0.003 o] 0.004 0.010 | 0.009
25.12 Atmagpheric | UR 7,2 0.003 [-0.002 ] -0.003 0.003 0.003 0.003 | 0.006
8 ].b,;ft Preggura
Inaulsated IR 6,3 =0.004 0.4002 | 0.002 (=0.006 0 0.007 £.002 |=-0.004
uL 5,4 | =0.001 | =~0.001 | ~0.005 |=0.001 0.004 0.005 0.002 | 0.006
1L 8,1 4] 0.011 | ¢.011 | D.M6 | O.DO8 § 0O,.M35 | 0.01% | Q.018
Atmospheric
25.12 Pregsure UR 7,2 0.Q05 | 0.005 | ©.001 | 0.005 | D.008 | D.0O9 [ O,002 | O.074
g lbf.ft Insulated,
Suppart at LR 6,3 qQ 0.003 | =G.001 |=0.008 | -0.002 | 0.005 | O-001 L}
Center
uL 5.4 0.004 | 0.004 § -0.001 [-0.001 | 0.003 | 0.003 |-0.002 |—0.001
Rallg Yo, |Atmospheric LL B, 0.0m 0.002 | 0,001 0.002 iy Q.00% 0.7 | -n.om
9 and 10 Preggure
" 48.7 lbfft with UR F C.oo4 | Lol | 0.012 | 0.014 | 9.005 ( 0,003 | 0.009 | 0,019
All Others Sunshade,
2512 Penetrations LR 9,3 ¢.002 0.007 0.006 | 0.011 0.00m d.004 0.007 o.m7
Ib/fe in shell) U 10,4 0.00% | »0.004{ 0.005{ 0.01%9 | 0.006 | G.003 0.007 0.018

CEL-9L-H1L-0d3AV



39

Tahle A-3. Concluded

LR Loaded (Rail Eo. &)

UL Loaded (Rail Ho. 3}

LE Loaded (Rail Mo, §)

UL Loaded (Rail Fo. 10}

Rafila
Item Rafl Refecence
%o, Contig. Gondirion o Scacion, io. Scation, in. Scacion, in. Stariom, inm.
tion Reo. A.25 | 11371 | 124,25 | 223,67 | 4.25 [195.71 | 24,25 223,67 | 4.25 | 115.71 | 124,25 | 223,867 | 4.25 | 118.71 [ 124,25 | 223.67
Atmoapheric L 8,1 0.003 | =0.002| 0.002 |-0.001 0 —0.003 -] -0.003
Fremaure,
" 2%.12 Rail Loaded [l 3 7.1 | =0.001 o 1] 0.004 | =0.003 |-0.002 1 4]
b/fe (11 y
Station 30 LR 6,3 |-0.005(-0.002]| 0.000 |-0.0D2 |-0.002 | 0.002 [-0.001 0,003
UL 5,4 | =0.002 ( -0.001 | -0.002 |-0,003 | 0.013 | a,005 | c.o0z 0
iL 8.1 1] =0.003 | -0,002 |-0.002 | 0.002 | 9.003 | 0.004 | «D.001
Atoogpheric
25.12 Praszsure, i 7.2 Q 0.004 | =0.002 | ¢.002 [-0,006 |-0.003 1] =0.004
12 Jb-fft Ratl Loaded
at iR 6,3 | ~0.003 | ~0,001 +] 0.006 | -0.001 0 0.008 | o0.001
Statien 60
;4 5,4 | -0.001 | ~0.004 0 |-0.001| 0.008 [ 0.006 | 0.003 [}
L Bt 0.003 a -0.00) |-0.002 | 0.00%9 | 0.002 o 1]
A pheric
28.12 Preasure, UR 1,2 0,008} 0.003 [+} 1] =0.001 |0.005 | 0.007 1.005
1" jer |Ril Loaded
at LR 6,3 | -0.001 | -0.006 | -0.007 0.004 | -0.010 | D00 0.002 | 0.042
Statlon 90 .
UL 5.4 0.003 | -0.003 | ~0.067 | -0,008 ] 0.005 | ¢.004 | 0.004
Raila No. Lt 8.1 -0.032 | 0.004 | ~0.062 o |-0.003] 0.t | .00z 0
% and 10 Atmospheric
Fregsure, VR 7.2 0.002 | =0.nm [ —0.002 | 0,007 0.001 a 0.002
" 48.7 1b/Fe Rail Loaded
AL Sthers at | 9,2 00w o ° ¢ [-0.001] o.003f o 0
11:.{{: Station 30
L8 10,4 =0.003 | -0.003 | -0.003 | -0.004 | 4.012] a.o02 | 0.002 0
I?:..l:d!lle:). Atmospher{e i 8,1 } a 0,004 0.001 ¢.004 | 0.017 | =0.007 0.002 ]
15 |87 i n:;;"h‘j::;d UR | 3,2 9.063 | 0.002 [ -0.002 | 0.001 |-0.005 | -0.001 | —0.006 | —0.001
All Others
13
i:;}: Station Bp LR 9,3 —0.005 | =0.002 | =0.002 | ¢.QD1 0.018 ] —0.003 | -0.002 | 0.003
. UL | 16,4 § =-0,004 | -0.004 0 [i] a.ooe| 0,002 | 0.002 4]
Rails No. LL 8,1 ] [+] 0 o 1} 3,001 | -0.001 o
g and 10 Atoospheric
48.7 1bjfe | Pressure, | UR | 7,2 0 o |-o.coz] o.co1 | -0.003] -0.0m o |-0.00m
1 ali Qtheza Rail Logded
25.12 at LR 9.3 =0.002 | -0.005 | o0.002 0 =0.001 0.002 | =D.001 0.006
5 Staticn %0
Ib/fe ut | 10,4 —0.005 | 0.003|-0.001| o | c.003| o.013] v.o01] o.por
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Table A-4,

Test Measurements for Typical Section of a Prototype of a

Proposed Reentry Vehicle Ground Test Facility

Scope Instrument Reading

l;g- Configuration Statien Remarks
4 25 32 12| 5% 98| 87 85 115 71| 124 25] 149 11| 173 96( 198 AZ| 223 &7| 231 00
A Repralability
4. With Centerline Guide
{40 Pressure) B
1. Lower Right Ralls 8 +0.004 |+0.010 [+0.016 |+0.024] +0.034
Lower Left Railw R +0.004 |40.009 10,018 |+0,025] +0,037 Temperature = 92°F, 1:12 pm
" Upper Right Rails 7 [J+0.007 |0.018 |+0.025[+0.033] +0,038 ﬁ:?ﬂlﬂ:"ﬁ;;ﬂ: f““h‘“’e
Upper Left Ralls L =0.007 |+0.005|+0.012|+0.019| +0.025
Lift Straight Up, Mave
Lirt Qut Tube Section Latcrally and Axlially and
Re=Install
2. Lower Right Rallxs 6 v0.,003 [+, 008 (+0,017|+0,024| +0.033
Lower Left Rails B +0.003 [+0.00& [+0,01%(+0,022( 40,032 Tempepature = 94°F, 1:40 pm
Upper Right Hails 7 [ +0,006 |+0,016 [+0.023+0,028! +0.037 :::,i::g;“g;tﬂ; f““h“‘"
Upper Left Rajls 1 0,007 |+0,006]10.012]+0.020] +0.027
Lift Straight Up, Move
Litt OQul Tube Section Laternlly and Axially and
Ho—Inwiall
d, Lower Right Rails B D004 |+0.00R|+0.014|4+0,022| 40,031
Lower Left Rails R +0,005 |+0,010(40.017|40.024| +0.031 Temperature, 94°F, 2:02 pm
Upper Right Reils 7 || +0.010 |+0.019|+0.076(+0.032] +0,037 i::ef:;:::"g;t':; f““s"’dc
lipper Left Rails o ~0.008 |+0,0043|+0,010(+D.012( +0.016
. Without Centerline Guide
_ {Na Pressure) _
1. Lower Right Rails & +0,008 |+0,003|:0,009{+0.015( +0,022
lawer Left Rails B -0.003 | @ +0,0053] 40,011 +0.01B Temperature = 78°F, 7:37 am
Upper Right Rails 7 0 +0.007|+0.014|+0.020| +0.025 ] _ zg?eiﬂ::g:“ﬁ;tﬁ; g““h“‘e
Upper Left Rails A o +0,003|.0.001|+D_008]| +0.012

Lift Out Tube Secticn

L1ft Straight Up, Move
Laterally and Axially and
Re=Inslall

CEL-94-HL-0d3IV
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Table A-2. Continued

