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formulated, furnished, or in any way suppliedihe said drawings, specifications,
or other data, ia not to be regarded by impiication or otherwise as in any
manner licensing the holder or any other person ¢r cerporation, or conveying
any rights or permission to manufacture, use, or sell any patented invention
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FOREWORD

This document is one of a series pertaining to the Advanced Solar Turbo Electric
Concept (ASTEC) Program conducted for the Air Force Aero Propulsion Laboratory
by the Lockheed Missiles & Space Company (LMSC), Sunnyvale, California, under
Air Force Project 6784, Contract AF 33(615)-1577.

The Air Force Program Manager is Buryl L. McFadden, Jr., the Project Engineer
Lt. P. W. Lauderback, who directs the program for G. E. Thompson, Technica:
Manager, Dynamic Energy Conversion (APIP-1), Energy Conversion Branch, Aero-
space Power Division.

At LMSC, responsibility is assigned to the ASTEC Program Office of the Booster
Programs organization. W. W. Hurtt is Program Managei. The authors of this

report and principal investigators were T. L. Blakney, W. Bradshaw, G. R. Cunnington,
iH. E, Pollard, J. B. Rittenhouse, W. F. Schmidt, and D. A, Vance. Technical
direction and coordination of the work effort was supplied by 5. F. Farwell.

This report (Part I) covers work performed by LMSC from contract date, 1 July 1964.
to 1 October 1965, This report was submitted March 1966.

The Lockheed number for this report (Part I) is LMSC D~03-65-4.
This series comprises the following documents:
Part I Candidate Materials Laboratory Tests
Part I High Temperature Materials Laboratory Tests
Part Il Candidate Materials Orbital Evalustion
Part IV Solar Collector Development Support Tasks

This technical report has been reviewed and is approved.

Glenn M. Kevern, Chief
Energy Conversion Branch
Aerospace Power Division
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ABSTRACT

A gpace power system of the type envisioned by the ASTEC program requires the
development of a lightweight solar collector of high reflectance which is capable of
withstanding the space environment for an extended period of time. A survey of the
environment of interest for ASTEC purposes revealed four poiential sources of damage
to collector materials: solar ultraviolet radiation, low-energy electrons encountered
in the auroral zones, vacuum, and combined temperature levels and thermal cycling.
A laboratory test program was conducted to determine the basic thermophyeical,
optical, and mechanical properties of materials developed by the solar-collector
industry for use in the ASTEC program, and to test the degrading effects of various
segregated and combined elements of the space environment on these materials. Of
six material systems selected by AFAPL for testing, four were epoxy-bonded metal
systems, one was phenolic foam with a metal surface, and one was polyurethane~
rigidized nylon with an aluminized mylar surface. Three of the four metal systems
were honeycomb configurations; these proved to be far superior from a structural
standpoint to the nonhoneycomb types. All the reflective surfaces degraded to some
extent in the simulated ASTEC environment, but material systems with bare metal
surfaces were significantly more stable than systems with silicon oxide overcoatings.
In addition, these systems had a higher initial reflectance. No material proved to be
ideally suited in all respects for use in the ASTEC solar collector. Recommendations
are made for additional testing to determine more exactly the mechanical properties
of the most promising material or materials and to establish with greater certainty
the degree of optical stability of these materials in the ASTEC environment.,
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Section I .
INTRODUCTION !

This report summarizes the tecnnical effort on the Lockheed Missiles & Space
Company (LMSC) Candidate Materials Laboratory Study Program, a portion of the
ASTEC program at LMSC. This work effort is in direct support of the Air I'orce
Solar Turbo Electric Concept (ASTEC)-Program 678A.

1. PURPOSE OF TESTING
The objectives of this work effort were as follows:

[ @ Determine the hasic thermophysical, optical, and m~chanical properiies of

3 materials developed by the solar-colliector industry for use in the ASTEC

4 program.

¢ Test the degrading effects of various segregated and combined elements of
the space environment on these materials.

E.' Selection of the tests to be performed on a given material was based on the properties
3 and environmental data required for subsequent thermal, structural, and performance
analyses. Where possible, test methods were selected to make use of existing test

apparatus.
Several points should be emphasized regarding the conditions of testing:

® The test activity represents the accumulation of basic material-properties
data for materials that have been proposed i solar-collector designs to the-
Air Force under Sundstrand Contract AF 33(615)-2141. There were no
specific design criteria against which the candidate 1aateriuls were to be
measured in the LMSC laboratory program.

® The LMSC task was solely to make findings regarding the nature and charac-
teristics of the candidate materials. Evaluation of these findings was to be
made by the Air Force without specific recommendations fro» LMSC as to
the best product. ' .

® The LMSC technical effort did not include additional testing to determine the
causes of failures {when they occurred) of the candidate materials in any

phase of tle test program.
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The space environment of interest for purposes of the ASTEC program is that of a
circvlar polar orbit ranging in altitude from 200 to 500 nm. In this environment, the
potential sovrces of damage to candidate materials under consideration were believed

A

(at time of test selection) to be the following:

e Solar ultraviolet :adiation

® Low-energy electrons encountered in the auroral zones
e Vacuum

¢ Temperature levels and thermal cycling

The test program, accordingly, was designed to determine the effects of these environ-
mental elements on the candidate materials during a simulated orbit life of up to 14
months. Dose levels werc established on the hasis of the known characteristics of the
ASTEC environment. The temperature range to be investigated (from -200 to +250°F)
was determined by ASTEC system considerations and by the thermal constraints imposed
by the organic consiituents of the candidate collector systems.

2. DESCRIPTION OF CANDIDATE MATERIALS

Six material systems were selected and approved for testing by AFAPL; five were
developed for use in a petaline solar collector, while the sixth was intended for use

in a rigidized-in-place configuration. Only the first five were involved in the orbital
collector competition; the rigidized-in-place material was included in the test program
by direction of AFAPL as representative of a material that might be used in a second-
or third-generation soiar collector.

Companies supplying maxerial systems we. e the following: Electro Optical Systems,
General Electric Company, Vircen Division of Geophysics Corporation of Ameriea,
Goodyear Aerocpace Corporation, Ryan Aeronautical Company, and Thompson-Ramo-
Wooldridge, Inc.

The candidate materials were obtained by LMSC from the respective vendors in quanti-
ties and sizes specified by LMSC. In the case of the petaline systems, each vendor
certified that the material or materials supplied were representative of those being
proposed to the Air Force under the Sundstrand program. Such certification was not
required in the case of the rigidized-in-place material Specimsns, for the most
part, were tested without further processing by LMSC: it was necessary for certain
tests, however, to cut the materials to the required size and/or shape.

Of the six types of materials tested, four were epoxy-bonied metal systems, one was
phenolic foam with a metal surface, and one was a polyv.rethane rigidized-in-place
system. The reflective surfaces included vacuum-deposited aluminum with or without
various undercoatings and overcoatings, vacuum-deyosited silver with or without
overcoating, and aluminized mylar. A more detai)ed description of the candidate
materials is given in Table I. Photographs showiag back-face, front-face, and cross-
section views of each material are presented in figures 1 through 6.

It can be seen in Table I that vhe candidate materials were identified only by letter.
This system of identification, making no reference to the manufacturer, was estab-
lished to preclude the possibility of bias nn the part of those condu~ting the tests;the
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system is used throughout this report. The tests performed on the specimen were
also identified by letter; the letter test cods is presented in Table II. Each sample

was thus identified by two or more letters. The first letter designated the candidate
material, and the following letter(s) designated the test(s) performed on that sample.

If more than two letters were used, the order of the letters was the oxder in which
the tests were to be performed. Completing the identification system was a hyphen
foliowed by an arabic numeral, indicating that the sample in question was the first,

second, etc., such sample.

Table II. ['est Identification

. Letter
designation

Test

SNZOoWZZECNARNTIQHEODQW >

c

Thermal conductance

Thermal expansion

Heat capacity

Thermal diffusivity

Weight loss

Thermal and vacuum environment
Thermal cycling

Solar absorptance and infrared emittance
Panel shear

Pane! bend

Facing tension

Facing separation

Core compression

Ultraviolet irradiation, room temperature
Ultraviolet irradiation, high temperature.
Electron irradiation, room temperature
Electron irradiation, high temperature
Electron plus ultraviolet irradiation,
room temperature

Electron plus ultraviolet irradiation, high
temperature *

For example, sample CGM-2 designated the second sample of material C on which a
thermal cycling followed by a facing-separation test was performed.

3. SCOPE OF TESTING

The total test effort was grouped into three major categories:
e Thermop'ysical Properties '

Thermal ‘onductance

Thermal expansion

Heat capacity

Weight loss in vacuum

Therinal/vacuum environmental stability

Thermal cycling




e Optical Properties
Solar absorptance and infrared emittance
Ultraviolet irradiation (uv)
Electron bombardment (e-)
Combined environment (uv + e~)
® Mechanical Properties
Panel shear
Panel bend
Facing tension
Facing separation
Core compression

In certain cases, to determine the impact of environmental testing on structural or
reflective properties, samples were subjected to sequential testing. Thus, thermal
cycling and thermal/vacuuin stability tests were followed by facing-separation or
core-compression tests. Ultraviolet irradiation, electron bombardment, com-
bined environment, and thermai cycling tests were followed by measurements of
solar absorptance and infrared emittance.

The original test plan included one additional test, thermal diffusivity, in the

- thermophysical-properties category. Thermal diffusivity is expressed by the ratio
of thermal conductivity to the product of density and specific heat. It was believed

3 that the thermal conductivity of electroformed nickel, used in two of the candidate

3 material gystems, might be different from that of commercial nickel. It was, there-

fore, pianned to determine the thermal conductivity, k , by measurement of thermal

B diffusivity and prior knowledge of p and Cp .

T =0

It was subsequently concluded, however, that the difference in thermal conductivity
between electroformed nickel and coramercial nickel was not anpreciable. The basis
for this conclusion was the finding that the coefficient of thermal expansion of electro-
formed nickel was not significantly different from that of commercial nickel, and that,
accordingly, the electroforming process had not significantly altered the structure of
the nickel. With AFAPL approval, therefore, thermal diftusivity tests were eliminated
from the test program.

RN Yl A 1 et

ke Ll A

3 Configuration of specimens was determined by the nature of the particular test. Thus,
for the optical-properties measurements, it was necessary to use only the reflective
surfaces, whereas composite structures were required for most of the mechanical-
properties testing. Representative sample configurations for the different tests are
shown in Table III, '

Although test conditions were identical for all candidate materials, it was not necessary
to perform all listed evaluations on each material. Certain of the thermophysical-
property measurements were not made on the metallic structures, for example, be-
cause the properties in question have been well established for metals. The evaluations
planned for each of the candidate materials are shown in Table IV,
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Table III. Representative Sample Configurations

Test -

Sampie configuration (in, )

Thermal conductance

Thermal expansion

Heat capacity

Weight loss in vacuum

Thermal/vacuum envircnmental stability
Thermal cycling

Solar absorptance and infrared emittance

7 diam. by 1/4 to 3/4 thick
Various

Various(2)

Various

3 diam. by 1/4 to 3/4 thick
3 diam. by 1/4 t¢ 3/4 thick
1 diam.(b)

Ultraviolet irradiation 5/8 by 1(b)

Electron bombardment 5/8 by 1(b)

Combined environment 5/8 by 1(b)

Panel shear 2 by 3 by 1/4 to 1 thick
Panel bend 2 by 10 by 1/4 to 1 thick

3/4 by 6(B)
3 diam. by 1/4 to 1 thick
3 diam. by 1/4 to 1 thick

Facing tension
Facing separation
Core compression

(a) 20-g mass required.
(b) Thickness of reflective surface.

In the early stages of the test program, severe degradation was noted in Material L
during both the thermal cycling and the thermal/vacuum stability tests. In both cases,
samples of this material exhibited blistering and warping of the aluminized-mylar
reflective surface, to the point where the bond between the structure and reflective
surface had been largely destroyed. (See Figure 75.) It was accordingly judged that
continued inclusion of this material in the testing program would be purposeless.

This conclusion was brought to the attention of AFAPL, which directed that no further
testing be performed on Material L. Results of tests on this material which were then
available, however, are included in this report.

4. ORGANIZATION OF THIS REPORT

This report is organized into seven sections and five appendixes. Sectionll presents a
discussion of thermophysicai-properties testing; Section III, a discussion of optical-
properties testing; and Section IV, a discussion of mechanical~properties testing.
Conclusions of the study are presented in Section V, and a tabular compilation is also
presented for those tests results that it was believed would be of particular significance
in determining which materials most nearly meet the requirements of the ASTEC
program, Recommendations appear in Section VI. Each of the five appendixes,

I through V, presents all test results for one of the five candidate material systems.
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Section II

THERMOPHYSICAY, PROPERTIES

1. INTRODUCTION
Six types of tests were used to determine the thermophysical properties of candidate
materials:

e Thermal conductance

o Thermal expansion”

e Heatcapacity

e Weightloss in vacuum -
e Thermal/vacuum environmental stability

o Thermalcycling

It was not necessary to perform all these tests on all of the materials being evaluated.
Thus, thermal expansion measurements were omitted in the case of the honeycomb struc-
tures, since the expansion characteristics of such structures are well known, Similarly,
heat capacity, and weight loss tests were performed only on the organic constituents of
the candidate materials. Where appropriate, properties were evaluated as a function of
time as well as temperature. Specimens were exposed to the thermal/vacuum environ-
ment for periods of 100, 1,000, and 6,000 hr and to thermal cycling for 100, 1,000, and

6,000 cycles (each cycle lasted ~ 40 min).

Specimens exposed to the thermal/vacuum environment and to thermal cycling were then
subjected to additional testing to determine the effects of these exposures upon structural

and optical properties. Thermal/vacuum exposure was followed by either facing-
separationr or core-compression tests. Specimens which had been thermally cycled also

were subjected to these tests; in addition, reflectance measurements were made. The

results of these subsequent evaluations are presented in appropriate sections of this report. .

2. THERMAL CONDUCTANCE

Thermal conductances of the cnmposite structures were measured using 7-in. diameter
and 12-in. square guarded hot-plate apparatus in accordance with the procedures of
ASTM C177-63, "Standard Method of T'est for Thermal Conductivity of Materizls by

Means of the Guarded Hot Plate."

a. Description of Apparatus

The guarded hot-plate apparatus was selected to provide data of sufficient accuracy to
enable reliable thermal analysis of the proposed structures., The equipment (Figures 7
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and 8) was constructed in acccrdance with the recommendations 0. ASTM C177-63
for the "Metal Surfaced Hot Plate."! A 7-in.- diameter hot plate apparatus was used
for all structures with the exception of materiais G—X. This structure was tested in
a4 12-in.-square hot plate, The 7-in.~-diameter apparatus has a 4-in,-di.umeter main
heater with a 7-in. o.d. by 4-1/8 in. i.d. guard heater. The 12-in,-square unit has
a 6-in.-square main heater with a 12-in.-square guard heater having a 1/16 in. sepa-
ration from the main heater. With the exception of size, both units are of the same
constructio. and employ identical cortrol systems.

All surfaces of guard heater, mzin heater, and cooling units in contact with the speci-
mens are 1/4 in. annealed copper. Heating units are made from 1-mil stainless steel
foil separated from the surface plates by 5-mil mica. Chromel-alumel thermocoupleg
are located in each surface late of the mezin heater, guard heater, and cooling units.
Three thermucouples are in each main surface plate, two in each guard plate, and four
in each cooling unit. Their junciions are peened into the copper approximately 1/16 in.
below the specimen surfaces. Four differential thermocouples, electrically insulated
from the plates, are installed between the edges of the main and guard surface plates
for control of thi¢ guard to main heater temperature.

A regulated dc power supply is used to provide power to the main heater. Guard heater
power is supplied by a silicon-conirolied rectifier which is ¢ontrolled by a Leeds and
Northrop CAT unit. The differential thermocouples are connected in series and the out-
put fed into a Leeds and Northrop null detector having a sensitivity of 10 uV full scale,
This detector controls the CAT unit. The maximum imbalance of temperature between
main and guard surfaces with this control system is 0. 1°F.

Each apparatus is installed in a vacuun: chamber which has an oil diffusion pump and
mechanical fore pump with a LN, trap located between the diffusion pump and chamver.
A vacuum of 10-5 Torr is maintained in the chamber for 2ll tests, The cooling units
are connected to a circulating system with heat exchanges and temperature countrollers
for varying cooling unit surface plate temperature between ~-300 and +350°F. Each
assembly is mounted in a frame which is capable of exerting a force of 2,000 Ib on the
7-in.-diamseter unit and 4,000 Ib on the 12-in.-square unit.

All thermocouple outputs are read, referenced to the ice point, with a Leeds and Northrop
Model K-3 precision potentiorieter. Main heater current and - cltage drop are measured
using calibrated precision shunts and voltage dividers. The oucputs from these devices
arc measured with the K-3 instrument.

.

b. Test Procedure

The honeycomb and e.cctroformed structure samples were instrumented with five thermo-
couples camented to each surface, three in the area of the main heater and two in the area
of the guard heater. A conductive epoxy cement was used to attach the junctions to the
surfaces. Three-mil diameter chromel-alumel thermocouples were used for all speci-
mens. In additicn to the surfaces, three thermocouples were attached to a central
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cylinder support of the electroformed structure. All leads were thermally grounded
to the surface for 1/2-in. with cement. Surface teraperatures of organic structures
were measured with thermocouples formed by spot welding 3-mil wire to 1-mil pure
copper foil, 1/4-in. square. The junction was formed through the foil by a 1/16-in,
separation between wires. The foil was cemented to the surfaces of the structures.
Leads were insulated from metal surfaces with 1-mil tape. Fiberfrax (R) paper
1/16-in. thick was placed beiween the surface plates and specimen surfaces to achieve
a uniform thermal resistance at each interface. Sufficient pressure was applied to the
assembly to assure uniform contact with each structure.

The total resistance method of ASTM C177-63 was not used for these tests, since only
very light forees couid be applied o the structure and the surfaces were nct uniform.
Consequently, the temperature differences measured between surfaces were used to
calculate conductance,

The edges of the stack were covered with a 2-in. thickness of fiber glass to reduce edge
losses. The system was then evacuated to a pressure of at least 10-5 Torr. The cooling
units were adjusted to maintain the desired cold face temperatures before power was
applied to the heater unit. The temperature drop across each specimen was adjusted to
25° to 100° F for each test. Temperatures and power were recorded at 30-min intervals,
until thermal equilibrium was established. This was achieved when the co. 'uctance cal-
culated for four successive sets of readings did not vary by more than 1 percent.

Thermal conductance was calculated by use of the following expression:

c = (1. 707EI

AAL )'Q'

where E is voltage drop across main heater, v; I is main heater current, amps; A
is area of main heater, FE2; At is temperature difference across the specimen,’F ;
and Q' is summation of losses from specimen and heater due to imbalance in guarding.

c. Test Results

Thermal conductance measurements were performed on the system materials listed in
Table V. During all tests, the ambient pressure was maintained at 10-4 Torr or
less. For all metal structures, the temperature difference between hot and cold faces
did not exceed 109° F to minimize radiative energy transfer. The data for each material
are given in the following subsections.

Material A. The conductance, in vacuum, for the 1/4 in. and 3/4 in. nominal thickness
structures are shown by Figure 9. For these measurements the 1-1/2 in.-diameter
opening in the rear face was covered with a plate vf 5-mil aluminum. This was to
eliininate the effect on conductance of the hot-plate boundary surface emittance due to
radiaw exchange through this opening. The measured conductance vaiues are for a
structure having solid faces, and they do not include energy transfer by radiation through
the opening.
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Table V. Description of Thermal Conductance Specimens

., Specimen
Material Dimensions Facing Core Bulk density
A 7 in. diam.by 0.757 in. | 0.004—C.005 in.| 1/4 in. hexagonal 4.1
thick aluminum cells, 0.001 in.
aluminum wall
A 7 in. diam.by 0.257 in. | 0.004—0.005 in.| 3/4 in. hexagonal 8.4
thick aluminum cells, 0.001 in.
aluminum wall
B 7 in. diam. by 0.505— 0.010—0.020 6—8
0.520 in. thick hard epoxy- 0.475 in. thick
7 in. diam by 1/2 in. phenolic type
nominal thickness material
B 7 in. diam.by 1/2 in. none 1.8-1.9
nomi:.al thickness 0.475 in. thick
C 7 in. diam.by 0.296 in. | ~ 0.0035 in. 1/8 in. hexagonal 9.1
thick aluminum cell, 0.001 in.
aluminum wall
D-F 7 in. diam. by 0.525 0.004 and 0.008 | 3/8 in. hexagonal 5.8
in thick in. aluminum ¢2ll, 0.001 in.
faces al aminum wall
G-K 12 in. square by 0. 002 in. 1 in. high by -
1 in. thick nickel 1-1/2 in. nominal
diam. cylinders,
0.002 in. wall,
nickel, ~ 3 in.
on centers
16
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Figure 9 Thermal Conductance of Material A
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The data indicate that a major portion of the total thermal resistance of the structure
is at the joint or bonds between the core and structure. This is demonstrated by the
increase in conductance of only approximately 25 percent with a 300 percent decrease
in core thickness. During the tests the temperature gradient between faces was kept
small to reduce to a minimum. any radiant energy exchange contribution to the overall
conductance. Thus, these data represent the energy transfer through the solid portion
of the structure. The estimated maximum uncertainty in these data is 10 percent.

Material B. The thermal conductance values for the composite structure of Material B
are shown by Figure 10. The structure consisted of a plastic foam core, with hard
plastic faces bonded to the surfaces of the core. The nominal thickness of the testi
specimen was 1/2 in.

The points plotted in Figure 10 represent the average conductance from each set of two
specimens measured in the guarded-hot-plate apparatus. As the individual specimens
were not uniform in surface condition, the variation in conductance based on each indi-
vidual sample cannot be estimated. All four samples had a very poor surface or facing.
They contained cracks and numerous voids or depressions. This poor surface condition
prevented the achievement of a uniform thermal resistance at the interfaces between the
heating and cooling units and the specimens. This is presumed to be the major cause
for the wide spread in data for the two sets of specimens (~ 25 percent). The point with
the symbol O is felt to be high by reason of a compression of the specimen at the
higher temperature caused by the weight of the heater units.

Material C. Figure 11 shows the experimental value of thermal conductance of the
honeycomb structure of this system as a function of mean temperature. In all cases,

tie temperature difference between faces did not exceed 50°F so as to minimize heat
txansfer by radiation. Thus, these conductance values represent the heat transfer by
conduction through the solid portions of the structure, that is, the cell walls. Based on
core geometry and material, it is estimated that the major thermal resistance to heat
transfer by conduction between faces is the glue or bond joint between the core and faces.
The maximum uncertainty for these data is estimated to be 15 percent.

Materials D-F. Figure 12 shows the experimentally determined values of thermal con-
ductance as a fuaction of mean temperature for the D-F structure. The ambient pres-
sure during these tests was 109 Torr or less. The temperature difference between
hot and cold faces did not exceed 25°F at any mean temperature (taken as average of hot
and cold face temperature). Therefore, the reported conductances are for the energy
transport through the solid portions of the structure. The estimated maximum uncer-
tainty for these data is 10 percent.

Materials G-K. Figure 13 illustrates the experimentally determined values of conduc-

tance for this structure at an ambient pressure of 10-5 Torr or less. Over the ent.re
temperature rasge the maximum temperature differences between faces did not exceed
80°F to minimize radiant-energy transfer. The decreasing conductance with increasing
temperature is due almost entirely to the sc'id connecting link between faces, the cylinder
section. The thermal conductivity of nickel follows the same trend.

18
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Figure 14 shows several temperature gradients measured along one cylinder in the
central test area. The data indicate that the thermal resistance of the glue or bond
joint between cylinder ends and face is very small. Examination of the specimen
showed very large bond areas compared to the conduction area through the cylinder.
The ratio of the resistance of the cylinder to the joint is estimated to be of the order
of 10 to 100. :

The maximum uncertsinty in those conductance data is estimated to be 15 percent.
This is due principally to the temperature variation across the surface which resulted
in a maximum uncertainty in At of 9 percent. A uniform thermal resistance between
the faces and the heating and cocling units could not be achieved due to the lack of
rigidity of the face structure.

d. Comments and Interpretation of Results

The thermal conductance, in vacuum, of composites such as honsycombs depends upon
the energy transport through the solid connecting portion of the composite and the
radiant energy transfer between faces. Since this latter mechanism for a given con-
figuration depends upon the absolute temperatures of the faces as well as the tempera-
ture gradient along the cell walls, the experimental determinations of conductances of
such geomeatries would have to cover a wide range of hot and cold face temperature
levels. To minimize testing, it is common practice to measure the conductance of the
solid portion as a function of a mean temperature and then calculate the total conduct-
ance for given temperature boundaries using the measured solid phase conductance and
the calculated radiant exchange between faces for the temperatures of interest with
consideration of the cell geometry. Radiant exchange may be handled as described in
the literature (1 through 5).

All tests of the metal structure were carried out with the At across the faces lessthan
100°F. For all test conditions, this procedure reduced radiant exchange to less than

10 percent. All of the composites except material C had relatively low emittance sur-
faces for facing materials, ¢; range of 0.04 to 0. 10 (effective emittance increased to
0.3 to 0.4 with glue at bond areas). Consequently, it is felt that calculation of a radiant
term is not recessary for these structures for the temperature ranges of interest in
this prograra (-250 to +250°F with At < 100°F ), and neglecting this term would not
influence the conductance values by more than 10 percent. Material C employs a high-
emittance organic layer covering the inner surfaces of each facing or skin, and some
estimation of radiant transfer should be included for large temperature excursions.
Room temperature total emittance measurements were made on facing materials using
the Lion Emissometer to obtain approximate emittance values for comparative purposes:

€t (Lion) for Inner

Material Surfaces of Faces or Skin
A 0.03—0.05; with glue, effective emittance
for area within cell walls ~ 0.3
C plastic facing = 0.8
D-F same as A except ~ 0.4 with glue
G-K 0. 03 for polished surface,

0. 10 for dull surface
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3. LINEAR THERMAL EXPANSION

Of the many methods available for determining the linear thermal expansion of materials,
the fused quartz tube and dial indicator method, ASTM D696-44, was chosen for its mech-
anical simplicity and adaptability to measurement over a wide te:nperature range with
reasonable accuracy. A special horizontal quartz-tube dilatometer was required for
measurement of the organic materials above room temperature as the vertical apparatus
places sufficient force on the spe~linens to cause distortion or collapse o: the luw density
and thin sheet materials at elevatea temperatures.

a. Description of Apparatus

The quartz-tube, dial-indicator apparatus is shown diagramatically in Figure 15. A
schematic of the heater and specimen is shown in Figure 16. The dial indicator is a
Starrett 25-209 with a total range of 0,015-in, and a least count of 5 x 10-v in.  The
system provides for a helium atmosphere surrounding the sample as well as for a
helium heat exchange gas. The helium atmosphere surrounding the dial indicator is
contained in a pyrex chamber, thus allowing visual observation of the gage. Dimensional
changes in specimen length are transmitted to the dial indicator by a quartz rider. To
eliminate temperature gradients within the sample, thin copper cylinders are placed
inside and outside of the quartz sample tube. Nichrome wire is wrapped around the
exterior cylinder to provide precise temperature control. Radiation energy exchange is
reduced by several layers of aluminum foil in the annular space between the pyrex and
sample tubes. Specimen temperature is measured with a 3-mil chromel-alumel thermo-
couple cemented to the specimen at its midpoint. Continuous temperature readout is
accomplished with an Electro-Instruments 4010 Digital Voltmeter.

The overall accuracy of the quartz dilatometer units with dial indicator was verified
using Armco iron, graphite, and synthetic sapphire reference standards. These data
are shown by Figure 17. A comparative run also was made with a fused silica speci-
men. The percent expansion with reference to the dilatometer was less than 0, 001 per-
cent to 800° F.

The horizontal dilatometer unit is a2 Leitz Model HTV unit, equipped for photographic
record:ng, with 2 vacuum furnace assembly. This apparatus (Figure 18) measures
dimensional changes with reference to a standard specimen. The unknown and standard
are located side by side in the furnace. Each is held in a quartz tube with a central
quartz rod to transmit dimensional changes to an optical system. The movement of the
specimen rod with regard to the standard moves a prism which traces a temperature-
length plot with a light beam on a ground glass or a photographic plate. This apparatus
places a load of less than 10 g on the specimen.

Specimen and standard lengths weve 5/8 in. for this program, The standard wae 99.9
percent pure aluminum furnished by the manufacturer with calibration data. Tempera-
ture of the specimen and standard was measured with a chromel-alume! thermocouple
placed between the two in the furnace.
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b. Test Procedure

For the dial indicator apparatus, the specimens were prepared in cylindrical or rec-
tangular form, 3-in. long by 3/8-in. diameter or square. Thin material was tightly
wrapped to form a cylinder, the ends and midpoint being secured with 5-mil copper wire.
Quartz discs were placed at each end of the specimens to provide a uniformly distributed
contact force from the hemispherical ends of the quartz tube and rider. A thermocouple
is cemented to the specimen, and it is then placed in the quartz tube. The rider is
inserted into the tube, and the dial indicator set so that the dial reads close to full-scale
deflection, With the enclosure sealed, the apparatus is evacuated and subsequently
pressurized with helivm and maintained at approximately 2 psig. The helivm in the
annular region is used as a noncondensable heat exchange medium. Cryogen is then
transferred to the Dewar and the sample is allowed to cool until the desired equilibrium
temperature is achieved with the heater ca. Heat exchange gas is then removed and
electrical power adjusted to the heater to allow a heating rate of 4°F/min. Data are
recorded at approximately 50°F intervals.

\ Specimens for the Leitz apparatus were 5/8-in,-long by 3/16-in,~diameter cylinders.
Ends of cylinders wrapped from thin materials were secured with copper wire. After
placing the standard and specimen in the quartz tube the furnace is placed over the
dilatometer unit. The zero reading is recorded at room temperature, Furnace tem-
perature is then increased in approximately 50°F intervals. Change in dimension
with reference to the standard is recorded when equilibrium temperature is achieved.

w

Data from the dial indicator apparatus are reduced to linear thermal expansion by the
3 following expression:

foad ot )

] Percent Expansion = (AL—;'TA) X 102
: where
AL = change in dimension of specimen from dial indicator reading
A = correction for change in length of quartz tube over specimen length {from

Figure 19)
length of specimen

: L
1 &Pﬁ ent thermal expansion is calculated from the data from the Leitz dilatometer apparatus
in ;‘:e\m_uowing manner:

Percent Expansion = (%)(K) x 10

where

f ‘ Y distance from center of coordinate axis to point on relative length change plot
{' (from light beam on grid plate) along ordinate

digtance from center of coordinate axis along abscissa

axpansion of reference standard (in. /in. ) at test temperature

: X
3 K

lNo corrections for quartz tube expansion {or contraction) are required as both reference
Z. and specin.e:s are of the same length and are held in quartz tubes.
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¢. Test Results

Linear thermal expansion measurements were performed on components of three candi-
date material systems, B, G—K, and L. No data were obtained for Materials A, C, and
D—F as these all employed materials having well-documented thermal expansion
properties. Materials G—K were composed of a metallic structure, but, as they were
fabricated by an electroforming process, expansion measurements were made to

assess the effects of the formation process on the general thermal properties of the
metal. An electroformed metal was also used for a portion of Material B, and,
similarly, expansion data were obtained for this component. All other expansion
measurements were performed on structural organic materials.

The quartz-tube, dial-indicator apparatus was used for all measurements below 70° F
and for all metals. The Leitz apparatus was used for all organic materials above

70° F as it imposed a very light load on the specimen, and any effects such as con-
straint with internal yielding of the structure were minimized,

Material B. The results of the expansion measurements for the components of this

system are shown graphically by Figures 20 through 25. Data on the electroformed

face material are contained in Figure 20. No significant hysteresis sffect was noted
upon cooling. The coefﬁcient of linear thermal expansion over the temperature range

of 80° to 300° F is 7.8 x 106 in. /in.°F, which comparee well with the value of

7.8 x 10~6 recommended in the literature (6). The coefficients cf expansion between

-100° and +2A°F and hetween -250° and +80° F are 5.3 x 1076 and 4.5 x 1076 in. /in. °F.

