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FOREWORD

This program is an extension of the X-20 (Dyna-Soar) structural
development in the area of high temperature windows. The program was
Sponsored by the Air Force Flight Dynamics Laboratory (AFFDL), Research
and Technology Division, Air Force Systems Command, United States Air
Force. Initially listed under Project Number 620A, Task Number 620A
Item Number 2-9, this work was accomplished under Contract AF 33(6155-
2013; Project Number 1368; Task Number 136802, "Window Systems Concepts",

The hot side window assembly of an X-20 (Dyna-Soar) was fabricated
by The Boeing Company, Aerospace Division, Seattle, Washington under
BdA 0011k. Vibration, air, and thermal load tests were accomplished by
the Structures Test Branch (FDTT) at AFFDL, Wright-Patterson AFB, Ohio.

The first test of the series was conducted on 20 January 1965 with
termination occurring on 2 April 1965 during Test No. 3 when the window
failed during heating. The tabulated data on all tests performed are

stored at the Structures Test Branch (FDTT), AFFDL and at The Boeing
Company, Aerospace Division.

Acknowledgment is given to Lt. J. Pharmer (FDTS), Program Coordinator,
and Mr. Murry England (FDTT), Test Project Engineer, of the Air Force

Flight Dynamics Laboratory for supplying photographs, drawings, descriptions
and test data,

The manuscript was released by the author in August 1965 under Boeing
Document No. D2-81310-1 for publication as an RTD Technical Rerort.

Publication of this report does not constitute Air Force approval

of the report's findings or conclusions. It is published only for the
exchaqgg_§nd stimulation of ideas.

A or

FREDERICK C. K
Colonel USAF
Chief, Structures Division




ABSTRACT

This document presents the results of testing an X-20A (Dyna-Soar) |
high temperature side window assembly under vibration, air, and thermal
loading.

The purpose of this program was to experimentally verify the X-20A
side window assembly and provide experience for improved window design.
The objective of this program was to verify the structural integrity of
an X-20A high temperature window design in the X-20A flight environment
and provide test data to evaluate the design analysis and development
procedures utilized.

The X-20 side windcw provides pilot vision throughout all phases of
flight, and is exposed to all flight environments. The side window is
triangular in shape (28 inches by 2l inches by 16 inches) with rounded
corners. The window assembly includes three separate glass panes of
fused vilica, seals fabricated from Hastelloy-X wire mesh with foil
covering, Superalloy Rene' l). mounting springs, fairing, and frame.

The window was subjected to a low-level boost vibration environment,
limit boost pressure of -7 pounds/inch? (gage) and a simulated re-entry
heating time-temperature history.

The window failed during the re-entry temperature cycle. The primary
cause of failure was the high temperature gradient through the depth of
the window frame of approximately 8500F which exceeded by = factor of 2 the
ultimate design value. The extreme thermal gradient caused thermal curvature
of the window frame which induced glass curvature in excess of allowable.

Measured temperatures and deflections are presented and compared with
analytical values. A thermal analysis is presented and compared with test
values. Deficiencies of the X-20 window design as determined from the test
program are pointed out and suggested methods of improvement are given.,

-
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NOMENCLATURE

= Aluminum plate thermocouple

= Coantrol Thermocouple

= Cycles/second

= Deflection indicator - section A-A
= Deflection indicator - section B-B
= Deflection indicator - section C-C
= Deflection indicator - section D-D
= Deflection indicator - section E-E
= Fairing thermocouple

= Acceleration - 32.2 f't:/a;ec2

= Moment of inertia - ml‘

= Infrared

= Polar moment of izertia - 1nh
= Bending moment — in.lbs./inch
= Pressure lbs/i.n2

= Load 1bs or 1lhs/in

= Surface pressure - llm/ft2

= Vent pressure - lbt;/'f‘t.2

= Free stream pressute - lbz;/f‘t:2

= Power npectral density - 3/CPS

= Shear 1bs/in

= Amplification factor = g's output/g's imput

= Root mean square
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NOMENCLIATURE (Continued)

Rx’Ry = Rotation - radians

T = Thermocouple or temperature-°F
™ = Thermistor

TCPL = Thermocouple

A / = Shear - pounds

z = Vertical deflection - inches

¢ " Stress - 1bs/in°
N %y = Shear stress - 1bs/in°

xi




1 INTRODUCTION
1.1 GENERAL DESCRIPTION

The requirement for pilot vision necessitated the installation of five

vindows within the cooled Pilots compartment and the surrounding primary

bot structure of the X-20A (Dyna-Soar) vehicle. The three forward facing
windows require thermal protection during re-entry, vhich is provided by an
ejectable windshield cover. This cover is ejected folloving re-entry at
velocities between Mach 6 and Mach &. This allovs the pilot to make a visual
approach and landing. The left and right side windows are provided for pilot
vision throughout all phises of flight, end are exposed to all flight environ-
ments, boost through landing.