Scape Ingtrument Reading in
Itesm
¥o. Oonflguration Statian Remarks
425 37.12| 59.98| 87.85| 115 71| 124.25( 148 11| 173 86| 108 E2| 223 &7| 231 00
A 2, Lower Right Railas 6 +0,012 [+0,014 |40 _01B [+0.024] +0.033
Lower Left Ralls B -0.002 [+0.003 [+0.009 [+0.015} +0,023 Temperature = 84%F, B:45 am
Bup Shioing, No Sunshade
Upper Right Raills 7 +0.004 [+0.015 H0.01% [+D,027] 40,030 Keforeoce Dntum 2
Tpper Left Hailas 5 +0,002 [+0.009 +0,015 +0.020[ +0.028
Lift Straight Up, Move Laterally
Lift Qut Tube Section and Axially and Ro-Instnll
3. Lower Right Railzs & +0,013 |+0,015 [+0.01B |+0.023 | +0.G3C
Lower Left Rails B 1] +0,004 0,010 [+0.016 | +0.024 Temperature = B5'F, 9:05 am
Bui Shining, Na Sunshede
Upper Right Rails 7 +0.004 |+0.016 [+0,019 |[+D.027 | 40,030 Reference Datum 2
Upper Loft Rails 5 +0.003 {40,010 [+0,012 |+0,019( +0,024
B Modifiod ¥-Hesz Rail
(25,12 1b/2¢)
a. Atmospheric Fressure with T )
Sunabade -
 Lower Left Raila A, 1] @ -0.006 [-0.008(-0,013| -0.020|-0.010 |-—0.0053 | @ a ¢ ]
Lower Right Rails 8, 3 || © -0.008 |-0,00R|-0.009] —0.011|-0,007 |-0.008 | O o 0 o Témpardture = 92'1‘é 10:10 am
Bun Shining, with Sunahade
Upper Laft Ilaili '75! 4 §-0.012 }-0.004 -0.006[=0.015] —0.020)|-0.014 |—0,011 |-G, 002 o =0.00% |=0.005 Reference D;“m 3
Upper Right Rails 7, 2 |-0.006 |-0.001) O [ -0 006 |-0.006 | @ -0.008 [-8.011 (-0.016 |-0.012
b, Yacuum with Sunshado
29 ino. Hg}
Lowér Left Rails B, 1 ) ¢ -0.005|-0.005(-0,013| —0,012[-0.017 |-0.011 |-0.000 3 2] +0.003 | Temperature - 84*F, 3:04 pm, Clouay|
Lower Right Rails &, 3 [|+0,004 |40.007}:0.013|-0.016] +0.026[+0.003 [+0.004 [+0.004 | 0 o “o,006 | "ith Susshade, Reference Datum 3
Upper Left Rails 5, 4 §+0.010 ] @ -0.005|=0,012] -0,020|-0.011 {-0.008 | O [ +0.012 [ +0.015 || Temperature - 90*F, 2:06 pm, Qver—
Upper Right Rails 7, 2 |-D,008 |-0.005| 0 | +0.002] +0.006[+0.000 | @ —0.005 |-0.007 [-b.013 [-0.mz || g2l =3'h Sunmbnde. Reference
c. Preaaurized with Sunshada
5 paig
Lower Left Rails 8, @ (| .0.003 |-0.004{-0.010{-0.014| ~0.016|-0.01% {-0.012 |-0.004 |-0.0D4 | © o Temperature - 83°F, Sun Shining
Lower Right Rails 8, 3 | +0.006 | +0.007]+0.011{+0.012] +0.016|+0.00E |+0.002 | 0 “0.006 | © —0.004 | *!lh Surehada, Rerercuce Datum 4
+Upper Left BRaile 5, 4 [|-0.007 |-0,004|-0 008|-0.015] -0,024|=0.012 | -0.01Z =0.004 0 -0.004 |-0.016 Temperatura = 98*F, 1100 pm, with
Uppar Right Reils 7, 2 |-0.010 |-0.012]-0.004] 0 [} —0.004 | 0 Z0.009 |-0,011 |-p.0256 |-0.0z6 [| Suoshade Reforeace Datum
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Table A-4, Continued

Scope Instrument Heading, in

[;:T Contiguration Station Remd ris

4.28 32 12| 59 96| 07 63| 115 71| 124 23} 14% 11] 173 96| 198 82| 223 67| 231 oo

69

B d. Top Heated (AT = 3C°F)
Atmospheric Pressure

Lower Left Rails B, 1 §-0.003 [-0.005|-0.007(-0. 009! —0_011|-0_.010 [-0.0LD |-0.011 |—0.006 |—C.003 |—0.004 | Tenmperature = B3°F, 11:19 am, Sun
— - Shiping, with Sunchade, Referance

Lower Right Rails 6, 3 || +0,002 |+0.006(+0.010|+0.020f +0,026(+0.010 | +0,005 [ ] -0.014 (-0.011 Datum 4
Uppor Left Rails 5, 4[| +0.010 |=0.00)|-0.009|~0.014| —-0.022(-0.013 |=3,005 | @& +0_006 | +0.014 | +0.020 || Temperature = 33°F, 11:58 am,
v o - Sun Shinping, with Bunshada
Upper Right Rails 7, 2 ||=0.009 |0 06| O +0,003| +0.006(+0,007 |+0.003 4] 1] 1] o Reference Datum 4 !
&, Top Heated {AT ™ 30"F)
Vacuum (29 in. Hg)
Lower Left Rails &, 1| +0.018 |+0.008|+0,010|+0,012| +0,013|+0.012 (40.014 | +0.021 |+0.029 |+0,001 | +0.033 Temperatura - 97°F, 2:20 pm, Sun
Lower Right Rails 6, 7 || —0.009 | —0.018|—0.012|~0.007] O TD.017 |—0.000 | —0.041 |-0,049 |—0.053 —>0,053| Shibing. witn Suoshade. Refereace

Upper Left Rails 5, 4[| +0,024 | +0.019(+0.017|+0.013 +0.009|+0.017 | +0,029 | +0,049 | +>0_053 +~0.053) +>0.053| Temperature - 95"F, 1:50 pm, Sun

Unper Right Reile 7, 2 | ~0.011 |-0,015|-0,016|~0,016] —0.015|-0.016 | ~0.021 | ~b.030 | -©0,036 | 0,037 | —0.040 | Shiolug. with Sunshade, Refercnce

£, Top Heated (AT = 30°F)
Pressurized {15 PSIG) .

Lower Left Ralle R, +3.007 | +0.008|+0.011] +¢.014] +0.072{+0,014 [+0.017 | +0.028 | +0.034 | +0.D42 | +0,043 | Temperature = 98°F, Sun Shining,
Lower Right Ralls 5, 3] —0.015 | —0.014|—0.014] —0.008} ~0.006]-0.024 |-0.029 | -0.045 | 0,053 | 50,068 —~0.053 ' Susshade, Reference Datum 4

Upper Left Rails 5, +0.001 | +0.019]+0.009 +0.004] 0O ° |+0.008 |+0.020 | +0.029 | +0.050 | +70.053 +70,083] Temperature = B4°F, Sun Rhining,
Tpper Right Reils 7, Z|| —0.014 | =D.017|-0.018 ~0.025 —0.018]—0.020 | -0.028 | —0.034 | —0.047 | =0.052 | —0,051 ]| +tA Susshade, Relérence Datum 4

b | =

c Modified I-Beom Rail 25,12
_1b/ft Bupported at Centor

4. Atmospheric Pressurée with

Sunshade
Loway Left Raile &, 1) 0O 0 =0.004] -0,007] ~03.011] —0_ 009 | —0.005 | 0,004 © ¢ +0.004 | Temperaturc - 82°F, $:23 am, Sun
Lowor Right Rails 8, 3] 0 +1.005| +0.008f +0,014] +0.014| +0.004 | +0.009 | © o o o Shioiag. with Sunshade, Reference
T Upper Left Raile 5, 4| +0.008| © —0,008) —0.013 _0.018 -0.008 | —0.008 | © [ —0.004 | —0.010
Upper Right Rulls 7, 2| —0.006 | —©0,008) ¢ | © +0.004 +0.008 | 0 —0.007 [-0.014 | -0,018 [ _0 015
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Table A-4. Continued

Scope Instrucent Reading in
l;:' Coofiguration Station Reparks
€25 | 32 12] 59 98] 87 83| 115 71] 124.25| 142.21] 173 86] 198 82| 223 @7| 221 00
C b, ¥acuum with Sunahade
{28 in. Hg)