The data on the foam structural material are shown in Figures 21 through 23, and for
the x-x, y-y, and z-z directions. The data from -300° F to room temperature were
the same for all three directions. Also the contraction or negative coefficient of
expansion from room temperature to ~ 150° F was similar in all three directions. The
principal difference with spscimen direction occurred above 150° F, where the data in
the z-z direction showed iess contraction with increasing temperature to 250° F. This
variaticn mlght be due to the nonuniformity of density in the very low-density structure
(1.4 1b/ft3 for expansion sample).

To determine whether cycling stresses had any significant effect on the electroformed
material, thermal expansion measurements were performed on a sample of reflector
surface material at the end of the 6, 000-cycle thermal-cycling test (subsection II.7).
These results are shown in Figure 25. A l(-percent increase was observed ii: the
coefficient of linear thermal expansion from -250°to+80° F for the post-test specimen.
However, it is felt that the variation in expansion is due to a combination of experimental
uncertainties and nonuniformity of material from specimen to specimen rather than a
significant change in structure.

In the case of Material B, the large differences in thermal expansion of the facing and
foam material should result in large stresses of the interface between the materials
which might result in mechanical fallure at this interface with sursequent separation
of the materials during the temperature excursions of a day-night orbit.

Materials G—K. Linear thermal expansion data for the electroformed faces of the struc-

ture of the G -K system are shown in Figures 26 through 28. No significant differences
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were chgerved in the bohayior of the two specimens from room temperature to 300° F,
The data from -320°t0+480°F showed a largor coefficient for the sample cut from the
reflective surface specimen. The room temperature to 250° F expansion coefficient is
less than that reported fo : pure nickel. This may be due te the structure resulting
from the electroforming process. However, no analysis was made of the structures
of esither specimen. The calculated cosfficients of linear expansion for several tem-
perature ranges are shown in Table VI,

= _ ~ Tuable VI. Mean Coefficient of Linear Thermal Expansion

of Materials G-K

&

) Mean Coefficient oZ Exansion
Materiai {in. /in.”F)
70° to 250°F | -100° t T0°F | ~250° to 70° F
Reflective Surface -6 -6 -3
Substrate T.0% 10 5.2 18 4,8 %10
- 2 - =~ !’D
Rear Sirface 7.0x10% | sax10® | 4ax107®

Pomme —mets 2 i PR

-
- TR . - e ves Simem oo e, s “-'-\v a e ._,__._..!...,- el e = -v——
Y e e, P RAMAS. Ly s -

o cycle thermal-cycling test to detex. mi.na whether the cycling stresses resulted in a :

no! significant alteration of structure which would be evidenced by 2 majox change in coef-
ticient of linear thermal expansion. The results of these tests are shown in Fipure 28.
No change in properties was noted which could be ascribed io the thermal cyeling,

Material I,. Thermal expansfon measurements were compieted cn the samples of
Material 1, before it was deleted from the program. These data are shown in: Fig-
ures 29 and 30. The rigidized faces of the structural material exhibited peculiar

expanajon above room teraperature. The change in slope during the heating cycle may
be due to a change in composition oy cure of the rigidizing compound as-the change is
not as pronounced during the subsequent cooling cycle.

Expansion data for the flexible epoxy sublayer (Figurs 30) show a largs change in coef-
ficient of expansion between ~60 and ~104° F. This may be due either to a transformation
or a change in properties due to the effects of a piasticizer in this temperature range.

A permanent change in dimension was shserved upon cooling from +250° F.

d. Comments and Interpretation of Results

The organic materials exhibited a permanent change in dimension after the inital heating
cycle and showed a very pronounced hysteresis on cooling with a large permanent
deformation at room temperature.

No change in structure of the electroformed materials (B and G;K) was noted during
“ «  the thermal~cycling tests. This {s cvidenced by a comparison of pre- and post-test
: expansion measurements.
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4, HEAT CAPACITY

Heat capacities of the crxanic constituents of the compcsite iraterial B were measured
using a flooded ice-mantle calorimeter. The values of heat capacity as a function of
temperature were calculated from the measured specimen enthalpy, referenced to
32°F,

a. Description of Apparatus

A flooded ice-mantle calorimeter, similar to that desczibed in (7), was chosen ior
measurement of enthalpy of the specimens, as referenced to 32° I, from -250° to

+250° F. The apparatus, shown by Figure 31, consists of a finned copper heat receiver
which-is sealed into a silvered dewar. T[Ihe dewar is immersed in an ice-water bath that
is contained within a insulated vessel. The v-'lume between the receiver and dewar, which
is filled with oxygen-free distilled water and mercury, is connected to a precision-bore
capillary-tube manometer.

Specimens are contained in oxidized stainless-steel capsules, Capsule and specimen are
filled with nitrogen and brought to an equilibrium temperature in a wire-wound alumina
tube furnace or a nitrogen gas cooled chamber, All parts of the apparatus are purged
with nitrogen gas during a run. The capsule is supported within the furnace or cooling
chamber by a drep mechanism which is operated to allow the capsule containing the speci-
men to fall into the heat receiver. Shutters in the receiver minimize radiative exchange
between the container, receiver, and the furnace or cooling chamber, Spesciimen tempera-
ture is measured by a 3~-mil chromel-alumel thermocouple probe which is located in a hole
drilled to the center of the specimen,

b, Test Procedure

Inftially, the capsule is calibrated for heat content over the desired measurement tempera-
ture range, This calibration accou:s for the heat content of the capsule as well as heat
losses which ocecur during the finite drop time., The specimen is cut or formed to a cylin-
drvical shape 3/4-in. diameter by 1-1/2-in, long. A minimum of 5 g of material is used
(low-density materials are pressed into a pellet shape of the proper weight). After weigh-
ing of capsule and specimen to the nearest milligram, the capsule, with sample, is sus-
pended in the cooling chamber or furnace. After temperature equilibrium is attained,
capsule and specimen are dropped into the calorimeter. The heat given up by the capsule
and specimen is measured by the chang: in volume of water within the manometer due to
melting or freezing of a portion of th> ice mantle on the heat receiver.
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The enthalpy of the specimen is calculated as follows:

- AV sample

AH32-samp1e

where

AV

U}

. 3.5
AH3zs
m

Tne maximum uncertainty for these ;neasurements is 2 percent, based on periodic
apparatus calibration with an alpha alumina standdrd Agreement of enthalpy values

AV tolal - AV capsule

AV sample X 3.5

m

to within 1 percent of NBS data is achieved with- tlro apparatus

Heat capaecity is caleulated from the derivative of the equauon for'a smooth gurve
passed through the enthalpy data. A computer roufine is used to fit the data of enthalpy
versus temperature to a pclynomial expression of :he form AH3 =at+bt2+6/t+C (8).

The maximum uncertainty for heat capacity values.is 5 percent.

¢, Test Resulte

Heat capacity data were calculated for the two organic constituents of MateriaiB. ‘The
measured enthalpy data and calculated heat capacit, for the foam material are shown
by Figures 32 and 33, resgectively The bulk density of the Specimen used for this

_ testing phase was 1 1 4 g/ft )

The data for the facing maicrial are shown by Figures 34 and 35.
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the volume change due to the mielting or freezing of a portion of the
ice mantle ( AV capsule obtained from calibration data for a specific
capsule at the drop temperature).

volume conversion constant
enthalpy reference to 32°F
mass of spscimen
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Figure 35 Heat Capacity of Material B, Epoxy Backing Surface
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5. WEIGHT LOSS

The study of short-time weight-loss behavior of polymeric reflector components was

carried out to see at what temperature the performance of these materials might
become marginal,

Weight-loss behavior in vacuum from 100° to 500° F was used as the primary criterion.
Short-time weight ioss can result from any or all of the following factors: (1) loss of
adsorbed water, (2) loss of volatiles entrapped in the polymer, and (3) loss of weight
resulting from degradation and depolymerization of the material itself. The first
factor, loss of adsorbed water,has no Celeterious effect. The second factor could be
deleterious if the volatile constituents caused a pressure buildup, which could warp

the structure or affect the sirength of the bond. Extensive material degradation would

be associtted with complete weakening ard loss of structural strength of any bonding
agent,

Effects of degradation on sample structure and appearance were noted. No extensive
investigation of the effects of degradation was made, since all materials were to be
subjected to long-term vacuum stability tests, together with evaluation of the effect
on optical and mechanical properties.

a. Description of Apparatus

The weight-loss apparatus, shown in Figure 36, consists of an automatic recording .
balance housed in a vacuum pressure sheii evacuated by a diffusion and fore pump.
The vacuum attainable when a sample is not outgassing heavily is 10-8 Torr. A
balance motor that raises and lowers weights is housed outside the vacuum shell.

Test samples were suspended by Nichrome wire in a small glass heating unit. The
sample itself was contained in a small quartz bucket. A record of weight and tempera-
ture was kept by a two-pen recorder. The sample was suspended in a glass heating
unit shown in Figure 37. A 1,000-ml cold trap was located above the sample to con-
dense volatiles and keep them from contaminating the balance. The trap had a baffle
on the bottom to keep the condensables from running back down into the hot zone. The
sample was heated by glass heating tape wrapped around a Vycor tube. Electrical
power input was controlled by means of a Variac. A chromel-alumel thermocouple
was mounted just underneath the sample to record temperature.

b. Test Procedure

For test purposes, a section of each solid sample was cut to fit into the quartz sample
bucket of the balance. Thin sheet samples were rolled up to form a bundle of suitable
size and weight. The rigidized composite, Material L, was crushed together and sus-
pended on a Nichrome hook for weighing.

The preweighed sample was then placed in a quartz bucket and suspended in the balance,

and the system was evacuated to 10~8 Torr, The sample was brought to 100°F and held
there until no appreciable further weight loss was noted. The exposure temperature
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was increased in 100°F increments to 500° F, holding at each temperature until near-
equilibrium was attained. A typical weightdoss and heating-cycle curve, A, is shown
in Figure 38. In general, a sample was held at temperature 50 min to achieve weight-
loss characteristic for that temperature. In the final step, the sample was usually
held at 500°F for 2.5 hr to make sure the observed weight loss was complete. Samples
were weighed at the end of the test as a check on balance accuracy.

The precision of the balance was +0, 1 mg. Its accuracy was of the same order, Sam-
ples were 0.5 g in size, so that the accuracy of weight-lu3s measurement was =90, 02
percent. The thermocoupie was checked at 212°F using boiling water as a reference
standard. The accuracy was +0, 2 percent. The estimated repeatability in weight-loss
behavior was +5 percent and can be attributed primarily to variation in material
formulation,

To test the effect of heat cycle, a sample was brought to 500°F ss rapidly as possible
(curves B, Figure38). The total observed weight loss was of the saine magnitude.
The amount of weight loss appears to be relatively independent of rate of heating.

If weight-loss behavior is plotted versus time at temperature, a series of curves like
those in Figure 3¢ is obtained. For any temperature, there is ar initial rapid weight |
loss followed by a period in which the rate of weight loss is very slow and apparenily |
reaches equilibrium conditions,

Except for the initial period, the weight loss at a given temperature will be approxi-
mately the same, irrespective of time (Figure 39). It is, therefore, reasonable to
plot total weight loss versus temperature as shown in Figure 40, Data for all sam-
ples were plotted in this way.

7/

c¢. Test Results

Eleven samples grouped into six lots (Table- VII) were evaluated for short-time weight-
loss effects to 500°F. All of these were organic j{n nature. They included bonding
agents, sublayer materials, or foamse to be used in portions of the reflector surfaces
supplied by five vendors. Material L was received as the complete composite

(Figure 41). It consisted of a polyurethane-rigidized nylon structure with a reflective
-surface of aluminized mylar bonded to the structure with flexible epoxy. Data are
presented i cipmary form in Table VIII,

Material A. The plot of total weight loss versus temperature (Figure 40) illustrates
that the loss of weight by this epoxy adhesive did not become significant (greater than
10 percent) below 400° F. The residue at 500° F was a bloated, porous brown char.

Material B. In this material (foamed polymeric)-the greatest weight loss was below
200° F (Figure 42), which probably resulted from loss of adsorbed water. Orce the
water vapor was lost, the increase in weight loss was directly proportiorzu to tem-
perature, but small (2.0 percent by weight per 100° F). The total weight loss attributed
to volatiles other than water was 6.0 percent by weight. The residue at 500° F was
slightly discolored, had retaired its original shape, -but had lost considerable structura
strength.
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Table VII. Description of Materials for Weight-Loss Behavior (o 500° F

Material Physical description Vendor chemical description
Material A Greenish yellow, 1-in.-diam. RACO 803 epoxy bonding adhesive
epoxy adhesive by 1-in. -long cylindrical plug
Material B Red-colored foam, ~ 1 in. Phenolic foam
phenolic foam thick
Material C Creamy white, 1-in.-diam. Epoxy bonding adhesive
epoxy adhesive | by 1-1/8-in.-long cylindrical

plugs
Material C Amber colored, seme cracks, | Epoxy sublayer material

epoxy sublayer

Materials D-F
epoxy facing
adhesive

‘Materials D—F

epoxy backing
adhesive

Material D
epoxy sublayer

Materials E-F
epoxy sublayer

Materiale G—-K
epoxy adhesive

Material L
epoxy suvlayer

Material L
composite
structure

1-in. -diam. by 11/16-in. ~long
cylinder

Black, 1l-in,~-diam. by 1-in,~
long cylindrical plugs

Black, 1-in.-diam. by 1~in. -
long cylindrical plugs

Yellowish, transparent, 1-in.-
wide thin sheet

Amber, transparent, 1-in, -
wide thin sheet'

Greenish yellow plastic in a
shallow metal dish; plastic
apparently contains some
bubbles of entrapped gas

Amber, translucent, 1-in. -
diam. by 1-in.-long, eylindri-~
cal plug; fine bubbles dis-
persed throughout

White fibrous stringy material,
rigidized surfaces; one surface
has an upper layer of alumi-
nized mylar (see Figure 39)

Eccobond 45 with catalyst no, 15
adhesive

Eccobond 45 with catalyst no. 15
and 2% Emerson and Cuming SC
filler

Epoxy sublayer, Emerson and
Cuming EP 3A and B

Bee Chemical, D5H~30004 Coating
with ET 438 catalyst

Epoxy bonding adhesive
Epoxy sublayer

Polyurethane-rigidized nylon
composite
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Figure 41 Appearance of Material L, Composite Structure, Before Test
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Table VIII. Short-Term Weight Loss of Polymeric Reflector Components
Material Test conditions | oy mytative Maximum Comments
fdentification  jTemp, | ‘Total time | welght loss short-term
{F) {min) %) temp. stability
Material A 160 48 0.29 400°F Bloated, porous brown residuc
cpoxy 200 96 0,71 at 500°F
= adhesive 300 141 1:72
G, i 400 214 6.2
e : 500 362 62.4
; ! Material B 100 48 3.7 500°F; samplc Most of welght loss {8 of adsorbed
4 { phenolic 200 97 7.8 slightly discolored Jwater evolved below 200°)
2 : foam 300 151 9.6 at 500°F; consider-
: i 400 205 11.4 ablo structural
:: ; 500 322 14.2 strength lost
< ; Material C 100 48 0.34 Good ta 350°%* Bloated, porous black residue
3 g epoxy 200 9% 2.47 al 500°F
;- i adhesive 300 152 4.59
409 212 14.93
500 362 62.0
Material € 100 48 1.0 Marginal at 300°F; { Porous glassy black carbon
epoxy sublayer 200 96 8.5 weight losy = 14,67} formed at 500°F
300 152 14.5
400 212 27.5
7 500 362 82.0
! Materials D~F 100 48 0.4 Good to 300°F; Bloated, porous black residue -
cpoxy facing 200 94 2.23 marginal at 40.°F Jat $00°F
adhesive 300 1560 4.92 R
400 185 9.9
500 297 51.0
Materials D~F 100 27 0.875 Good to 300°F Bloated, porous black residue
; cpoxy backing 200 75 2.63 at 500°F .
adhesive 300 128 6.05 |
400 188 22.3 :
X 500 308 58.0 - B
: Material D 100 48 0.53 Good to 300°F Black glagsy residue at 500°F .
3 cpoxy sublayer 200 100 2.83
300 156 4.6 -
‘ 400 212 13.8 | .
Y 500 362 82.7 !
; Materials E~F 100 48 1.39 Probably to 300°F | Glossy bs own {ilm at 5C0°F i
3 epoxy sublayer 200 96 1.45 :
] : 300 152 12.8
B i 400 208 3.35
! : 500 358 54.5 -
Materials G—K 100 48 0.27 Good o 300°F Porous hluck residuc at 500°F i
> CpUXy 200 96 1.1
a : adheslve 300 152 2.8 -8
¥ ' 400 212 15.6 z
3 . 500 262 59,62 :
f. . Materinl L 100 48 0.91 Marginal at 300°F | Bloated, black residuc at 500°F x '
- H Ccpuxy 200 96 1.2 R .
2 sublayer 300 152 13.7 ) Pt
g ; 400 212 28.8 ’ S
. 500 362 70.0, -
. Materiat L 100 48 0.91 Probably good to | Sublayer coating badly hloated -
polyurcthane- 200 ] 4,37 215°F at 300°F; sce Figure 52 L
rigidized 300 152 12.6 .
nylon 400 212 19.4 ;.
composite 500 232(n) 50.4 3
Materinl L 100 45 0.53 400°F No visible damage at 200°F; Ly
aluminized-mylar | 200 65 0.73 sample degraded into a golden Lt
reficeting film 300 - 1.45 yellow ball at 500°F . i
400 180 2.91 N
500 240 31.9 o
£4
(a) Sample stuck to side of enclosure. :
53
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Material C. The short-time weight loss of samples CE 15 (epoxy adhesive)
remained slight below 350°F (Figure 43). The residue at 500°T was a bloated, porous
biack char. For samples CE 6—10 (epoxy sublayer material), the weight loss in-
creased 5%/100°F  to 300°F (Figure 44). At higher temperatures. the Aw/At 2
became much greater. The residue remaining at the end of the test (less than 20 per-
cent) was a porous black glassy carbon,

. Materials D-F. The weight loss with temperature, Aw/At, of samples

DE 1-5 (epoxy adhesive) remained slight to 350°F but increased rapidly above that
temperature (Figure 45). The residue at 500°F (45 percent by weight,was a bloated,
porous black char.

For samples DE 6—10 (epoxy adhesive), Aw/At was slight to 300°F (Figure 46) and
thereafter increased with temperature. The char residue (42.5 percent by weight)
was bloated, porous, and black.

In samples DE 11~15 (epoxy sublayer material), Aw/At was small to 350°F but
increased rapidly with further increase in temperature (Figure 47). The residue at
500°T (17.5 percent by weight) was ¢ black glassy carbon.

In samples DE 13-20 (epoxy sublayer material), Aw/At = 5%/100°F to 300°F and
increased to about 20 percent for each 100°F increase from 300 to 500°F (Figure 48).

The residue at 500° F was a glossy brown film,

Materials G-K. These samples (epoxy bonding adhesive) were quite stable to 300°F:
(ADw/At = 1%/100°F) but degraded markedly at temperatures above 300°F (Figure 49).
The residue at 500°F (40 percent by weight) was a porous black char.

Material L. 3amples LE 1—5 (epoxy adhesive). lost weight at a moderate
rate below 300° F (Aw/At < 5%/100° F) but degraded more rapidly at higher

temperature (Figure 50).

The samples of LE 6—10 (polyurethane-rigidized nylon) acted in a manner similar to
the epoxies. They were fairly stable below 300° F, but extensive material degradation
set in above 400°F (Figure 51). When a sample was taken to 500°F, the reflecting
sublayer was badly bloated and deformed (Figure 52). The mylar surface film was
stable to 400°F (Figure 53) and Aw/At = 0.6%/100°F. Above 400°F extensive weight
loss was observed and the material lost all form and structure.

d. Comments and Interpretation of Results

The type of weight-loss behavior exhibited by the epoxy adhesive or sublayers was
similar in all cases. Below 300°F, the weight loss was fairly small (from 1.7 o

15 percent, Table VIII). Between 300°and 400°F, the weight loss increased sharply
to as much as 33 percent. At 500°F, the materials were badly degraded, and the
weight logs rose to 50 to 80 percent. The low-temperature weight loss is probably

——

ZChange/ in weight vith temperature change.
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(b) Reflector Surface Sublayer

Figure 52. Appearance of Material L, Compogite Structure, ;
— After Test at 500°F
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due to ioss of adscrbed water of similar low-temperature volatiles. Higher boiling-
point volatiles are given off between 200° and 300°F. These may amount fo as little
as 6.2 percent for the Material A adhesive or as much as 14.5 percent for the Mate-
rial C sublayer material.

Volatilization of less than 15 percent probably does r t deleteriously affect the struc-
ture of the organic comporent. When the amount of volatile material given off is
greater than 15 percent, some material degradation may be taking place; i.e., in an
adhesive the bond may be weakening. If the amount of gases given off becomes great
enough, the pressure buildup could become sufficient to warp the structure or cause

the reflector surface to bleat.

For purroses of comparison, a volatile loss of 10 percent was considered fairly safe.
Greater losses were considered marginal. Unless the composite structure is vented,
the generated gas pressures could cause warping or bloating of & portion of the struc-
ture. Such effects have been noted in a study of the failure of an epoxy-bonded honey-
comb structure (9). Losses greater than 30 percent are probably indicative of material
degradation with associated weakening of any bond and loss of structural integrity.

Based on the forego{ng criteria, all the epoxy adhesive and sublayer materials have
short-term thermal stability to approximately 300°F (Table VIII). Some may be stable
to 400°F. All are extensively degraded at 500°F.

%

In the epoxies, the rate of weight loss does not exhibit Arrhenius-type behavior; i.e.,
it is not a direct function of th: absolute temperature. The data suggest that these
materials act as a mixture of volatile components rather than as a compound. The
ratz of weight loss is a function of individual vapor pressures and the concentration
of these volatiles,

In the Material B phenolic foam, the weight loss is directly proportional to tem-
perature witb -n activation energy of 5.76 kcal/g-mole (Figure 54). This indicates
that the pror ,3s observed is one of material degradation rather than loss cf entrapped
volatiles. .fowever, the increase in weight loss with temperature (Aw/At) is quite
low. This material has short-time stability toc 500°F, so any short-time excursion to
such temperature shouvld be relatively harmiess.

The composite sample of polyurethane~rigidized nylon acts in a manner analogous to

the epoxies, The weight loss is a function of individual vapor pressures or degradation
rates and their concentratich. The epoxy sublayer maierial is the least stable com-
ponent of the composite. It bloats badly and causes the structure to warp. The most
stable component is the aluminized-mylar surface layer, which remains stable to 400°F,

Short-time weight-loss behavior is indicative of the possible effect of temperature
excursions abnove the planned operating temperature of 250°F. Long-time vacuum
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Figure 54 Degradation of Material B, Phenolic Foam
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stability tests at t = 250°F, together with measurement of changes in optical and
mechanical properties described in other sections of this report, should indicate their
long-term behavior,

Since the processes of degradation are time- as well as temperature-dependent, short-
term high-temperature stability cannot be equated with long-time stability at lower
temperature. Thus, phenolic foam, which has short-time stat lity, could degrade
extensively over a long period of time. On the other hand, the epoxies that degrade
badly above 300° T may perform quite adequately for long periods provided the tem-
perature is maintained beiow 300° F,

To summarize, ail of the polymeric materials tested have reasonable thermal stability
to 300" T as indicated by short-time weight-Joss measurements.

Degradation of epoxy adhesive and sublayer materials becomes deleterious at tempera-
tures above 300°F, The extent of degradation depends upon the specific formulation,
Some samples are reasonably stable to 400°F., These epoxies act as a mixture of vola-
tile components, with the amount of material given off as a function of individual vapor
pressures. At 500°F all of these samples are thoroughly charred and many are badly
bloated as a result of gaseoiis entrapment during degradation.

The Material L ridigized-polyurethane structure is stable to 300°F. The reflecting sub-
layer is badly bloated and deformed at 500°F. The reflecting aluminized-mylar surface
is stable to 400°F but decomposes rapidly and destructively at higher temperatures.

Material B phenolic foam is relatively stable to 500° F from the standpoint of both weight
loss and structural integrity.

6. THERMAL/VACUUM ENVIRONMENTAL STABILITY

A study of thermal/vacuum environmental stability was conducted to determine the long-
term effect of temperature in the range of 250° +5°F in vacuum at 5 X 10~6 Torr or less
on the performance of candidate materials. Changes in structural properties during
exposure were the primary criteria. Thermal/vacuum environmental stability of
composite materials can be influenced by (1) loss of adsorbed water, (2) loss of
volatiles in the polymeric materials making up the composite, or (3) degradation

and depolymerization of the adhesives, bonding agents, or facing sheets making up

the composite material. Loss of adsorbed water occurs in the early stages of thermal/
vacuum exposure and should have no deleterious effects on the structural properties of
the composite materials. The loss of volatile constituents could cause an increase in
pressure in the structure that, if not properly vented, could affect the strength of
adhesive bonds or warp the structure. Degradation and depolymerization could change
the properties of the bonding agents or adhesives and cause loss of structural strength,

No quantitative investigation of the effects of degradation was made, because all

materials were to be evaluated in subsequent mechanical-propertles tests after expo-
sure to the thermal/vacuum environment.
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a. Description of Apparatus

The equipment used in the long-term thermal/vacuum stability tests is shown in
Figure 55. Two vacuum systems were used, one for the 100~ and the 6, 000-hr test
and the other for the 1,000-hr test. With the exception of the size of the pumping
system, 4-in, diffusion pump for the 1,000-hr test and 6-in, for the 100- and 6,000-hr
test, the equipment was the same in all three tests. An 18-in. bell jar on a 20-in.
base plate containing electrical, thermocoupic, and vacuum gage feed-throughs was
connected to a hquid-nitrogen-trag oil-diffusion-pump vacuum system. The liquid-
nitrogen trap was designed to minimize migration or creep of pump fluids into the

test chamber. With the specimens at the 250°F test temperature, a vacuum of less
than 5 x 106 Torr was achieved 16 hr after start of test and riaintained thereafter.

1he specimens, -3-in. diameter by 0.25-in, thick, were supported as shown in Figure 5¢
on stainless-steel rods and strip-fastened with s*a.inless-stee bolts. An iron-
constantan thermocouple was attached to one specimen of each group of three speci-
mens as shown in Figure 57. The specimens were supported in stainless-steel radiant-
heater assemblies as shown in Figure 58. ‘Electrical power to the radiant heaters was
indicated and controlled to 250 +5°F; thermocouples used with the indicabor-controller
equipment were calibrated in boiling water at 212°F.

b. Test Procedure

The specimens were weighed before and alter exposure. The temperature, vacuum,
and liquid-nitrogen level were monitored twice daily during the tests. At the conclu-
sion of each test, the specimens were removed from the vacuum and from the radiant
heaters, and their condition noted. The specimens, exposure data, and observations
were used for further evaluation.

The temperature was countrolled at 250°F throughout the tests. Temperatures did not
rise above 250°F and did not fall below 244°F at any time during the test periods. The
temperature reached an equilibrium value for each group of three specimens after

1 5 hr of exposure and remained at that value throughout the test period.

The vacuum pressure reached 5 x 10-6 Torr in less than 16 hr of exposure. With con-
tinued exposure, the vacuum pressure decreased until at the end of the 100-hr period
the pressure was 7 X 10-7 Torr. At the end of the 1,000 hr period, the pressure was
2% 1076 Torr. After 5,550 hr, the pressure in the 6,000-hr test was 7 x 10~8 Torr.

¢. Test Results

Weight loss and-appearance of specimens after 100 hr of exposure are shown in
Table IX. Similar data at the termination of 1,000~ and 6, 000-hr tests are shown in
Tables X and XI, respectively.

Results of the mechanical-properties tests carried oat after each exposure will be
found in subsections IV.5 and IV. 6.

d. Comments and Interpretation of Results

Short-term weight--loss determinations of adhesive bonding agents and other components
of the composite materials that wure performed in detail and at higher temperatures
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Stability Tests :

PYTCr

T ey

e

79

¥

RS

K
et or .

I rpIe s
g S

b

)
.