This program deals vith the test of one of the hot side vindows only. The
hot side windows must Prevent the hot gas plasma associated with serodynamic

surfaces except on the outer surface. The windovw panes are of a tri

shape approximately 24 inches by 28 inches by 16 inches with rounded corners.
Each of the window installetions consists of three panes of glass mounted in
& continuous superalloy (Reme' 41) frame, as shown on page 3 , Rach frame

glass to carry only normsl loads either to the edge or the face of the pane .
The attachments shown on pege 20 show the hot frames are fully restrained
at only one pivot point. This restraint point will accept all inertia loads
as vell as dempen vibrations of the installation. The "hot" glass, iteelr,
is mounted in the frame in such & manner as to prevent the glass from coming
free vhen the frame expands under high-temperature conditions. This is
accomplished by use of flat Rene' 4l side springs and Rene' 41 leaf spring
in series with the seals. The seal material for this "hot" environment
consists of five pads of Hastelloy-X wire mesh wrapped in Hastelloy-X foil
nominally clamped up at 35 pounds per lineal inch of periphery. Under the
"hot" environment the material retains a clamped up pressure of approximately
8 pounds per lineal inch of periphery.

The "hot® structural window assembly is directly adjacent to the "eold"
vindows of the pilots compartment. The pilots compartment is suspended
vithin the glider primary structure in such e mannper as not to accept dasic
structural loads. The cold window is a laminuted two-pane low-expansion,

The "hot" side window test specimen was instrumented with aeccelercmeters for
determining response of the structural system during vibration testing;
thermistors for measurement of the fused silica glass pane temperatures 3
thermocouples for measurement of the window frame, cab frame » and support
structure temperatures; and deflection 88ges for measurement of window and

1




1.1 GENERAL DESCRIPTION (Continued)

cab frame translations snd/or rotations. The window test setup is instrumented
to measure net pressure on the window and leakage rates through the seals
during the boost air load test No. 2. All instrumentation data is recorded,
reduced, and is documented herein.

An outline of the test plan as prepared in Reference 4 is showvn on page 3 .
The planned test series were not completed due to “he failure of the glass
during Test Condition 5. Re-entry Thermal Cycle. Although the full planned
program of tests was not completed, limited tests were run for eech of tha
three design enviromments—pressure, vibration and temperature.

This report presents the results of the tests completed and a comparison
vith analytical data. A thermal and stress analysis of the window assembly
is included. The cause of the window failure is discusced and methods of
improvement are suggested.

Developmental testing and stress analysis for the X-20 "hot" side window in
sypport of X-20A drawing release has been documented in Reference 5.
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2 TEST SPECIMEN
2.1 GENERAL DESCRIPTION

The window test specimen as shown in the photograph on page 5 4is defined in
detail by the window test assembly drawving (25-86200) which includes three
triangularly shaped flat glass penes with rounded corners » & retaining frame,
mounting seals, mounting springs, and retdining frame support bearings. A
portion of the glider cab frame was included to correctly simulate the eupport
conditions at the three bearing locations. A special vacuum box was also
fabricated to allow for the application of air loads without structural
interactions.

2.2 WINDOW PANES

The three glass panes are Corning fused silica Code Number T94%0. They were
fabricated by the Corning Glass Works, Corning, Nevw York per The Boeing
Company specifications as outlined in Reference 7. The window panes are of
e triangular shape approximately 2L-inches by 28-inches by 16-inches with
rounded corners. The outer pane was .65 inch thick except in the rebate
ares vhere it was machined to a thiclmess of .45 inch. The inner two panes
were of a constant thickness of .18 inch. An infra-red reflective coating of
stannous oxide was applied on all surfaces of the panes except on the most
outer surface for the purpose of decrearing the radiant heat transfer
through the panes. The infra-red reflectance from each of these coated
surfaces was equal to or greater than the values shown on Figure 3 page .
The actual thickness of the stamnous oxide coating was not determined.

During the coating process it has been found that a measurement of the
electrical resistance of the coating is a good indication of coating perform-
ance. It vas found that an electrical resistance of approximately 40 ohms
per square (square = m) would give a satisfactory coating. Final

acceptance vas made by measuring the reflectance between 2.0 to 16.0 microns
to meet the requirements of Figure 3 page 6.