Lower Left Rails A, 1 [l+0.008 [0 -0.007[-0.007| -0.007[-0,013 |[-0,007 }-0.003 [-0.004 | @ ) Temperaturs = 93°F, 1:15 am, Sun
Lower Rlgnt Ratls 8, 3 || +0.000 |+0.008 |+0.012|~0 018| <0.022|+0.006 |+0.004 | O 0 ~0,007 |-0,008 | Shindog wlth Suashade, Roference
Uppar Left Ralla 5, 4 [|-0.008 |+0.003)+0.003|40.011| +0.013|+0,008 (40,003 |=0,002 [=0._011 |=0_024 |=0. 024 Temperaturs - 96°F, 12:43 am. Sun
Upper Right Ralla 7, 2 || +0.0L1 |+0.005| ¢ 0 -0.005[-0.007 |-0.004 | © +0.011 [+0.008 [+0 010 | jhiRing with Sunshade. Refersnce

c. Pressurized with Sunshade

(15 psig)

Lower Left Rails 38, 1 i} 0 =0,001|=0,007] -0.010(-0_011 [=0.,00T o a +D,008 | +0,00% | Temperature - 90'F, 10:05 am, Sun
Lower Right Ruils 6, 3 §+0,003 |+0.008 |+0.010(+0.016] +0.0ZZ|+0.009 |+0.005 | © o o o g:{z:’g with Sunshade, Reference
Upper Left Ratls &, 4 ||+0.004 |+0,007]-0.010|-06.015] +0.022(+0.014 [+0.621 | o -0,015% [-0.020 |-0.034 | Tempermture - 91°F, 1L:49 am, Sun
Upper Right Ralls 7, 3 |—0.010 |-0.010|«0.006|+0.003| & _o.004 | © 26.00% +0.010 |+0.017 [+0.019 | Shining with Sunshada Reference

d. Top Healed (AT & 30°F)

_ _Atmospheric Pressure

Lover Left Eails 6. 1 p+0.002 | O 0 -0,004| —0_004|-0.011 [-0.004 | © Q 0 Q Temperature = 80°F, Sun Shinlog,
Lower Right Ralls &, 3 | +0.002 |+0.011|+0.01B]+0.022] +0.036|+0.021 |+0.009 | +0.005 | O —0.006 |-0.004 [| "ith Sunshade. Reference Datum &
Upper Lefr Ratls 3, 4 1+0,008 |{+0.005(+0.012]+0,018| +0.,027(+0.016 |+-0.008 ¢ L] -0.018 | -0.01R Temporature = BB°F, 10:01 am, Sun
Upper Right Rails 7, 2 |-0.011 |10.008].0.012]+0,005| © —0.008 | © o 20,015 |+0.008 | +0.010 g:::;“g with Sunshade. Reference

e. Top Heated (AT = 30'F)

Yacuum (27 in. Hg)
Lower Leit Rails 6, 1 [+0.002 | O -0,003|=0,003] -0,006|-0_.0L1 |-0.008 |~-0.008 |-0, 004 1] =01, 007 | Temperature = 98°F, 1;51 pm, Sun
Lower Right Ratle &, 2 [ 40,003 | +0,007|+0.013[+0.019] +0.031]+0_013 |+0.004 [ © -0.002 [=0.016 | -0,026 g::z:“g' with Sunahade, Reference
" Upper Left Ralls &, 4]-0.010 | o +0.008|+0.013 +0.m7{:0.010L | 0 -0.008 |-6.017 [-0.092 |-0.008 | Temperature = 84°F. 2:15 pm, Sun

Uppor Right Rails 7, Z [ <0.007 [-0.006] © —0.002| -0.004|-0.003 |-0.002 | O ] o ° ﬁ:::;“g With Sunshade, Rererence
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Table A4. Continued

Becope Instrumenl Reading. in
1;:' Conflguraticon Station Rezarkn
4,25 32 12| 59 98| 67 85| 115.71| 124.25| 145.11| 173 96| 198 §2| 223 67| 231 00
C . Top Heated {AT = 30°F)
Presaurs (15 psig) |
Lower Left Rails &, 1 [ =-0,004 |-0,001| © —0.006 |-0,006 |-0.006 |—0.002 | O -0.004 | O Temperature = 9R°F, I:12 pm, Son
Lower Right Radls 6, 3 || 0 +0.00Z [+0.611|<0.014] +0.02Z |+0.008 | O 0,011 |-0.014 |-0.028 |-0.03A § hinicE, with Suishade, Relérence
Upper Left kRails 5, 4 [|-0.011 | O +0.007 [+0.020| +0,020 +0.005 | O o —-0.,013 |-0.025 |=0_026 Temperatura = 102°F, 2:41 pm, Sup
Upper Right Rails 7, 2 [|+0,00R |+0.007] 0 ) 0 -0.01L [-n.onz | o v +0.005 [+0.011 || Shiniog. with Suashade, Relecence
D Modiried I-Becam Raill
25.12 1b/it
a, Insulntzdj‘ Vacuum o
{28 1In, Bg)
Lower Leiy Halla R, 1 a —0,005 }=0.008 |[-0_009| «0.014 |=0.017 |-0.009 |=0,009 4] L+ Temperature — 83°F, 9:40 am, Bhell
— — . " Tomperatura Tap — HE®, Side - #4°
i} Lower Right Ralls 6, 3 0. 004 ] +0,003|+0,009] 0. 017 |40, 008 |40 002 1] a.00F |(-0.005 |-u.00d and Bottom - 83°, lh:fr:lmnne l:hH.um"i'
Upper Leit Rails 5, 4 |-0,018 [-0.008] 0 +0.006| +n,012[+0,002 | 0 0,009 |—0,017 |—0.018 [-0,085 || rempersture = 80°F, 9:11 am, bhell
- 1. Tomporature Top — RE®, Side - Hi°,
Upper Right Rails 7, 2 || +0.009 [+0.004) O =0, 004] =0,01] |=0_010 |-0.006 0 +0,006 (40.0L0 |+0.010 and Boltom - $0°, Reforence Datum 7
b. In3ulated, PresAurized
{15 p=ig) :
Lowep l.eft Rails H, L 4] -0.005}+0.007 |=0.009! =0,0L6|=0,013 |=0.010 |-0,006 n +0,006 |10.011 Temperature = 84°F, 10:12 nm, Shfll
. d - -—1 = remporalure Top — BR®, Side — HE",
Lower Kight Raila &, 3 f1 O 40,003 [.0_005|10_012| +0,022 |+0.009 (+D.006 | O o -0.006 | O and Bottom — 83°. Reterence Duium 7|
Upper Lefl RA1ls 5, 4 [|-0.011 1] +0.005(40,011] +0,018|+0.008 |+0,002 V] =-0.007 |-0.011 |-0.014 Tempernture - 88°F, Shell Temper—
T . ature Ton = 43°F, Side — B7°F, and
Upper Right Rails 7, 2 0,009 [+0,000]+0.005] O 0. 006 (=0.007 [=0.004 |+0.004 (+0,012 |+0,018 |+0.020 | poyson . 24°F, Refrrence Dotum 7
¢. Insulated, Yacuum, Support 7
at Center (27 in. He)
Lower Left Rails 8, 1 )] =0.0021=0,005|-0,005| -0.003 |—0.012 |-0.006 0 40,010 |10.013 | +0,.01R Tenparature = H9°F, 1:15 pm, shell
-7 oy =y Iy o Temperature Top -~ 927, Side — 907
Lower Right Rails 6, 3 [ O +0, 00 [+0,005|+0 flld +0,018 [10.006 | O ] —0.004 |=0.008 |-0.017 | oo Eottom — 88°, Refersnce Datum 7]
Upper Left Rails 5, 4 [|-0.011 |-D.005] © +0,0049] +0.017 | +8_006 1} —0.007 |-0.00 |-D.D18 |-0.024 Temperature - 8356°F, 12:52 pm. 8hell
- - . _ T=1a | | Temperatuce Top - 92¢, Hide - 897,
Upper Right Haila 7, 2 [[+0.011 |+D.DI0] O 0,003 0.00d]-0.009 o +0,004 |+0,010 {+0D,018 [ 40.019 snd Bottom — 887, nef;rence Datum 7
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Table A-4. Continued