1

]

:
4
+
13

B
bk
1
3

|



. ot T 2D s

[~ s

A
M

d i

- W-f(

-~

_ 1-d7T seawes | ¢8°6 | 29%6°0 | €849°8 | 0%39°6 1I-NJ'1
| A1y3ns poaslstiq 0¥y JRAW pazyuIuMIV | 69°9 | L96%°0 | 8186°0 | 28LF L T-WJIT L
padrem uauroads pue paxs)stq 208F JefAw pazIurwmiy | GL°6 | $680°T | S2£9°6 | 69.9°01T [-d71 A

1593 Suranp al3ueyo Ou ()89} 210J2q pajexredos ,

%001 worjoas TeOTNOO Jo doj pue joays usemjaq Surpuod | SO0 | 6100°0 | 0533 ' | 6933 % T-NJdD
189} 3uranp adueyo ou {183} axoyeq [-IH seaweg | $0°0 | 0300°0 | S988°% | ¢8S8°% | T-WJD Do

| - 1593 xoye Surpuey woxj jxede . )
1193 uswtoads 3593 Jo 3aBIS axoyaq pajexedes %g) ,, u
Uo11098 TeoTU0D Jo do3 pue Jo9ys usamiaq Surpuog | €0°0 | ST00°0 | 8€9€ ‘¥ | €99€ ¥ I-d9

e8ueyo oN {G€9°0 | 8%S0°0 | $I6S°8 | 39%9 '8 T-NJdH
93uByo ON | $9°0 | S2S0°0 | 88668 | £€966°8 T-NJIH
! - 90ey 9uo uo sjods AYM | $9°0 | 0SS0°0 | 0S¥S '8 | 0009 '8 T-J4d

I-dD seaweg | §9°T 6690°0 | S00S'¥ | $OLS'T I-W30
‘ 1-4) seaweg | IG°T 9890 "0 | 948V ¥ | 296S°¥ I-NJD C
! UMOJIq patIn) 908y dUQO | €8°T 1020°0 | SLTSY | PL8S 'V I-d40

’ a3ueyo oN | 0€°€ | 99S3°0 | $30S°L | 08SL°L -4 :
a8ueyo oN |. T0°€ | 2T62°0 | 998€°6 | 8L39°6 T-NJg--.
s3ueyooN | ¥2°¢ | 3L¥23°0 | OT28°L | 2819°2 I-NJd

TI-dV sB.aweg | geg°0 | €1€0°0 | 39TL '€ | GLPL°S I-WNIV :
I-gv seaweg | 18°¢G | 80C0°0 | ¢8SL°E | 068L°E I-NJdV

80

e -

~
juale Burpuoq Jo Mo[y WSIS | SL°0 | 9820°0 | 2¥6L°E | 8328 °¢E 1I-dV w

i
! 3 (8) (38 |
! aouexeadde j99)-1804 wmmwwa 5 S80] Jajye axoyaq MMW«MM@WM P !

y3oMm | 3oM | yBrom

989, INOH-00T WNNOBA/[BWISYYL, * XI S[qBL,

. - e N s “ PP PRRVIRN

R T N R L N T e s a3 o




; ﬂ . e gt b R I P I R S LT .
152} aaojaq uorjeaedas 0g 3deoxa g-JH Se dureg LOT°0 €900°0 | £€656°€| 9£00°% €-NJID ce |
189} aa03eq uorjexedes %Gz 3ds0xe g-gD Se awes L0°0 9800°0 | OSLL°V| 98BLL°Y e-NID o
: UOTIBIO[OOSIP JOUTW SMOYS , i
908y paysiod {159) ax03oq poyeaedos Arajardurod *
UOoT0as 8OTUO0D Jo dO} pue JSAYS UdIM)a| Sulpuog 90°0 8300°0 | 2L%V°¥| 00SPV°¥ €-dD
qUIO0AdUOY JO JOIIANUY 4,
“ uo sjisodop paxojoosip fursneo uoreandeAd pue MO[J L8°0 $.L0°0 | ¥928°8 | 8T106°8 €-NJIH | :
Y31 smoys juadz Jurpuoq ¢adE} I9YJ0 LOTIBIO[OOSIP Le'1 $EET°0 | 9965°6 | 00EL°6 o VK RC A m
JOUTUI pae SHOEID SUTIFeY “9LE) #Zu U0 SHUSP [[BWg gl8°0 S9L0°0 | T1S99°8 | 9I¥L°8 €-dd A
! £-dD s oweg 19°1 9G20°0 | 1SS¥ ¥ L0ES'¥ €~NJD 4
g-J0D se oweg 09°T | 8T20°0 | %STH°¥ | 2L8%°F &-NAD
m 90%¥] 2uv ue 3[qISTA uorssaxdwy quooLauoy ¥°1 2290°0 | <3Z8L°¥ | 3SFV P e~-d0
S-WJ4d se oueg 86°¢ 0sPe°C | SP2E£°8 | 9699°8 e-949d =
PaI0[oosIp AIY3I[S 908} Yjoowg £2°¢ 9162°0 | S83%L°8| 1S20°6 e-NJIg
; uotyexo[oostp W3S ‘30ds
i auc ur Apoq ursw woJy femn pafnd a0ey yjoowg £¥°¢ $083°0 | €288°L | L2918 £-NJIH
P . €-JV 58 sureg %1 SLS0°0 | £0L8°E{ 8L26°E e-NIV
£-JV S aweg 8°1 6ELO°0 1926°€| 000°¥ e-NAV
juade 3urpuoq jo mofJ Y31 621 68%0°0 | TSPL €| OP6L°E £-aV
aouexeadde 1891-180 . owmwwy wAmwAwﬁ .ummwuva wumvon nMwugoowmv
d Ol usrom | 1usrom | 1Brom
% *, 3891, INOH-(00 ‘T WNNOBA /[BULISBYY, * X 9Iq8L
|
¥
,m
!
!
re vy o e - - Fr—— P e wee - P L IS T i e o .rﬁ&ﬁﬁmu..gﬁmummﬂcn te yﬁsv; @Gﬁ%ﬂ*ﬁ .., /. .nw,w
i . L e e %’gnwﬁ% 2 , \w.
Mo e Tt Lol g TS it JRE g gt b ety gt b g e be bt il 2 A s S B LR Ol et e S e ::..;.....‘\ LI A ey b et bbbt gt g i b et D e S o s it RBRR e L it Lo




DRI R R

AT

iitort

REES FORY CEAS S PSHIL e K i D i)

ELBAoNG BT AR £ A

T e T

RN 2 ST R

AECRERI AT . o LI

T W

TR P s er

T e 7
. .
: 4

LTSI A gy I

Table XI. Thermal/Vacuum 6,000-Hour Test

Weight | Weight | We:ight
before after loss Clz%xge Post-test appearance

(8) (8) (8)

Specimen
designation

AF-2 3.7978 ; 3.7302
AFM-2 3.8238 | 3.7457
AFN-2 3.9290 | 3.8482

.0876 1.78 Slight flow of bonding agent
.0781 .04 Same as AF-2

2
. 0808 2.06 Same as AF-2
. 3694 3

.3514 4, 13 NoO change
.315¢% 3.75 No change

BFB-2 10.1970 | 9.8276
BFM-2 8.5144 | 8.1630
BFN-2 8.4190 | 8.1031

.62 No change
3

CF-2 4.6602 | 4.5835
CFM-2 4.5631 | 4.4926
CFN-2 4.6365 | 4.5540

. 0767 1.65 No change
.0705 1.55 No change
. 0825 1.78 No change

EF-2 8.8536 | 8.7724
EFM-2 9.0063 | 8.9008 | 0,1055 1,17 No change
EFN-2 8.7538 | 8.6678 . 0960 1.10 No change

. 0812 0.91 No change

©C © OJlo © ol © Ol © ©

GF-2 4.1453 | 4.1395 | 0.0058 0.14 Bonding between sheet and top of
conical section 50% separated
befure test; no change during test

GFM-2 4.3648 | 4.3592 | 0.0056 0.13 No change
GFN-2 4.2477 | 4.2435 | 0.0042 0.10 Same as GF-2

LF-2 16.1561 | 14.1473 | 2.0038 | 12.4 Aluminized mylar face blistered;
specimen badly warped

L¥M-2 8.85630 | 7.8731 0.9799 | 11.1 Aluminized mylar face blistered
» | LFN-2 8.2303 | 7.3482 | 0.8821 | 10.7 Same as LFM-2

were discussed in the previous subsection. These results are mors meaningful than
the weight losses determined in the thermal/vacuum environmental stability tests.

Most samples of Material C had separation of one face from the spacer upon delivery
to the laboratory. These separations were complete or partial and resulted from
handling in specimen marking and preparation.

The average weight locs of the Material A specimens was comparatively small in the
100-hr exposure (0.50 percent). However, weight loss increesed sharply with expo-
sure time; it was 21 percent greater in the 1, 000~-hr exposure than in the 100-hr

exposure and 145 percent greater in the 6, 000-hr expusure than in the 100-hr exposure.

Moreover, a slight flow of the bonding agent was noted in the specimens after termina-
tion of all tests.

82

" ~
4

PR S v fn B R T gy deemv s v putage




w—
Y

PN .

et v PR 42 TR 5P A Bttt | W AW © fops ok s e

~We i

3

<Ay T

Samples of Material B lost a significant fraction of their total weight in each of the
tests. Weight loss was 12 .. “cent greater ia the 1, 000-hr exposure and 20 percent
greater in tho 1, 000-hr exposure than in the 100-hr exposure. In the 1, 000~hr test,
the smouth face of each of the three specimens separated from the rest of the struc-
ture in one spot and was slightly discolored. No observable change occurred in any
of the specimens in either the 100-hr or the 1, 000-hr test.

Although the Material C samples lost more weight i the 100-hr exposur tran any of
the other honeycomb structures, this material was quite stable in the longer exposures.
The increase in weight loss from the 100-hr to the 1, 000-hr test was only 3 percent
and from ths 100-hr to the 6, 000-hr test, only 9 percent. In the 100-hr test, one face
of the szmples was discolored brown. In the 1,000-hr test, an impression of the
honeycomb structure was vigible on one face. No observable change occurred, how-
ever, during the 6, Ooo-hr exposure.

Material E lost iess weight in all three exposures than any of the other honeycomb
structures. ' The increase in weight loss from the 100-hr to the 1, 000-hr test was
quite large (62 percent), but the weight change in the 1,000-hr and 6, 000-lr exposures
was practically the same (1.04 and 1. 06 percent, respectively). Although in the
1,000-hr exposure small dents on one face and hairline cracks were observed on all
three samples, no observabis change occurred during the 6, 000-hr exposure.

Material G proved to be quite stable in the thermal/vacuum environment if weight loss
is taken as the criterion. The average loss after the 6,0C0-hr exposure was only
0.12 percent. This, however, was three times the average loss in the 100-hr iest
and' 50 percént greater than the loss in the 1, 000-hr test.

Material L lost a greater fraction of its weight than did any other material tested.
The average weight loss was 8.77 percent after the 100-hr test and 11.4 percent after
the 6, 000-hr exposure. Because it was decided to eliminate Material I, from the
testing program prior to the start of the 1,000-hr test, no data from this test are
available for this material.

7. THERMAL CYCLING

Temperature-cycling tests were performed on the candidate materials evaluated in
this program. The principal objective of these tests was to determine the effects of
multinle thermal cycling over a predeterminec temperature range on the mechanical,
optical, and structural properties of the materials, and also to determine the effects
of thermal cycling on the candidate material surfaces.

Each candidate material, with the exception of Materials G and H, was scheduled to
be thermally cycled 100, 1,000, and 6,000 times (6,000 cycles being equivalent to

14 months in oxbit). For the reascns stated in subsection II. 7.b, however, the 6,000~
cycle test was not performed on Material E, and the same test was terminated after
3,000 cycles in the case of Material F.
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The reason for omitting Materials G and H from this phase of the test program was

that their behavior under thermal cycling would not be expected to differ significantly
from that of Materials J and K, respectively. Material G has a reflective surface of
bare silver, whereas Material J has a surface of bare aluminum with sublayers of
chrome and silicon oxide; Material H has a reflective surface of silver with a silicon
oxide coating, whereas Material K has a surface of similarly coated aluminum with
sublayers of chrome and silicon oxide. All four materials have the same basic struc-
ture and were produced by the same vendor. It was therefore concluded that Material G

" would survive thermal cycling as well as Material J, and that Material H would behave

as well as M terial K.

a. Description of Apparatus

Nine separate vacuum chambers were used for the thermal-cycling tests. Each
chamber consisted of the following:

Liquid-nitrogen temperature cold wall

500-W tungsten lamp radiani energy source

View window

Instrumentation for control, thermometry, and measurement of
reflector surface distortion

The apparatus is shown in Figure 59. Each specimen was instrumented to record
front- and back-surface temperatures. The radiant energy source was controlled by
the front- and back-surface temperatures. The reflective surface distortions were
monitored by viewing the r:irror image of a diffusely illuminated grid.

b. Test Procedure

Each thermal cycle consisted of a short heating period and a longer cooling period.
During the heating period the tungsten energy source was on until a maximum reflector-
surface temperature of 250° F was reached (approximately 4 min). The specimen was
then allowed to cool for 36 min, the maximum time in the shadow of the earth for a
noon-orbit, 90-min period. The cyc.e was then repeaied. Photographs were made
periodically of the specimen image during heating and cooling. Vacuum pressure
varied from chamber to chamber, the extremes being 10-6 and 5 x 1079,

The test plan provided for three exposures of each candidate material. the first for
100, the second for 1, 000, and the third for 6,000 cycles. Upon completion of each
test, the specimen was examined visually for permanent structural and reflective
surface damage, and reflectance was measured by means of a Cary Model 14 spectro-
pliotometer, (See subsection III. 2.) Core compression, thermal expansion, or facing
separation iests were then conducted, as appropriate, on the exposed specimens.
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Test failures occurred on several occasions because of either controller malfunctions
or loss of vacuum. As a rule, such tests were rerun with new samples, but this pro-
cedure was not followed in the case of the 6,000-cycle exposure of Material E. The
initial 6, 000-cycle test was terminated after 4, 292.cycles when overheating occurred
by reason of a controller malfunction. To have initiated a replacement test would
have delayed the completion of the test program by several months; therefore, because
Material E differs from Material D only in the epoxy used for the leveling layer, the
6,000-cycle test was omitted for Material E. A departure from the test plan occurred
also in the case of Material F. Failures were experienced in both the initial 6,000~
cycle test and the replacement test. A third 6, 000-cycle test was commenced, but it
was terminated after 3, 000 cycles. This was in the interest of expeditious completion
of the test program, and it appeared justified because (1) none of the materials that
had completed the full 6, 000 cycles had shown appreciable degradation during the final
3,000 eycles and (2) the reflective surface of Material F had proved tc be much inferior
in the ASTEC environment to those of Materials D and E, which were supplied by the
same vendor. (See Section III.)

c. Test Results

Results of thermal cycling tests on the subject materials, accompanied by photographs,
are presented in Tables XII through XX. Graphs showing a typical temperature cycle
for each sample and photos of selected samples are shown in Figures 60 through 77.

Results of the mechanical-properties tests carried out after each exposure will be
found in subsections IV.5 and IV.6. See subseciion II. 3 for the thermal expansion
measurements made on several of the materials (B and J—K).

d. Comments and Interpretation of Results

The reflective surfaces of Materials L and B were seriously distorted early in the
tests. Material L was deleted irom further tests by directior of AFAPL because of
the separation of the aluminized mylar from the flexible epoxy layer.

In view of the thermal expansion data for Material B, which showed tha’ the pink
phenolic foam contracted while the electroformed nickel expanded at elevated tem-
perature, the separation of the surface from the structure was not unexpected.

At the other extreme, Materials J and K showed no distortion with thermai cyeling.
The aluminum honeycomb samples all displayed distortion or show-~through at the
low temperatures and returned to approximately the original condition at elevated
temperatures.

Reflectance of specimens after exposure was the same for all materials except B ana

L. No reflectance measurements were made on these materials, the suriaces being
judged not suitable for further testing.
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3 Table XII. Thermal Cycling Results — Material A
. Duration| p. test In situ condition Post-test | Reflectance
3 Specimen | of test ?1; ;es Cyele Conditi osd— e8 after
(cycles) condition Y ondition condition exposure
3 AGN-1 100 | Surfaces 0-125 No change | No change| No change
3 . flat (see noted (see | noted
: Figure 61a) Figure 61b)
i AGM-1 1,000 | Front surface| 0—4 No change | No change | No change|
s flat; nohoney- noted noted
3 comb struc-
5 ture shows | 87 iggfe‘;‘;:
3 through (see
5 wavy when
3 | Figure 61c) cool
! 68—1,007 [ No further
; change
3 | noted (see
o Figure 61d)
! AGM-2 6,000 | Front surface| 0—6,602 | Surface ap-| No change | No change
] i fiat; no honey- pears wavy | noted
1 comb struc- when cool,
ture shows flat when
3 through heated (see
Figure 61e)
L
1 ;
3
]
B 87
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Table XIII. Thermal Cycling Results — Material B

s In situ condition |
Specimen Dg:g:tn Pre-test . Post-test Ref:;::etixxce
(cycles) condition Cycle Condition | condition exposure
BGM-1 100 |Sample 1 Large blisters | Blister Judged not
) flat and appeared on remained |.guitable for
' smooth (see cooling cycle |onsurface |testing
Figure 63a) at 30°F and of sample
below (see
Figure 63b)
2—35 Blister in-
creased insize
36—106 No further
changes noted
(see Figures
63c and 63d)

BGM-2 1,000 |Sample 1 Large blister |After test,{Judged not
flat and appeared upon |two large |suitable for
smocth cooling (see and one testing

Figure 63e) smallblis-
e ter were
2-327 |No further  |motedon
changes, except| back sur-
sample appears face; front
to be more surfaced
distorted warped in
many
places
328—1,042 |No further
changes noted
(see Figure63f)

BGM-3 6,000 |Sample 0—6,004 |Surface ex- Front sur-|Judged not
flat and tremely wavy |fa.e very |suitable for
smooth in appearance |wavy testing

when cold,
relatively flat
when hot (see
Figures 63g

and 63h)
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Table X1V . Thermal Cycling Results — Material C

In situ condition

Duration Reflectance
Specimen| ot tes | DIt [ T | Toktent |7 e
(cycles) yele, on exposure

CG-2 100 (See Fig- 0—104 | No change No change No change

ure 65a noted (see | noted

Figures 65b
and 65¢)

CGN-1 1,000 |Front sux- | 0—1,008 | No change Visible blis- | No change

face some- noted (see ters (3/16-in,

what wavy; Figure 65d) | diam. ) on

reflecting front surface

surfacehas

striations &

tiny blisters

over about

50% of the

surface
CGM-3 6,000 {Front sur- | 0—6,000 | No change No change No change

face some- noted (see noted

what wavy rigures 65e

with many and 65f)

tiny dimples
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Table XV. Thermal Cycling Results — Material D

In situ condition
Duration| Reflectance
Specimen| of test f;fgitgg; Cycle Condition (1:;’: c:ittiiit after
(cycles) exposure
DGM-1 100 { Very good | 0—100 No change |Very fine No change
reflecting noted (see |cracks noted
surface on Figure 67b) {over entire
front face; front face of
no apparent sample
imperfec-
{ious on
either face
(see Figure
67a)
DGN-1 1,000 | Very good | 0—138 Craze marks| Very fine No change
surface noted over |cracks noted| (where sur-
entire over entire | face intact)
surface surface;
166 Peelingat | ALuminum
several reflective
coating
points on eled at
front sur- |P° al
face, riiax. sever
1/4-in. points
dia.
1,000 No further
change
noted
DGN-3 6, 000 | Surface 0-6,000] Craze Very fine No change
smooth marks noted{cracks noted
over entire jover entire
surface (not |surface
evident in
Figures 67c
and 67d)
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Table XVI. Thermal Cycling Results — Material E

vt e
Rt .

Duration Pre-test 20 S condton Reflectance
Specimen (glffg::) condition Cycle Condition f:,’;'é{ffﬁ;t after
exposure
EGM-1 100 | Front sur- 0~100 | No changes |Frontsurface| No change
face smooth noted (see |unchanged
except for Figure 69b)
slight con-
vexity at
edges (see
Figure 69a) )
EGN-1 1,000 { Front sur- 0-885 | No change - Not tested
face smooth noted
895 | Test failure
— sample
overheated
EGN-3 1,000 | Front sur- 0—1, 000} Hairline Hairline No change
face smooth defects cracks in
covered coating;
front larger but
surface less frequent
[than those in
Material D
EGM-2 6,000 | Front sur- 0—-111 {No change |(Test not Not tested
face smooth noted rerun)
except for 147 !Threesmall-
1/8-in. dim- hairline
ple near
center of defects
surface and appeared on
1/16-in. frontsurface
dimple off ]148—-356 |[Hairline de-
centor fects cov-
ered entire
front surface
367—4,292| No change
noted (see
Figure 69c)
4, 292 Test failure
~gample
l -loverheated
81
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Table XVII. Thermal Cycling Results — Material F

Specimen

Duration
of test
{cycles)

In situ condition

Pre-test
condition

Cycle

Condition

Post-test
Condition

Reflectance

after
exposure

FGM-1

WIE it o vtnt o o

e

100

Front face
slightly con-

0-8

No change
noted

cave on one
side; sur-
face has
frosty
appearance
(see

43

Network of
craze marks
noted on
front sur-
face (see
Figure 71b)

Figure T1a)

96— 100

Craze
marks
more
distinct

Frosty
appearance
of front sur-
face more
pronounced.
Craze marks
clearly visi-
ble. Honey-
comb pattern
clearly shows
through on
reverse side,

No change

FGN-2

6,000

Front sur-
face has
frosty
appearance
(see
Figure Tlc)

22

Hairline
Ccrazede-
fects show
on front

surface;
surface

appears
frosty

23—882

No further
change
noted (see
Figure 71d)

See
Figure 7le

883

Edge raised
slightly at
three spots

1,137

Noticeable
blue tingeto
front sur-
face noted;
hairline
craze de-
fects appear
green

1,246

Test failure
{vacuum

Not tested

lost)
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Table XVII .-~ Continued

s e e

In situ condition

Scheduled|
Reflectance
duration| Pre-test Post-test
Specimen| of test | condition Cycle Condition condition exaft;fre
(cycles) o
FG-1 1,000 | Front sur- | 0-—64 Hairline Hairline No change
face frosty craze marks|crazes in re-
blue in ap- noted flective
pearance | g5 000l No further |COBtNE
-change
noted
FG-2 6,0°" | Front sur~- | 0-27 Sampla -
. face frosty appears
blue in ap- badly
pearance; clouded
gfl‘;;l‘:an 28—63 | Several
noted in l;argl;ﬁarks
gggﬁgrlszt appeared on
surface sample
64—2,086| No further Not tested
change
noted
2,087 Test failure
-—-zample re-
mained at
test tem-
perature
.for 9 hr
as result
of con-
troller
malfunction
FGN-1 ' 6,000 Front sur-§ 0~-76 Crazemarks|Hairline No change
(test face frosty noted crazes in
termi- |blue in ap- . reflective
nated at |pearance 778,000 g}?mf:;ther coating
3,000 noted (see
cycles) Figure 71f)
93
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Table XVIII. Thermal Cycling Results — Material J

Duration In situ condition Reflectance
Specimen| of test Pre-test Post-test after
(cycles) condition Cycle Condition : condition exposure
JGM-1 100 | Sample sur-| 0—138 No change | No change No change
faces flat noted (see | noted
(see Figures 73b
Figure 73a) and 73c)
JGN-2 1,000 | Some dirt 0-1,021 { No chanze ! No change No change
flecks and | noted roted
patcheson
reflective
surface
JG-1 6,000 | Sample sur-| 0-6,000 | No change | No change No change
faces flat noted (see |noted
Figure 73d)
Table XIX. Thermal Cycling Resuits — Material K
In situ condition )
Specimen Dg;‘ ﬁﬁn Pre-test Post-test Ref:;::;:nce
(cycles) condition Cycle Condition | condition exposure
KG-1 100 {Sample sur-{ 0—100 No change |No change No change
faces fiat noted (see |noted
(see Figures 75c
Figure 75a) and 75d)
KGM-2 1,000 |Sample sur-| 0—998 No change |Epoxy bond- [No change
faces flat noted (see |ing green in
(see Figure Figure 75f) |some places,
75e) mainly on
back surface
bonding. No
other change
noted
KGM-1 6,000 |Sample sur-| 0—-6,002 | No change |No change No change
faces flat rioted (see |noted
Figure 150)
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(a) Sample CG-2, Pretest (b) Sample CG-2, Cycle 104,

Condition Cold Temperature
' 45y,
.\‘.".xta\

; (c) Sample CG-2, Cycle 104, (d) Sampie CGN-1, Cycle 1008,

: Room Temperature Low Temperature
= [RERNESN % - ‘f
31 1Tt . 1 BA R4 -
A ) i .
3 H \,
E e ol
3 AT
(e) Sample CGM-3, (f) Sample CGM-3,
“ Cycle 6000, 250° F Cycle 6000, RT

Figure 65 Thermal Cycling Samples, Matcrial C
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(a) Sample DGM-1, Pretest Condition (b) Sample DGM-1, Cycle 100,

Room Temperature

LN T 47:%', :

3
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(c) Sample DGN-3, Cycle 6011, 250° F (d) Sample DGN-3, Cycle 6011, RT

Figure 87 Thermal Cycling Samples, Material D
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(a) Sample EGM-1, Pretest (b) Sample EGM-1, Cycle 100, )
: Condition Room Temperature

: i

1 : (¢) Sample EGM-2, Cycle 4141, 250° F

i Figure 69 Thermal Cycling Samples, Material E
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(a) Sample I'GM-1, Pretest
Condition

(c) Sample FGN-2, Pretest
Vacuum Condition

L

(e¢) Sample FGN-2, Post-Test

Showing Craze Defects

{d) Sample FGN-2, Cycle 745,
+ 250°F
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(a) Sample JGM-1, Pretest Condition (b) Sample JGM-1, Cycle 118, +250°F

N

3 ‘a?."‘:?y‘
3 Rt
4 =2y
=
; e
REE gaisiting
. y . et £

!

(c)} Sample JGM-1, Cycle 118, -70°F (d) Sample JG-1, Cycle 60060, RT

Figure 73 Thermal Cycling Samples, Material J
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(a) Sample LGM-1, Pretest (b) Sample LGM-1, Cycle 5,
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(d) Sample LGM-2, Pretest (e) Sample LGM-3, Ecst-Test
Condition Condition

Figure 77 ‘t'hermal Cycling Samples, Material L
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Secticn III
OPTICAL PROPERTIES

1. INTRODUCTION

An experimental program was conducted to determine the effects of near-ultraviolet
radiation, low-energy electron irradiation, and both simultaneously on the solar
reflectance of the candidate ASTEC reflector surfaces. The ultraviolet and combined
exposures were conducted for periods representing up to 6 months in a 200- to 500-nm
circular polar orbit. Data for electron irradiation were obtained foi neriods repre-
senting up to 1 year in orhit.

All tests were performed in vacuum and with samples maintained at both room tempera-
ture and +250°F. Spectral reflectance measurements were performed before and
immediately after each exposure. The primary criterion for damage is change in solar
veflectance, pg. Room temperature emittance, €, has not been observed to be
affected measurably.

In order to provide engineering design data, the results of environmental studies are
generally interpreted as if simulation of pertinent constitutents of the orbital environ-
ment were achieved., 1t must be noted, however, that precise environmental simula-
tion is never achieved in the laboratory. Some notable discrepancies are the spectral
dissimilarity between natural radiation, electromagnetic and jarticulate, and sources
suitable for screening and development studies. Also, in handling such a large number
of samples, in-place optical properties measurements could not be performed econom-
ically during the irradiations. Sufficient flight data have been obtained, however, to
indicate close agreement between laboratory predictions and inflight performance.

2. INITIAL OPTICAL PHROPERTY MEASUREMENTS

The solar absorptance and infrared emittance were determined from measurements
made upon unexposed samples to provide data for thermodynamic analyses. The envi-
ronmental effects were ascertained by comparing the pre- and post-test solar reflec-
tance values. Two types of apparatus were used to make these measurements. Each
measures the energy reflected in a near-normal direction from a diffusely illuminated
sample,

Near-normal reflectance from 0. 28 to 1.8 u was obtained with a Cary Model 14 double-
beam spectrophotometer equipped with an integrating sphere reflectance attachment,

In this device, the source energy is introduced through an aperture into a sphere with

a diffuse inner surface of high reflectance. A sample placed in the wall of this inner
sphere is illurninated diffusely. Energy reflected from the sample is detected and com-
pared to that reflected from a surface of known reflectance, and the sainple reflectance
is computed, This reflectance curve ie then multiplied by the solar spectral flux-density
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. curve of Johnson (10) and integrated; solar reflectance, pg , is obtained by dividing
4 the resclt of the apove integration by the solar constant.

Near-normal spectral reflectance, p),, from 1.4 to 22.0 p, was obtained with an
LMSC-eonstructed hohlraum and associated Perkin-Eln.er Model 13 ratio~recording
3 spectrophotometer. A bohlraum is essentially a heated-cavity reflectometer with
S walls at uniform temperature. In the device under discussion, the cooled sample
" forms part of one wall. With the exception of the solid angle subtended by the cavity
aperture, the sample is irradiated uniformly from hemispherical space. Energy
reflected from the sample in a near-normal direction passes out of the hohlraum
aperture and is compared monochromatically with the radiosity of the hohlraum wall.

From the reciprocity theorem of Helmholtz, it can be found that the ratio of reflected
energy to the radiosity of the hohlraum wall is equal to the reflectance of the sample
for similarly near-normal incident unidirectional irradiation. This quantity will he
referred to as near-normal spectral reflectance. The reflectance thus obtained is
subvracted from 1.0 to obtain near-normal’spectral absorptance (1 - py, = a3p).
The absorptance curve is integrated with the blackbody curve for the temperature, t ,

: of interest used as a weighting function. Total near-normal absorptance for black-
- .4 body energy from a source at temperature, t, is thus obtained. The result is
. corrected to total hemispherical absorptance, at , by the relationships developed by

‘ Eckert and given by Jakob, unless there is reason to suspect the surface of interest
does not behave in accordance with the Eckert relationship. In any case, the best
2 possible estimate of @y is obtained. This is assumed equal to the total hemispherical
P emittance of the surface of interest when that surface is at the temperature of the black-
body for which o was computed.

a. Solar Absorptance and Infrared Emittance Values

Table XXI gives values of solar absorptance and emittance for the reflective surfaces
in the as-received condition.

Table XXI. Solar Absorptance and Infrared Xmittance

E . Room temperature total
3 Material Solar absorptance hemispherical emi’‘ance
3 A 0.08 0.03
: B 0.15 0.05
. C 0.10 0.04
e D 0.08 0.03
¢ § E 0.08 0.05
i - F 0.11 0.07
f | G 0.07 0.04
T H 0.09 0.04
2 J 0.08 0.03
3 K 0.12 0.04
L 0.16 -
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Spectral reflectance values for the respective samples ace presented in Figures 78
through 86.

b. Comments and Interpretation of Results

The sample with the highest solar reflectance, i.e., lowest solar absorptance, is
Material G; the value was 0.93. Materials A, D, E, H, and J are nearly as reflective,
with values of 0.91 or 0.92. Materials B and L have a reflectance equa: to or less
than the total solar collector design eificiency of 85 percent.

The reflectance value for material H, which has a surface of silver with a silicon oxide
coating, may not be representative for this type of surface. The basis for this state-
ment is that the material, when received from the vendor, appearec to be somewhat
tarnished, and this may have affected its reflectance adversely.

3. ULTRAVIOLET IRRADIATION

Ultraviolet radiation from the sun is a primary cause of damage to surfaces in an
orbital environment. The solar reflectance of the surfaces decreases when the ultra-
violet radiation produces quanium centers, which ab 'rb solar radiation. Eighty-five
percent of the solar energy is of wavelengths between 0.40C and 2.9 p (10).

This, then, is the wavelength region of greatest interest when changes in solar reflect-
ance are considered. The principal absorption processes in this critical solar spectral
region are those associated with electronic excitations; i.e., ex~itations in which a
photon is absorbed and an electron is moved from its ground state to .. state of higher
energy. :

a. Description of Apparatus

The source of ultraviolet radiation was a 1-kWA-H6 (PEK Laboratories Type C)
mercury-argon-arc high-pressure high-intensity lamp, A Approximately 30 percent of
the radiant energy of this lamp is in the 2,000 to 4,000 A range. By comparison,
roughly 9 percent of the extraterrestrial solar spectrum is believed to lie in the same
wavelength range. The lamp is water-cooled and has a quartz water jacket and
velocity tube. This assembly is lowered into a quartz envelope extending into the
exposure chamber from the top. The lamp assembly can be withdrawn to change lamps
without disturbing the vacuum in the system.

The u..raviolet intensity is monitored with calibrated phototubes (RCA 935) that are
filtered to detect energy in the 2,000 to 4,000 A region; Corning 7-54 filters are use”
to pass only near-ultraviolet radiation. Jn this way, only the radiation believed to
produce serious damage is monitored routinely. It should be noted that the A-H6
Jamp output reduces more, with time, in the short ihan in the long wavelength regions.
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Neufral-density filters are used to reduce the flux density incident on the detector in
order to avoid saturation of the phototube. The phototubes have been calibrated by
actinometry and with a thermopile. The output of the phototubes is automatically
measured and recorded for a few minutes every hour with a recording microammeter,
When desired, a Corning 0-54 filter is used to compare the intensity in the 2,000 to
3,000 A region to that in the 3,000 to 4,000 A region,

The exposure chambers are metal bell jars 14 in. high by 14 in. in diameter mounted
on 18-in. base plates. The sample holder is a water-cooled copper block viewing the
ultraviolet radiation source to give a nominal six "suns" of ultraviolet energy. A "sun"
of rear-ultraviolet radiation is defined as the flux density of extraterrestrial solar
radiation at one astronomical unit from the sun, in the wavelength interval of 2, 000 to
4,000 A, The "sun" is admittedly an unsatisfactory unit of flux density; it is used for
convenience in comparing the data in this report with those of other investigators.

Normally, water is passed through copper tubes soldered to the sample holders. This
maintains the specimen temperatures between 65 and 95°F. During the elevated-
temperature exposures, a flow of compressed air is passed through the cooling tubes
to5 maintain the samples at the desired temperatures.

High vacuums in the range of 10~7 Torr are maintained with electronic vacuum pumps
using standard vacuum techniques.

b. Test Procedure

Two samples of each material were exposed to near-ultraviolet radiation in vacuum
under the conditions of four total doses and two sample temperatures during exposure,
One control sample of each material also was retained. The total exposures were
equivalent to orbit times of ¢.5, 1, 2, and 6 months (nominal).

Changes of optical properties due to ultraviolet radiation are in part dependent upon
sample temperature during irradiation. Therefore, the optical stability of the reflector
surfaces was determined for two temperature conditions — room temperature and +250°F.
Optical property measurements were made before and immediately after the exposures.

c. Test Results

Reflectance data were obtained for samples exposed to near-uliraviolet radiation

for approximately 3,500 to 4,000 sun-hr. Based upon a 200-nm circular polar orbi,
this exposure represents 7 to 8 months in orbit. The data were then extrapoiated to
6,000 sun-hr, or one year in orbit. Table XXII is a surmary of the results of the
total change in solar reflectance.

The changes in solar reflectance of the reflective samples exnosed to near-ultraviolet
radiation are presented in Figures 87 through89. At each exposure condition two
specimens were irradiated. Single data points on the figures represent the values for
two specimens when the solar reflectance values were identical.
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Table XX{I, Ultraviolet Exposure Results

Final solar reflectance
Initial after 1-yr exposure
Material solar Room

reflectance temperature 250°F
A 0.92 0.82 0.90
B 0.85 0.82 0.82
C 0.90 0.85 0.84
D 0.92 0.82 0.91
E 0.92 0.83 0.90
F 0.89 0.72 0.69
G 0.93 0.86 0.91
H 0.91 0.70 0.74
J 0.92 0. 83 0.91
K 0.88 0.80 0.75

L 0.84 0.72 -

d. Commennts and Interpretation of Results

Materials A, D, E, G, and J were found to be optically most stable in the ultraviolet
environment, The degradation observed for sample H is not believed to have been
representative of silver with overcoating because the samples, as received, appeared
to be dis~olored or tarnished. It was r.oted that the unr'oated samples were, in all
cases, more stable than those with an overcoating.