The requirements of Reference 7 Paragraph 3.1.2.1.1.6, Optical Deviation;
Paragraph 4.3.2, Test Specimen Samples; Paragraph k.3.2.2, Degradation of
Glass Coatings Test; and Paragraph 4.3.2.3, Optical Inspection, vere deleted
for the test specimen.

2.3 THERMISTORS

Thermistors were fabricated and installed by the Corning Glass Works, Corning,
Nev York on both sides of all fused silica window s to measure glass
temperatures. The infrared coating was removed 1/8 inch from each side of
the thermistor and its leads. See photograph on page 9,
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2.3 THERMISTORS (Continued)

Thermistors (s comtraction of thermally sensitive resistors) are electrical
circuit elements formed of solid seaiconducting materia.s which are character-
ized by a high negative coefficient of resistivity. Their use for temperature
measurement is based on the direct or indirect determination of the resistance
of a thermistor immersed in the environment vhose temperature is to be
mtasured. Thermistors are quite stable vhere they are properly aged before
use (less than .1 drift in resistance per month——according to most data).
Thermistors exhidit great temperature sensitivity (up to 10 times the
sensitivity of the usual base-metal thermocouples) while thermistor response
can be in the order of milliseconds. Accuracies of 0.1°F are not unusual.
Hovever, the current through the thermistor must b limited to a value which
does not increase its temperature by resistant (I2R) heating.

materials that give a high negative temperature coefficient. These films
were successful for a high T.C. but became unstable for a temperature range

above 500°F vhich is of Primary concern on research aircraft. At tkis point
effort vas shifted to a noble metal bolometer.

The Boeing Compeaiyy Experimental Laboratories had conducted tests on thin
film type heat sensors for use in the hot-shot and shock tunnels. Such films
as tungsten, and tantalum applied to quartz have been tested. A sample of

& silicon-platinum sensor using gold thin film ieads installed on fused
silica was received from the Corning Glass Works. It was evaluated by the
Experimental Laboratories and found to measure temperatures with accuracy.

The bolometer made for special application by Corning Glass Works is a
Platinum pattern, silk screened on the glass surface and fired in a tempera-
ture in excess of 1200°F. The thin film €old leads as well as the silicon-
platinum sensor are spplied in the form of a paste by a silk sareen method.
The platinum sensor is fired on first » followed by the gold leads. During
the firing processes the Platimuwe sensor and the g0ld leads are cohesion
bonded to ‘he fused silica. The actual firing temperature depends to a
large extent on the end use and the glass substrate.

S8iner the material used is o relatively thin film the actual resistance of
the bolometer depends)on the mumber of squares being used. (A square = %‘tggb.)
Platimm generally will have a resistivity of 10 ohms /square. ;

-

Calibration has shown the bolometer to be completely stable to 1400°F on
Vycor or fused silica. The resistance/temperature curve is a straight line
between O°F and 1400°F. The temperature coefficient in parts/million is
1200 (leb X 10°). Qold filam used for leads to the sensors have been very

successful.




2.3 THERMISTORS (Continued)

A sensor of this type had been used on the X-15 and reached temperatures of
1700°p+.

One point to remember is that high heat flux on external sensors is shorted
out by ionized gases at high te.peraturea—effectinly & parallel conductor.

These sensors have been compared against platinum disc type sensors and with
various radiation blocking devices. The thermistors are intimately in

contact with the glass and do not promote any stress risers to weaken the
surface of the glass. They stay on as long as the glass retains its integrity.
The thermistors are not adversely affected by optical glass cleaning methods
but can be dsmaged by abrasion.

A total of eight (8) thermiscors are used to measure the glass temperature.
Six thermistors are located on the inside and outside surfaces of each
glass pane. The remaining two are located on the exterior surface of the
external glass pene, and the internal surface of the internal glass pane.
Figure 17 on page 27 shows the locatica of all thermistors.

The gold thermistor leeds are .002 inch thick and are parallel to each other.
They lead to the edge of the glass ip the same direction for esch pane. The

leads are terminated at the edge of the gluss by forming 1/k imch by 1/% inch
square gold contact patches.