Scope Inelrument Reading, in
l;:'_ Coafiguration Station Rezarks
4.25 | 92 12] 59.98| 87.85; 115 71| 124.25| 142.11| 173.96| 108,82 223,67] 231 00
™ d, Ioesulated, Prossurized,
(15 psig) Support at Ounter
Lower Lefy Rails &, 1 §+0.008 | © [} | 0,004 | —0.005|-0.008 | O [} +0.009 |40.015 (+D.0}6 k Temperature = 83°F, 1:43 pm. Shell
Lower Right Rails 6, 3 |-0.002 | € [ 0_005 |+0.013 | +0,020 [+0.008 [+0.004 | 0 ° o ° Temporatere: Top — 937, Stde - aLs.
upper Left Rails 3, 4 |-0,012 |-0.004( O +0.008| +0.016 +0.005 | D ] -0.006 |-0.01B |-0.021 | Temperature = 84°F, 2:12 pm, Shell
- L]
Upper Rlght Rails 7, 2 [|+0.0L4 [+0.010 H0.003[ @ 0 [-0.008 |0 0,011 [+0.028 [+0.037 [+0.028 | Tomperature, Top — 997, Side - 817,
E Spccial I-Shape 48.7 1b/ft
Railas & & 10 Only
a. Atmospharic Pressure with
Sunshada -
Lowar Right Ralls 8, 3 o +0._009]+0.017[+D,027| +0.031|+0,020 |+0,011 | +0,008 [ a [}
Lowar Left Baile 4. 1 L} -0.005|-0.010)|=0.015| -0.017|-0,011 |=-0.014 |-0.004 1} aQ o Temporature = 72'¢, 8:43 awm
Upper Right Ralls 7, 2 f+0.012 [+0.008] © a —o.008] 0 o [ 70,006 | +0.017 |0.006 || DTETCARL with Sunshade, Referance
uppar Left Ralls 10, 4 fj+0.002 +0.012]+0.019]+0,025| +0.036|+0.024 [+0.013 [+0.007 [+] —0.009 |-0.014
b, Vacuum with Sunshade
(28 in. HE}
Lower Right Rnile B, 3 [+0.007 [+0.02L]+0.031]+0,038] +0.045]|+0.026 |+0.038 ;+0.025 |+0.019 |.0.017 +0.015
Lower Left Ra1ls 6, L [+0.008 |+0.004|+0.003}-0.002) —0,007|-0.003 Q +0.000 |+0.018 [+D,024 |+0.028 | Tezpersture = BT°F, 1:41 pm
Tpper Right Raile 7, 2 [+0.019 |+0.012[+0.010] D -0.004]-0.005 | © 30.008 [+0,017 |+0.024 0,026 || Qveroacs, with Bunshade, Reforcnce
Upper Left Rails 10, 4 ([-0.005 |+0.009|+0.C18 +0.026| 40.040[+0.029 [+0.019 |4+0.009 |+0.003 o n
¢, FPFressurized with Sunshade
(15 puigl
Lower Right Ralla &, 3 §+0.009 |+0.023]:0,036 +0.042] +0.050(+0.047 |+0,040 {40.027 [+0.020 [+0.01% |+0, 0118
Lowse Laft Rails &, 1 [|+0,007 |+0.004] O -0,004| =0.005| O a +0.011 |+0.016 [40.021 |+0.027 Tepperature = 47°F, 1:41 pm
Uppor Righi Ralls 7, @ | +0.018 |+0,017|-0.012[;0,009] @ 70,005 [+0.013 |<0.012 |+0.024 |+0.091 [0.025 || Qyorcast, with Sunmhade, Refersnce
Uppar Lett Kalls 10, 4 o +0.010 |+0.017][+0.,030] +0,040(|+0,032 |40.015 [+0.017 |+0. 009 | & [+
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Table A-4. Continued

Item

Scope Insirumsnt Reoading 1n

No ConfigurAtion Stattion Remarks
4 25 32 12| 5% 98| @7 B5§ 115.71| 124 25| 149 11| 173.96| 19¥ 82| 223 67| 231 00
E d. Top Heated {AT = 30°F)
Atmospheric Preasure
fower Right Raila &, 3 0 +0.017 [+0,025 [+0,034| +0.039 |+0,025 v0.020 |[+0.014 |+0.004 aQ +0,004
Lower Left Railan B, 1 [+0.003 -0.003 [-0.005 [=0,007 | —0.010 C0.012 [-0.012 [-0.003 |40.003 [+0,011 +0.003 Temperature = BA°F, 10;00 am
Quvercast, with Sunshade
L Upper Right Ralls 7, 2 [+0.011 {+0.014 [+0.011 +0.012 0 (4] a +0,011 [+0.014 [+0.014 |+0.018 Rﬂterancé Datum 21
Upper Loft Ralls 10, 4 a +0,014 [+0.028 |+0.031 +0.043 (40,031 [+0.021 |+0.011 [+0.004 V] 0
e. Top Hocated (AT = J0°F)
Vacuum (26 in. Hal
Lower Right Rails 9, 3 f1+0.012 |+0.017)+0.031 L0.042| +0.043[+0.038 [+0.0%¢ [+0,028 |+0.017 +0.010 |+0,011
Lowsr Left Rails B, 1 [[+0.011 |+0.008] © 0 1] [V} [ 20,012 |+0.013 |+0.021 |+0.020 Temperature = B8°F, 1:07 pm,
Toper Fight Rails 7, 2 |[+0.016 |+0,018[+0.015|+0,003 +0_014[+D. 008 [4+0.024 [40.027 Slight Overcast, with Sunshade
—— ——- — Target Huog Up Reference Datum 21
Upper Lelt Rails 10, 4 (| +0.010 +0.019[+0.029|+0,042] +0.032}+0,040 +0,033 | +0.019
f. Top Heated (AT = 30°F}
Fressure {15 pelg)
Lower Right Rails 9, 3 §+0.012 +0.021|+0.0a8[40.040] +0.050|+0.047 | 40041 +0.044 [40,035 (40,034 | +0.031
l.ower Lelt Raila B, 1 [j+0.013 +0.009]4+0,015[ +0.017| +0,015/410,014 +0.021 [ +0.023 ] +0.035 | +0.044 | 40,044 Temperatura = 104*F, 1:35 pn
- $14ght Overcast with Supshade
Upper Right Ruile 7, 2 || +0.020 +0.014(+0.014|+0,013| +0,017)+0.017 L0_030 | +0.029 [ +0,032 | +0,037 | +0.048 Raference Datum 22
Upper Left Rails 10, 4 +0.011 | +0.024|+0,035] +0.048| +70._053 +0.052 [+0,051 | +0.044 {40,033 | +0.022 +0.022
F special I-Shape 4B.7 1b/Tt
Raila 9 & 10 Ooly Supported
at Center
[ a. Atmospheric Pressurc with
Sunshade
l.ower Right Rails 9, 3 +0.005 | +0.017 +0.027 40,037 +0_046] 40,0303 | 40,027 | +0.026 +0.018 | +0.016 | +0.017
Lower Left Rails 8, 1 +0.008]+0.004) 0O [+] 4] 1] +0.012 | v0.01% | +0.0629 | +0.033 | 4+0.039 Temperature = 94°F, 9:54 an
Uppor Right Bails 7, 2| +0.022 | +0.014]+0.013{+0.001 +0.007 O 0014 [ +.025 | 70,028 | 40,037 v0.042 | 3un Shiciog. with Sunshade
Upper Left Roile 10, 4 +0.0086 | 40,013 +0.029 +D.D¢q +0.050| +0.034 [ +0.028 | 20,023 | +0,016 | 40,014 +0.009
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Table A-4. Continued

Scope lnstrupent Reading. in

’::' Configuration Station Hemarks
425 | 22 12| s9.98| 87.85| 115 71| 124 25] 149 11| 173,95| 198 82| 223 87| 231.00
F b, Vacuum with Sunshade
(2B in. Ag)
Lower Right Rails 9, 3 ||-0.009 |+0.028 {+0,039 [+0.048| +0.050 |+0,038 |+0.033 |+0.029 [+0.025 [+0,022 |+5.017
Lower Left Ratls @&, 1 [|+0.007 |+0.009 L40.004]| O _0.007 |-0.002 |+0.00E |+0.013 [+0.018 [+0.025 {+0.024 | Temperature = 83"F, 12:28 pa
~_Upper Right Raila 7, 2 [+0.017 [s0.032},0.009] 0 o o +0.010 |+0,015 |+0.023 |/0,028 {+0.038 222932:22"5;.3‘235“““"“"
Upper Left Raile 10, 4 |+0.006 |vo,014 [+0 023]+0.034 +0.052|+0.036 [+0.026 [+0.027 |+0.084 [+0.033 [+0,007
¢, Pressurized with Sunahade
{15 pnmig)
Lower Righi Ralls 9, 3 | +0.007 |+0.021 |+D.036 |«0,046 +0.049|+0.040 [+0.038 |+0.025 |.0.036 |.+0.027 |.0.028
Laver Left Rails &, 1 [|+0.008 |+0,007 |+0.003] © o o +0.015 |+0.017 [+0.027 |+0.029 |+0,030 | Temperature = 93°F, 12:28 pn
Upper Right Ralls 7, 2 |+0.020 |+0.015[.0.005+0.007] +0.009+0.006 |+0.009 [+0.022 +0.027 }_0_7951_‘ 10,045 ::‘;ef,:z;“g;l:;"gzs“"“““
Upper Left Rails 10, 4 §+0.007 |+0.01B +0.031 [+0.043]+70,053]+0,030 {+0.032 |+0.022 |+0.023 [+0.0153 (+0.M17
d, Top Heated (AT = JO°F)
Almospheric Pressurs
B Tower Right Rails @, 3 [+0.008 |+0.025 |+0.0604|+0.047]+>0.052 [+0.046 |+0.045 |+0.076 [.0.034 |s0.027 +0.027
[ "7 Lower Left Rasla 8, 1[40.01% [+0.m7}s0.014[+0.014] +0.009]+0.012 [+0.022 <0.028 |+0.036 |+0.046 |+0.044 | Temperature - LOO'F. 12:03 pm
) Upper Wignt Rails 7, 2 J+0.021 |+0.0261:0.024]+0.088] +0.035|0.020 |+0.020 | +0.035 [+0.041 [40,043 |40.048 Rus Shinlog, withgfusnbede
Uoper Left Aaila 10, 4 [+0.010 |+0.027 [+0,038]+0.050|+>0.053[+0.030 [+0.045 [+0,036 [.0.027 [+0.022 |+0.017
-n_ Top Heated {aT = 30°F)
vacuum (28 in. Hg)
Lawer Right Rells 9. 3 [+0.61Z |+0.026(<0.037 |+0.050| +0.051]+0.048 [+0.043 [+0.034 [40.034 |+0,027 |+0.025
. fower Lefi Fails §, 1§:0.019 |+0.014[:0,012|+0. 012 +0.008(+0.00% |[+0.015 | +0,026 |+0.027 [+0.032 [+0.035 | Temperaturs - 100°F. 12:23 m
; Gpper RIADT Rails 7. 7 | 0,017 |+0.0741+0.024|-0,033] +0.593[.0.016 [,0.024 |.0.032 |+0.040 i0,048 |+0.046 g:;:::::“gh:‘;zs““““'
Upper Left Rails 10, 4 §+0.009 |+0.020]+0.034|.0,032 «>0.053][+0.048 [+c.044 [+0.035 [+0.027 [+0,018 | +0.024
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Tabls A-4. Continued