4, ELECTRON BCMBARDMENT

The purpose of this test was to determine the effect of the low-energy auroral electrons
found in the ASTEC environment on the reflective surfaces of the candidate materials.
Samples were irradiated at an energy level of 5kV and a flux level of 10 ergs/ em2-sec.
A level of 5kV has been determined to be the average energy level of the auroral elec-
tron stream. The average energy flux is estimated to be 1 erg/.m2-sec; this figure
was raised by an order ~f magnitude to allow for periods of maximurn activity.

Exposure times for the tests were equivalent to 2, 4, 8, and 12 months in orbit. Since
irradiation was continuous, and an orhiting vehicle is within the auroral radiation zones
only a smaii percentage of the time, it was possible to accelerate the tests greatly.

Total exposure times were. respectively, 1, 2, 4, and 5 days. Each of these tests was
carried out in vacuum at two temperatures — room temperature and +250°F.

a. Description of Apparatus

Test samples were placed on a copper block with water cooling and resistance heating
tracings. This table was electrically isolated from ground.
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The sample table was plzced in a stainless-steel vacuum chamber pumped by 4 1,500
liter/ s%c oil diffusion p mp with liquid-nitrogen trapping. The operating pressure was
6 X 10-% Torr.

The cathode consisted of an array of 70 small tungsten electron emitters, electrically
in parallel. This configuration was necessary to attain a uniform electron density at
the sample table surface. The cathode was suspendzd by insulators from a metal plate.
This plate formed the top closure to a pyrex insulating section.

The configuration of this apparatus is shown in Figure 92. While this is the diagram for
the combined-environment apparatus, it differs from the electron-bombardment appara-
tus only by the addition of the ultraviolet lamps.

b. Test Procedure

Samples were placed on the sample table with tweezers and secured with stainless-steel
frames to the copper table. The table was placed in the vacuum chamber through a port
and secured to a plexiglas insulrtor ring.

The system reached the starting operating pressure of 10~7 Torr within 15 min. There-~
after, the system was run continuously for the required number of days. The sample
table temperature was controlled and recorded continuously. The electron current was
recorded and read out every hour.

c. Test Results
Reflectance data were obtained for samples exposed to 5-keV electrons for a period

representing one year in orbit, 5.8 x 1015 e-/cm%, Table XXIII summarizes the results
by presenting the total change i1 solar reflectance aiter a year in orbit.

Table XXIII. 5-keV Electron Exposure Results

BLLE Mo oaiaia o ut:

CErRA A

PR

ST 2%

BWE g S

Initial Final solar reflectance
Material solar after 1-yr exposure
reflectance Room temperature | +250°F
A 0.92 0.92 0.92
B 0.85 0.82 0.81
C 0.90 0.90 0. 87
D 0,92, G.92 0.92
E 0.92 0.92 0.92
F 0.89 0.86 0.81
G 0.93 0.92 0.93
H 0,91 0.91 0.90
J 0.92 0.92 0.92
K 0.88 0.82 0.75
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The changes in solar reflectance of the reflective samples exposed to 5-keV electron
radiation are presented in Figures 90 and 91. At each exposure condition two speci-~
mens were irradiated; therefore, at times, one data point represents values for two
samples.

d. Comments and Interpretation of Results

The reflective properties of most samples were damaged slightly or not at all by the
radiation, the major exceptions being samples B, F, and K. It is also noteworthy that
an apparent threshold for damage to the coated samples lies at about 4 X 1019 e~/em2,
At lower total exposures no significant damage was observed.

5. COMBINED ENVIRONMENT

Two samples of £. » material were exposed in vacuum to the eight conditions defined
by room temperature and +250°F, and four dose levels. Simultaneous irradiation by
low-energy electrons and near-ultraviolet radiation was performed to provide doses
equivalent to 0.5, 1, 2, and 6 months in orbit. Actual exposure times were 2, 4, 8,
and 24 days.

a. Description of Apparatus

The vacuum system, electron emission and monitoring system, and sample table
were identical to those used in the electrons-only chamber. The source of near-
ultraviolet radiation with monitor system was identical to that of the ultraviolet-only
exposures. Two high-pressure mercury-arc lamps were located at opposite sides
of the sample table to provide an approximate six-sun intensity.

A schematic diagram of the combined-environment apparatus appears in Figure 92; the
apparatus is shown pictorially in Figure 93,

b. Test Procedure

These exposures were conducted in a manner identical to that of the electron exposures.
The lamps were changed every 50 hr of operation. The electron current on the sample
table was 3.5 x 10-8 amp to maintain equivalent total doses of electron radiation and
near-ultraviolet radiation,

c. Test Results
The solar reflectance, as a function of exposure time to combined electron and ultra-
violet radiation, was obtained experimentally for a representative 6-month period and

extrapolated to 1 year in orbit. Table XXIV summarizes the results by presenting
the total change in solar reflectance after 6 months in orbit.
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_Environmenial Exposure
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The changes in solar reflectance of the reflective samples exposed to the combined
environment are presented in Figures 94 and 95. At each exposure condition two
specimens were irradiated; at times, therefore, one data point represents values for
two specimens.

d. Comments and Interpretation of Results

The superiority of the uncoated surfaces from the standpoint of withstanding the com-
bined ultraviolet and electron environments is clearly shown in Table XXIV.
Reflectance values of the five silicon-oxide-coated surfaces after 6 months' equivalent
exposure at 250° F ranged from 0.82 to {. 64; the latter figures represent a decrease

of 25 percentage points during the test period. In contrast, the final reflectance values
of the five uncoated surfaces all were 0.90 or higher, and the maximuwm: degradation
within this group was 3 percentage points. Data for the 6-month-equivalent exp.sure
at room temperature present a similar picture, although the differences between the
bare surfaces and the coated surfaces were not so pronounced.

The extrapolated values of reflectance for the coated samples (B, C, F, H, K)
(Figures 94 and 95) are conservative since these materials exhibited an electiron-
damage threshold after 8 months' exposure. These values represent, therefore, the
highest solar reflectance which could be expected.
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Section IV

MECHANICAL PROPERTIES

1. INTRODUCTION

Five types of tests were performed to determine the mechanical properties of can-~
didate materials:

Panel shear

Panel hend

Facing tension
Facing separation
Core compression

All these tests, except the panel-bend test, were conducted at +250°F, room tem-
perature, and -200°F. Panel-bend tests were conducted at room temperature only.

Reduction of test data gave the various effective moduli, elastic limits, and ultimate
limits of the materials, as well as average values and deviation of each minimum

value from its respective average. It should be noted, however, the the modulus
values in the tables appear:.ng later in this section are ''composite moduli" since
the test materials are not homogeneous. The wide scatter of some data indicates,

to some extent, the anomalies of these nonhomogeneous materials. Testing of a
greater number o' specimens and the use of statistical procedures would give more
meaningful results. The number of valid tests performed upon previously unexposed
specimens of each candidate material in the different test types is shown in Table XXV.

2. PANEL SHEAR

Several specimens of each candidate material were subjected to a shear test, Data
from these tests indicated the maximum shear stress sustained by the specimen, the
strain on the specimen at the maximum stress, the elastic limit or point beyond
which pern.anent deformation occurred, and the shear modulus. Maximum stress
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is defined zs the point on the characteristic stress-strain curve where the load
carried by the specimen first decreases; it is calculated by dividing the load at
that point by the surface area. The final strain is a n.easure of material deforma-
tior: at maximum stress and is nurr rically equal to the translation between the two
faces divided by the specimen thickness. The shear modulus, G, is the ratio
between unit stress an unit strain while the material is still elastic and is calcu-
lated from the data by

Q
1
|

L
AL

where P/A is the force per unit area applied to give an elastic translation, AL
is the translation of one face with respect to the other, and t is the specimen
thickness.

a. Description of Apparatus

Specimens were prepared for testing by lightly sanding the faces and backs and

then cleaning them to provide a good surface for bonding to the sand-blasted shear
plates with high strength epoxy. The mounted specimens were then attached to

the proper mounting blocks for insertion in the testing machine. Several different
size sets of mounting Llocks were used on the various materials to minimize the
existence of moments and to ensure that the shear force was applied directly through
the center of the specimen.

The extensometer was mounted on two gage blocks cemented the correct distance
apart on a shear plate and the adjacent mountirg block., This device was made from
thin, shaped, stainless-steel shim stock and was instrumented with a full-strain-
gage bridge. Calibration was achieved by placing the extensometer in a calibration
fixture and operating it over a known deflection. This calibration was performed at
each of the various test temperatures.

The mounted specimen (Figures 96 and 97) was held in the test linkage by two dowel
pins that also act as unidirectional universal joints. Any misalignment in the other
direction was taken up in a bidirec'ional pivot connected in series with the assembly.
A load cell {not shown in Figure 97) was included in the linkage for measuring the
force carried by the specimen.
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The testing was done in either & hydraulically operated Research Incorporated
Model 6566 Universal Testing Machine with 10, 000-1b capaciiy or a mechanically
operated Baldwin-Emery Model FGT SR-4 Testing Machine with 50, 000-1b capacity.
The load cell and extensometer outpu'= were amplified, as required, by Sanborn
carrier amplifiers and plotted on the Y and X axes, respectively, of a Moseley
Model 2D2A XY plotter or an Electro-Instrument Model 500 XY plotter.

The +250°F tests were conducted in a small oven constructed of composition-glass
insulating board and heated by temperature-~ontrolled forced-air blowers (Figure 98).
The specimens were mounted with thermocouples at the facings to monitor the tem- «
perature and were preheated in a separate chamber., Specimens were gradually heated
to the desired temperature and held th~re during the actual test.

The -200°F tests were conducted in a special stainless-steel refrigerator cooled by
liquid nitrogen (Figures 99 and 100). The specimens were instrumented as in the +250°F
tests and prechilled to approximately -110°F with dry ice. Temperature during the
actual tec. was regulated by controlling the flow of liquid nitrogen into the refrigerator.

b. Test Procedure

(1) Measure and record specimen dimensions.
(2) Sandblast shear plates.
(3) Lightly sand both specimen faces (one face only on material B).
(4) Thoroughly clean specimen and cement to shear plates with epoxy. Install
thermocouples if required.
(5) Attach mounted specimen fo mounting blocks.
(6) Mount extensometer gage blocks.
(7) I required, preheat or prechill mounted specimen.
(8) Install mounied specimen in test linkage. Install extensometer and
connect oufput cable.
(9) If required, bring oven or refrigerator to test temperature as monitored
by internal thermocouples.
(10) If required, verify and adjust load cell and extensometer scales by shunting
proper transducer bridge legs with calibration resistors.
(11) Operate testing machine to gradually apply load until specimen failure.
(12) Remove specimen and note or measure any anomalies of the failure,

c. Test Results
Test results for the individual specimens of several materials are presented in
Tables XXVI through XXX, In additicn, average value and the percent deviation of

the minimum value from the averageare given. Average values of all materials are
lieted in Table XXXI.
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d. Comments and Interpretation of Results

Material A (Tabie XXVI). Like most tested materials, this material had a relatively
small data scatier at -200°F, a larger scatter at room temperature, and the greatest
scatter at +250°F. The exception to this characteristic was seen in the tests with
specimen AJ-3 in which the load increased to 17. 8 psi and then dropped to approxi-
mate.y 16.7 psi. At that point, the load started increasing aga’ua widil 2 maximum of
approximately 59 psi was reached with approximately 12. 7 percent strain.

Room-temperature average values in Table XXVI include AJ-2, since established .
criteria require that the first maximum be used to calculate msximum stress and
final strain.

A failure typical of the room temperature and +250°F tests is shown in Figure 101.

It should be noted that the failure occurred in the cement between the facing and the
honeycomb material. Figure 102 shows that at ~-200°F partial failure of honeycomb
material also occurred. The lightening hole shown at the top of Figure 102is1.5 in.

in diameter., This reduces the effective shear area of the test specimen by approxi-
mately 18 percent. Under normal conditions, such holes are placed on 2.3-in. centers
and effectively reduce the surface area by approximately 33 percent. Thus any honey-
comb material in this area contributes very liitle to the strength of the material.

Table XXVI, Material A — Panel-Shear Test

Elastic | Maximum | Final
Temperature d?s)?nggn Mo?;?il)s(} limit stress | strain

(psi) (psi) (%)

-200°F AJ-8 4,25% 103 | 30.1 111.4 4.00
AJ-9 4.51% 103 | 47.5 87.8 5,06

_ AJ-10 13.83x103 | 2v.3 80. 9 4.42
Average |4.20x103| 35.6 93.4 4,49

Deviation | (8.8%) (17.7%))  (3.1%) | (10.9

Room AJ-1 3.12x 103 | 13.50 56.5 6.78
temperature AJ-2 2.86 x 103 7.01 | 115.2 7.90
AJ-3 2.69 x 103 8. 50 17.8 1.09

Average | 2.89 x 103 9.67 63.2 5.26

Deviation | (6.9%) (17.2%)| (71.9%) |(78.9)

+250° F AJ-6 2.20 x 103 3.31 5.06 0.46
AJ-7 4.38 x 103 3.99 4.69 2.98

AJ-8 1.19 x 103 1.59 3.69 1.60
Average |2.92 x 1063 2.96 4.48 1.68.

Deviation | (59.2%) (46.2%)| (17.6%) |(72.6)
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Figure 102 Material A (AJ-9) — Panel Shear

151




o34

T T

Material B (Table XXVII). The properties of this material, a plastic foam sand-
wiched between an electroformed nickel facing and a tain mylar backing, are given
in Table XXVII, Examination of the failure modeg in this material (Figures 103,
104, and 105) indicate that the glue bond between the foam and the mylar backing
deteriorates severely with cold and the foam itself becomes the weakest compo-
nent with increasing temperature.

Table XXVII. Material B — Panel-Shear Test

; Elastic |Maximum | Final
Temperature di"f"’;’:f:n Mo?u;;x)s G limit stress strain
sien F (si) | (psD) | (%
-200°F BJ-6 222 2.82 4.32 2.40
BJ-9 462 1.15 2.13 1.0+
BJ-10 216 2.24 3.23 1.66
Average 300 2.07 3.23 1.70
Deviation (28.0%) (44.4%)| (34.1%) | (38.8)
Room BJ-1 753 1’32 6.01 2.68
temperature BJ-2 251 7.67 7.67 3.19
BJ-3 216 7.70 7.70 3.58
Average 407 5. 56 7.13 2.16
Deviation (47. 0%) (78.9%) | (15.7%) |(id4.9)
+250°F BJ-4 162 1.17 7.55 6.37
BJ-5 148 2.86 6.87 5.44
BJ-11 290 - 12. 14 5.04
Average 197 2.02 8.85 5. 62
Deviation (24.9%) | (42.1%)| (22.4%) {(10.3)
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Material C (Table XXVIIlI). This material exhibits fairly uniform qualities ai -200°F
and room temperature but seems to deteriorate at the facing-honeycomb glue line at
+250°F as seen in Figures 106 and 107. This fact is indicated in the data by the sharp

C

| T

decrease in modulus and maximum stress at elevated temperature.

Table XXVII. Material C — Panel-Shear Test

Elastic j Maximum} Final
s G "
Temperature dzg?cuar;?:n Mo?:;\ix)s limit stress | strain
en (psi) | (psi) | (%)
-200°F CJ-7 6.08 x 103 | 147 248 5.73
CJ-8 7.66 x 103 | 121 246 5.26
CJ-9 7.58x 103 | 56.8 245 6.96
Average |7.11x103 | 108 246 5.98
Deviation | (14.5%) (47.2%)| (0.4%) {(18.7)
Room CJ-1 6.78x 103 | 26.6 205 9,49
temperature CJ-2 7.12%x 103 | 38.7 21y 6.18
CJ-3 5.66 x 103 19.3 206 5.94
Average (6.52x 103 | 28.2 208 7.20
Deviation {(13.2%) (31. 6%) (1.4%) 1 (17.5)
+250°F CJ-4 2.49 %103 | 21.40 53.5 8.16
CJ-6 - - 54.5 1.56
CJ-13 3.26 x 103 | 22.60 71.3 6.22
CJ-14 2.59 x 103 16.175 76.0 4.90
Average 2.78 x 103 | 20.25 63.8 5.25
Deviation |(11.6%) (20.9%) | (16.2%) {(70.3)
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Material D (Table XXIX). This material, while deincastrating specimen uniformity

by the very small data scatter, appears to decay quite rapidly as temperature is

At -200°F, fairly high maximum stress and modulus were noted and fail-
ure was caused by cell buckling, However, at ioom temperature these values had
dropped by more than 50 percent and the failures occurred at the glue line, At +250°F
the modulus and maxiiaun siress had “rupped further to approximately 5 percent of
the values at -200°F. The failure mode at +250°F was the same as at room tempera-
ture and is shown in Figures 108and109. It should be noted that there was no correla-

increased.

tion possible between the failure of Figure 108 where the cement partially remained on

the facing and Figure109 where no cement remained on the facing. These two types

of failures seemed to occur randomly at both +250°F and room temperature.

Table XXIX. Material D — Panel-Shear Test

. Elastic | Maximum | Final
Temperature d:g?;;::;e:n Mo?:shia)s G limit stress | strain
(psi) (psi) (%)

-200°F DJ-7 5.83 x 103 | 22.3 86.1 2.43

DJ-8 5.69 x 103 [ 25.0 92.8 2.31

DJ-9 4,71%x103 | 26.6 91.3 2.85

Average 5.41x 103 | 24.6 90.1 2.53

Deviation | (12.9%) 9.4%) | 4.4%) | 8.7

Room DJ-1 2.52 x 103 | 13.40 46.8 8.17

temperature DJ-2 2.29% 103 | 12.25 44.3 9.40

DJ-3 2.21x 103 | 14.40 38.6 7.18

Average [2.34x103 | 13.35 | 43.2 8.58

Deviation | (5.5%) (7.9%) | (10.7%) | (16.3)

+250° F DJ-4 830 2.82 6.15 1.06

DJ-5 2,300 2.18 5.58 C.55

DJ-6 1,530 1.71 5.22 0.52

Average 1,553 2,24 5.65 0.71

Deviation | (46.6%) (23.6%) | (7.6%) |(26.8)
‘
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Material G (Table XXX). Data obtained for this material indicate that the material

glue line deteriorates very badly at elevated temperatures. Further deterioration in
the form of glue-line brittleness was noted in the -200°F tests. Lack of samples at
the various temperatures was caused by the extreme fragility of the material, which
would often fail during the heating or cooling process or even while the specimen
was being prepared for test.

Table XXX, Material G — Panel-Shear Test

. Elastic { Maximum | Final .
Temperature dig? c;:;?:ﬂ Mo&‘;lil;s &1 imit stress | strain Tni((;l;n;ass
8 (psi) (si) | (%) '

-200°F GJ-14 588 1,00 1.00 0.17 1.0
Room GJ-1 555 3.08 5.10 1.72 0.5
temperature GJ-2 - - 5.50 1.41 0.5

GJ-18 349 1.21 2.50 0.96 1.0

GJ-19 330 - 2.1 1.15 1.0
+250°F GJ-3 - - (a) - 0.5

GJ-12 - - (a) - 1.0

(a) Failure occurred with approximately 3-1b fixture weight.
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3. PANEL BEND

Panel-bend tests of the candidate materials were conducted st room temperature
only. In this test, two-point loading of a simply supported beam produced a pure
bending moment of uniform magnitude over a central section of the specimen.
Deflection was measured with respect to loading points. A plot of deflection versus
the load gives a measure of resistance of the beam to bending (EI). This value EI
must be divided by b (the width of the beam) to provide a means for comparing the
different candidate materials. EI/b is thus the bending stiffness per unit width.

It should be emphasized that & in the term E1/b reprasents the usnal materal
property known as Young's modulus and I is the geometrical pruterty calied the
moment of inertia. In this instance, the two are inseparable beca.se all candidate
materials consisted of at least two cifferent materials and had a somewhat ill-defined
geometry, especially in the vicinity of the facing where the greatest contribution to
the numerical value of I takes place. The following expression is used for deter-
mining EI from the experimental data:

pL3
56. 54

EI =

where P and A are the total load and corresponding central deflection, L is the
span of the beam, and the constant 56. 3 applies t¢ a simple beam with half the load P
applied at the beam's third points. Other parameters derived from the data were the
maximum elastic moment (M) per unit widtk,

Me PeL

D  Téb
where Pg is the elastic limit load, and the ultimate moment (M) per unit width

Mu ) PuL

D ~ 6b

where P, is the maximum load sustained by the beam.

a. Description of Apparatus

The apparatus used in the panel-bend tests is shown in Figures 110 and111. The speci-
men is placed betweeun four hard steel rollers and subjected to a total load, P, as
measured by the load cell. The defiection at the center of thc specimen is measured
by means of a blade deflectometer. Proper load bearing and alignment is provided by
the bidirectional pivot located between the load cell and the specimen. An X-Y plot is
made of the deflection versus total load. The four small columns around the bidirec~
tional pivot in Figurelll carry no load and are in place merely to pravent excess
moments in the load cell in case the specimen fails suddenly. As ju the panel-shear
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tests, the load cell and deflectometer signals were amplified, as required, with
Sanborn carrier amplifiers and recorded on a Moseley 2D2A or Electro-Instruments
500 XY plotter.

b. Test Procedure

(1) Measure and record averags specimen thickness, width, anc length.

(2) Adjust outer hard-steel rollers for proper distance, L = 6,00, .00, or '
12.00 in. , depending on specimen size.

(3) Adjust inner hard-steel rollexs for proper spacing L/2 = 2,08, 3.00, or
4.00 in,

(3) If required, verify and adjust load cell and deflectometer scales by shunting
proper transducer bridge legs with calibration resistors.

(5) Operate testing machine to apply load gradually until specimen failure cr
machine travel limits are reached.

(6) Examine tested specimen for failure mode and any anomalies that may be
present,

c. Test Results

Test results for the six tested materials are shown in Tables XXXII to XXXVII for the
individual specimens and collectively in Table XXXVII. Nonsymmetrical specimens were
subjected to bending in both directions .s noted on the individual data sheets, However,
only the weakest bending mode is tabulated in Table XXXVIH.

d. Comments and Interpretation of Results

Material A (Table XXXII). As can be seenin Table XXXII, the 0. 75-in.-thick material
is far superior to the 0. 25-in.-thick material. In both cases, the weakest bending
mode was that which placed the back face (or facing with the cutouts) in compression
(cutouts down in Figure110). The differeat types of failures are illustrated in
Figurez 112 and 113. Specimens AK-1 and AX-3, tested with the back face in compres-
sion, failed by back-face buckling where the cutout produced the narrowest section.,
Specimens AK-2, AK-4, and AK-6, tested v:ith the back face in tension, failed by a
tensile fracture of the facing,again coincident with the center of a cutout. Specimens
AK-5, AK-7, and AK-8, tested with the back face in compression, failed by back-face
buckling coincident with the centers of the two inner cutouts.
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Table XXXII. Material A — Panel-Bend Test

Beam | Beam El/b
Specimen | width, | span, ; '3 Me/b | My/b Tension Thickness
designation | b L (T) by | (i) face (~in.)
(in.) (in.) :
AK-2 2.50 9 7,350 | 34.5 | 54.0 | Nonreflecting 0.75
AK-4 2.50 9 7,520 | 30.0 ]| 54.8 | Nonreflecting
AK-1 2.50 9 6,200 | 16.2 | 20.2 | Reflecting
AK-3 2.50 9 5,600 9.9 | 16.3 | Reflecting ‘
Average(®) - - 5,900 | 13.0 | 18.2
AK-§ 2.50 9 905 9.90} 18. 20 Nonreflecting 0.25
AK-5 2.50 9 835 4,801 7.02] Reflecting
AK-7 2.50 9 642 4.20] 6.12] Reflecting
AK-8 2.50 9 785 2.40!) 5,82] Refiecting
Average(®) | - - 754 | 3.80| 6.32

{n) Average is for weakest bending mode of each parameter.

Materiai B (Table XXXII). The major difficulty with this material, as evidenced by

Figures 114 and 115, is the anomalies in the foam filler that are probably caused by
either insufficient or improper mixing. As can be seen in the data (Table XXXIII),
eight specimens were tested: four were approximately 1-in, thick and four were
approximately 0. 5-in. thick, Of these eight, all except BK-3 and BK-4 failed as a

Table XXXIII. Material B — Panel-Bend Test

Beam | Beam El/b
Specimen | width, | span, | 1, "3 1 Me/b| My/b Tension Thickness
designation b (————'i ) (Ib) | (Ib) face (~in.)
. . n.

(in.) | {n.)
BK-2 1. 97 9 1,062 | 12.9 | 20.1 | Noareflecting .0 |
BK-3 2.00 9 932 | 11.6 | 16.7 |Nonreflecting
BR-1 2.00 9 1,360 | 14.2 | 18.5 |Reflecting
BK-4 2.02 9 1,450 9.8 | 16.7 |Reflecting
Average® | - - 1,405 | 12.0 | 17.6
BK-6 2.00 9 380 | 3.0 | 13.5 |Nonreflecting 0.50
BK-8 2,02 9 440 5.9 | 13.2 | Nonreflecting
BK-5 2.9¢ 9 528 7.5 | 13.4 |Reflecting
BK.-T 2.02 9 399 8.6 | 11.6 |Reflecting
Average!®) - ~ 410 | 4.4 | 12.5

(o) Average is for weakest bending mode of each parameter.
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result of foam shearing at a vigible defect in the foam. Visual inspection of BK-3
and BK-4 inFigure 114 indicates no apparent anomalies., Specimen BK-4, in whichk
the reflective face was placed in tension, failed because of tensile failure in the filler
near the non-reflecting surface. Specimen BK-3, however, failed by tensile failure
of the non-reflecting side when that side was placed in tension. Examination of the
data shows that the weakest bending mode was that with the nonreflecting surface in
tension.

Material C (Table XXXIV). This material, although it possesses a lower bending stiff-
ness than some of the other materials, had the highest elastic and ultimate moments

of all the candidate materials. Specimens CK-1 through CK-4 failed by localized inter-
cellular facing buckling (Figure 116). Specimens CK-5 and CK-6 were specimens with

a discontinuity. CK-3J iailed by buckling at a discontinuity that was in the tension face,
Specimens CK-7 and CK-8 were specimens that had facirg material seams. CK-7, with
the nonreflecting side in tension, failed by buckling of the compression facing at a point
removed from the seam. CK-8, with the nonreflecting side in compression, failed by
buckling immediately adjacent to the seam. The values presented in summary

Table XXXVIII are for specimens CK-1 through CK-4 only.

Table XXXIV. Material C — Panel-Bend Test
Beam |Beam ELl/b
Specimen | width, |span, in. 2-1b Me/b {My/b | Tension
designation b L (T) (1b) | (Ib) face
(in.) | (in.) '
CK-1 2.00 9 1,230 23.2 | 356.2 | Back
CK-2 1.95 9 1,200 19.2 | 20.5} Front
CK-3 1.95 9 1,120 i8.5 | 20.2 | Front
CK-4 2,00 9 1,150 15.0 | 19.1| Front
Average - - 1,175 19.0 | 23.7
CK-5 1.25 6 1,420 19.2 1 28,0 (a)
CK-6 1.28 6 1,210 10.5 | 11.9 (b)
CK-7 1,36 6 1,300 22.0 | 27.8 (c)
CK-8 1.28 6 - 1,290 16.8 | 18.1 (d)

(a) Specimen with discontinuity in compression.

(b) Specimen with discontinuity in tension.

(c) Specimen with lap joint; reflecting surface in compression.
(d) Specimen with lap joint; reflecting surface in tension.
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Material D (Table XXXV). All four specimens of this material failed by localized inter-
cellular buckling of the compression facing as shown in Figure 117. Results of the tests
(Table XXXV) indicatethat the material, although high in bending stiffness, has fairly
low elastic and ultimate moments.

Table XXXV. Material D — Panel-Bend Test

Beam | Beam El/b
Specimmen | width, | span, in 2-1b Me/b | M,/b | Tension
designation | b L (“- = ) (Ib) | (Ib) face

s

% FTry

n) | ¢y |V
DK-1 1.98 9 3,580 6.1 11.8 (a)
DK-2 1.98 9 2,920 3.11}10.8 (a)
DK-3 1.98 9 2,900 9,1110.2 (a)
DK -4 1.98 9 3,290 6.8 9.9 ()
Average -~ - 3,172 7.8 110.7

.(.a) Symmetrical specimens.

Material G (TableXXXVI). This material failed typically by general facing buckling at
very small loads. In addition to the facing buckling, several supporting cups pulled
loose in two of the specimens, GK-3 and GK-5. Failure of a typical specimen, GK-1,
is shown in Figure 118.

Table XXXVI. Material G — Panel-Bend Test

) Beam | Beam El/b
Specimen | width, | span, |, "2 "\ Me/b | My/b Tension | Thickness
designation b L (_T) (Ib) | (lb) face (~in.)
(in.} ! fin :

g ak-1® | 180 |12.0 | 15.9 |o0.137} 0.331 | Nonreflecting| 1
, GK-3(b) 16.0 | 12.0 | 28.4 | 0,181} 0.390 | Nonreflecting
; GK-2(a) 16.0 | 12.0 17.3 | 0.140] ¢. 264 |Reflecting

Average(®) | - - 20.5 | 0.153( 0.328
‘ GK-5(d) 16.0 | 12.0 | 24.4 [ 0.112] 0.150 | Nonreflecting 0.5
3 GK-7(d) 16.0 | 12.0 37.2 | 0.050| 0.425 | Nonreflecting
_~ GK-6(d) 16.0 | 12.0 | 23.2 1 0.138] 0.134 | Reflecting
] Averagelc) | - - 28.3 | 0.100{ 0.236

1 (a) No specimen failure. Test was stopped when equipment limits of approxi-
; mately 0. 5-in. deflection were reached.

‘ ) (b) Four cups of 24 unbonded at time of failure.

} (c) All specimens used for averages.

{d) One cup unbonded at time of faiiure.
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Figure 117 Material D (DK-1,4) — Panei Bend
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Material L (Table XXXVII). Thi- . aterial,pecausc the filler material was arranged in

rows, had greatly different chu.ctleristics when bending occurred about the two dif-
ferent major axes. When bending occurred about the axis normal to the fibrous rows,
the values given in Table XXX VII for LK-1 through LK-4 resulted. However, when bend-
ing occurred about the axis parallel to the fibrous rows, the values dropped drasticaily,
as may be seen fcr specimens LK-5 through LK-8. Figure 119 illustrates a test of one
of the latter specimens in which the testing machine limitation of approximately 0. 5-in,
deflection was reached. TFor all specimens, the weakest bending mode was that which
placed the nonreflecting surface in compression.

Table XXXVII. Material L — Panel-Bend Test

Beam | Beam El/b
Specimen | width, | span, | . "5 Me/b | My/b "Tension
designation b L (T) () | (Ib) face
(in.) | (in.) '
1K-1(8) 2.11 9 76 |1.99 | 6.97 | Nonreflecting
LK-2(a) 2.10 9 116 1.43 | 2.34 | Reflecting
1LK-3(a) 2.05 9 65 0.81 | 1.43 | Reflecting
1K-4(2) 2. 07 9 81 1.16 | 2.55 | Reflecting
Average®) [ - ~ 87 1.13 | 2.11
LK-5(¢) 1.35 8 5.8 [0.81 | 1.14 | Reflecting
LK-6(¢) 1.28 6 8.6 |1.17 | 1.39 | Nonreflecting
LK -7(c) 1.28 6 5.8 [0.63 |0.78 | Reflecting
LK -8(c) 1.30 6 7.1 10.73 | 0.85 [ Reflecting
Average(b) - - 6.2 10.72 10.92

(a) Fibrous rows normal to bend axis.
(b) Averages for specimens with reflecting face in tension.
(c) Fibrous rows parallel to bend axis.

Table XXXVIII. Panel-Bend-Test Summary

Approx.
Material | material El/b Me/b My/b Failure
designation | thickness } (in.2-Ib/in.) | (in. -1b/in.) | (in. -1b/in.) | type(d)
(in.)