An external electrical connection is made using a .010 diemeter gold wire

8s a lead through the vindov frame. The end of the .010 diameter g0ld wvire
is flattened to a thickness of .00l to «002. The flattened end is thermo-
compression bonded (spotwelded) to the thermistor 12ed at the edge of the
glass using a layer of .00l g0ld foil superimposed. This bondec connection
then has a one square inch refrasil tape ped, .010 inch thick, impregnated
and tapered out with "Esco-cersm” compound %o act as an electrical insulator.
8ee photograph on page 11. The €014 wire is {nsulated with refrasil tubing
except for the leads of the outer pane which must be sealed. At this location
1l mm quartz tubing is used for sealing purposes. Expansion loops are
provided. The photograph on page 11 shovs the tiermistor lead wvires. This
installation vas expecied to wvithstand the vibration and heat environment
vithout failure due to the malleable characteristics of the €0ld wire with
adequate expansion loops provided.

The photograph on page 9 shows one thermistor lead wire after the spotwelded
connection was made vhile the other leald has "Ecco-cersm” compound applied
over the connection. The photograph on page 10 shovs a close-up viev after
the seme operations have been completed. Figures &7 pages11412 shows how the
thermistor leed wires were routed through the windov frame and seals. Only
four lead connections occurred at the same location, however.
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2.4 WINDOW FRAME

The glass panes are supported by a Rene' L1 multi-layered retaining frame.
The edges of the panes are clamped between pProtruding layers of the retain.
ing frame, see page 15. The upper portion of the frame is a continuous
rectangular ring section .50-inch wide by .625-inch fabricated from Rene' L.
The lower frame portion is a rectangular section .50-inch wide by .724-inch,
The lower portion of the frame is removed at the intersection of the three
bearing blocks. The bearing blocks splice this portion of the frame that

is removed. The two frame halves are counterbored and riveted together with
3/16 inch diameter Rene' rivsis s shown on page 14. This riveting process
provides shear continuity between the frame members and also ties in the imer
two seals, leaf spring and center backup strip. The outer fairing and inner
backup strip are continuous members and are considered as effective frame

The seale are made of a Hastelloy-X wire matrix manufactured by Johns-
Manville and enclosed in a wrapping of Hastelloy-X foil which is «002 inch
thick. All seals are made from the same size oval -shaped Hastelloy-X wire
mesh. The outer seal is made with a continuous covering to ¢t as a seal
plane to restrict the flow of hot gas plasma into the fuselage cavity, A1l
seals are wrapped in a Jacket that is .80 inch wide except the seal that is

between the two .18 inch thick inner glass panes. This seal has a jacket width’

that is .60 inch wide to give a greater window spacing between these glasses
to assure adequate clearance during out of phase vibrations. The seals are
approximately .21 inch to «25 inch thick in the uncompressed position. The
seals offer a cushion for the glass panes as they are clamped between the
layers of the window frame. Tests were run on the window seal configuration

This information is presented in the Appendix on page 181. A photograph
showing the complete seals is shown cn page 17. Figures 11 and 12 show
positioning of the metallic window seals during assembly,

2.6 WINDOW SPRINGS

Rene' Ll leaf springs are installed in series with the seals. These springs
eliminate the slack in the seal system which resuits from installation
tolerances and relative motion and relaxation in the assembly when subjected
to heat and load. These springs provide clamping forces after exposure to
the maximum temperature environment and allow the window to withstand re-
entry and approach vibrations, Two sets of the leaf springs are used. They
are fabricated from 5 layers of .008 Rene! Ll material, The maximum spring
travel is .0L4 inch. The leaf springs flatten to an overall thickness of

«05 inch under a loading of 35 pounds per running inch. The leaf springs

temperature. Under the "not" environment the springs retain a clamped up
pressure of approximately 8 pounds per lineal inch of periphery in the window
assembly.




Thermistor Leads

Shims (>(m )

-Side Positioning
Spi'ings

Frame - Spacer Block

- Rene' 41 Rivet
Frame To Frame

Side Positioning
Springs

< Leaf Spring

RAIRRRRRRRRRR RN eryper—— Back Up Strip

Shims removed where leads exit.
No tabs on seal where leads exit.
* Hastelloy X wire mesh enclosed in Hastelloy X foil.
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FIGURE 9 WINDOW AND FRAME ASSEMBLY - Dimensions

Fused
Silica

Fused
Silica

[ 788

[ Dimension without shims
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2.5 WINDOW SPRINGS (Continued)

S143 springs are provided to position the glass, absord in plane vibrational
loa’s, and prevent the glass from coming free vhen the frame expands under
high temperature conditions. It is to be noted that the coefficient of
thrmal expansion of the Rene' 4l window freme is spproximstely 25 times as
great as the fused. silica glass. The side springs are febricated from .05
Rene' Ll material. Studs are welded to the peak of the side springs and
extend through the side of the frame. This allows & method of retracting
the springs during window installation. The springs are gold pleted at
their peaks vhere they come into contact vith the edge of the glass to
provide a low friction sliding surface and adequate bearing surface. The
side springs have a spring rate of epproximately 720 pounds/inch at roca
temperature. A photograph of the leaf seal sprinzs, side springs , and seals
is shown on pege 17.