Scopé Ipatrument Reading, in

Tien Configuestion Station Remarks
425 32 12| 53 98| A7 85] 115,71 124 .,25) 149 11| 173 96| 194 .A2| 223 67| 231 O
F . Top Heated (AT > 30°F)
Pressurized (15 palg)
" Lower Right Kalls 9, 3] +0.010 | +0.027|+0.041| +0.047| +70.051] +0.049] 40.046 | +0.040 | +0.040 | +0,002 [+0,034
Bl Lower Left Ralls 8, L§ +0.012 [ +0.013]+0,014[+0.012| +0.008| +0.017|+0,022 | +0,042 ]+0.042 | +0.041 | +0 044 Temparature = }00°F, 12:05 pao
Tpper Right Ralla 7, 2 +0 017 | +0.016/40.020]20.017] +0.016] <0.024| +0.030 | +0.038 |+0.045 [+0,048 | +0.045 i Tt e Pt
Upper LeTt Ratla 10, 4 +0.008 | +0.022]+0,034| +0.048| «*0,053| +0.046|+0.04€ | +0,031 |+0.032 |+0.020 {+0.022
G Effects of Penetrations
a., Atmospheric Pregsure
Lower RAght Ralle 9, 3| +0.013 | +0.021]+0.031| +0.037| +0.038| +0.028] +0.020 |+n.016 [+0, ;0 | o ]
Lower Loft Bails &, 1| -0 OCB |—0.016]|—0,020|—0.022| -0.025| —0,028{—0.022 [—0.015 |-0.010 [-0.006 | 0 Temperature = 74°F, 9:15 am
Upper Rignt Ralls 7, 2[ © —0.003|=0.607| -0 .009| —0.022| —0.023[—0.0L1 | -0 008 | © I I g;‘;;f_:::é FLih Spashade,
Upper Left Rails 6. 4 [ +0.014[+0 026 +0 ,038| +0,048] +0.036}10.031 | +0.022 | +0.017F 1] o
h. Vacuum (27 1in. Hg)
" Lower Hight Ruils 8, 3| +0.015 | +0.028]+0.036 +0.042] +0.046] +0,034[+0.022 | 10,022 | +0,016 [+0.011 | +0.014
Lower Loft Rails B, 1( =0 007 [-0_014|-0.018|-0.023| -0.027| -0.027 0,016 | “n.014 |-0,00F |=0.004 | © Temperature = BO°F, 2:08 pm
Upper Oight Reils 7, 2| +0 002 | © 0 —C.006| —0.011| -0.010|—0,002 | © T0.008 |[+0.014 | 50,014 | vith Bunshada, Referonce Datum 24
Tpper Leit Rails 1C, 4| +0.005 | +0.021|+0.036| +5.046] 170053 10,041 +0.044 | +0.036 | +0.024 | +0.019 [ +0.007
¢, Pressure {15 psig)
Lower Right Reils 8, 3| +0.014 | +0.024]|+0.036|+C.040] +0.043| 40,035 +0.026 | +£.019 |+0,016 |+0,017 | +0.014
Tower Loft Rails 8, 1] -0.008 | ~0.013|-0.018|-0.018| -0.024] -0.021|—0.015 [—0.014 | 0,007 |-0.007 | © Temparature = 80°F, 12:20 pm
Upper Right Hails 7. 2 | +0.005 | «0,002 O [ “o.019] .01 -w.a02 | @ 70,016 [ 10,010 | +0.pz3 | with Sunshade, Reference Datun 24
— Upper Leftl Ruile 10, 4] <0.006 | +0.021|<0.034| +0.049] +0.052] +0.043[+0.043 [ 40.039 | +0,020 | +0,018 | +0.010
H a. 48 7 1b/f¢ Rai) Loading B )
Atmospheric Pressure
6,400 11
1, Lower Right Rail
Loaded {9) {at Station
10)
Lawck Right Reils ®, 3| -0 051 [~0,053|-0,048]-v.028] o© o —0.0m0 |-0.016 |[-0.010 | O -0.003
Lower Left Rails B, 1| +0.015 | +0.008|—0.004|-0,008] -0 011] —0.014|—0.010 | —0.004 |-6.007 | O 0
- Upptr KAGhL Ra11s 7, Z| +0.028 | +0.027| +0 024|+0.012 +0.007] +0,008| +0.007 | 10.015 | +0.017 |+0,018 [0, 017 | Beference Datum 19
T Upper Left Radls 10, 4] —0.048 | ~0.028|—0.009| -0.007| +0.019 +0.044 +0.007 | +0.007 | ¢ |_0.00 |—0.007
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Table A-4. Continued

Seope Inatrument Reading. in.
I;E- Configuration Btation Renarks
o .
a 25 | az.12] se.08] 87.85| 115. 71| 124.25| 149.11 173.96| 19a8.82] 223 87) 231.00
B 2, UDpper Left Ball
Loaded (10) (at
Btatlon 30)
Lower Alght Ralla 9, 3| —0.047 | -0.041|-0.027]-0.010] +0.008] o ] —0.006 | O o o
Lowor Left Ralla 8, L§+0.012 | +0.003|-0.005~0.007| —0.012] -0.010[-0.016 [-0.012 [-0.004 [ 0 )
Upper Rlght Ralls 7, 2 || +0.019 | +0,022|-0.019[+0.011] +0.007] © +0.007 | +0.010 | +0.020 | +0.022 | +0.0za | Reference Datum 20
Upper Left aaila 10, 4 -0.037 [ © +0.028| +0.027 +0,028( «o m4|+0,010 [+0,013 | © © °
3. Lowar Alght Rail
Loaded (9) (ot Statlam ST
£0) 82.5
Lowor Hight Hatla 9, 310,045 |~0.051|-0.040] —0.030| +0.008| +0,004] +0.008 | +0.008 | +0.010 [ +0.007 | +0,008
Lowcr Left Halla 8, 1] +0.025 |+0.020|+0.005 ~0.003] —0.004| —0,002[—0,002 | © 0 +0.013 | +0.013
Upper Algnt RSils 7. ] +0.039 |+0,035|+D.026]+0.019] +0.008| =0.003] 0,000 | +0.009 |+0.018 {+0.017 |+0.0za | “eferesce Datum 17
Upper Laft Rails L0, 4| -0.048 |—0,025]|—0,004|+0.007] +06.020 +0.005)+0.013 [+0.000 | c0.000 | ¢ o
4. Upper Left Rail
Loadad (10) (mt
Staticn 80)
Lowar Rlght Railas 8, 3 ||-0.023 |-0.022|-0.005[+0,008) «0.017| +0.010[+0.003 {+0.001 f+0.003 [+0.008 | O
Lowor Loft Bails 8, 1| +0.030 |«0.016|+0,011)-0,008] © +0.008|-0.005 |-0.003 | © [ 0
Upper Right Rails 7, 2 |[+D.030 |+0.026]|+0.019]+0.01d] +0.030{ © 79,007 |+0.016 [+0.024 |+0.071 | +0.022 | Foference latun 18
Upper Left Eaila 10, 4 [[-0.040 |+D.004|+0.018|+0.034] +0.03z] +0.014[+0.011 [+0.007 [+0.008 | © )
3, Lowtr Right Rail
Loadod {9) {at Station STA
B0) 925
Lower Bight Rails 9, 3 |-0.038 |-0.034|-0.023|—0.004] +0.000] +6.007/+0.007 | +0.003 |+0.005 [+0.008 [+0.008
Lower Loft Rails 8, 1 || +0.027 |+0.019[+0.014][+0.008] © +0.004] +0,004 | «0.006 | 10,011 [+0.020 |+0.008
Oppor Right Rails 7, 2 | +0.029 |+0.036|+0.038|+0.020] «0.013] +o.002f+0.020 [+0.022 [+0.026 |+0.032 | +0.036 Reference Datum 13
Upper Left Rails 10, 4 ||-0.041 {-0,.0z0[-0.008[+0.007| +0.023] +0.007]+0.009 [+0.004 | © [ ]
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Table A-4. Continued