A 0.78 5,900 13.0 18.2 LFB
A 0.25 764 3.80 6.32 LFB
B 1.00 1,405 12.0 17.6 CSF .
B 0.50 410 4.4 12.5 CSF '
C 0.30 1,175 19.0 23.7 LTB
D 0.50 3,172 7.8 10.7 LFB
G 1.00 ¢ 20.5 0,15 0.33 EFD
G 0.50 © 28.3 0.10 0.24 EFD
L 0.75 6.2 0.72 0.92 LFB

(a) LFB = Local facing buckling; CSF = Core shear fracture;
EFD = Excessive facing distortion.
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4. FACING TENSION

Facing tension tests were performed on facing materials (and backing materials if
diiferent from the faciny) of tne candidate materials to Cetermine the modulus of
elasticity, elastic limit, maximwmn strese, and firal strain. These tests were per-
formed at -200°F, room tempesature, and +260°F, Meraliic materials were iented
at a strain rate of 0.5 percent pev minute while nonmetalile materials were tested at
a rate 6f 10 percent per minuie to avoid material creep.

The modulus of elasticity, E, was calculated from tre stress-strain curve by the
relation,

E =

o

where P is the load, A is the cross-gecticnal area, and ¢ is ihe strain at
lrad F.

a, Dascrintion of Apparstus

“-,1

Soeclmen Sia ,,Ecvxmen Gring, Speaimors.nres -

Bl

L.su. astofr SNOWN in
fimas SR cepanty relialgwar pleces of the facmg material between two tem-
plates and removing the excess material with a razor blade. The thickness of the
shaped specimens was then measureG to.an accuracy of 0. 00005 in. by taking the
average of readings at three places along the gage length. At the time f the test,
the specimen was mounted in grips as shown in Figure 121. From left tc right in
the figure are the following items:

e One-half of the extensometer pair that measured the elongation of the
specimen

e Extensometer crossbars with alignment rods that were spaced exactly
to the extensometer gage length, 2. €00 in.

v Second-half of the extensometer pair

® Specimen grips with alignment rods

e Mounted specimen wih crossbars and extensometers installed

Extensometers. The extensometers used were made from thin stainiess-steel shim
stock bent into the shape shown in Figurel12land then instrumented with one~half of a
strain gage bridge on each clip. The output signal of the clips was then calibrated

at each temperature before and after testing by applying a known deflection.

Loading Frame. The loading frame shown in Figure 122was constructed to allow
close control of the strain rate as well as accurate measurement of very small loads.
The latter requirement was necessary because the maximuin lood on some specimens

was as high as 300 1b while it was only 1 lb on others. A variable speed dc-drive motor

with a built-in speed reducer was used to drive a small screw jack that applied strain
to the specimen. The tensile load was measured by the load cell in series in the
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Figure 120 Facing Tension — Specimen Detail
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Figure 122 Facing Tension Apparatus Diagram
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specimen. The output of this load cell was amplified by a Sanborn carrier amplifier
and recorded on the Y axis of an XY plotter. The thin tension rods approximately
0.1 in. in diameter, in series with the specimen, served to minim. . any moments
due to minos misalignments. The lower half of the loading frame was placed in the
oven or refrigerator, as required, and was easily removable to allow changing
specimens.

b. Test Procedure

(1) Place specimen blank between templates and shape by removing exccss
material with a sharp knife or razor blade.

{2) Measure and record specimen width and thickness in three places along the
2-in. gage length.

(3) Mount specimen in grips and install crossbazrs.

(4) If required, adjust input voltage tc drive moter and gear chain to get proper
strain rate for material being tested.

(5) Plarce mounted specimen in loading frame between tension rods and secure
with dowel pins.

(6) Mount extensometers between crossbars using caution to ensure that exten-
someters are centered on specimen and properly seated on crossbars,

(7) For +250° and -200° F tests only, place frame in oven (or refrigerator) and
bring to temperature. Hold temperature for the duration of test.

(8) If required, verify and adjust load cell and extensometer scales by shunting
proper transducer bridge legs with calibration resistors.

(5) If required, start drive motor and continue monitoring temperature until
specimen failure.

(10) Remove specimen, inspect for and record any failure anomalies.

c. Test Results

The results of the facing tension tests performed on the candidate materials are shown
in Tables XXXIX — XLIII. Average values for all of the materials are listed in
Table XLIV.

d. Comments and Interpretation of Results

Material A (Table XXXIX). A typical failure for this material is shown in Figure 123.
This material, used for both facing and backing, exhibits the slight deterioration of
characteristics with increasing temperature usually found in soft alumirum alloys. At
room temperature, nc definite elastic limit could be assigned, so the 0. 2 percent off-
set yield strength is given,” This is the stress sustained by the material when it has
reached 0. 2 percent nonelastic strain,
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Figure 123 Material A (AL-3) — Facing Tension
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Table XXXIX. Material A — Facing-Tension Test

- . Elastic Maximum | Final

Temperature dig?;;amt(‘f:n MO?;L‘;)S E limit stress strain
(psi) (psi) (%)

~200° F AL-7 117 x1)6} 25.0x 103143.5x 103} 8.14

AL-8 13.4x 108 | 31.5x 103]44.7 x 105] 6. 64

AL-9 17.5 % 169 | 31.5 % 103146.2 x 103] 7.52

Average | 14.2x 108 | 29.3x103|.4.8 x 103] 7.19

Deviation | (17. 6%) (14.7%) | (2.9%) (7.6)

Room AL-1 10.5 % 168 | 35.5 % 103|38.0x 103} 3.85

temperature(®)] AL-2 10.4x 106 | 35.5x 103|38.2x 103| 4.50

AL-3 9.6 x 106 | 36.3x103|40.4 x 103| 4.28

Average |10 2x 106 | 35,8 x 103]38.7x 103 4.20

Deviation | (5.9%) (0. 8%) (1.8%) (8.3)

+250°F AL-4 9.1x 108 | 17.3x 103{37.8x 103| 2.28

AL-5 [10.7x 108 | 14.0% 103}37.7x 103} 2.74

AL-6 8.9x 106 | 18.0x103}37.7x103| 2.38

Average | 9.6x106 | 16.2x103|37.7%x103| 2.47

Deviation | (7.3%) (13.6%) (0. 1%) (7.7

(a) The 0.2 percent offset yield strength at room temperature is given
instead of the elastic limit.

Material B (Table XL). This material has an electroformed nickel front-facing and

a very thin (0.0003-in. average)'quilted" mylar back-facing. The nickel front-facing
has a modulus that is higher than any of the other materials in this program. Because
of this, the modulus determination was somewhat less accurate — the sensitivity of the
extensometer was not sufficient to measure the very small strains. However, theé -~
average values shown follow the expected trend. The modulus shows a drop of approxi-
mately 25 percent from - 20¢ to +250°F as do the maximum stress and elastic limit
values. In addition, the reflective plating partially flaked off at -200°F as can be seen
in Figure 124, The thin backing material shows extreme deterioration with increasing
temperature by the drop of approximately 95 percent in modulus value from -200 to
+250°F. These tests indicate that the high-test temperature is close to ‘he tempera-
ture at which the material disintegrates structuraily.
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Table XL. Material B — Facing-Tension Test

. Elastic Maximum Final
Temperature dggfgg:;f:n Mod(x;{;x; E limit stress strain
- (psi) (psi) (%)
-200° F(a} BL-8 39.3 x 106 - 139 x 103 -
BL-9 31.6 x 108 | 62.2 x 103 | 135 x 103 -
BL-11 - - 155 x 103 2.95
BL-12 | 38.9x 106 | 50,0 x 103 | 166 x 103 2.55
Average | 36.6x 108 | 56.1x 103 | 149 x 108 2.75
Deviation | (1.4%) (10. 9%) (9.4%) (7.3)
Room ‘ BL-1 | 25.3% 108 |50.0x 103 | 107 x 103 1.20
temperature(@) BL-2 - - 100 x 103 5.30
BL-4 42.3 x 106 - 102 x 103 3.40
Average | 33.8 x i06 |50.0x 103 | 103 x 103 3.30
Deviation | (25. 1%) - (2.9%) (63. 6)
+250° F(2) BL-5  31.4x106 |28.6x 103 | 100 x 103 1,65
BL-6 24.9 x 10€ 141.3 x 103 | 110 » 103 2.05
| __BL-7 24.7 x 106 |41.4 %103 | 115 x 103 1.86
Average | 27.0x 106 |37.1x%x 103 | 108 x 103 1.70
Deviation | (8.5%) (22.9%) (7.4%) (38.2)
-200°F(®) BL-24 | 0.85x 108 |9.33x 103 |24.5 x103| =2.42
BL-25 | 1.14x 106 ]|¢.33x 103 | 22.8 x 108 2.80
BL-26 | 1.09 x 106 | 13.30 x 103 26.9 103 3.30
Average | 1.03x 106 | 10.69 x103]24.7x 103 | 3.17
Deviation | (17.5%) (12.7%) (7.7%) (11.7)
Room {  BL-13 | 0.476x 106! 3,66 x 103 | 7.20 x 103 4.50
temperature(®® !  BL-14 | 0.430 x 106 1.73 x 103 | 8.75 x 103 .60
. BL-15 | 0.480x 106 2.10 x 103 | 7.53 x 103 5.30
Average | 0.462x 106|2.50x 103 |7.82x 103 | 5.23
Deviation | (8.9%) (30. 8%) (7.9%) (14. 0)
+250° F(b) BL-20 | 46.3%x10% |3.5x103 |6.20x10%| 18.2
BL-21 | 47.0%x103 }4.0x 103 |5.90x103 | 17.5
BI-23 | 60.0x103 {5.0x103 [7.47x 103] 1s6.0
Average | 51.1x103 |4.2x103 |6.52x103| 17.2
Deviation | (7.4%) (16.7%) (9.5%) (7.9)

(a) Facing material.
(b) Backing material.
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Material C (Table XLI). This material, an aluminum alloy, is used both for facing
and backing., As may be seen in the data, the values generally decrease with increas-
ing temperature. At room temperature, no definite values for the elastic limit could

be assigned, so the 0.2 percent offset yield strength is given. A typical failure is
shown in Figure 125.

Table XLI. Material C — Facing-Tension Test

I FRTRY

L

Laaris Levimigty

PP LIER A

£
R

‘ Final
. Elastic Maximun .
Specimen | Modulus E e Strain
Temperature . : : limit stress
designation (psi) (psi) (psi) %)
-200°F CL-9 11.65x 106} 21.7x 103 | 53.1%x 103 | 7.50
CL-10 | 10.30 x 106 39.4 x 103 | 54.9 x 103 5.12
CL-11 | 12.10x 106} 22,8 x 103 | 54.9 x 103 7.07
Average | 11.35x 106{28.0x 103 | 54.3x 103 | 6.56
Deviation | (9.2%) (26. 0%) (2. 2%) (21.9)
Room Cl-1 10.20 x 166{ 43.2x 103 | 47.0x 103 | 4.70
temperature(d) CL-2 8.35x106{42.0x 103 | 47.0x 103 | 6.00
CL-3 9.37 x 106] 42,9 x 103 | 45.8 x 103 3.60
CL-4 9.38 x 106] 41.9 x 103 | 45.9 x 103 3.90
Average 9.32x 106]42.5x 103 | 46.4x 103 | 4.55
Deviation | (10.4%) {1.4%) (1.3%) (18.7)
+250°F CL-5 11.00 x 106 - 42.0 x 103 1.19
CL-6 10.80 x 106 | 17.2 x 103 | 43.2 x 103 4,48
CL-7 9.35 x 106 20.6 x 103 | 44.0 x 103 3.90
CL-8 9.12x 106| 25.4 x 103 | 44.2 x 103 3.50
Average | 10.07 x 106 21.1x 103 | 43.3 x 103 3.27
Deviation | (9.4%) (18. 5%) (3.0%) (63.7)

(a) The 0, 2 percent offset yield sirength at room temperature is given instead

of the elastic limit.

Material D (Table XLII). Aluminum alloy facing and backing of approximately 0. 008~in,

and 0. 004-in. thickness, respectively, were used to construct this material. Values
obtained show that the properties generally deteriorate slightly with increase in tem-
perature except for the modulus of elasticity of the 0. 008-in. facing material. This

value decreased from the room temperature value at both -200 and +250°F., Also, as

would be expected, a slightly higher final strain was experienced with the thicker

material. Examples of typical failures may be seen in Figurel26; specimen DL-2 is
the facing and specimen DL-14 is the backing,
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Table XLII. Material D — Facing-Tension Test

' . Elastic Maximum Final
Temperature digfnggn Moc};‘;;? E limit stress strain
(psi) (psi) (%)
-200° F(a) DL-9 3.99%x 106 }9.88 %103 | 21.9x 103 | >13.0
DL-10 | 4.56x 106 |6.66%x 103 | 22.3 103 | 17.0
DL-11 | 7.13%x 106 |6.42%x 103 | 21.6%x 103 | 13.9
Average | 5.23 x 106 |7.65 x 103 | 21.9 x 103 -
Deviation | (23.7%) (16. 2%) (1. 4%) -
Room DL-1 7.80%x 106 |4.94x103 | 19.0x 103 | 19.3
temperature(@) DL-2 | 8.50%108 |8.40% 103 | 15.0x 103 | 514
DL-3 7.76 x 106 | 5,83 x 1o§ 15.4% 103 | 12.8
DL-4 8.05x 106 |6.42 x 105 | 15,8 x 103 | >14
Average | 8.03 x 106 |6.40 x 103 | 16.3 x 108 -
Deviation | (3.4%) (29. 6%) (8. 0%) -
+250°F(a) DL-5 4,42x 106 |5.00%x 103 | 13.9x 103 | 20.2
DL-6- | 2.29x106 |5 19% 103} 13.3x 103 | 13.2
L —DL-7 4.16%x 106 |4,94x103 | 14.2x 103 | 20.6
—1 DL-8 5.32x 106 |3.21x103 | 13.7x103 | 13.7
Average | 4,05x106 |[4.58x 103 | 13.8x 103 | 16.9
Deviation | (43.5%) (29. 9%) (3. 6%) (21.9)
-200°F(b) DL-19 | 11.35% 106]5.81x 103 | 21.4x 103 | 16.3
DL-20 | 11.40x%106]6.20x 103 { 22.4x 163 | 15.6
DL-21 | 7.14x106 |7.75%103 | 22.2%x103 | 10.2
Average | 9.96x 106 |6.59x 103 | 22.0x 103 | 14.0
Deviation | (28.3%) (11. 8%) (2. 7%) (27.1)
Room DL-13 | 7.96x 106 |3.02x 103 | 15,1x 103 | >14
temperature(b) DL-14 {8.01x106 |5.22x103 | 15.3x103 | 12.9
DL-15 | 9.70%x 106 ]4.88x103 | 15.5%x 103 | 14.9
Average | 8.56x 106 |4.37 x103 | 15.3 x 103 -
Deviation | (7.0%) (30. 9%) 0. 7%) -
+250°F(b) DL-16 | 3.94x 108 {3.72x 103 | 13.0x103 | 6.1
DL-17 | 2.45%x106 |4.65%x103 | 13.2%x 103 | 13.0
DL-18 | 4.70x 106 }4,57%x103 | 15.3x103 { 10.5
Average | 3.70x 106 |4.31x 103 | 13.2x 303 9.9
Deviation | (33.8%) (13.7%) (1.5%) (38. 4)

(a) Facing material =~ 0.008 in. thick.
(b) Backing material = 0.G04 in. thick.
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Material G (Table XLIIl). This facing material, an electroformed nickel, behaved like
the other nickel facing material tested; it was extremely strong at -200°F and deteri-
orated by approximately 30 percent at +250°F. Again, the strength of the material
prevented obtaining some values of elastic limit because of lack of resolution. A
typical failure is shown in Figure 127.

’

Table X1III. Material G — Facing-Tension Test :

dSpecimen Modulus E Ei'g':ittic M";m sf::?rlx
Temperature esignation (psi) (psi) (psi) ® |
-200°F GL-8 - - 152x 103 |  4.40
GL-9 47.8x 108 | 31,4 x103| 152 x 103 4,20 '
GL-10 - - 154 % 103 3.60
Average 47.8 % 106 - 153 x 103 4,07
Deviation - - (0. 6%) (11. 6)
Room GL-2 18,2 % 108 | 22.7x 103 | 111 x 103 2,30
temperature GL-3 - - 123 x 108 3.98
GL-4 - - 121 x 103 3.70
Average 18,2 x 106 - 118 x 103 3.33
Deviation - - (5. 9%) (31.0)
+250°F GL-5 16.4x 106 | 20.0x 103 | 100 x 103 2,85
GL-6 18.9x 106 | 2¢.0 x 102 - 4 -
GL-7 18.4 x 105 | 23.6 x 103 | 108 x 10 2.75
Average 17.9% 106 | 21,2 %103 | 104 x 103 2,20
Deviation (8.4%) (6. 0%) (3. 8%) (1.8
193
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5. FACING SEPARATIONM

The facing separation tests were run to determine the properties of the core mzte-
rial in tension and the strength of the core-to-facing bond line. Aluminum plates 1/2-
in, thick and 3-in. in diameter were bonded to each face of circular specimens taken
from flat panel stock. Threaded holes at the center of each aluminum plate permitted
the application of a tensile force normal to the plane of the panel and concentric with
the circular specimen, Hysol 1-C epoxy cement was used between the plates and the
specimen. The data were obtained as a load-deflection or stress-strain curve. From
this curve, a '""composite modulus of elasticity,! elastic limit, maximum stress, and
final strain were determined. The test was performed on specimens at room temperature,
+250°F, and ~200°F. The term "2omposite" is used because the core material was not
homoger:eous, and the modulus was, therefore, that of a solid homogeneous material
which, in this loading configuration, would produce the same stress-strain curve,

Facing scparation tests also were performed upon candidate-material samples which
had been previously exposed to the thermal/vacuum environment and thermal cycling.
The purpose of these tests was to determine the effects of such exposure upon the core
material and the facing bond. Test procedures were the same as those used for the
unexposed specimens, except that tests were performed only at room temperature.

a. Description of Apparatus

The test apparatus is shown in Figures 128 and 129. The tests were performed in a
hydraulically operated Research Incorporated Model 6566 Universal Testing Machine
with 10,000-1b capacity. A bidirectional pivot was incorporated to minimize angular
misalignments. The specimen was attached between the load cell and a slip joint that
facilitated specimen installation in the linkage. A deflectometer (strain-gage instru-
mented cantilever) was used to measure the extension of specimen. A second strain-
gage bridge on the deflectometer was used to provide a feedback signal to the machine
controller to obtain a uniform deflecting rate, The deflectometer and load cell signals
were amplified by Sanborn carrier amplifiers, as required, and then recorded on an
X-Y plotter,
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197

CHORE RN




ik

Ea

T

T

Ty

T, T

ct el

Chit

Figure 129 Facing Separation Apparatus

198




i Ealr i

T

LAk

LEO L i a kA

b. Test Procedure

(1) Measure and record specimen thickness and diameter.

(2) On metal-faced specimens, sand lightly to obtain suitable bonding surface.

(3) Movunt specimen between sand-blasted tensile pads using epoxy and a’low
to cure. For -200 and +250° F specimens only, mount two thermocouples
between specimen face and tensile pad. Use extreme care to maintain
concentricity between specimen and tensile pads.

(4) For -200 and +250°F specimens only, prechill or preheat specimen as

required.
(5) Check calibration of load cell and deflectometer and adjust i necessary.

(6) Operate testing machine to apply load to produce desired uniform strain
rate until specimen failure.

c¢. Test Results

The results of the facing separation tesis are listed for the candidate materials in
Tables XLV through XLIX. Average values for all of the materials are shown in

Table L.

d. Comments and Interpretation of Results

Unexposed Specimens

Material A (Table XL*). This materiul had a large data scatter at all temperatures.
A typical failure is shown in Figure 130. In all cases, it was the nonreflecting surface
glue bond that failed because of the lightening cutouts.

Material B (Table XLVI). This material exhibited identical failure characteristics in
this test as in the panel-shear test. Figure 131shows afoam failure that was typical at
room temperature and +250° F. Fxgure 132 shows the failure, at -200°F, in which the
facing or backing separated at the glue line. Figure 133 shows a similar faiiure that
occurred while the specimen was being brought down to -200° F with an appraximate
fixture load of 2 Ib. It was noted that anomalies in the foam contributed greatly to
weakening ihe specimen and, therefore, contribute in part to the large data scatter.

Material C (Table XLVII).This material exhibited somewhat pecuiiar characteristics in
that the lowest modulus and highest final strain occurred at -200°F. At this temperature,
core tensile failure occurred as shown in Figure 134 as opposed to the glue-line failnres
noter at higher temperatures (Figurel35). At +250°F, maximum stress and elaatic limit
values exhibit the typical deterioration seen in ajl metallic specimens.
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Table XLV. Material A — Facing-Separation Test

Unexposed Specimens

. Elastic Maximum Final
Temperature d?:g(i’;rix::?:n MO((I::?)' E limit stross strain
(pet) (81) %)
-200°F AM-T 2,92 x 107 87.9 87.9 3,06
AM-8 4.46 x 103 122.0 122.0 2.81
AM-9 4,50 x 103 102.3 109.0 2,32
Average 3.99 x 103 104.1 1063 2,80
Deviaifon {26. 8%) (15. 6%) (17. 3%) (10. 0)
Room AM-1 1.35 x 103 132.0 132,0 9.76
temperature AM-2 5.50 X 1og 84.9 110, 0 .23
AM-3 4,33 x10 43.0 47.8 1.29
Average 3.73 x103 86.6 96.6 4.43
Doviation (63. 8%) (51.5%) (50.5%) (71.3)
+250°F AM-4 1,09 x1¢3 11.20 11.90 i.50
AM-5 128 2,77 2,77 2.18
AM-G 732 4.32 5.44 1.04
Average 650 8.10 6.70 1.57
Deviation (80. 3%) (54. 8%) (68.7%) (33.8)
Exposed Specimens
Elastic Maximum Final
Specimen 5:;:;3‘;: Mo?pu:rs E limit siress strain
) (psi) J8i) %)
AFM-1 Thermal/vacuum 2.79 X 103 169 159 5.89
environment {100 hr)
AFM-3 Thermal/vacuum 3.82 % 108 241 252 6.71
environmeat (1,000 hr) .
AF-2 Thermal/vacuum 11.19 x 108 209 286 2,80
environment (6,000 hr) )
AFM-2 Thermal/vacuum 5.09 x 103 197 223 4.30
environment (6,000 hr)
AGN-1 Thermal cycling 3.34x10° |/ 108.6 108. 6 3,23
(100 cycles)
AGM-1 Thermal cycling 4.57 x 10° 170 199 4.43
(1,000 cycles) )
AGM-3 Thermal cycling 4.76 x 168 142 173 3.92
{6, 000 cycles)
AGM-2 Thermal cycling 4,90 x 103 160 214 4.90
{214 cycles)

NOTE: Specimen AGM-2 was initially scheduled to undergc 6,000 cycles. Testing was terminated
after 214 cycles because of electronic difficulties which resulied in the apecimen's being
maintainad at 290°F for approximately 16 hr. :
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Table XLVI. Material B — Facing-Separation Test

Unexposed Specimens

Elastic Maximum Final
Temperature desgiegii:tlﬁ) ':1 Mod(;l’;;; E limit stress strain
(psi) (psi) (%)
-200°F BM-10(3) 179 2.97 2,97 1.45
BM-8(3) (b) - - — _
Room BM-1(a) 660 4,88 5,81 1.04
temperature | BM-2(2) 526 2.20 2. 61 0.96
BM-3(2) 583 8.4 8.94 1.52
Average 590 5.34 5.79 1.17
Deviation (20. 8%) (58. 2%) (55.0%) | (18.0)
+250°F BM-4(c) 426 8.69 8.69 2.04
BM-5{¢) 177 3.55 4.33 2,73
BM-6(€) 194 3.92 4.66 2,56
Average 266 5,39 5.89 2.44
Deviation (33. 5%) (34. 2%) (26.5%) | (16.4)
Exposed Specimens
. Elastic Maximum Final
. M
Specimen (1:;;:813:2 od(t;l;g E limit stress strain
(psi) {psi) (%)
BFM-1 Thermal/vacuum en- - - 0.705 -
vironment (100 hr)
BFB-3 Thermal/vacuum cn- 593 5,68 5.68 0.99
vironment (1, 000 hr)
BFM-~3 Thermal/vacuum en~ 417 4,52 4.52 1,08
vironment (1, 600 hr)
BFM-2 Thermal/vacuum en- 331 4,23 4,23 1.28
vironment (6,000 hr)
BGM-1 Thermal cycling 487 7.75 7.75 1.59
(100 cycles)
BGM-2 Thermal cycling 522 5.83 6.42 1.29
l (1,000 cycles)

{a) Glue-line failure,

(b) Specimen failed while cooling and is listed for report reference only.
(c) Foam fracture failure.
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Table XLVI, Material C — Facing-Separation Test

Unexposed Specimei:s
Elastic Maximum Final
Temperature dzgfgcni::f:n Mo‘(’p“:;‘)' E Iimit stress strain
(pst) (pal) %)
-200°F cM-1(8) 4.46 x10° -- - —
cM-8(a) 4,08 x 138 512 550 16.8
CcM-9(a) 3.80 x 103 564 573 14.5
Average 4,11 %108 538 561 15.6
Deviation (1.6%) (4. 8%) (2. 0%) (7.1)
Room CM-1(a) 11.5 % 1¢3 237 322 3.30
temperature cMm-20) 12.2 x 103 139 - ——
CM-3(2) 15.8 x 103 167 230 1.90 |
Average 13.2 x 163 181 27 2.60
Deviation (12. 9%) (23. 2%) (16.7%) (29. 6)
+250°F cM-~4(c) 9,25 x 103 102 125 5.08
cM-10(¢ 9.41 X 10 120 145 2,33
cM-11(c) 10.55 % 1C 128 140 2,48
Average 9.74 x 10° 117 137 2,30
Deviation (5. 0%) (12. 8%) (8.7%) 8.6 !
Exposed Spocimens
Elastic Maximum Final
Specimen Previous Modulus E mit- stress strain
exposure (pal) (sl) (psi) @)
CFM-1 Thermal/vacuum 3.08 x 10° 165 349 14.4
envifonment (100 hr)
CF-3 Thermal/vacuum 5.01 x 10° 301 364 8.3
environment (1,000 hr)
CFM-3 Thermal/vacuum 2.47T x 103 326 360 15.0
environment (1,000 hr) ;
CF-2 Thermal/vacuum 5.76 % 103 297 332 5.75
environment (6,000 hr) .
CFM-2 Thermal/vacuum 6.65 x 103 291 351 5.62
environment (6,000 hr) .
CG-2 Thermal cycling 3,95 x 10° 360 396 10.5
(100 cyclee)
CGN-1 Thermal cycling 5.93 x 10° 362 390 9.53
{1,000 cycles)
CGM-3 | Thermal cycling 6.27 x10° 295 346 5,75
(6,000 cycles)

(a) Core-material tensile failure.

(b) Test-equipment feilure; maximums not recorded,

{c) Glue-line failure.
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Material E (Table XLVIII). Examination of the data obtained for this material indicates
that the material is fairly well balanced at room temperature but has different failure
modes at the extreme t~mperatures. The material was the strongest at -200° ¥, and
failure occurred at room temperature by separation of the reflective surface from the
facing as shown in Figure136. However, at +250°F, all failures occurred at the glue
line, and all values were greatly reduced. At room temperature, one specimen
failed at the glue line (EM-5, Figure 137) and the other two (EM--3 and EM-4)

failed as at -200°F (by separation of the reflective surface).

Material G (TableXLIX). This material failed by bond tensile failure at all tem-
peratures. Because of the nature of the material, it was not possible to get enough
data for a good sampling. Specimens would either fail during preparation or during
prechilling or preheating under the approximately 1.5 Ib of fixture weight. Beccuse
of the total lack of any structural value, no real test was possible and nothing further
can be said about the data.

Exposed Sgecimens

Because of the fragmentary character of the data, few meaningful generalizations can
be made as to the effects of exposure to thermal /vacuum environment or thermal
cycling. The following tentative conclusions are presented:

Material A (Table XLV). Both the elastic limit and the maximum stress increased sig-
nificantly with exposure time. This appears to have heen due to changes in the properties
of the epoxy bond during the previous exposure.

Material B (TableXLVYI), This material appears to have been affected little from a struc-
tural standpoint by cither thermal/vacuum exposure or thermal cycling. (However,
partial separation of the reflective surface occurred during hoth tests.)

Material C (Table XLVII). The modulus of elasticity of this material decreased to less
than half that of the unexposed specimens, while the elastic limit, the maximum stress,
and the final strain increased substantially, The material, in other words, became less
stiff, more plagtic. As in the case of Material A, this appears to have been due to
changes in the properties of the epoxy bond.

Materials D, E, and F (Table XLVIII). The behavior of these materials was similar to
that of Material C, except that the modulus of elasticity did not clearly decrease. Here
again, changes in the epoxy bond appear t{o have been the reason.

Maierials G through K ‘Table XLIX)., No statement can be made regarding the data for
these materials,
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Table XLVIII, Materials D~F — Facing~Separation Test

Unexposed Specimens
o Elastic Maximum Final
Temperature dzgf:nlzf:n Mo?pu:;x)s o limit stress strain
{psl) (pst) %,
-200°F EM-'zg; 13.4 X mg 100.0 100, 0 0.78
EM-80) 16.5 X 105 76.4 76.4 0.48
EM-9 10.2 X 10° 147.5 141.5 1.48
Average 13.2 x 10° 108,0 108, 0 0.91
Deviation (22.1%) (30. 2%) (30. 2%) (47.9)
Room EM-3(8) 5.38 X105 25.5 23,5 0.28
temperature EM-4\3 9,94 x 103 16.2 21.9 0.32
EM-5®) 5.47 X103 11,3 41.3 -
Average 7.26 x 103 17.0 30,9 0.35
Deviation (24. 6%) (33. 5%) (29.1%) (8. 6)
+250°F EM-1({) 1.11 x 108 4.50 5.-. 0.85
EM-2®) 1,16 x 103 7.45 8.02 0.84
EM-6®) 1.58 x 103 5,46 9,38 0,87
Average 1,28 x 103 5,80 7.80 0.85
Deviation (13.3%) (22.4%) (29. 6%) 1.2)
Exposed Specimens
Elastic Maximum Final
Specimen Previous Modulus E limit stress strain
exposure (pst) (pst) (pst) o)
3 T
DGM-1 Thermal cycling 6,05 x 10 5 58,7 90.0 1.65
{100 cycles)
EFM-1 Thermal/vacuum 5.60 X 10° 81.0 160 4.02
environment (100 hr)
EFN.-3 Thermal/vacuum 7.26 x 10° 210 292 4.53
environment (1,000hr)
EF-2 Thermal/vacuum 8.16 x 10° 168 181 2.46
environment (6,000 hr) . .
EFM-2 | Thermal/vacuum 8.97 x 10° 162 204 2.63
environment (6,000hr)
EGM-1 Thermal cycling 4,05 x 10° 60.2 82.8 3.217
(109 cycles)
FGM-1 Thermal cycling 3.85 X 10° 64.0 16.7 2.41
(100 cycles)
FG-1 Thermal cycling 4.44 x10° 57.8 84,5 2.70
(1,000 cycles) .
FGN-2(©)| Thermal cycling 6.58 x 10° 12.6 99.8 3.04
(1,246 cycles)

{a) Plating failure.

(b) Gluo-lize failure,

(c) Initially scheduled to undergo 6,000 cycles. Tesating was terminated after 1,246 cyr’ ss when
vacuum was lost as result of frozen seal.

(XA




o
i
i
' . '
:
.
=
=4
ey
I
S § S kB . i y . s
4 ' . . : Hepts 2,
3 Q
/2] .
L] :
=
Ll
Q
[+
=
|
23 o
.r.«uwh. ) : ~t
i = g
| <3 _
I i
ot !
] :
e !
et h
=
il
© !
(]
-~
L [H]
RIS et 2o T -~
S T, feemt i B
- = ..u..ﬂt.:l X
B F=
- < 38
- s
H 2,
- o0
e 3
SRR Vol
e R TN T A -
ineelig e S




Pt
s aar M

e T +

M-5) — Facing Separation

212

Figure 137 Material E (E

R R S ST - % -
e e Yt p saine T N -
i e T R, , R . ‘
. VLA ) S T S ST
> e : W\
T embe gen ~
L e T T

e e L oa

.