2.T WINDOW SUPPORTS

vindov vithout inducing redundant force systems. This is accomplished by
allowving certain bearing shafts to slide longitudinally and/or transversely
in the cab frame.Photographs of the bearing block assemblies attached to the
cab frame are shown on pages 20-22, This method of attachment also allovs
for removal of the windov from the outside of the glider vhich vas a design
requirement. The window and frame assembly can be unbolted from the bearing
block assembly from the outside of the glider for removal and refurbishment.

2.6l CAB FRAME

The ceb frame as shown on page 20 1is fabricated from rectangular Rene' L1
tubing (2.5 inches by 1.0 inch by .09 inch). The cab freme simulates the
glider structure in order to provide proper support conditions for the window
' structure. It was also desired to show that the thermal elongations and
distortions of the cab frame would not be induced into the wirdow structure
due to the special three-point window suspension system. A .05 inch thick
Rene' hl fairing extends from the cad frame around the window specimen.

2.9 VACUUM-PRESSURE BOX

A vacum-pressure box was fabricated from Renme' 41 for the application of
air loads to the window specimen in both the hot and cold conditions. A
Photograph of the vacuwm-pressure bo: is shown on page 23, The vacuum-
pressure box vas designed with an expansion bellows and special foil seal to
prevent stru~tural interactions with the vindow specimen. A mylar seal was
used for the dboost airloed negative pressure test. No conditions were run
with airloed applied during high temperature due to premeture glass failure.
It vas planned to make a continuous sesm weld of the foil seal to the vacum-
pPressure box for the high temperature load condition.
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FIGURE 16 Vacuum-Pressure Box
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2.10 ASSEMBLY AND WINDOW INSTALLATION

It vas desired to determine the glass stresses induced by installation
procedures. Dummy vindovs were fabricated from 6061-T6 aluminum alloy.
Photoelastic plastic was bonded to the outside of the outer plate so that
installation stresses could be determined by photoelastic methods. These
installation precautions were taken as a glass had been broken in the past
during a window edge attachment development test for the X-20A project

during installation. Large installation stresses were found to exist when

the dummy aluminum vindows were installed. Significant deflection of the
fairing and backup strip oceurred. The deflections were nonuniform around the
periphery of the glass vhich lead to the severe installation stresses. The
primary cause was that the seals were thicker and hed a higher spring rate
than was called for by the design giving higher clamping forces thea 35 pounds
per inch. These differences in seal thickness and spring rates were cc-penute#
for by adding shims under the Tairing and backup strip as showm on page i,
The addition of the shims however aid not allov sufficient space to instell
wvashers under the retaining nuts. The deletion of the washers was not
considered deterimental to the window installation. Bolt torquing valnes
and sequences ‘rere established to reduce the installation stresses in the
vindows to lovw levels. Calcuistions of clamping forces versus shim thickness
&re shovn on page 191, The final glass installation was made at Wright Field
by Boeing Company personnel. The thermistor lead connections were mede and
the viring vas routed as shown on pagell . Since k4 of the thermistor lead
connections occurred at the same frame location, an overall increase in
thickness occurred equal to the thickness of the lead vires and refresil
insulation tape pads. This increase in thickness was approximately .05 inch
prior to clamp up. This resulted in & small hard spot in the seal to glass
foundation. The retaining nuts were locked by spotwelding Hastelloy-X foil
to the nut and shank of the bolts to complete the installation.
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3 INSTRUMENTATION

Instrumentation of the test specimen and supporting test fixtures includes
accelerameters, thermistors, thermocouples, deflection gages, pressure gage,

and flowmeters. A detailed description of instrumentation and its location
follows:

3.1 ACCELEROMETERS

Accelerometers vere of the crystal piezoelectric type. Control accelerometers
vere installed rigi..y to the specimen. Glass accelerometers were installed
vith double-backed tape. ILocations of the accelerometers are shown on pages )2
and L),

3.2 THERMISTORS

eight thermistors are used to measure the glass temperature. Six thermistors
are located on the inside and outside surfaces of each glass pane. The
remaining tvo are located on the exterior surface of the external glass pene,
and the internal surface of the internal glass pane. Figure 17 on page 27
shows the locations of all themistors.