Scope Instrument Remding,

rn

l;;- Canfiguration Station Hemarks
425 | 22 12] 5o @8] 87 85| 115 71| 124 25 149 11| 172 86| 198 s2{ 223 e7| 231 0O
H 6. Upper Left Rall
Loaded (10) (at
Station 90)
Lower Right Ratls 2, 1 [|-0.037 |-0.016| 0 +0.006| +0.012+0.004 |+C.0D3 | +0.008 |+0.008 |+0,006 |+0,003
Lower Left Ralls 8, 1 [|+0.036 |+0,020|+0,016] O —0.005|-0,004 |-0,003 a a +0.010 |+0._010
Upper Rignt Ealls 7, Z | +0.035 |-0.03540.027|+0.022| +0.021|+0,048 |+0.096 |+0.033 |+0.037 |+0.039 |+p.031 [ Reference Datum 18
Upper Left Ralla 10, 4 |—0.C3€ |—0,003 |+0,027 |+0,036| 10.036|+0.0L3 |+0.015 |+0.015 |+0.016 |+0.012 |+0, 004
b. 25.12 1b/It Rail Loading
Armospheric Preasure
6__:1‘) 1b
1 Lower Right Rall
Leaded (6} {at Stalion
30 ]
Lower Right Ralls 6. 3 |-0.011 |-0.033| 0 028|-0,008| «0.022][+0 008 [-0_ 003 [-0.007 ]-0.012 |-0.017 |-0.017
Lower Lefl Ruils 8, L |—0,013 |-D,027 |-0,036|-0.041| ~0.048 [~0_ 047 |-0.045 |—0.045 {-0.044 |—0.036 |-0.033
Upper RLght Ealld 7, € ||-0.0C) |-0.004 |-0.012 [-0.018| —0.023|-0.035 |-0.030 |—0.024 |-0.023 |-0.020 |-v.o1s | refersoce Datum 8
Upper Loft Ralls 5, 4 |-0.021 |-0.005 [+0.004[+0.016| +0.026[+0,018 |+0,011 |+0.008 | 0 20.013 |-0.010
2, Upper Left Rail
Loaded (5) (at Statlon
30}
Lower Right Ralls 6, 4 || 0 +0.01Z]+0.018]+0.026 | +0.038(+0.020 |+0.020 |+0.019 |+0.017 |-0.014 |-0,017
Lower Laft Ralla B, 1 |-D.014 |-0.015 |-0.021 |—0.037 | —0.031|-0.085 |=0.044 |-0.046 |-0.045 |-0.040 |-D.035%
Upper Right Ralls 7, 2 |-0.005 |-0.012 | 0.012|~0.022 | —0.028 |[-0.033 |—0.0Z8 |—0.023 |-0.022 |-0.0l5 |-0.015 | Refercoce Datum 13
% Upper Luft Ralls 5, 4 |—0.006 |-0.040 [+0.053 j+0.050| +0.032|+0.022 |+0.012 |+0.0L2 |10.003 |-0.005 |-0.00R
3. Lowar Right Rall
Loaded (5) {at Station STA
50} 82.5
Lowsr Right Ralls 5, 3 |—0.008 |-0.058 [-0.044]-0.043 | +0,015| @ —0.010 |-0.016 |-0.029 |-0.024 |—0.032
Lower Lot Ralls &, L |-0.018 |-0.021 [-0,039]-0.043 | —0.048|0.048 |- 0.048 |0.040 |-0.036 |-0.033 |-0.030
Tpper Right Bails 7, 2 |—0.007 |-0.01Z [-0.01E [-0.021 | ~0,030 |-0,037 |-0.033 |-0.025 |-0.021 |-0,020 |-0,018 | Reference Datum 11
Upper Left Ralls 5, 4 |=0.018 [-0.010 0.011 +0.002| +0.008 | 0 —0.005 |-0,014 |-0.022 |-0.034 |-0.038
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Table A-4. Concluded

Scope Instrument Reading, in
l:.;- Configuraiion Station Reparks
4.25 | 32 12! 59 o8| a7 85| 115 71| 124 25| 149 11| 173 88| 186 82| 223 &7 231 0O

fl pper Left Rall
Loaded {5) {at Station STA
60) 62.5
Lower Right Reils &, 3 §j-0.004 |—0.006[+0.004]|+0.008|+0.004 |+0.003 | 0 —0.012Z |-0.020 |-0 023 [-0.023
Lower Lefl Roils 8, 1 ]|-0.014 |-0.024|-0.035|-0.045|-0.045 |-0.050 [-0.052 |-0.050 |-0.051 |-0.044 [-0,042
Uppec Right Rails 7, 2 |<8.012 [-6.019]-0.021)-0,029|-a.038 |=0,047 |-0,043 [-0,035 |-0,027 |-0 032 |-0.012 Reference Datum 12
Uppor LeTt Rails 5, 4 [[-0.0%1 | +2.033 [+0.032|+0,039]+0,008 |~0.001 [-0.007 [-0.022 |-0.030 |-0.035 [-0.042
Lower Right Rail
Loeaded {(6) (at Statien 3TA
90) 52,5
Lower Right Rails 6, 3 |-0.040 |-°0.053-70.059-0.032| —0.004| —0,018[-0,631 [—0.024 |-0.835 {-0.035 |-0.041
Lower Left Rails B, 1 [[«0.030 [+0.023|+0.026|+0.008 o +0.002|+0.006 |+0.008 |+0.014 |40.019 ]+0.019
Upper Right Ruils 7, 2 §+0.081 (50,046 |+0.046[+0.013] +0.012] o 20,012 |+0.020 |+0.025 |<0,024 |+0.026 || Reference Datum 13
Upper Left Rails 5, 4 ||-0.043 |—0.041 [-0.033[-0,014] —0.008] —0.016]-0,02¢ [-0.025 |-0.041 |-0.043 |-0.0%0
Upper Left Rail
Loaded (5) (et Station
20)
Lower Right Rails 6, 3 [[=0.039 |-0.033 [0 021 |-0.007| +0.004| ~0.9015|~-0.028 =03.029 |=0.034 |-0.025 {-0.0Z28
Lower Left Raile 8, 1 ||«0.D2% [+D,027 |+0.0234[+0.002 L] ] 0,005 |+0.003 |+0.014 [+0,024 |+0.,023
Uppar Rlght Rails T, Z |+0.009 [+0.037 {+0.037|+0,007| +0.001] +0.00t| O 70.008 |+0.013 |+0.024 |+0_025 | Reference Datum 14
Upper Left Ealls 3, 4 [-0.047 |-0.005]+0.012 [+0.027| «0,001| +0,014[+0,01Z |-0.031 |-0.033 [~0.035 [-0.047
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Table A-5. Reaference Data for Measurements

Scope Inetrument Reading, in

t;:' Contiguration station Remarks
425 | 32 12| 59 98| 87 85| 115 71| 124 25 148 11| 173 96 198.82| 223 67| 201 o0

1 Lower Right Rails &, 23 o ] [ +0,004| +0,010
Lower Lelt RAails 8,1 0 +0.003 |+0.005|+0.005| +0,015 Temperature = 83°F, 8:30 am
Upper Right Rafls 7, 2 +0,008 [+0.011[+0,017]-0.022] +0.024 -—] Sun Shining, No Sunshade
Upper Left Ralls 5, 4 +0,010 [-0.004]-0.003| 0 +0.002

2 Lower Right Rails &, 3 +0.008 |+0,009|+0.009]+0,015| +0.022
Lower Left Radls 8,1 —0.003 1] +0.003|+0.011| +0.018 Temperature = 78°F, 7:37 am
Upper Right Raila 7, 2 [} +0.007 |+0,014|+0,020| +0.035| Sun Shining, No Sunshade
Upper Left Rails S5, 4 a +0,00) |+D.004 }+0,009| +0_012