Rt

E Table XLIX. Materials G—K — Facing-Separation Test
E Unexposed Specimens
Elastic Maximum Final
( Temperature dzg ?g('}ni;!z?:n MOd(‘:)l:is) E limit stress strain
’ {psi) (psi) (%)
! -200°F GM-11 1.05 % 103 3.25 3.25 0.29
Room GM-1 672 3.34 3.34 0.57
temperature GM-2 24.2 0.475 0.600 3.09
Average 348.1 1,92 1,97 1.83
Deviation - (93%) (75. 5%) (69. 5%) (68. 8)
+250°F GM-4 292 1.00 1.00 0.57
3
Exposed Specimens
o Elastic Maximum | Final
Svecimen 5;:;;3:: Mod(‘;l:is) E limit stress strain
; (psi) {psi) (%)
' GFM-3 | Thermal/vacuum en- 74.6 2. 87 2. 87 3.178
vironment (1,000 hr)
GFM-2 Thermal/vacuum en- 663 5. 00 7. 60 1.46
vironment (6,000 hr)
JGM-~1 Thermal cycling 306 4.05 4,05 1.32
(100 cycles)
JGN-2 Thermal cycling 174 1.53 2.11 1,34
(1, 000 cycles)
KG-1 Thermal cycling 457 4, 25 4.25 0.93
3
3 213
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6. CORE CUMPRESSION

The core compression tests were run to determine characteristics of candidate mate-
rials when subjected to a compression load normal to the plane of the panel. Data were
obtained in the form of a load-deflection or stress-strain curve. From this curve, the
equivalent compression modulus. elastic limit, maximum stress, and final strain at
maximum stress were calculated. The point of maximum stress and final strain was
defined as the point where decreasing load first occurred. Again, it is emphasized
that only an ""equivalent" modulus is intended, since the materials were not solid, con-
tinuous, or homogeneous.

Core compression tests also were performed upon candidate-material samples which

hau been previously exposed tc the thermal/vacuum environment or to thermal cycling.
The purpose was tc determine the effects of the exposure upon ithe materials' resistance .
to compression load. Test procedures were the same as those used for the unexposed
specimens, except that tests were performed only at room temperature.

a. Description of Apparatus

The test apparatus-is shown schematically in Figure 138. The specimen under test was
placed between two platens, one of which has a spnerical seat to accommodate any
materials with nonparallel facings. For the +250 and -200° F tests, thermocouple instru-
mented "gruyere" or thermal transfusion blocks were placed on either side of the speci-~
men to transfer the heat er cold being carried by the surrounding air to the specimen,
The platens were supnorted by 2-in. diameter stainless-steel compression columns in
the +250° F and room iemperature tests and by similar phenolic columns in the -200°F
tests, Compression on the specimen was measured by a load cell at the base of the
compression column while a calibrated deflector measured the movement of the platens.

The load cell and deflectometer signals were amplified by Sanborn carrier amplifiers,
as required, and recorded on an X-Y plotter as the load was applied. In the case of
the phenolic compression columns used at -200°F, the final data were compensated
for compressive shortening of the columns.

Figure 98 shows the apparatus used at +250°F. The gruyere blocks, compression col-
umns, platens, and forced-air heaters can be seen as can the deflectometer, which is
just visible in the lower righthand corner,

b. Test Procedure

(1) Meacsure and record average specimen thickness and dimension,

(2) Center specimen between platens (or gruyere biocks for +250 and -200° F tests).

(3) For +250 and ~200° F tests only, bring specimen to temperature as indicated by
thermocouples in face of gruyere blocks.

(4) Operate testing machine to gradually apply ioad until specimen failure.
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c. Test Results

Test results for the several materials are shown individually in Tables LI through
LV and collectively in Table LVI.

d. Comments and Interpretation of Results

Unexposed Specimens

Material A (Table LI ). Samples of two thicknesses were tested, and the results
shown in Table LI indicate clearly that the thinner material has a greater load-
carrying capacity in normal compression. This is because failure resulis from
buckling of the ceil walls, and buckling strength increases as the length of the element
decreases. Typical failures are shown in Figures 139 and 140. Both sizes exhibited
strongest qualities at room temperature and weakened considerably at both +250 and
-200°F. As in other tests of this material, the lightening hole lowered the material
strength greatly, because the core in the area of the hole never contacts the com-
pressing face and hence carries no load until the surrounding area has buckled.

Material B (Table LII). One-half and 1-in. thick speciinens were tested with no
notable differences in characteristics. Failure occurred by crushing of the foam cells
that was not readily visible, since the actual cells are only a few thousanths of an inch
in diameter.

Material C (Table LIII). The values obtained for this material were maximum at room
temperature and showed greatest deterioration at ~200°F, The large scatter in the
data at room temperature was due to the lack of resolution of the extensometer mea-
suring transducers even at very high sensitivity — this material was very rigid and
deflected very little. In all cases, failure occurred by cell wall buckling as shown in
Figure 141, .

Material D (Table LIV). This material exhibited the rather odd characteristics of
highest equivalent core modulus at +250° F and deterioration as the temperature was
decreased. However, the greatest load-carrying capacity was at room temperature,
Typical failures of this material are shown in Figure 142. It should be stated that load-
carrying capacity is the more important quality ir. this configuration.

Material G (Table LV). This material has very erratic and poor characteristics, as

may be verified from tne data. Typical failure, as shown in Figurel43, occurred by
buckling of the inner core "cups."
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Exposed Specimens

The paucity of data makes it impossible to draw firm conclusions with regard to

the effects of exposure to thermal/vacuum environment or thermal cycling. It
appears, however, that in the case of the honeycomb structures {Materials A, C,

and D-F; Tables LI, LI, and LIV), the modulus of elasticity increased somewhat,
or at any rate did not decrease; while the final strain decreased greatly. Values

for Material B (Table LII), except for final strain, were lower than the correzpond-
ing values for unexposed specimens of the same materials, suggesting that the resis-
tance to core compression of the phenolic foam is adversely affected by thermal/
vacuum environment. The inferior structural properties of Material G (Table LV)
do rot appear to have been greatly affected by exposure to this environment.

The values presented in Table LIV for Material F (sample FGN-1) are much lower
than weuld be expected for this material, judging by the corresponding values for
the previously exposed specimens of materials D and E, and by the results of the

facing separation tests performed on exposed specimens of Material F (Table XLVIII).

It must be concluded that (1) the specimen itself was faulty, or (2) a malfunction of

the test apparatus cccurred during thermal cycling, resulting in damage to the specimen.
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Table LI. Material A — Core-Compression Test
Unexposed Specimens

Llastic | Maximum | Final
Temperature dzg?g;::?gn Moc(i:slr)s E limit stress | strain
(psi) (psi) (%)
-200°F(3) AN-7 3.84x 103 | 28.0 32.8 1.39
AN-8 3.07x 103 | 27.1 29.9 1.02
AN-9 2.28%x 103 | 23.2 29.5 1.57
Average 3.06 %103 | 2¢€.1 30.7 1.33
_ Deviation | (25.5%) (11.1%) | (4.0%) 1(23.3)
Room AN-1 3.33% 103 | 48.0 67.5 2.83
temperatare(2) |  AN-2 4.60x 103 | 44.4 71.0 2.54
AN-3 9.09x 103 | 52.8 63. 0 1.15
Average 5.67 x 103 | 48.4 67.2 2.17
Deviation | (41.3%) (8.3%) | (6.3%) [(47.7)
+250° F(a) AN-4 3.96 x 103 | 22.2 54.7 2.48
AN-5 2.74 x 103 - 56. 2 2.66
AN-6 2.563x 103 | 42.8 51.2 2.56
Average 3.08 % 103 | 32.5 54.0 2,57
Deviation | (17.8%) BLT%| (5.2%) (8.5
-200°F(b) AN-20 | 2.86x 103 | 23.8 30.0 1.06
AN-21 8.08 x 103 | 34.8 34.8 0.19
AN-22 6.80x 103 | 45.5 45.5 0. 67
Average 5.91x 103 | 34.7 36. 8 0.64
Deviation (51. 6%) (31.4%) | (18.5%) {(70.3)
Room ) AN-23 6.43 x 103 - 117.6 2.59
temperature®) |  AN-24 7.92x 103 |101.5 | 115.0 2.45
AN-26 6.37 % 103 | 80.2 115.9 3.56
Average 6.91x 103 | 90.8 116. 2 2.87
Deviation (7.8%) (11.7%) | (1.0%) [(14.6)
+250° ¥(b) AN-16 1.68x 108 | 32.8 37.7 2,40
AN-17 2.50x 103 | 31.6 64.1 5.61
AN-18 4,20x 103 | 39.1 60.7 3.79
AN-19 1.76 x 103 | 31.1 52.5 4,70
Average 2.53x 103 | 33.6 53.7 4,12
Deviation (33. 6%) (7.4%) | (29.8%) [(41.7)

(a) Approximately 0. 75-in. thick.
(b) Approximately 0. 25-in. thick.

Vs
/

/
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Table LI ~-- Continued

Exposed Specimens

Modulus E Elastic {Maximum | Final
Specimen Previous exposure (ps‘il)s limit stress strain
(psi) (psi) (%)
AF-1 Thermal/vacuum environ- | 6.97 x 105 | 104 111 -
ment (100 hr)
AFN-1 | Thermal/vacuum anviron- | 8.70 x 103 | 110 110 1.71
ment (100 hr)
AF-3 Thermal/vacuum environ- | 7.37x 103 | 97.7 [ 109.4 | 1.94
ment (1,000 hr)
AFN-3 | Thermal/vacuum environ- |10.2 x 103 | 17° 133 1.58
ment (1, 000 hr)
AFN-2 | Thermal/vacuum environ- [9.73 x 10° | 131 140 1.59
ment (6,000 hr)

Note: Specimens were approximately 0. 25-in. thick. Data should be compared
with results of tests on unexposed specimens of same thickness.

220




T

Jevidaced ol uis ta N LaRTMIY

B RN VPR

FPXP e o

Figure 139 Material A (AN-1,5) — Core Compression

221

N




e,

NI TTRTRTES

P N

L

DL,
%t

Maer]

oy st onm—

uorssaxdwo) 310D — (¢I-NV) V [BLI91BIN 0FT 9INGL]

222

AR e-IeY WL

P




P

Q‘}*W.,f‘) BNy - g

Table LIIL

Unexposed Specimens

Material B — Core~Compression Test

. Elastic | Maximum | Final
Temperature dfsfg(::tlg; Mo</iu51;1)s E limit stress strain
° P (psi) (psi) %)
-200° F(=) BN-8 102 2.87 2. 87 2.90
BN-9 172 2,83 2.83 2.10
BN-10 143 2.68 2.68 1.82
Average 126 2.79 2.79 2,37
Deviation | (19.0%) (3.9%) | (3.9%) | (19 5) |
Room BN-1 540 9,20 11.70 3.10
temperature(2) |  BN-2 506 8. 85 8. 85 1.76
BN-3 378 6.45 7.34 2.00
BN-4 590 6.55 7.65 1.42
Average 503 7.76 8.88 2.07
N Deviation (24. 8%) (16.9%) | (17.3%) (31.4)
+250° (a) BN-5 683 6.57 7.04 1.45
BN-6 309 4.37 4,37 1.40
BN-7 285 4.42 - -
Average 426 | 5.12 5.70 1.42
Deviation (33. 1%) (14.7%) | (23.4%) (1.4)
-200° F(b) BN-21 573 5.76 5.76 1.02
BN-22 327 8.17 8.17 2.50
BN-23 298 3.34 3.34 1.15
Average 399 5.76 5.76 1.56
Deviation (25.3%) (42.9%) | (42.0%) (34.6)
Room BN-13 493 8.72 9.87 1.85
temperature(®) | BN-14 440 8.16 | 10.60 2.83
BN-15 410 10. 20 11.40 2.90
| PN-16 513 8.01 8.01 1.55
Average 464 8.717 9.97 2.28
Deviation (11. 6%) (8.7%) | (19.7%) (32.0)
+250° F(b) BN-17 249 5.95 - ~
BN-18 257 6.12 7. 60 3.20
BN-19 379 5.27 9. 00 3.20
BN--20 378 7.65 - ~
Average 316 6.25 8.30 3.20
| Deviation | (21.2%) | (15.7%) | (8.4%) (0)

(a) Approximately 0.5-in. thick.
(b) Approximately 1. 0-in. thick.
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Tabkle LII --~ Continued

Exposed Specimens

Elastic | Maximum | Final
. imi {rai
Specimen Previous exposure Mozl:shix)s E 1(1;:;; s(t;‘:is)s s ((;:;m
BFN-1 | Thermal/vacuuin environ- 271 5.33 6.49 2,64
ment (100 hr)
BFN-3 | Thermal/vacuum environ- 331 5.02 5.42 1.67
ment (1,000 hr)
BFN-2 | Thermal/vacuum environ- 209 4,60 5.94 2.00
ment (6,000 hr)

Note: Specimens were approximately 0.5-in. thick. Data should be comparsd
with resuits of tests on unexposed specimens of same thickness.
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Unexposed Specimens

Table LIII. Material C — Core-Compression Test

Elastic | Maximum | Final
Q O
Temperature d;gieg;f;l MO((:::;I;S E 1 fimit stress | strain
(psi) (psi) %)
-200°F CN-9 2.41x 103 | 83 98 4,92
CN-10 |4.73x 103 | 124 162 3.74
CN-11 | 2.55x 103 | 108 152 9.13
Average |3.23x 103 | 105 137 5,93
Deviation | (25.4%) (20.9%) | (28.5%) |(37.0)
Room CN-1 5.43 x 103 | 198 272 3.14
temperature CN-2 |13.5x 103 | 276 305 2.54
CN-14 | 5.27 x 103 | 208 238 6. 00
Average | 8,07 x 103 | 227 272 3.93
Deviation | (22.3%) (12.8%) | (12.5%) |(35.4)
+250°F CN-6 5.30 x 103 | 213 213 9, 528
CN-7 5.83 x 103 | 200 200 7.78
CN-8 - - 203 -
Average |5.56 x 103 | 206 205 8. 68
Deviation | (4.7%) 206 (4. 1%) (10.3)
Exposed Specimens
4 Moduius E | Elastic | Maximum | Final
3 Specimen Previous exposure (psi) limit stress atrain
(psi) (psi) (%)
CF-1 Thermal/vacuum environ- |10.65 X 103 257 257 2,36
ment (100 hr)
CFN-3 | Thermal/vacuum environ- |11,05 X 10° 246 282 2.98
ment (1,000 hr)
CFN-2 | Thermal/vacuum environ- | 9.50 X 103 196 227 2.61
ment (6,000 hr) |
3 225
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Table LIV. Materials D-F — Core-Compression Test

AR

Unexposed Specimens
Elastic Maximum Final
Temperature dm?:n Mod(;l‘\;: E Hmit stress strain
{pet) (psi} (%)
200" DN-7 1.66 x 103 4.8 41.8 4.92
DN-8 5.00 % 103 43.4 57.8 1.37
DN- .- 83.5 67.6 -—-
Average 3.28 x 103 50.5 57.7 3.15
Deviation (52, 7%) (14.1%) (17. 2%) (58.5)
Room DN-1 4,22 x 103 53.6 83.1 3.84
temperature DN-2 4.53 % 103 43.9 89.3 5.30
DN-3 3.35 x 103 44,8 84.8 4.32
Averags 4,03 %103 47.4 85.7 4.49
Deviation (16, 8%) (7.4%) (3.0%) (14.5)
+250° F DN-4 6.20 x 103 32.6 51.8 11.88
DN-5 8.30 x 103 57.3 66.3 9.64
DN-6 8.64 x 103 51,3 54.7 6.9¢
Average 7.71 % 103 47.0 57.6 9.49
Deviation (12.6%) (30.8%) (11.8%) (26.7)
Exposed Specimens
Elastic "Maximum Final
Specimen Previous M°"““l"’ E limit stress strain
exposure (pel) (pet) (pei) (%)
DGN-1 Thermal cycling 4,72 %103 69.5 71.5 1.62
(1,000 cycles)
DGN-23 Thermal cycling 8.93 x 108 76.8 82.8 1.04
(6,000 cycles)
EF-1 Thermal/vacuum 3.85 x 103 — 82.5 0.92
environment (100 hr)
EFN-1 Thermal /vacuum Test equipment failure — no data
environment (100 hr)
EF-3 Thermal/vacuum 13.8 x 103 91,8 95.6 0.1
environment (1, 000 hr)
EFN.-3 Thermal/vacuum 9.83 x 103 76.5 87.1 0.94
environment (1, 000 hr)
EFN-2 Thermal/vacuum 6.52 x 103 76.7 83.9 1.45
environment (6, 000 hr)
EGN-3 ‘Thermal cycling 7.09 x 103 80.5 85.4 1.41
(1, 000 cycles) .
FGN-1 Thermal cycling 0.91 x 103 1.5 18.4 2.40
{3, 000 cycles)
227




e

e TR
e
.

NN
0
X3

57
X.

RS
S
SR

<

e

g
KRS D

~

43,

»~

%
%

VA

&

R e S, b
oA ITRCINEY. SN
\W\M& At L 3ety

S AE

s

S o

A5

£lye

3;:?:" 3

by

<,
i

G

7

i B

5]

S bhcalr

Fhuas T BRSO

.,uw
2
3
XY

5a. AV

it ~ R

AR
o

e Compression

Cor

\ —
4

6

-5

1 D (DN

1a

Mater

9
7

14

e

igur

g

228

Saass acsy



Man et S0 aiyy

AR Gl

AT S ey

Table LV. Material G — Core-Compression Test
Unexposed Specimens

Elastic | Maximum | Final
Temperature dzgigcxi::?:n Mo&)‘;lil;s E limit stress strain
' (psi) (psi) (%)
-200°F(2) GN-7 530 2.74 2.74 0.52
GN-8 295 3.22 3.60 1.37
GN-9 518 4.45 4.78 0.97
Average 448 3.47 3.71 0.95
Deviation (84.1%) | (21.1%) | (26.1%) | (45.3)
Room GN-1 577 3.99 4.53 0.83
temperature(® | GN-2 553 1. 62 2,05 0.44
GN-3 381 1.39 2.19 0.85
Average 504 2.33 2,92 0.71
Deviation | (24.6%) | (40.3%) | (29.8%) | (38.0)
+250° F(2) IN-4 226 1.62 2. 25 1.15
GN-5 488 2. 62 3.46 0.83
GN-6 280 2.00 2,92 1.16
| Average | 331 2.08 2.88 1. 05
Deviation | (31.7%) | (22.1%) | (19.8%) | (20.9)
-200° F(b) GN-18 136 3.30 3.30 2.45
GN-19 97 2,06 2.06 2.21
GN-20 100 2.19 2.19 2.21
Average 111 2.52 2.52 2.29 |
Deviation (11.7%) (18. 3%) (18.3%) | (3.5)
Room GN-13 138 1.38 2.21 1.81
temperature(t) | GN-16 308 1.84 2.50 1.00
GN-21 103 1.51 1. 67 1.72
Average 183 1.58 2.13 1.51
Deviation | (43.7%) (12.7%) | (21.6%) | (33.8)
+250° F(b) GN-14 173 1.06 1.44 0.89
GN-15 113 0.94 1.47 2.32
GN-17 172 0.91 0.91 0.55
Average 156 0.97 1.27 1.25
Deviation | (27.6%) (6.2%) | (28.4%) | (56.0)

(a) Approximately 1.0-in. thick.
(b) Approximately 0.5-in. thick
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Table LV --- Continued
Exposed Specimens

M. dulus E Elastic | Maximum | Final
Specimen Previous exposure v (psi) limit stress strain
(psi) (psi) (%)
GF-1 Thermal/vacuum environ- 138 2.32 2.94 2.62
ment (100 hr)
GFN-1 | Thermal/vacuum environ- 115 2.50 2.75 2.55
ment (100 hr)
GF-3 Thermal/vacuum environ- 127 2.19 2.50 2.10
ment (1,000 hr)
GFN-3 | Thermal/vacuum environ- 163 1.94 1.94 1.26
ment (1,000 hr)
GFN-2 | Thermal/vacuum environ- 127 0.71 0.71 0.52
ment (6,000 hr)

’

Note: Specimens were approximately 0.5-in. thick. Data should be compared
with results of tests on unexposed specimens of same thickness.
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Section V
CONCLUSIONS

The more significant test results, from the standpoint of making comparative evalua-
tions of the candidate materials, are given in Table LVII. This table is intended to be
used only for general reference ani comparative purposes; for a thorough evaluation,
the test results presented in the discussions of the individual tests should be consulted.
In particular, the mechanical-properties data given in this section are averages and
teil nothing about scatter among different samples of the same material, which in
some instances was substantial.

The following comme~ts generally appear to be justified with regard to the candidate
materials:

1. None of the materials tested is ideally suited, in all respects, for use in the
ASTEC solar collector. The best one from a structural standpoint does not have
the best reflective surface. On the other hand, the material which showed to best
advantage in the optical-properties testing has a highly unsatisfactory structure.
The types of tests selected for the candidate material evaluation were adequate

for collector-material comparison.

2. From a structural standpoint, the true honeycomb configurations are far superior
to the other types. The lowest value recorded for a true honeycomb structure in
the mechanical-properties testing (apart from the facing-tension test, which did
not involve the complete structure) was higher than the highest value recorded
{or a siructure of a nonhoneycomb {ype. The present test series was intended to
provide a basis for comparing the candidate collector materials, rather than
judging them against predetermined standards. The parameters measured for
each material contained fairly wide bande of scatter. Thus, for the three samples
tested under similar condicions, little is known about the distribution of the scatter
about the average. In fact, three samples do not provide a basis for an average
value which is to be used as a design criterion.

3. Materials with bare metal reflective surfaces have greater reflectance than those
with silicon oxide overcoatings, and in addition proved to be significantly more
stable in the ASTILC environment. Tkle initial reflectance of the uncoated surfaces
is above 0.90 in all cases, whereas only one of the coated surfaces exceeds 90
percent reflectance. The materials which showed the greatest degradation in the
ASTEC environment, moreover, all have silicon oxide overcoatings.

4, The test program did not provide sufficient information regarding the effect upon
reflectance of simultaneous exposure to ultraviolet radiation and low-energy
electrons. The longest of the four test periods, 24 days, provided a dose equivalent
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to 6 months in orbit. In ihe electrons-only exposure (subsection III. 4), however,
it was found that an apparent threshold for damage tc the coated surfaces is
reached after 8 months in orbit. Accordingly, little confidence can be placed in
the extrapolated values shown in Figures 94 and $5 for refleciance after 12 months
in orxbhit.

Specific test observations for each materizl tested, through Material K, are as
follows.

® Material A. This material appears to “e less desiiable so far as its structural
properties are concerned than Material C, but it is greatly superior to any of
the nonhoneycombs. Its low values rompared to Material C in this phase of
the test program seem to be due wholly to the "lightening" holes i the backing
material, which degrade its performance out of all proportion to the weight
saving. Its reflectiv: surface, vacuum-deposited aluminum with no over-
coating, ranks near il.e top. Net only is its in.tial reflectance relatively high
(92 percent), but there /a5 degradation below the 85-percent ASTEC desig:ni-
gcal collector efficiency in only one of the environmental tests to which the
reflective surface was subjected (ultraviolet exposure at roomn: temperature).
A possible problem relating .0 the use of Material A for « .w.-size solar col-
lector stems from the two-component strippable protentive coating used by
the vendor. When the coating was removed, a residue remained upon the
reflective surface which, if not eliminated before environmental exposure,
would have caused a severe decrease in reflectance. Though the residue was
easily removed from test specimens by washing the surface with distilled
water and air drying, its removal from larg: curfaces might prove to be more
difficult. The subcoat appears to be a green-dyed polyvinyl alcoliol, similar
or equivalent to Thalco 500G (Thalco,Inc.). The gray wopcoat is a blend of
polyviryl acetate and polyvinyl chloride, including plasticizers, aluminum
powder, carbon black, and titanium dioxide, similar or equivalent to
Delchem X3181 (Pennsalt Chemical Corporation).

® Material B. The properties of this material suggest that its suitability for
the ASTEC solar collector is at best doubtful. It prozd to be guite unsound
in the mechanical-proverties testing, and its initial reflectance (0.85)'was
the lowest of any cand.date material tested. (At the same iime, its optical
properties were among the most stable in the ASTEC euvironment.) The
reflective surface blisiered severely and partially separared from the core
material during thermal-cycling tests. This appears tn have been due to the
fact that the phenolic foam core confracis with increasing temperature,
whereas the metallic surface expands. Finally, it should be noted that this
material appears to exceed the maxlmum weight apecificd in the ASTEC colar
collector design specifications (0.3 1b/ft2).

@ Material C. This apparently is the most structurally desirable of the candidate
materials. It was found to have high strength throughout all of the mechanical-
properties tests, and its deterioration with changing temperature was relatively
slight. Its initial reflectance (0.50) is close to the top among materials with
silicon oxide overcoatings, although 2 or 3 percentage poiris below that of the
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Thermophysical properties Optical properties
Panel bend
Candie| Weight lose (%) Indicated solar reflectance Panel ghear | Woakast bending mode)
oyoy Alter Ater ahar
vl ) ) bined | Atier Shear modulus Elatclimy | Bending | EAsCe F astic modulu
ALY AL 400°F ALS00°F  ltnitial] exposure [bomberdmenty exposure [thermal (ps) (el in.2-1b/1a. )| (tn. -1b/ts.) o)
4 (1-yz aquiv. )| (1-yT squiv. ) (6-mo equiv. )i cycling : i el .
RT RS¢°F | KT F:SO‘!‘ R1 (250°F -200°F RT +250°F |-200"F] RT |+250°F] RT RT =200°F RT
1 A | Epoxy sdaesive,| Epoxy sdhesive. | Epoxy adbestve.| 0.92 | 0.82[0.90 | 0.92] 0.92 10.35 | 0.5. No 6.20x103] 2. s9x103] 2. 92103] 35.6 | 9.67] 2.96] S0 1.0 14, 2108 |10, 210°
.12 6.2 52.4 chage (0.7 i (0.1 1.
[ thick) thick)
154 .80
(0.25 (a, (0.25 1.
" thick) thick)
3 2 | Phensiic pram, | Pheoolic foam |Phesolic foars, | 0.85 | 0.82]0.82 | 0.02]c.01 jo.83]0.82 | Noi 1300 407 191 2.01| £.56] 2.02| 1405 12.0 36.6x108 33 8x10%
.4 1.4 .2 tested (.o | (.0 (hﬂu:ﬁ ('“N)o,
thick) thick) 1,031 0.462x1
410 w4 (backing) | (backing)
0.5 la. (0.5 1o,
thick)
Cc [Epesy X hesive, | Epoxy adhestve,] 0.90 | 0.95{0.54 | 0.90] 0.27 |0.83] 0.92 § No 7. 10%10% 4. 52x103 | 2, 18103 108. 0 [28.2 | 20.28) 1178 12,0 11.35%10%[9. 32108
4.9 W9 610 change 0.3 tn, 0.3 1n.
Epexy sublaysr,| Epoxy sublayer, | Epoxy sublayer, ) thick)
‘ s . 2.0
;" D | Rpexy adhesive | Epoxy adbesive | Epoxy adhesive | 0.92 0.82|/0 91 | 0.92]{0.92 0,84 ]0.91 | No 3. 41x10Y] 2, 34x108 1.600a08] 3.6 J13.38] 2.24] 3172 78 3 23x208 |8 osw108
A (aoing), 4.92 | (tacing), 9.9 |(facing), 51.0 chacge (0.8 1. | (0.8 in. |(fzcing)  |(facteg)
3 Epexy adhestve | Eposy adhesive |Epoxy acbesive thick) thick) 9.96x106 |8, S6x1
j (acking). §.08 | backing), 22.3 |(becking), £8.0 (backing) | (backing}
Sublayer, 12.8 | Sublayer, 33.37|Sublayer, 4.5
£ | Epoxy edhesive | Epoxy adhesive | Epoxy adhasive | 0.92 0.83[0.90 | 0.92)0.95 0,87 ]0.90 No Same Sarme ame . o | Bamme | Satde Same ; Same Same
(fecing), 4.92 | (acing), 9.9 (tacing), 51.0 changs|ss D Y 32 asD D |assD jssD|asD aaD 'as D D
Spexy adhesive | Epoxy adhwsive | Epoxy sdhesive f
(backing), $.08 | (backing), 2.3 |(backing), 58.0
Sublaysr, 4.6 | Sublayer, 3.8 Sublayer, 82.7
7 |famens® Sameas E Sane s E 0.89 | 0.72[0.89 { 0.88| 0.61 |C.75|0.84 | Nc Same Samme Same Same |Same | Same| Same Same i Same Same ,
change{as D as D a8 D D D |aoD]esD ") ssD s D
G | Bpexy adiseive,| Epos adhesive, | Epoxy adhesive.] 0.93 , 0.88 0.91 | 0.92{0.93 [0.91]0.90 | No 588 340 Rl 1.0 1.28] - | 0.8 0.18 47.8x10% 113, 2108
3.8 1.6 59.82 change (1.0 ia. (1.0 in.
thick) thick)
2%.3 2.10
0.5 s, {0.¢ in.
3 thick) thick)
N |Semem G Same 88 G Samoe 22 G 0.91| 0.70|0.54 | 0.91] 0.90 0,78 ] 0.73 | Ne Same Samme Same Sasme [Same | Bame| Same Same Same Same
camge|as G 0 Y] 4G [0 [0 ]asC =0 s G s G
J |samees G Same 38 G Seme as G 0.92] 0.33]0.91 | 6.92]G.92 [0.87}0.93 | No Same Same Same Sy [Same | Same| Same Samme : Same Sarce
] change a8 G 2 G 2 G 80 [0C|esGlascC YY) jas G LLRY)
K |Sawess G Samo a8 G Same 32 G 0.88 | 0.80]0.75 | 0.82}0.75 |0.80]0.77 | No Same Same ame Same |Same | .| Same Same :Sun Same
change|as G |asQ |0 (880 |880 |as O | e G 20 88 G 3G
{
3
4
Y
b
‘\"m‘




Table LVII. Summary of Candidate Materials

Test Results
i
I
1
|
: ‘
Mechanical properties ‘
w“h‘:l"'g:uﬂ: mode) Fac!ng tension Facing separation Core compressios |
eatic 1l ¢ Banding Elastic Elastic modulus Elastic i Composlte codulus Elastlc dmit Coroposite modulus Elastic limit I
(pal) u;l{neu moment e (pst) tpst) (pef) es) (pal) |
(ta.3-1b/1n M(in. -Ib/1n. ) t
e —— J
RT [v2s0']  Ru RT -2 F RT «230°F | -200°2 RT | +2%0F | -200'F | RT | +250°F |-200'F] RT |+220°F{ -300°'F RT +250°F | ~200°F RT +350°F \
0.97] 2 28] 3300 130 14,2008 |10, 2100 |9 6106 |29, 420% [33,5+10%] 46, 2x103[3. 990075 73xi03j650 104 1(86 6 | 6.10 [3.08x103] 5.67x103]3 08x10326.1 @4 32.5 .
0.75 1. | (0.5 in. 0.75 ia.f 0 78 0.} (0.75 18.]10.75 1.} (0.75 13.] (0.75 1a. i
thick) *hick) thick) thick) thick) thick) thick) thick) )
4 154 3.80 5.91x103) 6.91103 2.53x1031 34,7 [90.8 336
.28 1. | 10.25 in. (0.25 10.] (0. 25 tn | (0.28 1n.{(0.25 in.§ (0,35 tn.} (0.25 tn. i
thick) 1Eek) thick) thick) thick) thick} thick) thick)
s.58] 2.02] 1acs 12.0 36.6x10% [33.8x10% [27.0x20°% |36 1x10% [50.0020%{37, 1ao3 179 590 28 2,90 |8.3¢ ]5.39 li2s 503 126 2.19 7.18 5.12
(1.0 1o, (10, [iBctag) [(facug) lfacing) ((lucrg) N(lacung) J(faciog 0.5 12, | (0.5 te. J(0 5 1. [(0 5 0. | (0.5 n. | (0.5 tn.
thick) thick) 1,03+108 {0. 462x100]0. $11x108] 10, 6¢x103] 2. 50x103{ 4. 21 thich)  )thiek)  fikteh)  Hihick) [ thick) | thick)
410 e {backiny) |(backing) [(backing) jib ) | (backing){ (backing) dan 464 e 5.76 8,11 628
©5 . | .5 (1.0 in. | (1.0 fo. | (1.0 tn (1.0 . | (1.0 (0. | (1.0 tn,
thick) thick) thick) thick) thick) thick) thick) thick)
2.2 {20.25) 1118 19.0 11, 35%e0® 9. 522508 |10, 07:206] 23, 0x10% |4z 5x10%|21. 11034 1ix10%]13 2o 9. 7axa0d] s3e 181 | uar 320103 8. 072107 5. 56x10% 108 227 20¢
0.3 |20
thick) Udck) '
1
13.35) 2.24 3172 7.8 3.237108 [3.03%108 [4.05%106 [7.60%10% j6.4mc10%4 58x10%]s%. 210 7. 26x19%] 1. 20203 108 [17.0 | 5.80 [3.28x109 4.03x10%] 7. 7110 s0. - 4.4 4.0
g 0.5 ta. 0.5 tn, |(tscing  [(tacing)  |(facing)  |ilacing), ificing), |ifacing)
thick) thick) 9.96x108 8. 56x0% 13.70x206 |6.52x103 |4.27 1034 311
(backing) | (tackiog) |(backizg) |(backing) | backiog)| (backing)
Same | Same | Same Saxze Same Same Same Same Same Samcs Same |Samse |Same Sexne |Same| Same (Sarme Same Same Same Same Same ;
; D jasD {saD ab 'as D (TR D b asD as D 23 D D asD asD jasD|asD |as D D »D (TR asD s D 4
dane | Same| fame Same Sume Sare, [Same Same Saae Same Sde 8 o0 Seme Same [Same| Same |Same Same Same Same Same Same
ssD|asD|asD D D [T} ub as D 3D 2s D as as D s D D |23 DD |23 D (TR D wD asD oD
L e D208 0.15 47.8x108 1122108 [17,9%108 |31, 0x103 [ 22.7x103| 21 2103108103346 1 {292 2,25 )..92 | 1.00 |448 504 31 3.47 2.1 2.08
(1.0 1a. | (1.0 ta. ot {(.0 | |(1.0 2. j{2.0 1. | (1.0 ta. | (1.0 ta,
thick thio! thick) | iwick) |thicky {indek) | thicky | whtek)
n.3 0.10 HY 183 158 2.52 1,98 0.97
\ .8 1. | (0.5 . 0.5 tn. [ (0.5 tn. }(0.8 tn, {(0.5 ta, | 0.5 ta, | (0.5 ia.
thick) thick thick)  Jthick) | thteky  |thick) | thek) | thick)
)
Same | Seme| Same Saxe Same Samme Same Same Same Sanse Same Same Sune Same }Same} Same |Same Same Same Sane Same Saxe !
0 |G |G w0 iuG sl aG G ET R as G 23 G as G as G 880G {2c GG s G 2815 G G a8 G Y N I
ll
Same | Same | Same Same !Samo Same Same Same et Ssms Same Same Same Same | Same| Sanse [Same Same Sesie Same Same e |
DX ARTXARTE G bas G %G as G asQ s G as G G G 136G a8 G 1asGas G {us G FT R YRy as G G G 1
Sams | Samc! Sams Seme i Sac » Seme Saroe Same Same Same Same Same Same Serne {Sarna| Same |Same Same Seroe Same Same Same
00 |80GieeG 280 ‘nG 3G s G as G a3 G 23 G G 3G s G G |asGlasG ja3 G G G 2 G uG »G
é |
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uncoated materials. Its optical stability is relatively quitc good. However,
its reflectance fell several points below the 85-percent design goal for the
ASTEC solar collector afier simultaneous exposure to ultraviolet radiation
and low-energy electrons for a period equivalent to 6 months in orbit.