3.3 THERMOCOUPLES

A total of 19 Refrasil-insulated, 22 gage, Type K (chromel-alumel) thermo-
couples are spotwelded to the Rene' 4l window frame assembly cnd cab frame
as follows: 7 on the windov frsme outer fairing, 6 on the window freame at
the bearings, 2 on the windov rreme at the inner flanged backup ring, and
4 on the cab frame. See figure 17 page 27 for locations.

These thermocouples are used to establish temperatures and gradients of the
vindov freme and cab frame.

Where possible, the thermal junction wes formed by spotwelding the individual
thermocouple wiles to the specimen parallel to each other and a roximately
1/10 inch apart, thereby including & small section of the Rene' 41 specimen
in the thermocouple circuit. The ends of the Refrasil insulation wire covers
vere treated vith Synar (trede name for a silics acid solution manufactured
by the Pennsylvania Salt Compeny) to inhibit raveling.

3.4 DEFLECTION gAGES

A total of 2k deflection measurements were made as shova in Pigures 17
through 19 peges 27 through 37 for heat and load test conditions. A
system employing lov thermal expansion quartz rods in conjunction with strain
gage-cantilever beam deflection transducer devicea was used for all deflection
measuremsnts. The deflection transducer devices vere manufactured by
Structures Branch FIAT at the Flight Dynsmics Levorstory.
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3.5 PRESSURE GAGE AND FLOWMETER

Pressure and flov measurements for the pressure box test fixture were

made using the following equipment: Meriam Laminar Flow Meter Element -
Model 5OMH1O; Meriam Inclined Manometer - Model LOHE 34; Merism Mercury
Pressure Manometer - Model 338A end Air Temperature Sensor manufactured by
' the Structures Branch (FprT).
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FIGURE 18 DEFLECTION INDICATCR LOCATIONS TEST NO, 2 SECTION B-B
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FIGURE 18 DEFLECTION INDICATOR LOCATIONS TEST NO, 2 SECTION C-C
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FIGURE 18 DEFLECTION INDICATOR LOCATIONS TEST NO. 2 SECTION D--D
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FIGURE 18 DEFLECTION INDICATOR LOCATIONS TEST NO,
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FIGURE 19
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FIGURE 19 DEFLECTION INDICATOR LOCATIONS TEST NO. 3 SECTION B-B
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FIGURE 19 DEFLECTION INDICATOR LOCATIONS TEST NO. 3 SECTION C-C
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FIGURE 19 DEFLECTION INDICATOR LOCATIONS TEST NO, 3 SECTION E-E
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b TEST PROCEDURES AND RESULTS
L.l TEST CONDITION NO. 1 (BOOST VIBRATION)
4.1.1 TEST CONDITION NO. 1 PLAN

This test condition was planned to verify the structural integrity of the
X-20 vwindow assembly when subjected to the boost vibratiom enviromment .

Sinusoidal vibration scans were planned as shown on Page 39 conducted normal
to the plane of the windov (Axis "A") and in the plane of the window (Axis "B").
Resonant responses of the window assembly could thus be determined between
50 and 2000 cycles per second by using travelling accelercmeters attached
with double-backed tape. These measurements could be analyzed to show
resonant frequencies, resonant bandwidths and amplification factors, and
mode shapes for all measursable resonances.

After the sinusoidal vibration testing was completed it was planned to
subject the window assembly to two room temperature random vidration tests -
one in the "A"-axis direction, and one in the "B"-axis direction. The
Planned test envelope is shown on page 14O, Input to the shaker while
supporting the specimen could be limited at specific frequencies as necessary
80 that resonant responses of the window assembly would not exceed the upper
tolerance of the test envelope. The test duration of 10 minutes for each
axis was planned. A record of the acceleration pover spectrum and overall
acceleration applied in each axis at each monitor point could then be
prepared.

k.1.2 VIBRATION EQUIPMENT

The largest shaker system available for the vibration testing at the Flight
Dynamics Laboratory consisted of:

Ling Electronics
A-300B Sheker, Meximm Load = 300 Pounds
PP20/35 Pover Amplifier
R1003C Sine Console
R1001-2 Random Console
ASD-20 26 Channel Analyzer

ESD-20 Equilizer (Band Width varies from 17 cps at 100 cps
to 100 at 700 eps and on)

Since the weight of the window test specimen acsembly wvas epproximately
100 pounds, the test fixture weight wvas limited so as not to exceed the
mximm load capsbility of the shaker. The test fixture consisted of a
tvo inch thick aluminum plate.
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k.1.3 TEST PROCEDURES
The folloving paragraphs are a record of the vibration tests as conducted.