3 Lowar Left Rails 8, 1 0 -0.006 |-0.008|—0,013| —0.020| —0.007|-0.008 | © a 0 v
Lower Right Rails 6, 3 0 —0,008 [-0,008[-0.009] =0.011]| -0.0L0|~0.00B | O 0 0 [} Temperature = 92°F, 10:10 am
Upper Left Rails 5, 4 —0.012 |-0.004|-0,006|-0.015| —0,020| —0,014|]-0,011 |—0,002 | 0 —0.009 |—0.003 Sun Shiatsg, with Suoshade
Upper Right Rmils 7, 2 -0.008 |-0.001| O 0 =0G. 006 -0,006] O -0,008 |-0.0lL |=0.016 |-0.012

4 L Lower Left Rails 8, 1 0 ~0.010|-0,015(-0.020( —0.020| —0.020|-0.01% |-0.028 [-0.008 {-D.008 | O
ﬂ;-:;ﬁiaght Rails &, 3 o +0,003 [+0D.006(|+0,014| +0,016| +0,004| © 4] L] 0 4] Temparature = 72°F, 7:36 am
Upper Left Radls 5, 4 +0.000 | 0 0.004|-0,008| —0.011| -0.005|-0.003 | © ° +0.011 |+0.008 slight Overcast, with Sunshade
Upper Right Radls 7, 2 -0.004 | 0 +0.005(+0.008( +0.016| +0,018|+0.010 [+D.002 [ O [ [

5 Lower Left Rails 8, 1 0 0 -0.004(-0,007| —0,011| —0,009]|-0.005 |-0.004 | 0 a +0,004
Lower Right Rails 6, 3 Q +0,005 |+0,006 |+0.014] +0.014] 10.004|+0.004 0 1] a 1] Temperature = H2°F, 4:23 am
Upper Laft Rmils 5, 4 +0.004 | O - 0.006|-0,012] —0,018| —0.00a|—0,008 | © ) —0.004 |-0 010 Sun Shining, ®ith Sunshade
Upper Right Rails 7, 2 -0.008 |-0.008| O [+] +0.004| +0.008] 0 =0.007 |=D.014 |+3,01Y |+3, 015

& Lower Teft Rails B, 1 [ -0,008 [-0.009(-0.010| —0.018] —0,017[-0.015 |~0.010 |-0.007 | @ 0
Lower Right Reils 6, 3 ] +0.003 [+0.009[+0.008] +0.023] +p.012[+0.004 [+0.001 [+0.003 [+0.006 | 0 Temprrature - T6'F, 8:08 am
Upper Lrft Rails 5, 4 =-0.011 [ O +0.006(+0,0158( 40_022] +0_013|+0.008 |+0.00E |+0.005 | O a Sun SBhining, with Sunshade
Upper Right Rails 7, 2 +0.009 [+0.007| 0 [ =0.002| -0.007[-0.005 | © +0,005 (40,010 |+0,017
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Table A-5. Continued

Scope Instrument Reading, irp

],';z" Configuration Statier Remarks
425 | 32 12| 50 98| 87 85| 135 71| 124 25 149 11| 173 95| 198 az2| 223 67| 231 00
7 Lavar Laft Ralls &, 1 a ~0.008 |-0.010(—0,015| —0.020} —0.023|-0.01a |-0_014 |-0.007 |-0.003 | O
Lower Right Ralls &, 3 a Q +0.,005|4D,011| +0.015]| +¢.007|+0.004 0 [ o L] 7] Temperalure = 77'F, 7:57 am
Tpper Left Ealls 5, 4 —0,015 |-0.006| 0 +0,008| +0.013) +0.007] 0 —0.004 |-0.011 {-0.017 |-0.01% sua Shining, with Sunshade
Uppor Right Rails 7, 2 +0.006 |+0,006|-0.002|-0.002| -0.009| —0.010{=0,006 | O 70.008 [+0.013 |40.012
B Lawar Right Raila &, 3 0 +0.003 |+0,012[+0. 023 so.037] s0.018|+0.012 [+0.005 | 0 o 0
Lower Loft Rails 8, 1 0 ~0.008 |-0.012|-0.012| -0.016] —0.013[-0.015 |-0.010 |-0.007 | @ a Temperature = 94°F, 12:38 po
Upper Rlght Ralls 7, 2 +0.012 |+0.002|—0.0031-0.012| —0.015] -0.018|~0.013 |-0.007 | 0 ° o Sun Snining. with Sunahade
Uppar Left Ralls 5, 4 0,015 |+0.001|+0,010(+0,024| +0.037| 40.022|+0.024 |+0.011 |+0,000 |+0.003 [ O
g Lower Rlght Ralls 6, 3 —0.006 |+0.003 |+0,009]{+0.015| +0.024( 40.007]+0.003 [-0.007 |-0.006 |-0.019 |-0.018
Lower Left Ralla 8, 1 —0.016 |-0.027|-0.037|~0.041| —0.046] -0.049]-0,047 |—0,04) |-0.042 |-0.035 |—0.031
Upper Right Rasla 7, Z —0.002 |—0.005|-0.013|-0,013| —0.028| —0,035|-0,028 |-0.023 |-0.022 [-0.024 |-0,01H Rall Jack at Station 30
Upper Lert Ralls 3, 4 —0.018 |—0.005|+0,004|+0.016| +0.021| +0.020]+0.013 |+0.006 | O —0,010 |-0.009
10 Laver Right Rails &, 3 +0,002 |+0.009[+0.018|+0.025| +0.036| +0.021}40.017 |+0.018 [+0.014 |-0.011 [-0.020
Lower Left Balls 8, 1 —0.014 |—0.017 |—0.024]|-0.026| —0,028| -0.035/-0.040 |-0.045 |-0,043 |-0.037 |=0.040
Dpper Rignt Eails 7, 2 —0.002 |—0.008]| 0 010]|-0.018| —0.026] —0.033|-0.028 |-0.02z |-0.018 |-0.015 |-v.alg | oLl Jack at Station 30
Upver Left Ratls 5, 4 —0.018 |—0,001 |+0.007|+0.021| +0.027| +0.020[+0.014 [+0,003 [+0.002 |-0.005 |-0.008
11 Lower Right mails 6, 3 =0,005 |—0,001 (+0.002|+0.004| +0.016| O -0.007 |-0.015 |=0,018 |-0.030 [-0.03]
Tover Left Rasls B, 1 —0.018 |—0.023 |-0.038|-0.044| ~0.045| -0 ,046{—0,047 |-0.042 |~0.038 [-0.031 |-0.0d0
Uppar Right Roils 7, Z —0.007 |—0.019]-0.017|-0.085| —0,034| ~0,035]-0.030 |-0,027 |-0,023 |-0_032 |—0_0139 Rall Jack at Station GO
Upper Left Raile 5, 4 -0,01B |-0,009[-0,005|+0.006( +0.012| D -0,003 |-0,015 |-0.024 |-0.033 [-0,00%
STK
62,5
12 Lower Right Rails &, 3 —0.003 |-0.002|+0.002|+0.008] +0.014| -0.005|-0.005 |-0.005 |-0,018 |-g.020 [-0.024
Lower Left Eailms B, 1 ~0.016 |=0.025[-0.036|-0.040| -0.048| —D.054|-0.052 |-0.047 !=0.049 |=0.043 | ~0,043
Tpper Right Ralls 7, 2 —0.008 |—0.013]|-0.017|-0.024| —0,033| -0.047]-0.038 |-0.038 |-0,030 [~0.018 |=0.LLO Bail Jock st Station 80
Upper Left Rails 5, 4 —0.019 |-0.000]|-0.015|-0.008| © —0.004|-0.008 |-0.023 [-0.031 |-0.038 |-0,047
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Table A-5. Continued