Material D. This material has generally good structural qualities and fairly
high strength, although it had relatively low values in some of the tests at
some temperatures. Its reflective surface is relatively very good, all test
values being practically the same as those for Material A.

Material E. The structure of this material is identical to that of Material D.
Its reflective surface, differing from that of Material D only in the epoxy sub-
layer used, behaved much like that of Material D and possibly is slightly
superior; the maximum degradation in the ASTEC environment for Material E
(uv exposure) was 9 percentage points, comparec with 10 points or more for
Material D. The epoxy sublayer used in Material E lost much less weight in
vacuum that the one used in Mataerial D at all temperatures except 500° F.

Material F. This material also has the same structure as Materiai D. Its
retlective qualities, however, are much inferior to those of hoth Materials D
and E; it3 initial reflectance is 3 percentage points lecwer, and it showed
severe dogradation (to 0.64) when exposed simultaneously to low-energy
electrons and near ultraviolet radiation at 250° F for a period equivalent tc

6 months. It thus appears to be the least desirable of these three materials.

Material (}. This material, identical in structure to Materials H, J, and K,
had by far the lowest values in the mechanical-properties testing. Some
specimens. in fact, could not be tested at all because the structure failed
during prcparation for testing. Its refiective surface, which was not over-
coated, appears to be better than that of any other candidate material. Initial
reflectance is the highest (0.93), and reflectance did not degrade to less than
0.86 in any of the environmental tests. The initial reflectance corresponds
to other test data obtained independently.

Material H. Structuraily identical to Material G, the reflective properties of
this material were less desirable. Though its initial reflectance (0.91) was
higher than that of any other material with a coated surface, severe degrada-
tion was observed in certain of the environmental tests. Reflectance was 0.70
after ultraviolet exposure at room temperature for a period equivalenc to

1 year, and below 0. 80 after uitraviolet exposure at 250° F and combined-

- spvizcnment saposure for periods equivalent to 1 year and 6 moaths,

respectively.

Material J. Structurally identical to Material G, this material also proved to
have a less desirable reflective surface. Its initial reflectance is a peint
lower, and it degraded somewhat more in the simulated ASTEC envirornments.

Material K. The comments made for Material H apply also to this material,
although the pattern of degradation in the ASTEC environments was somewhat
different.
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Section VI -
RECOMMENDATIONS

. While the Candidate Materials Laboratory Tests appear to have provided sufficient
information for a comparative evaluation of the materials, there is need for additional
testing of the material or materials sclected by the Air Force for further dev>lopment.
The following recommendations, insofar as practicable, follow the order of the
conclusions.

1. Conclusion 1 would suggest that other tests, of lesser importance in this test pro-
gram and perhaps not necessary at all for certain prototype designs, may become
necessary after a design has been selected. These tests inciuae the following:

Edgewise compression (of a sandwich)

Torsional stiffness (on varying widths of a panel) and creep characteristics
Thermophysical properties of complete collector petal assemblies

Venting characteristics of material sections selected

. The purpose of the last test would be to ensure that rapid changes in pressure and
| temperature during the ascent condition will not lead to partial or complete
1 destruction of the honeycomb petals due to insufficient venting.

2. It is recommended that a more extensive program of mechanical-properties tests,
involving more specimens for each test type and temperature, be run on those

1 materials selected for collector development. A standard deviation which is a

large percentage of the reported mean would suggest that the allowable stresses

used in design be lower than would be used if the standard deviation were small.

3. Consideration should be given to the use of bare metal reflecting surfaces, or the
use of an inert reflecting material, on the full-scale collector selected for flight-
test development and operational service. This recommendation follows from
conclusion 3. '

1 4. From conclusion 4, the effect upon reflectance of simuitaneous exposure to ultra-

E violet radiation and low-energy electrons for periods longer than 8 months is

3 uncertain. An investigation therefore should be made on the collector materials
chosen for development to determine the degree of their optical stability in the
combined environment, for a period equivalent to 1 year in orbit. This will be
especially important if one or more of the materials has a silicon oxide overcoating.
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Appendix I
TEST RESULTS — CANDIDATE MATERIAL A

Presented in this appendix are the results of all laboratory tests performed on
Material A, Discussions of the tests, descriptions of test apparatus, test pro-
cedures and conditions, and interpretations of test results, covered elsewhere
in this report, are not repeated here.

Material A is an aluminum honeycomb structure, with epoxy-bonded aluminum
front and back sheets. Its reflective surface is aluminurn, vacuum-deposited on
an aluminum substrate. .

Results of the following tests are given in this appendix:

Weight loss in vacuum (epoxy adhesive)

Long-term thermal/vacuum exposure (composite structu:e)
Thermal conductance of composite structures

Behavior under thermal cycling

Ultraviolet irradiation at room temperature and +250°F

Exposure to low-energy electrons at room temperature and +250°F
Exposure to combined environment (uv + € } at room temperature and +250°F
Panel shear (-200°F, room temperature, and +250°F)

Panel bend

Facing tension (-200°F, room temperature, and +250°F)

Facing separation (-200°F, room temperature, and +250°F)

Core compression (-200°F, room temperature, and +250°F)

See Figures 144 through 147 and Tables LVII through LXVI.
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Table LVIII, Short-Term Weight Loss in Vacuum, Epoxy Adhesive

Test conditions Cumulative Maximum
Temperature | Total time | weight loss short-term Comments

(°F) (min) (%) temperature stability
100 48 0.29 400°F Blnated, porous
200 96 0.71 brown residue
300 144 1.72 at 500°F
400 214 6.2
500 “ 362 52.4

Table LIX. Long-Term Thermal/Vacuum Exposure, Composite Structure

Weight | Weight | Weight Ch
Specimen | before | after loss &x)\)ge Pogt-test appearance
(8 (g) (g)

100-hour test
AF-1 3.8228 |3.7942} 0.0286 | 0.75 | Slight flow of bonding agent
AFM-1 3.7475 |3.7162 | 0.0313 | 0.835 | Same as AF-1
AFN-1 3.7890 [ 3.7582| 0.0308 | 0.81 | Same as AF-~1

1, 000-hour test
AF-3 3.7940 | 3.7451| 0.0489 | 1.29 | Slight flow of bonding agent
AFM-3 4,000 |3.92€110,0739 | 1.84 | Same as AF-3
AFN-3 3.9278 | 3.8703 | 0.0575 | 1.4” | Same as AF-3

6,000-hour test
AF-2 3.7978 | 3.7302 | 0.0676 | 1,78 | Slight flow of bonding agent
AFM-2 3.8238 [ 3.7457] 0.0781 | 2,04 | Same as AF-2
AFN-2 3.9290 | 3.8482| 0,0808 | 2,06 | Same as AF-2
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Table LX Behavior Under Thermal Cycling, Composite Structure

In situ condition

b .
Specimen o‘;rtztlztst?n Pre-test Cvel Post-test Ref;?tcet:nce
' ronditi cle ; iti
(cycles) condition y Condition condition exposure
AGN-1 100 | © 'rfaces 0-125 No change | No change| No change
flat (see noted (sec¢ | noted
FFigure 6la) Figure 61b)
AGM-1 1,000 | Front surface| 0-4 No change | No change | Nou change
flat; no honey- noted noted
comb struc- [~
ture shows | 67 Surface
through (see ?vr;l\)r(;afvien
Fi 61
igure 61c) ool
68—1,007 | No further
change
noted {see
Figure 61d)
AGM-2 6,000 | F'ront surface| 0—6,002 | Surface ap-| No change| No change
flat; no honey- - pears wavy | neted
comb struc- when cool,
ture shows flat when
through neated (see

Figure €le)

WY

Table LXI. Summary of Optical-Properties Test Results

Exposure

Solar Reflectance

Pre-test condition
Ultraviolet radiation
(1-yr equivalent)

RT
250°F

5 keV electrons (1-yr
equivalent)

250°F

Combined environment
(6~mo equivalent)

RT
250° F

0.92
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Table LXII. Panel-Shear Test, Composite Structure

Specimen | Modulus G Ela_stl.c Max}mum Fma_l
Temperature dosienation (psi) limit stiress | strain
R (psi) (psi) (%)
-200°T AJ-8 4.25x103 | 30.1 111.4 4.00
Ad-9 4.51x 103 | 417.5 87.8 5,06
AJ-10 ]3.83x103 | 29.3 80.9 4.42
Average [4.20% 1023 | 35.¢ 93. 4 4.49
Deviation | (8. 8%) (17.7%) (3.1%) | (10.9)
Room AJ-1 3.12x 103 | 13.50 56.5 6.78
temperature AJ-2 2.86 x 103 7.01 | 115.2 7.90
AJ-3 2. 69 x 103 8. 50 17.8 1. 09
Average 2.89 x 103 9. /7 63.2 5.26
Deviation | (6. 9%) (17.2%)| (71.9%) |(78.9)
F250° 10 AJ-6 2.20 x 103 3.31 5.06 0.46
AJ-T 4.38 % 103 3.99 4.69 2.98
Ad-3 1. 19 x 103 1.59 3. 69 1.60
Average | 2.92 x 103 2.96 4.48 1. 6%
Deviation i (59.2%) (46.2%)] (17.6%) 1(72.6)
Table LXIII. Panel-Bend Test, Composite Structure
Beam | Beam El/b
Specimen | width, | span, in-2-lb\ Meg/b | My/b Tension Thickness
designation h L —'in—-) (Ib) | (Ib) face {~in.)
(in.) | (in.) .
AK-2 2.50 9 7,350 |34.5 | 54.0 | Nonreflecting 0.75
AK-4 2.50 9 7,520 | 30.0 | 54.8 | Nonreflecting
AK-1 2.50 9 6,200 | 16.2 | 20.2 | Reflecting
AK-3 2.50 9 5,600 9.9 | 16.3 | Reflecting
Average(®) ~ 5,900 | 3.0 |18.2
AK-6 2.50 9 905 9.901 18.20| Nonreflecting 0.25
AK.5 2. 50 9 835 4.80| 7.02] Reflecting
AK 7 2.50 9 G42 4.201 6. 12] Reflecting
AK-8 2. 50 9 785 2.40] 5,82] Reflecting
Avernpel?) | 84 1 3,801 6.a2

(2) Aserape is Yor weakest bending mode of each parameter.
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Tabie LXIV, Facing-Tension Test, Facing Material

- Specimen | Modulus E Elastic | Maximum | Final

Femperature designation (psi) limit stress strain
e (psi) (psi) %)

-200° I* AL-7 11.7x 106 } 25.0x 103}43.5x 103| 8.14

AL-8 13.4% 106 | 81.5x103{44.7%x 103} 6.64

AL-9 17.5x 106 | 31.5%103|46.2x 103] 7.52

Average | 14.2%x 106 | 29.8 % 103|44.8 ¥ 103 7.19

Deviation | (17. 6%) (14.7%) (2.9%) (7.6)

Room AL-1 10.5 x 106 | 35,5 > 103]38.0 x 103 3.85

temperature(®  AL-2 10.4 x 106 | 35.5x 103138.2% 103 4.50

AL-3 9.6 x 106 | 36.3x103]40.4x 103} 4.25

Average |10.2x 1081 35.5% 103}38.7 x 103] 4.20

Deviation | (5. 9%) 0. 8%) (1.8%) (8.3)

250" 1 AL-4 9.1x 108 | 17.3x 103({37.8x 103| 2.28

AL-5 [ 10.7x 108 | 14,0 108]37.7 ¥ 103} 2.74

AL-6 8.9x 106 | 18.0x103{37.7x103]| 2.38

Average 9.6»106 | 16.2x103}37.7x 103} 2.47

Deviation | (7.3%) (13.6%) | (0.1%) 7.7

(a) ‘The 0.2 pereent offset yicld strength at room temperature is given
instead of the clastic limit.

UG
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Unexposed Specimens

Table LXV. Facing-Separation Test, Composite Structure

Elastic Maximum Final
Tomperature dgg?g:;?:n Mo?:;xlx)s E limit stress strain
(psi) (psi) %)
-200°F AM-T 2.92 x 103 87.9 87.9 3.96
AM-8 4.46 x 103 122.0 122.0 2.81
AM-9 4.50 x 108 102.3 109.0 2,52
Average 3.99 x 103 104.1 106.3 2.80
Deviation (26. 8%) (15. 6%) (17, 3%) (10. 0)
Room AM-1 1.35 108 132.0 132.0 9,76
temperature AM-2 5.50 x 103 84.9 110.0 2,23
AM-3 4.33 10 43.0 47.8 1.29
Average 3.73 x 103 86.6 96.6 4.43
Deviation (63. 8%) (51.5%) (50. 5%) (71.3)
+250°F AM-4 1.09 x 103 11,20 11.90 1.50
AM-5 128 2.77 2.77 2,18
AM-6 732 4.33 5.44 1.04
Average 650 6.10 6.70 1.57
Deviaiion (80. 3%) (54. 6%) (58. 7%) (33.8)
Exposed Specimens
Elastic Ma.ximum Final
): v
Specimen é‘f: : ;3;3: MO?[:‘;;’)S E limit stress strain
(psi) (psi) %).
AFM-1 Thermal/vacudm 2.79 x 103 159 159 5.89
environment (100 hx)
AFM-3 Thermal/vacuum 3.82 x 103 241 252 6.71
environment (1,000 hr)
AF-2 Thermal/vacuum 11.10 x 103 209 286 2,80
environment (6,000 hr)
AFM-2 Thermal/vacuum 5.09 x 103 197 223 4.30
environment {6,000 hr)
AGN-1 Thermal cycling 3,34 x 10° 168.6 108.6 3.23
(100 cycles) .
AGM-1 Thermal cycling 4.57 x 10° 170 199 4.43
{1,000 cycles)
AGM-3 Thermal cycling 4.75 x 10° 142 173 3.92
(6, 000 cycles)
AGM-2 Thermal cycliag 4,90 x 10° 160 214 4.90
(214 cycles)

NOTE: Specimen AGM-2 was Initially scheduled to undergo 6,000 cycles. Testing was terminated
after 214 cycles because of electronic difficulties which resulted in the spacimen's being
maintained at 200°F for approximateiy 16 hr,
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Table LXVI, Core-Compression Test Composite Structure
Uncxposed Specimens
¥ Cine. “’“&
- Specimen | Modulus E l Elastic | Maximum | TFins i
I'emperature designation (psi) limit stress | strair
‘ {psi) (psi) (%) _§
~200° (@) AN-7 3.84x10% | 28,0 | 32.8 1.39 |
AN-8 3.07x 103 | 27.1 25.9 1,02
AN-9 2,283 103 | 23,2 29, ¢ 1.57
Average 3.06x 103 | 26.1 30. 7 1.33
Deviation | (25.5%) (11.1%) | (4.0%) |(23.3)
Room AN-1 3.33x 10° | 48.0 67.5 2.83
temperature(®) [ AN-2 4,60:<103 | 44.4 71.0 2.54
AN-3 9,09 % 16° | 52,8 63.0 1.15
Average 5.67 x 103 | 48.4 67. 2 2,17
Deviation | (41.3%) (8.3%) 1 (6.2%) |(47.7)
4250° 1+ AN-4 3.96x103 | 22.2 | 54,7 2.48
AN-5 2.74 x 103 - 56.2 2.66
AN-6 2.53x 103 | 42.8 51.2 2.56
Average 3.08x 103 | 32.5 54. 0 2.57
Deviation | (17.8%) (31L.7% | (5.2%)- 1 (3.5)
-200° 1(h) AN-20 2.86x 103 | 23.8 30.0 1.06
AN-21 | 8.08x 102 | 34.8 34.8 0.15
AN-22 6.80x 103 | 45.5 45.5 0.87
Average 5.91x 103 | 34,7 36.8 0.64
Deviation | (51.6%) (31.4%) | (18.5%) [(70.3)
Room AN-23 6.43 x 103 - 117.6 2.59
tcmpcrature(b) AN-24 7.92x 103 |101.5 115.0 2.45
AN-26 6.37x 103 | 80.2 115.9 3.56
Average 6.91x 103 | 90.8 116.2 2.87
Deviation | (7.8%) (11.7%) | (1.0%) }(14.6)
w00 (1) AN-16 1.68 x 103 | 32.8 37.7 2,40
AN-17 2.50x 103 | 31.6 64.1 5.61
AN-18 4,20x 103 | 39.1 60.7 3.79
AN-19 1.76 x 103 | 3i.1 52.5 4,70
Avcerage 2.53% 103 | 33.6 53.7 4,12
De- iation (33. 6%) (7.4%) | (29.8%) |(41.7)

(2) Approximately 0, 75-in, thick.
(b) Approximately 0. 25-in. thick.
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v
Fapueew Specimens

- SRR o oy A, v R A 8 e . — ——— i o A WA e s o Ry Smmermng

H Uit et | ng a
% Wode ge B 'Elastic |Maxlinym | Final
Sieimen Drsvions Sxposuie P ‘“ ’ ! limit ¢ stress  |strain
* 384 s ¢ v A
l_ ! poli s 1 (peit | (B
- el e - .-..".....‘.‘ P SIYS M ivm— T.,.., l
boar- fThorvey Svrsuum suvivon- | 6,97 % 103 ST S ¥ ¢ P i
. , et {160 br) { i ! !
é : % |
AFNei | Thermal/oacunss ooviron~ | 8,76 X103 [ 319§ 1) 1 1.7
’
‘ | vt 200 hr) ! l
A= Thermal/vacuaum envirse~ | 7.37 % 10° 67.7 -09.4 1.94

ment, {1,000 2
'
Ase rnermal/vacuem environ- [10. 2 x 103 N - »
ment (1,000 hr)

PR

AFN-2 | Thermal/vacuum environ- |9.73 5:10° | 131 340 1.59

ment (6,000 hr)

Note: Specimens were approximately 0. 25-in. thick. Data should be compared
with results of tests on unexposed specimens of same thickness.
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anpendix II
TEST RESULTE “ANDIDATE MATERIAL B

Pre.entec v this appendix are the results of all laboratory tests performed on
Ma.=2i2t B. Discussions of the tests, descriptions of test apparatus, test pro-
cedures and conditions, and interpretations of test results, covered elsewhere
in this report, are not vepeated here.

Material B consists of electroformed nickel sheet, backed with phenolic foam.
Its reflective surface is aluminum vacuum-deposited on a nickel substrate, with
a silicon-oxide overcoating. The back surface is epoxy-bonded, aluminized mylac.

Results of the following tests are given in thig appendix:

Weight loss in vacuum (foam structure)

Long-term thermal/vacuum exposure

Thermal conductance of composite structure

Thermal expansion (reflective surface, fnam structure, back surface)
Heat capacity (foam structure and hack surface)

Behavior under thermal cycling

Ultraviolet irradiation at room temperature and +250°F

Exposure to low-energy electrons at room temperature and +250°F
Exposure to combined environment (uv + e ) ai room temperature and +250°F
Panel shear (~200°F, room temperature, and +250°F)

Panel bend

Facing tension (-200°F, room temperature, and +250°F)

Facing separation (-200°F, room temperature, and 4250°F)

Core compression (-209°F, room temperature, and +250°F)

Sce Figures 148 through 160 and Tables LXVII through LXXV,
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Table LXVII. Short-Term Weight Loss in Vacuum, Foam Structure

Test conditions c _—
umulative Maximum

Temperature | Total time | weight loss short-term Comments

(°F) (min) (%) temperature stability

100 48 3.7 500°F; sample Most weight loss is

200 97 7.8 slightly discolorcdat | adsorbed water

300 151 9.6 500° F; considerable | evolved below 200°F

400 205 11.4 structural strength

500 322 4.2 lost

Table LXVII. Lorng-Term Thermal/Vacuum Exposure, Composite Structure

' Weight | Weight | Weight Change
Specimen | before | after loss %) Post-test appearance

(g) ig) (g)
100-hour Test

! BFB-1 7.7580 17.5024 | 0.2556 | 3.30 No change
{ BFM-1 |9.6278]9.3366[0.2012| 3.01 No change
BFN-1 7.61827.3710106.2472 | 3.24 No change

1,000~hour Test

; BFB-3 | 8.6695(8.3245]0.3450 | 3.98 Smooth face, slightly discolored
; BFM-3 9.0252 § 8.7235]0.2916 ] 3.23 Same as BFB-3

BFN-3 8.1627 | 7.8823]0,2804 | 3.43 Smooth face pulled away from
sfructure in one spot; slight
discoloration

s B Fn g 5 ¥

6,000~hour Test

BFB-2 110.1970}9.8276:0.3694 | 3.62 No change
BFM-2 | 8.5144|8.1630)0.3514 { 4,13 No change
BFN-2 8.4190 | 8.10310.3159 | 3.75 No change

.
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Figure 149 Thermal Conductance of Foam Structure (With Hard Facing)
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HEAT CAPACITY (Btu/lbm- F)
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———es Equation From Least Squares Fit of Data,
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60 - T +5.194 x 1070 T2
40 - O Experimental Points
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TEMPERATURE (°F)
Figure 156 Enthalpy of Foam Structure Ref«vrenced to 32° F
(Bulb Density ~ 1.4 1b/ft3)
- .
0.50 220 Equation FFrom Derivative of Enthalpy Equaticn
Cp = 8.684 x 1071 +1.634 x 107*T + 44,55 T2
O Graphically Determined From Plot of Enthalpy
0.40 }— Versus Temperature "
o . ~
0.30 —
0.20 l | ] l l
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TEMPERATUKE (°F)

Figure 157 Heat Capacity of Foam Structure
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Table LXIX. Behs/ior Under Thermal Cycling, Composite Structure

o e r——n A i W Ao s ey it Bfom e

. In situ condition .

(eycles) condition Cycle Condition condition exnosure

BGM-1 100 | Sample 1 Large biisters | Blister Judged not
flat and appeared on remained | suitable for
smooth (see cooling cycle |onsurface | testing
Figure 63a) at 30°F and of sample .

below (see
Figure 63b)
. 2—-35 Blister in-
creased insize
36—106 No further
changes noted
(see Figures
; 63c and 63d)

BGM-2 1,900 [Sample 1 Large blister |[After test,| Judged not
flat and appeared upon |two large |suitable for
smooth cooling (see and one testing

Figure 63e¢) small blis-
ter were
2-327 |Ne further noted on
; changes, except | back sur-
sample appears| face; front
to be more surfaced
distorted warped in
many
places.
328—1,042 |No further
changes noted
(see Figure63i)

BGM-3 6,000 |Sample 0-6,004 |Surface ex- Front sur-| Judged not
flat and tremely wavy |[face very |suitable for
smooth in appeavance |wavy testing

when cold,
relatively flat
when hot (see
Figures 63g
and 63h)
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Table LXX. Summary of Optical-Properties Test Results

! Exposure Solar reflectance

Pre-test condition 0.85
Ultraviolet radiation
(1-yr equivaleit)

RT

0.82
250° F 0.82
5 keV electrons (1-yr
¢.juivalent)
RT 0.82
250°F . 0.81
Combined environment
{6-mo equivalent)
RT 0.83
250°F 0.82

Table LXXT . Panel-Shear Test, Composite Structure

Sp'ccimen Modulus G Elastic | Maximum | Final

. 'l‘cml)craturc si limit stress strain
: designation (psi) (psi) (81) %)

‘; -200°F BJ-6 222 2.82 4.32 2.40
; BJ-9 362 1.15 2.13 1.04
; . BJ-10 216 2.24 3.23. 1.66
Average 300 2,07 3.23 1.70

Deviation (28. 0%) (44.4%)| (34.1%) | (38.8)

Room BJ-1 753 1.32 6.01 2. 68

, temperature BJ-2 251 7.67 7.67 3.19
BJ-3 216 7.70 7.70 3.58

Average 407 5.56 7.13 3.15

Deviation (47.0%) | (78.9%;] (15.7%) |(14.9)

i
It
: +250° I° BJ-4 152 1.17 7.55 | 6.37
¢ BJ-5 148 2.86 6.87 | 5.44
! BJ-11 290 - 12.14 | 5.04
d Average 197 2. 02 8.85 | 5.62

Deviation (24.9%) | (42.1%)| (22.4%) {(10.3)

267

A0 MR




L oot

b 3Ty

LT

pLrS

PP T

APy Py

RREe Lot e s oo e

= OF

ol 2R

""1,“.&‘ S

e et

Table LXXII.