The windov frame was rigidly attached to the test fixture end a Ling Model
A300 vidbration exciter. Vibration was first applied vertically, perpendicular
to the plane of the glass.

For preliminary information, initial scanning vas accomplished for the vertical
direction by performing a sinusoidal frequency swveep from 5 ops to 2000 cps.
The sweep rate vas less than 2 octaves/minute. The input double smplitude
m0.0zsmchfrascpstoa3cpnmd0.2;fra23cpstozooocpa.

Rather severe resonances were found to exist in the A-frame members vhich
overhung the edge of the fixture. Consequently, the two projecting members
were removed at the fixture edge by means of a high speed cutting vheel.

The fixture without the window test specimen wvas installed on the shaker

and & complete dynemic survey was conducted on the fixture alone. An -
amplification factor (Q) of 56 was noted at one point on the fixture

(2 g input gave 112 g's on plate). This data indicated thet the fixture

did not have sufficient stiffness to accurately control the vibration levels.

The fixture and specimen were then instrumented to determine the resonant
modes of the upper glass psne and the frame unit in which it wvas installed.

The vindov was again mounted on the fixture and s camplete dyunamic survey

of the fixture and specimen was accomplished. The Q of the fixture had
dropped from 56 to 15 at the most severe point. The outer .65 inch thick
vindov had & Q of spproximately 30. Wide band random vibration wes then
aepplied to the specimen, perpendicular to the Plene of the glass. The
random vibration input vas applied at extremely lov level, 0.001 PSD maximum,
in lieu of 0.1 PSD as recommended by Boeing Document D2-81293 » Window Test
Plan, Reference 4, The test plan level is shown on page LO, The response
of the upper glass was moniitored and the input vibration level was reduced
so that the response of the glass would not exceed twice the input PSD value.
A recording and analysis of this data was made so that it could be compared
vith data planned to be taken after the heat test.

The specimen and test fixture were next mounted on an oil film table,
oriented so that vibration wvas spplied horizontally, along the "B" axis,

8s shown on pege L, Initial scenning was accomplished for this direction
by means of & sinusoidal frequency sweep from 5 eps to 2000 cps, with an
applied double amplitude of 0.025 inch from 5 to 23 eps, and 0.2 g from 23 cps

to 2000 cps. Resonant responses of the upper glases vane and frame vere
recorded.




FIGURE 22 RESONAVf RESPONSES . VERTIOAL DIRECTION

ACC, #2 = INPUT CONTROL

FREQUENCY (cps)

ﬁ' 135 293 29 619
2 0.2 g 0.2 g 0.2 g 0.2 g
16 0,66 2.5 1.6 2,0
17 0.75 | 1.5 3.0 0.7
18 1.2 0.9 0.5 1.5

Notes For 135 ops, amplif:cation began at about 120 cps, and extended
to approximately 150 cps,

For 293 ops, amplification began at about 285 ops snd extended
to approximately 315 cps.

For U429 cps, amplitication began at about L1S cps and extended
¢to approximately li52 cps.

For 619 cps, amplification began at about 609 cps and extended
to approximately 629 ops.
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k.1.3 TEST PROCEDURES (Continued)

Wide band random vibration vas then applied for this "B" axis direction » 8lso
at the extremely lov level of 0.001 P8sD maximm, in lieu of 0.1 psp. A

recording and analysis of this data was also made for comparison vith date
Planned to be taken after the heat test.

areas vhich were found to exist that ecould result in overtesting the x-20
side window specimen during the required randcm vibration testing:

8. Due to equipment force limitations and physical size limitations ¥
the vibration fixture design had very limited parameters and therefore several
resonances (two severe) exist in the fixture vhich mey cesuse serious over-
testing at these frequencies.

b. The test plan (Reference & ) requires that all responses are to be
limited to the overall upper tolerance level (1004 above spectrum) of the
random vidbration spectrum. Due to limitations of analyzing equipment, this
requirement will be difficuilt to meet. There are also areas of the specimen

(the two lower glass panes) that cannot be instrumented so control at these
points will not be accomplished.

c. The equalizing equipment is manually operated for adjustment purposes
80 it must be adjusted while exciting the epecimen and therefore, may result
in short periods of overtesting. A dumy mass in this case would not help
unless it wvere o dynamic simulation of the specimen. There is approximately
& factor of 5 difference in the fixture amplification factor between the
fixture alone and the fixtun)vith the window mounted. (Q = 56 unloaded,