Scope Instrument Reading. in
I;:“ Cconfiguration Station Remarka
425 | 32 12| 59 o8| A7 8n| 115 710 124 28] 149 11| 179 ve| 198.82| 277 67| 231 00
STA
82.5
13 Lower Left Rails B, 1 +0, 027 |+0.026[+0. 02140, 004 o +0.005|+0.004 |10.009 |+0.016 |+0.02L +ﬁ-.02-|
Lower Right Rails 6, 3 —0,047 |—a,026|-0 027 |-0.008| +0_002] -0.017]-0.0%0 |-0.,022 |-0.026 [|-0.0%3 [-0.045 :
Upper Left Rails G, 4 |_0.088 |0.034|0.020|-0.013| —0.005] —0.014]|-0.020 |—0.030 |-0,032 |-0,035 |-0 049 Rail Jack at Station $0
Upper Right Rails 7, 2 40.047 | +D.041 +‘_),ﬂ.|7 +0,016| +0,00% Q +0.011 [+0.019 |40.019 [+0.024 |+0.0%4
STA
92.5
14 Lower Left Rails 8, 1 +0.020 |0.025| O +0.004| —0,002| @ +0.0CH |+0.013 |+0.020 |10.024 | 10028
Lower Right Ralls &, 3 —D0.0%9 |-0.030|+0,028|-0.007| +0.003| ~0.017|-0.02% |-0.032 |-0.027 |-0.027 |—0.02%
Upper Left Ralls &, 4 20,047 |—0.096|-0.031|-0.005| —0.002| +0.010|—0.013 |-0,026 |-0.037 |-0.043 |-0.042 Reil Jack at Station 50
Uppez Right Raile T, 2 +0.040 |+0.,04] |+0.041(-0,003| +0,0086 a +0.004 [+0.021 |+0.0L8 [+0.019 |+0.C24
5TA
42,5 |
15 Lower Lefi Ralls B, 1 10.027 |10.019 [+0.015]+0.00a]l 0 «0,004]|+0.004 | +0,008 |+0.011 |40.020 |0 D22
Lower Rlght Ralls 9, 3 —0.036 |-0.01%| O T0.008] <D.015] <a.008|-0.007 |+0.004 |10.005 |+0.009 | -0.011 |
Upper Lefl Ralls 10, 1 ~0.038 |-0.02Z |-0.004[+0.009] +0.020| +0.008]~0.011 |+0,004 [+0.004 | O o Rall Jack at Statien 50
Upper Right Ralls 7, 2 +0.0399 | +0. 040 +0.d31_ +0.01%8| 40,013 +0,013]+0.01% 40.022 |+0.032 (+0.0%1 -v-_D.lT!l
STA
92,5
16 Lower Loft Ralls 8, 1 +0.025 )+0.020|+0.018| 0 —0,004| —0.003|-0.004 | © +0.006 |10.010 |+0.012
Lover Right Rails ERE] —-0.046 |-0.017| © +0,007| +0.010| +0.0C05|+0.004 Q +0.4004 -ﬂ o
Upper Loft Aatls 10, 4 —0.03% |-0.022 |-0.006|+0_01d] +0.023| +0.012|+0,017 |+0.011 |+0.010 |+0.005 |+0 006 Rail Jack at Statlon 90
Upper Right Ralla 2 +0.038 [+0.036 [+0.030|+0.024| +0.022| +0,019|+0.02T |40.031 |+0.0%4 |+0.040 |+ 045
STA
B2,5
17 Lower Loft Ralls 8, 1 0,025 |i0.020] 0 —0.003| —0.008| —0.003|-0.004 | O +0.002 |+0.008 |+0.013
Loser Rlght Rails 9, 7 Z0.040 |=0,024 L-0,005 |+0.004| +0.010| +0.006+0.006 |+0.008 |+0.007 |:0.006 |0.005
Upper Laft Rails 10, 4 0.042 |-0.023 |0.0U4 |+0.010] +0.024| +0,008|+0.014 |+0.01L |+0.008 | © v ] Feil Juck at Station 80
TUpper Aight Ralls 7,2 +0.038 [10.033 [+0.024(+0.016] +0.01k| +0.007(+0.012 |+0.014 [+0.016 [+0.016 |+0.G20
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Table A-5. Concluded

Scope Instrumest Heading, in.
1;;. Configuration Stallon Remarks
4.26 | 32 12| 99.98| 67 85| 115.71| 124 23| 14e.11| 172.98| 198 82| 223 57| 231 .00
83,5

18 Lower Left Ratla B, 1 +0,022 |+0.018 [+0.000 |10.011 |+0.007 |r0.006 |-0.003 |-0.004 | 0 a e
Lower Right Rails 9, 3 -0.041 |-0.020 |-0,003 [+0.011 [+¢.020 [+0.012 [+0.004 |+D.002 [+0.002 |+0.003 | o
Upper Left Ealla 10, 4 —0.048 [-0.030 |-0.007 |+0.008 [+0.030 [+0.012 |+0,012 |+0,021 |+0,004 | 0 ° Ratl Jack at Btation 60
Upper Right Ralls 7, 2 +0.035 |+0.030 [+0.020 [+0.016 [+0.011 |+0.008 [+0.0L1 |+0.013 |+0.025 {+0.022 |+0.022

19 Lower Left Raile &, 1 +0,047 |+0,004 [-0.005 [-0.004 0,015 F0.012 [0.010 |-0.006 |-0.006 | 0 0
Lewer Right Rails &, 3 =0.012 }-0,031 |-0,019 |~0,010 | © a -q.0L0 |-0.011 }~D.014 (D o
Upper Left Ralls 10, 4 —0.045 |[«0.024 |0D.COB |[+0.007 |<0.022 [+0.008 20,008 1+0.007 | © Fo.002z |-0.010 Sail Jack at 3tation 30
Upper Right Ralls 7, 2 +0.020 [+0.027 +0.022 |+0.016 [+0.008 [+0.006 |+0.010 |+0.018 |-0.017 |+0.020 |+0.022

1 Lower Left Raile 8, 1 +0.005 [+0,008 0,004 0,009 }0,013 [-0.012 0,011 |-0.00B |-0.013 | & o
Lower Right Rails @, 3 Fo.048 [-0,029 [-0.018[ 0 +0.003 | © o a D ) 0
Upper Left Rails 10, —0.049 |-0,023 [-0.004 [+0.010 10,026 L0.01Z [+0.013 |+0.008 1-0.004 | © v Ball Jack &t Station 30
Upper Right Rails ¥, 2 +0,028 [+0.026 {0,021 [+0.013 [+0.006 [H] +0,01) {40.015 [+0.017 [+D.D20 |+0.D26

21 Lower Left Rasls 8, 1 o 0_005 }-0.010|-0.005 |o.017 [o0.032 [0.014 |-0.004 | © 0 0
Lover [ight Rails 9, 3 ] +0.009 0,017 [+0.027 |+0.032 |+0.020 |+0.011 |+0.,008 | O Y o Temperaturs - 72°F, B:43 am
LFPEr Left Rallis 10, 4 +0.002 |<0_012 +0_019 |+0_028 |+0.036 |+0,024 |+0.013 |+0.007 | © Co.000 | — Overcast, with Sunshade
Upper Right Railn 7, 2 +0.013 |+0.009 | © o o.008 | 0 o ) D.008 |+D.017 | —-

22 Lower Left fails 8, 1 ] =0.009 +-0.010 [=0.015 0. 016 |-0,011 |-C.012 | O 0 0 [}
Lower Right Rallu 8, 3 ° 40005 {+0.020 [+0.026 [+0.023 [+0.018 |+0.01Z [+0.008 | © o ] Temporature - 70°F, 8:13 am
Upper Left Rails iu, 4 o 10,012 [s0_023 [+0.031 [+0,038 [+0.026 |+0,027 |+0,019 |+0.021 |+0.009 [+0.010 Bun Shining, with Sunshads
Upper Right Rails 7, 2 +0.011 [+0.013 $+0.007 | O F0.004 [0.008 |+0,011 |+0.028 [+0.028 |+0.032 |«0.033

23 Lowor Left Rails &, 1 0 l0.007 Lo.oos |-0,003 f-0.017 |o.011 [o.007 | 0 0,008 [«0.017 [+0.014
Lower Right Reils 9, 3 a +0,013 |+0.024 |+0,033 40.038 [+0.030 |+0.024 (+0.020 [+0.D14 [+0.0L6 |+O.007 Tewperature = B5"F, 8:50 am
Upper Left Raits 10, 4 +0.006 [+0.019 |+0.030 [-0,038 .0 080 [+0.035 [+0.031 |+0,021 [+0.010 [+0.000 [+0.007 Son Shining, with Sunahade
Uppor Right Rails 7, 2 +0.016 [+0,014 (0.014 +0.009 +0,.006 [+ +0,007 {+0.016 |+0.022 |[+0.027 |+0.030

24 Lower Left Balls 8, 1 La.008 }-0.016 |o.oz0 [-0.022 [0.020 }o.o28 |o.022 {o0.015 [0.010 |0.006 | @
Lower Right Ralls 9, } +0.013 §+0,021 L0.031 0,037 +0.039 0.028 H0.020 {+0.016 |+0_010 | O a Temperature = 74"F, 9:13 am
Upper Left halls 10, 4 o .a.004 0,076 [+0.038 [+0,049 [+0.038 [+0.031 {+0.022 [+0.017 | O ° Overcast, with Sunshade
Upper Rlght Ratlas 7, 2 o L 0.003 0,007 |-0,009 [-0.022 0,022 [-0.011 |-0.008 | 0 a 2
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