Since the above uncontrollable areas were present a possibility of window
failure due to overtesting existed. Tt was decided to postpone the fw1-

scale boost vidbration testing until after the heat and loed test had been
accomplished.

b.1.4 TEST RESULTS

8ignificant resonant frequency data recorded during the initial sinusoidal
frequency surveys are as follows:

&. No resonances were detected belov 120 cps.

b. 120 cps to 150 €ps, chatter occurred which vas munifested in move-
ment of the sliding joint at point D, Reference 4 & page |2, Meximm chatter
vas observed at 135 cps. This chattering motion resulted in amplification
factors as high as 6, when measured on the upper pane of glass and on the
frame immediately adjacent to the glass. (See Figure 22 pagel;2),

L3




FIGURE 23
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k.1.k.1 RESONANT FREQUENCIES - AXIS "A" (Continued)

¢. The only resonances of the upper glass pane for which a mode shape
could be drawn were cbserved at 293 cps and 429 cps. The frequency of 293 cps
vas attributed to a fixture resonance. The frequency of 429 eps is tbe only
authentic gless pane resomance found. (See Figure 22 page L2), It has an
ampiification factor of 15 at the center of the glass.

k.1.k.2 RESONANT FREQUENCIES - VIBRATIOK APPLIED HORIZONTALLY IN A PARALLEL
PLANE WITH GLASS - AXIS "B"

&. A very gradual buildup in emplification for sccelerometer locstions
on the glass began at around 70 cps. For location 2a, Figure 23 page Ll
the gradual rise reached a waximum smplification of 3.25 at 190 eps,
3.0 at 240 ¢ps, continuing at 2.5 wp to 275 cps, dropping to input level
at 350 cps.

b. TFor location 2b, Figure 23 page L, initial amplification began at
arcund 70 cps, with a gradual rise to a maximm of 3.0 at 190 cps, 2.25 at
220 cps, 3.25 at 24O cps, continuing at approximately 2.5 to 280 cps, dropping
to input level at 350 cps.

c. For location 2c, Figure 23 page Lliinitial amplification begean at
around 70 cps, with gradual rise to a maximm of 2.75 at 140 cps, 3.5 at
13.20 cps, 4.0 at 240 cps, 3.75 at 270 cps, dropping to input level at

5 cps.
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k.2 TEST CONDITION 2
4.2.1 TEST CONDITION 2 PROCEDURE

The windov specimen was pressure loaded with air at room temperature to a
negative 7 psi (outward acting). This pressure simulates the X-20 boost
limit pressure and is the limit load design conditiocn for the window.

The window was mounted securely to the test stand. The pressure-vecuum box
was mounted on the window. Mylar was initially proposed to seal the pressure
box to the window frame for this test condition. The mylar vas installed
but did not provide a satisfactory seal. It was removed and zinc chromate

putty was used to make a satisfactory seal. A photograph of the test set-
up is shown on pesge 52,

Pressure vas applied to the specimen as shown on pagel . The pressure

leakage rate, and window and cab frame deflections were recorded for all
test times.

A schematic of the apparatus for measuring the air leakage is shown on pagel7 .
Prior to the test, the vacuum line was capped off at the test specimen.
The valve was closed and the pump shut off to assuce that no leakage existed.

The procedure followed during the test was to close Bleed Valve B until the
pressure manometers read the correct pressure in the pressure box and then
read the Meriam Flow Meter. This indicated the amount of air flowing back

to the vacuum pump and thus the amount leaking into the pressure box through
the windov seals. The flov meter was calibrated to read up to 1.6 SCMM

vith water in the menometer. When it became apparent the leakage was going

to exceed 1.6 cfm, mercury vas substituted for the water in the inclined
manometer to extend the range.

Following the test, a valve was installed at the test specimen end of the
vacuum line and a series of flow versus pressure readings were made with

the valve opened to different amounts in order to verify the linearity of the
flov meter up to the flov value measured during the test.

4.2.2 TEST CONDITION 2 RESULTS
4.2.2.1 WINDOW SEAL LEAKAGE RATE

The target leakage rate as defined in Reference 2 1is 1.17 x 10-4 £¢2 per
foot of seal with a corresponding leakage rate of .55 x 10-5 pounds /second
per foot, for choked flow at standard conditions. These target requirements
were set-up to control the design from the standpoint of aserodynamic heuting.
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