Panel-Bend Test, Composite Structure

Beam | Beam El/h o
Specimen width, | span, in‘z—lb Me/b| My/b Tension 1 hlc%mess
designation b 1, ( -%~—-~) (1b) (1h) face (~in.)
: . in. '
('m. ) {in.)
P -2 1.97 9 1,062 | 12.9 | 20.1 1} Nonrcfleeting 1.0
B -2 2.00 9 932 | 11.6 | 16.7 | Nonreflecting
BK-1 2.00 9 1,360 14.2 1 18.5 | Reflecting
13K -4 2.02 9 1,450 9.8 |1 16.7 | Reflecting
Averagel®) - - 1,405 | 12.0 | 17.6
DBK-6 2. 00 9 380 3.0 | 13.5 | Nonreflecting 0.50
DK -8 2,02 "9 440 5.9 | 13.2 | Nonreflecting
BK-H 2.00 9 528 7.5 | 13.4 | Reflecting
PBK-7 2,02 9 399 8.6 | 11.6 | Refleeting
Averagel) - 410 | 4.4 | 12.5

() Average is for weakest hending mode of each parameter.
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Table LXXIII. Facing-Tension Test, Facing and Backing Materials

h HFO) H o3 1
Temperature Specimen | Modulus E nll;lrfxtilt.c M:;(;::;;m slt;'r"l'lln
designation (!’)Bl) (nsi) (psi) %)
-200° 1) BL-8 | 39.% x 108 - 139 x 103 -
BL-9 31.6 x 106 | 62.2x 103 | 135 x 103 =
BL-11 - - 155 % 103 2.95
BL-12 | 38.9x 106 | 50.0x 103 | 166 x 103 2.55
Average | 36.6 x 108 | 56,1 x 103 | 149 x 103 2.75
Deviatior | (1.4%) (16. 9%) (9.4%) (7.3) |
Room . BL-1 25.3x 108 | 50.0 % 103 | 107 x 103 1.20
temperature(a) BL-2 - - 10C x 103 5.30
BL-4 42.3 x 106 - 102 x 103 3.40
Average | 33.8x 106 |50.0x 103 | 103 x 103 3.30
Deviation | (25. 1%) ~ (2.9%) (63. 6)
+950° () BL-5 31.4 x 106 | 28.6 x 103 | 100 x 103 1.05
BL-6 24.9% 106 |41.3x 103 | 110 x 103 2.05
BL-7 24.7 x 106 | 41,4 x 103 | 115 x 103 1.86
Average | 27.0x106 |37.1x 103 | 108 x 103 1.70
Deviation | (8.5%) (22.9%) (7.4%; (38.2)
-200° 11(P) BL-24 | 0.85%x 106 {9.33%103 |24.5x 103 | 3.42
BL-25 | 1.14x 106 |9.33 x 103 | 22.8 x 103 2. 80
BL-26 | 1.09 x 106 | 13.30 x 103] 26.9 x 103 3.30
Average | 1.03 x 106 | 10.69 x 103 | 24.7 x 103 .17
Deviation | (17.5%) (12.7%) (7.7%) (11.7)
Room BL-13 | 0.476x 106 3,66 x 103 |7.20 x 103 4.50
temperature(b) BL-14 | 0.430x 108] 1.73x 103 |8.73x 103 | 5.90
BL-15 | 0.480 x 106} 2,10 x 103 }7.53 x 103 5.30
Average | 0.462x 106{2.50%x 103 {7.82x 103 | 5.23
Deviation | (6.9%) (390. 8%) (7.9%) {14.0
1500 11(0) BL-20 | 46.3x 103 |3.5x103 [6.20x10°| 18.2
.BL-21 | 47.0%103 |4.0x103 |5.90x 103 ]| 17.5
BL-23 | 60.0x103 |5.0%x103 |7.47%x103] 16.0
Average {51.1x103 |4.2x105 [6.52%x 103 | 17.2
Deviation | (7.4%) (16.7%) (9.5%) (7.0)

(1) Facing material.
(b) Bucking material.
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Table LXXIV. Facing-Separation Test, Composite Structure
Unexposed Specimens
. Elastic Maximum Final

E Temperature desf :; (r’ll:tlﬁ) r:l Mod(t;lsui;s E limit stress strain
! (psi) (psi) (%)
3 -200° )¢ BM-10(@) 179 2.97 2,97 1.45
1 BM-g(@) () - - - -
1 Room BM-1(a) 660 4.88 5.81 1.04
J temperature | BM-2(8) 526 2.20 2.61 0.96
4 BM-3() 583 8.94 8. 94 1.52
; , Average 590 5.34 5.79 1,17
3 Deviation (10. 8%) (58. 8%) (55.0%) | (18.0)
1250° I¢ BM-4(C) 426 8.69 8.69 2,04
] BM-5¢) 177 3.55 4,33 2.73

BM-6() 194 3.92 4.66 2.56
# Average 266 5.39 5.89 2.44
Deviation 132, 5%) (34.2%) (26.5%) | (16.4)
: iixposed Specimens
Specimen Previous Modulus E hi‘ilritiltc M:ﬁ:::m s]t;?ﬁil
1 P exposure si . " ‘
3 ' (pst) (psi) (psi) (%)
d
. BI'M-1 Thermal/viacuum ¢n- - - 0.705 -
: vironment (100 hr.)
BI'B-3 ‘r'hermal/vacuum cn- 593 5.68 5. 68& 0.99
- vironment (1, 000 hr.)
: BI'M-3 ‘Thermal/vacuum en- - 4117 4,52 4.52 1.08
é «rironment (1,000 hr.) .
BI'M-2 ‘Thermal/vacuum en- 331 4.23 4.23 1.28
vironment (6,000 hr})
BGM-1 | Thermal cycling 487 7.75 7.75 1.59
. : (100 cycles)
9 ! BGM-2 Thermal cycling 522 5.83 6.42 1.29
: (1,000 cycles)
4 ‘ (a) Glue-linc failure.
] (h) Specimen failed while cooling and is listed for report reference only.
1 , (¢) Foam fracture failure.
|
4 i '
?_5 } 270
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Table LXXV., Core-Compression Test, Composite Structure

Unexposed Specimens

Specimen | Modulus E Elastic { Maximum | Iinal
Temperature de;)i nation (psi) ‘ limit stress strain
g P (psi) (psi) (%)
-200° F(2) BN-8 102 2, 87 2.87 2.90
BN-9 132 2.83 2.83 2,10
BN-10 143 2.68 2.68 1.82
Average 126 2.79 2.79 2.27
Deviation | (19.0%) 3.9%) | (3.9%) | (19.8)
Room BN-1 540 9,20 11,70 3. 10
temperature(® |  BN-2 506 8.85 8. 85 1.76
BN-3 378 6.45 7.34 2.00
BN-4 590 | 6.55 7.65 1,42
Average | 503 | 7.76 8. 88 2,07
Deviation (24. 8%) (16.9%) | (17.3%) (31.4)
+250° F(2) BN-5 683 6.57 7. 04 1.45
BN-5 309 4.37 4,37 1.40
BN-7 285 4,42 - -
Average 426 5.12 5.70 1,42
Deviation (33.1%) (14.7%) | (23.4%) (1.4)
-200° (b} BN-21 573 5.7¢ 5.76 1.02
BN-22 327 8. 17 8. 17 2.50
BN-23 298 3.34 3.34 1. 15
Average 399 5.76 5.76 1.56
Deviation (25.3%) (42.0%) | (42.0%) (34. 5)
Room BN-13 493 8.72 g, 87 1.85
temperature(®) |  BN-14 440 8.16 10. 60 2. 83
BN-15 410 10. 20 11,40 2.90
BN-16 513 8.01 8.01 1.58
Average 464 8. 7Y 9.97 2.28
Deviation | (11.6%) (8.7%) | (19.7%) | (32.0)
+250° F(P) BN-17 249 5.95 ~
BN- 18 257 6.12 7.60 3.20
BN-19 379 5. 27 9. 00 3.20
BN-20 378 7.65 - -
Average 316 + 6.2 8.30 3.20
Deviation (21.2%) | (15.7%) { (8.4%) (0)

(a) Approximately 0.5-in. thick.
(h) Approximately 1. 0-in. thick.
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Table LXXV --- Continued

Exposed Specimens

Elastic | Maximum | Final 1
. Modulus E| limit stress strain
i Py 2 N . ;
Specirnen » 2vious exposure (psi (psi) (psi) (%)
BFN-1 | Thermal/vacuum environ- 271 5.33 6.49 2,64
rent (100 hr)
BFN-3 | Thermal/vacuum environ- 331 5.02 5.42 1.67
ment (1,000 hr)
BFN-2 | Thermal/vacuum environ- 209 4,60 5.94 2.00

ment (6, 000 hr)

Chal Al a0
.

Note: Specimens were approximately 0. 5-in. thick. Data should be compared
with results of tests on unexposed specimens of same thickness.
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Appendix III
TEST RESULTS ~— CANDIDATE MATERIAL C

Presented in this appendix are the results of all labs.atory tests performed cn

Material C. Discussions of the tests, descriptions of test apparatus, test pro-
cedures and conditions, and interpretations of test results, covered elsewhere

in this report, are not repeated here.

Material C is an aluminum honeycomb structure, with epoxy-bonded aluminum
front and back sheets. Its reflective surface consists of successive layers of
epoxy, silicon oxide, vacuum-deposited aluminum, and silicon oxide.

Results of the following tests are given in this appendix:

Weight loss in vacuum (epoxy adhesive and leveling layer)
Long-term thermal/vacuum exposure (composite structure)
Thermal conductance of composite structure

Bekavior under thermal cycling

Ultraviolet irradiation at room temperature and +250°F

Exposure to low-energy electrons at room temperature and +250°F
Exposure to combined environment (uv + e ) at room temperature and +250°F
Panel shear (-200°F, room temperature, and +250°F)

Panel bend

Facing tension (-200°F, room temperature, and +250°F)

Facing separation (-200°F, room temperature, and +250°F)

Core compression (-200°F, room temperature, and +250°F)

See Figures 161 through 164 and Tables LXXVI through LXXXIV,
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Table LXXVI., Short-Term Weight Loss in Vacuum

Test conditions Cumulative Maximum
Temper:.ure | 'Total time| weight loss short-term Comments

(°F) (min) (%) temperature stability

Epoxy adhesive
100 48 0.34 |Good to 350°F Bloatea, porous black
200 96 2.47 residue at 500°F
300 152 4,59
400 212 14,93
500 362 62.0

Epoxy sublayer
100 48 1.0 Marginal at 300°F; Porous glassy black
200 96 8.15 |weight loss = 14.5% carbon formed at
300 152 14.5 500°F
400 212 27.5
500 362 82.0

Table IXXVII. Long-Term Thermal/Vacuum Exposure, Composite Structure

Weight | Weight | Weignt Change
Specimen | before | after loss (%)g Post-test appearance
(8) (8) (8)
loo-hour test

Cr-1 4,5874] 4.5173} 0.0701 | 1.53 | One face turned brown
CFM-1 4,5562| 4.4876} 0.0686 | 1.51 | Same as CF-1
CFN-1 4.5704} 4.5005] 0,0699 | 1.53 | Same as CF-1

1, 000-hour test
CF-3 4,1452| 4.3825| 0.0627 | 1.41 } Honeycomb impre'ssion visible

, on one face

CFM-3 4.4872] 4.4154( 0.0718 | 1.60 | Same as CF-3
CFN-3 4.5307| 4.4551| 0.0756 | 1.67 | Same as CF-3

6, 000-hour fest
CF-2 4,6602| 4.5835] 0.0767 | 1.65 | No change
CFM-2 4.5631| 4.4926] 0.0705 { 1.55 | No change
CFN-2 4,6365| 4.5540} 0.0825 { 1.78 | No change
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Table LXXVIII. Behavior Under Thermal Cycling, Composite Structire

Duration In situ condition Refleciance
Specimen| of test Pre(;itt‘;St Conditi Pos;-tiest after
{eycles) condition Cycle ion condition exposure

CG-2 100 |See Fig- 0—-104 [ No change No change No change

urc 65a noted (see noted

Figures 65b
and 65¢)

CGN-1 1,000 | Front sur- 0-1,568 | No chunge Visible blis- { No change

face some- noted (see ters (3/16-in.

what wavy; Figure 65d) | diam.) on

reilecting front surface

surface has

striations &

tiny blisters

over about

50% of the

surface
CGM-3 6,000 |Front sur- | 0-6,000 | No change No change No change

face some- noted (see noted :

what wavy Figu..s 65e :

with many and 65f)

tiny dimples
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Table LXXIX. Summary of Optical-Propertizs Test Results

Exposure

Solar Reflectance

Pre-test condition
Ultraviolet radiation
{1~vr eyuivalent)
RT
250°F
5 keV electrons (1-yr
equivalent)

250° F
Combined environment
(6-mo equivalent)
RT
530°F

0.90

Table LXXX. Panel-Shear Test, Composite Structurz:

. Elastic | Maximum| Final
- G !
Temperature dils)fg:::f:n Mo:i: sl?)s limit stress | strain
‘ (psi) (psi) (%)
-200" I* CJI-7 6.08 x 103 | 147 248 5.73
CcJ-8 7.66 x 103 | 121 246 5.26
CJ-9 7.58x 103 | 56.8 245 6.96
Average |7.11x103 | 108 246 5.98
Deviation |[(14.5%) (47.2%) (0.4%) 1{13.7)
Room CJ-1 6.78 103 | 26.6 205 9.49
temperature CJ-2 7.12x103 | 38.7 212 6.18
CJ-3 5. 66 x 103 19.3 206 5.94
Average |[6.52x 103 | 28.2 208 7.20
Deviation |(13.2%) (31. 6%) (1.4%) 1 (17.9)
42500 | CJ-4 2.49x 103 | 21.40 53.5 8. 16
CJ-6 - - 54.5 1.56
CJ-13 3.26 x 103 | 22.60 71.3 6.22
Ci-14 2.59 x 103 16.75 76.0 4.90
Average 12.78x 103 | 20.25 63.8 5,25
Deviation |[(11.6%) (20.9%) | (16.2%) {(70.3)
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Table LXXXI, Panel-Bend Test, Composite Structure

Beam |Beam EL/b
Specimen | width, |span, | f "5\ Me/b {My/b | Tension
designation b- L (T) (1b) { (Ib) face
(in.) | (in.) )

CK-1 2.00 9 1,230 23.2 | 35.2( Back
CK-2 1,95 9 1,200 19.2 | 20.5} Front
CK-3 1.95 9 1,120 18.5 | 20.2 | Front
CK-4 2.00 9 1,150 15.0 | 19.1| Front
Average - - ] 1,175 19.0 | 23.7

CK-5 1.256 | 6 1,420 19.2 | 28.0| (a)
CK-6 1.28 | 6 1,210 10.5 | i1.9| (b)
CK-7 1. 36 6 1,300 22.0 | 27.8 (c)
CK-8 . 1.28 6 1,290 16.8 { 18.1 (d)

{a) Specimen with discontinuity in compression.
(h) Specimen with discontinuity in tension.
(¢) Specimen with lap joint; reflecting surface in compression.
(d) Specimen with lap joint; reflecting surface in tension,

Table LXXXII, Facing-Tension Test, Facing Material

i . Final
N, Elastic Maximum p
Temperature (l{:}s?(:r:nt:n Mod(ulsuSE limit stress St‘ryz;m
SiBni P (psi) (psi) o
-200°F CL-9 11.65x 106! 21.7x 103 | 53.1x 108 7.50
CL-10 | 10.30 x 106] 39.4 x 103 | 54,9 x 103 5.12
CL-11 | 12.10% 106| 22.8 x 103 | 54,9x 103 | . 7,07
Average | 11.35x 106]28.0x 103 | 54.3x 103 | 6.56
Deviation | (2. 2%) (26, 0%) (2. 2%) (21.9)
Room CL-1 10.20 x 106 43.2x 103 | 47.0x 103 | 4.70
temperaturn{it) CL-2 8.35 % 106]42.0x 103 | 47.0x 103 | 6.00
CL-3 9.37 x 106] 42.9 x 103 | 45.8 x 103 3.60
CL-4 9.38 x 106]41.9 x 103 | 45.9 x 103 3.90
Average 9.32%106|42.5%x103 | 46.4x 103 | 4.55
Deviation | (10.4%) (1.4%) (1. 3%) (18.7)
+250° CL-5 11, 00 x 105 — 42.0 x 103 1.19
CL-6 10,80 x 106} 17.2 x 103 | 43.2 x 103 4,48
CL-7 9.35x 106 20.6 x 103 | 44.0 » 103 3.90
CL-8 9.12x 105] 25.4 x 103 | 44.2 x 103 3,50
Average | 10,07 x106{21.1x 103 | 43.3x 103 3,27
Deviation | (9. 4%) (18.5%) (3. 0%) (63.7) {

() The 0.2 percent offset yield strength at room temperature is given instead
of the elastic liniit.
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Table LXXXIIT. Facing-Separation Test, Composite Structure

Unexposad Specimens

Elastic Maximum Final
Temperature dzgfgni:;f:n Moc(i:;;x)s E limit stress strain
(psi) (pel) %)
-200°F cM-7(3) 4,46 x 105 - - -
CM-8() 4,08 x 103 512 550 16.8
CcM-9(3) 3,80 x 103 564 573 14.5
Average 4.11 x 103 538 561 15.6
Deviation (7.6%) (4.8%) (2. 0%) (7.1)
Room cM-1(2) 11.5 % 103 237 322 3.30
temperature cM-2(0) 12.2x103 139 —— -
CM-3(d) 15.8 x 103 167 230 1.90
Average 13.2 x 108 181 271 2.60
Deviation (12.9%) (23. 2%) (1. 7%) (29. 6)
+250°F cm-4(c) 9.25 x 103 102 125 2.08
cM-10(0) | 9,41 x 103 120 145 2.33
cM-13(c) 10.55 X 10 128 140 2.48
Average 9.74 x 10° 117 137 2.30
Deviation (5. 0%) (12. 8%) (8. 7%) (9.6
Exposed Specimens
- Elastic Maximum Finel
Aul
Specimen 5:::;3?: MQ(‘:;;‘;S E limit siress strain
(psi) {psi) %)
CIM-1 | . hermal/vacuum 3.08 x 10° 155 349 14.4
environment (100 hr)
CF-3 Therinal/vacuun, 5.01 X 103 a0l 364 8.3
environmont (1,000 hr)
CFM-3 Thermal/vacuum 2,47 x 10° 326 360 15.0
environment (1,000 hr) .
CF-2 Thermal/vacuam 5.15x10° | | 29 332 5.76
cnvironment (6,000 hr)
CFM-2 Thermal/vacuum 6.65 x 10° 291 351 5.62
: environmesi (6,000 hr)
CG-2 Thermat cycling 3.95 x 10° 360 396 10.5
(100 cycles)
CGN-1 Thermal cycling 5.93 x 10° 362 390 9.63
(1,000 cycles) .
CGM-3 | Thermal cycling 6.27 x 10° 296 346 5.15
(6,000 cycles)

{a) Core-material tensile failure,
(b) Test-equipment faflure; maximums not recoxded.
{c) Gluu-line failure.
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Table LXXXIV. Core-Compression Test, Composite Structure

Unexposed Specimens

. Elastic Maximum | Tinal
Temperature dse)ls)?;ri::?:n Mog)\;lix;s E limit stress wwrain
(psi) (vsi) (%)
-200°F CN-9 2.41x% 103 83 98 4,92
CN-10 |4.73x 103 | 124 162 3.74
CN-11 | 2.55% 163 | 108 152 9,13
Average | 3.23x 103 | 105 137 5,93
Deviation | (25.4%) (20.9%)| (28.5%) |(37.0)
Room CN-1 5.43 x 103 | 198 272 3.14
temperature CN-2 13.5 x 103 | 276 305 2,54
CN-14 |5.27 x 163 | 208 238 6. 00
Average |8.07 x 103 | 227 272 3.93
Deviation | (22.3%) (12.8%) | (12.5%) |(35.4)
+250° F CN-6 5.303 103 | 213 213 9.58
CN-7 5.83 « 103 | 200 200 7.78
CN-8 - - 203 -
Average |5.56 x 103 | 406 205 8.68
| Deviation | (4.7%) 206 4. 1%) (10.3)
Exposed Specimens
Spocimen Previous exposure Modulus E |Elastic | Maximum | Final |
(psi) limit stress strain
(psi) (psi) (%)
CF-1 Thermal/vacuum environ- |10. 65 X 103 2587 257 2.3€
ment (100 hr)
CIFN-3 | Thermal/vacuum environ- |11. 05 x 103 246 282 2.98
ment (1, 000 hr) .
CI'N-2 | Thermal/vacuum environ- | 9.50 x 1()3 196 227 2,61
ment (G, 090 hr)
283
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Apvendix IV
TEST RESULTS — CANDIDATE MATERIALS D—F

Presented in this appendix are the results of all laboratory tests performed or materi-
als D, E, and F. Discussions of the tests, descriptions of test apparatus, test proce-
dures and conditions, and interpretations of test results, covered elzewhere in this
report, are not repeated here.

Materials D, E, and F are aluminum honeycomb structures, with epoxy-bonded alumi-
num front and back sheets. Their reflective surfaces consist of successive layers of
epoxy, silicon oxide, and vacuum-deposited aluminum. Material F also has a silicon

oxide overcoating, Material D differs from materials E and ¥, in that a different epoxy
is used for the leveling layer.

Results of the following tests are given in this appendix:

Weight loss in vacuum (epoxy adhesives and sublayers)

Thermal conductance of composite structure

Long-term thermal/vacuum expcsure (composite structure)
Behavior under thermal cycling

Ultraviolet irradiation at room temperature and +250°F

Exposure to low-energy electrons at room temperature and +250°F
Exposure tc * mbined environment (uv + e~ ) at room {emperature and +250°F
Panel shear (-200°F, room temperature, and +250°F)

Panel bend

Facing tension (-200°F, room temperature, arnd +250°F)

Facing separation (-200°F, room temperature, and +250°F)

Core compression (-200°F, room temperature, and +250° F)

See Figures 165 through 172 and Tables LXXXV through XCV.
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Table LXXXV., Short-Term Weight Loss in Vacuum

Rl it o NI AT LA Y

Test conditions

Cumulative Maximum
Temperature | Total time | weight loss short-term Comments
(°F) (min) (%) temperature stability
Epoxy facing adhesive
100 48 0.4 Good to 300°F; Bloated, porous black
200 94 2,23 |marginal at 400°F residue at 500°F
300 150 4.92
400 185 9.9
500 . 297 51.0
Epoxy backing adhesive
100 27 0.875 { Good to 300°F Bloated, porous black
200 - 15 2.63 residue at 500°F
300 128 6.05
400 188 22.3
500 308 58.0
Epoxy sublayer, Material D
100 48 0.53 |Good to 300°F Black glassy residue
200 100 2.83 at 500°F
300 156 4.8
400 212 13.8
500 362 82.7
Epoxy sublayer, Materials E —F
100 48 1.39 |Probably to 300°F Glossy brown film at
200 96 7.45 500°F
300 152 12.8
400 208 33.36
500 358 54.5
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Table LXXXVI. Long-Term Thermal/Vacuum Exposure, Composite Structure

Weight | Weight | Weight Change
Specimen | before | after loss (%)g Post-test appearance
(®) (8) (®)
100-hour test
EF-1 8.6000f 8.5450f 0.0550 | 0.6¢ | White gpots on one face
EFM-1 8.6462 | 8.5914 0.0548 0.625] No change
EFN-1 8.9963 | 8.9388| 0.0575 ] 0.64 } No change
1, 000-hour tast
Small dents on one face; hair-
line cracks and minor discolora-
EF-3 8.7416 | 8.6651| 0.0765 | 0,875
EFM-3 | 9.7300 ( 9.5966| 0.1334 | 1.37 | f tion on °the‘;ifa°°} gng(’l’itnﬂm"
_ and evaporation of bonding
EFN-3 8.9018] 8.8244} 0.0774 | 0.87 agent, causing discolcred de~
posits on interior of honeycomb
6, 000-hour test
EF-2 | 8.8536] 8.7724}] 0.0812 0.91 | No change
EFM-2 9.0063 | 8.9008] 0.1055 1.17 | No change
EFN-2 8.75381 8.6678| 0.0960 ] 1,10 } No change
291
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Table LXXXVII.

Behavior Under Thermal Cycling,
Composite Structure, Material D

In siiu condition

Duration e - Reflectance
Specimen]  of test chl.tt.sbt Cycie Condition POSt. t‘est after
. condition condition
(cycles) exposure
DGM-1 100 { Very good | 06--100 No change |Very fine No change
reflecting noted (see |cracks noted’
surfuace on Figure 67b) {over entire
front face; front face of
no apparent sample
imperfec-
tions on
cither face
DGN-1 1,000 { Very good | 0—138 Craze marksj Very fine No change
surface noted over |cracks noted| (where sur-
entire over entire | face intact)
surface surface;
. aluminum
166 5::;?5 at reflective
. coating
points on
front sur- peeled at
al
face, max. |3°Ver
1/4-in. peints
dia.
1,000 No further
change
noted
DGN-3 6,000 | Surface 0—6,000] Craze Very fine No change
smooth marks noted]cracks noted
over entire )over entire
surface (not |surface
evident in
Figures 65c )
and 67d)
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Table LXXXVIH. Behavior Under Thermal Cycling,
Composite Structure, Maierial E

i

In situ condition

Duration
o Pre-test Reflectance
Specimen o.f test condition Cycle Condition Post:-t.est after
(cveles) condition
exposure
FEGM-1 100 { Front sur- =100 | No changes |Irontsurface| No change
face smooth noted (sce  |unchanged
execept for Figure 69b)
slight con-
vexity at
cdges (see
Figure 69a)
LGN-| L 000 | Front sur- 0~885 { No change - Not tested
fuce smooth noted
895 | Test failure
— sampie
overheated
GN=-3 £, 000 | I'ront sur- 0--1,000{ Hairline Hairline No change
face smooth defects cracks in
. covered coating;
front larger but
surface less frequent
than those in
Material D
EGM-2 6,000 | Front sur- 0—111 |No change |[(Test not Not tested
face smouth neted rerun)
cxccpt io.r 147 [ Threesmall-
1/8-in. dim- LS
hairline
ple near i
defects
center of R
surface and appeared v
1/16-in. [ront surface
dimple off | 148--356 |Hairline de-
cenler feets cov-
ered entire
front surface
357—4, 292} No change
noted (see
Figure 69¢)
4,292 Test failure
—cample
ovecheated
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Table LXXXIX. Behavior Under Thermal Cycling,
Composite Structure, Material F

. In situ condition ,
Duration| , oot Post-test Reflectance

Specimen| of test S s e after
(cycles) condition Cycle Condition Condition exposure

FGM-1 100 | I'ront face | 0-8 No change |[Frosty Mo change
1 slightly con- noted appearance

cave on o
ave ne 43 Network of
2 side; sur-

fnce has craze marks

3 l"rosty‘ noted on

] front sur-

lepcztrance face (sce
see .

Figure 71a) Figure 71b)

o front sur-
face more
pronounced,
Craze marks
clearly visi-
ble. Honecy-
combh pattern
96—150 Craze clearly shows
marks through on
more reverse side.
distinct

FGN-2 6,000 | Front sur- 22 Hairline See

face has crazede- Figure 7le
frosty fects show
appearance on front
(see surface;
Figure 7ic) surface
appears
frosty

23—882 No further
change
noted (see
Figure 71d)

3 883 Edge raised Not tested
f slightly at
three spots

1,137 Noticeable
blue tingetv
front sur-
face noted;
hairline
crazede-
fects appear
green

1,246 Test failure
{(vacuum
lost)

TG
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Table LXXXIX --- Continued

In sitv condition

Scheduled
. Reflectance
Specimen du?atmn I?I'e_.t(?St Cycle Condition POSt._t.e st after
of lest | condition condition
exposure
(cycles)
IrG-1 1,000 | FFront sur-| 0—64 Hairline Hairline No change
face frosty craze marks|crazes in re-
blue in ap- noted flective
pearance | g5 3 00| No further |C02HNE
change
noted
1°G-2 6,000 | Front sur-| 0-—27 Sample -
face frosty appears
blue in ap- badly
pearance; clouded
3?:1 e),lr:all 28—-63 Several
notc[d in hairline
. craze marks
upper left appeared on
coener of sample
surfuce
64 -2,086{ No further Not tested
change
noted
2, 087 Test failure
~sample re-
mained at
test tem-
perature
for 9 hr
as resuit
of con-
troller !
malfunction {
IFGN-1 | 6,000 I'ront sur-| 0--76 Craze marks| Hairline No change
(test face frosty noted crazes in
termi-  blue in ap- _ .. ireflective
nated at | pearance 773,000 S}(‘)mf:g:h(.r coating
3,000 ed (sco
cycles) noted (sce

Figure 71f)
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Table XC. Summary of Optical-Properties Test Results

Solar reflectance

Exposure Material Material Material
D E F
Pre-~test condition 0.92 0.92 0.89
Ultraviolet radiation
(1-yr equivalent)
RT 0.82 0.83 0.72
250°F 0.91 0.90 0.6¢
5 keV electrons
(1-yr equivalent)
RT 0.92 0.92 0.86
250°F ) 0.92 0.92 0.81
Combined environment
(6-mo equivalent)
RT 0.84 0.87 0.75
250°F 0.91 0.90 ¢.64
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Table XCI. Panel-Shear Test, Composite Structure
Elastic { Maximum | Final
G

Temperature dig?:;::f:n Mo?:sl?)s limit stress | strain

(psi) (psi) (%)

-200° [* DJ-17 5.83 x 103 | 22.3 86.1 2.43
DJ-8 5.69 x 103 | 25.0 92.8 2.31

DJ-9 4.71x 103 | 26.6 91.3 2.85

Average 5.41x 103 | 24.6 90. 1 2.53

Deviation |(12.9%) 9.4%) | “4.4%) | 8.7

Room DJ-1 2.52 % 103 | 13.40 46.8 .17
temperature NJ-2 2.29x 103 | 12.25 44.3 9.40
DJ-3 2.21x 103 | 14.40 38.6 7.18

Avcrage [2.34x103 | 13.35 | 43.2 8.58

Deviation | (5.5%) (7.9%) | (10.7%) | (16.3)
£250° ¢ DJ-4 830 2.82 6.15 1.06
DJ-5 2,300 2.18 5.58 0.55

,DJ-6 1,530 1.71 5.22 6.52

Avcrage 1,553 2.24 5.65 0.71

Deviation | (46.6%) (23.6%) | (7.6%) }(26.8)

Table XCII. Panel-Bend Test, Composite Structure

Beam | Beam Ei/b
Specimen | width, | span, in.2-1b Me/b | My/b | Tension
designation b L (-———— (1b) (Ib) face

X . in.

(in.) (in.)
DK-1 1.98 9 3,580 6.1]111.8 (a)
PDK-2 1. 98 ] 2,920 9.1] 10.8 (a)
DK -3 1.98 9 2,900 9.1410.2 (a)
DK-4 1.98 9 3,290 6.8 9.9 (a)
Average - - 3,172 7.8 110.7
(i) Symmetrical specimens,
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Table XCIHI. Facing-Tension Test, Facing and Backing Materiais

. Elastic Maximum Final
Temperature dzgfgrz:tx?:n MOd(;l;S E limit stress strain
(psi) (psi) (%)
-200° F (&) DL-9 3.99x 106 [9.88x 103 | 21.9x 103 | =13.0
DL-10 | 4.56 > 106 |6.66x 103 | 22.3x 103 | 17.0
DL-11 | 7.13x 106 |6.42x103 | 21.6%x 103 | 13.9
Average | 5.23x 106 |7.65x 103 | 21.9 x 103 -
Deviation | (23.7%) (16.2%) (1.4%) -
ltoom DL-1 [ 7.80x%106 |4.94x103 | 19.0% 103 | 19.3
temperatureld) DL-2 8.50x106 |8.40x 103 | 15,0 x 103 | >14
DL-3 7.76x 106 |5.83x 163 | 15.4%x 103 | 12.8
DL-4 8.05%x 106 }6.42x103 | 15.8%x 103 | >14
Average | 8.03 % 106 |6.40 x 103 | 16.3 x 103 -
Deviation | (3.4%) (29. 6%) (8.0%) -
+250° F(&) DL-5 4.42%x106 |5.00%x103 | 13.9'x103 | 20.2
DL-6 2.20x106 15.19x103 | 13.3x 103 | 13.2
DL-17 4.18x 106 [4.94x103 | 14.2%x 103 | 20.6
DL-8 5.32x 106 12.21x103 | 13.7%x103 | 13.7
Average | 4.05x 106 |4.58%x 103 | 13.8x 103 | 16.9
Deviation | (43.5%) (29.9%) (3.6%) £21.9)
-200" (M DL-19 | 11.35% 106 [5.81%x 103 | 21.4%x 103 | 16.3
DL-20 | 11.40% 106]6.20%x 103 | 22.4%x 103 | 15.6
DL-21 | 7.14%x10% |7.75x 103 | 22.2%x 103 | 10.2
Average | 9.96x 106 }6.59x 103 | 22.0x 103 | 14.0
Deviation | (28.3%) (11. 8%) (2. %) (27.1)
Room DL-13 | 7.96x 106 }3.02x 103 | 15.1x 103 | >14
temperature(b) DL-14 | 8.01x106 |5.22x103 ] 15.3x103 | 12.9
DL-15 | 9.70%x 106 |4.88x 103 | 15.5%x 103 | 14.9
Average | 8.56 x 106 [4.37 x 103 | 15.3 x 103 -
Deviation | (7. 0%) (30. 9%) (0.7%) -
+250° 7(P) DL-16 | 3.94x 108 }3.72% 103 | 13.0x 103 | 6.1
DL-17 | 2.45x 108 ]4.65%x 103 | 13.2x 103 | 13.0
DL-18 | 4.70>%106 {4.57% 103 | i3.3x103 | 10.5
Average 13.70x 108 14.31> 103 | 13.2 % 103 9.9
Deviation | (33. 8%) (13.7%) (1.5™) (38.4)

(@) Facing material = 0,008 in. thick.
(h) Backing material = 0,604 in. thick.
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Table XCIV. Facing-Separation Test, Composite Structurs

Unexposed Specimens
Elastic Maximum Final
Temperature Specimen Modulus E Hmit stress strain
designation (pal) (psi) (osi) o)
-200°F EM-‘I%"; 15.4 % 10‘; 100.0 100.0 0.78
\1~8( 4 15.9 x 103 78.4 76.4 0.48
EM-9'® 10.2 X 10 147.5 147.5 1.48
Average 13,2 % 10° 108.0 108.0 0.91
Daviation (22.1%) (30. 2%) (30. 2%) {47.3)
Room EM-3(®) 6.38 x 10° 23.5 23,5 0,38
terperature EM-4(%) 9,94 x 103 16,2 21,9 0.32
EM-5(®) 5,47 x 108 1.3 47,23 -
Average 7.26 x 108 17.¢ 30,9 0.35
Deviation (24. 6%) (33.5%) {29.1%) (8.8)
+250°F rM-10) 1.11 x 103 4.50 5.49 0.85
EM-20) 1,16 x 103 7,45 8. 02 0.84
M-sﬂ’) 1.58 x 103 5,46 9.88 0,87
Average 1,28 x 103 5.80 7.80 0.85
Deviation (13, 3%) (22. 4%) (29, 6%) 1.2)
Exposed Specimens
Elastic Maximum Final
Specimen Previous Modulus E Himit stress strain
exposure (esl) (pet) (ost) &)
DGM-1 Thermal eycling 8.05 x 10° 58.7 90.0 1.98
{100 cycles)
EFM-1 | Thermal/vacuum 5.60 x 10° 81.0 160 4.02
_environment (10¢ Ar)
E¥M-3 | Thermal/vacuwm 7,26 x 108 210 292 4.53
environment (1,000 hr) .
EF-2 Thermal/vacuwn 8,16 X 10° 158 181 2.46
environment (6,000hr)
EFM-2 | Thermal/vacuum 8.97 x10° 162 204 2.63
environment (6,000 hr)
EGM-1 | Thermal cycling 4.06 x10° 60.2 82,8 2.27
(100 cyclen)
FGM-1 | Thermal oysling 3.85 x 10° 4.0 16,7 2.41
(100 cycles)
FG-1 Thermal aycling 4.44 x10° 57.8 84,5 2.70
{1,000 cycles) !
FGN-2(®)]  Thermal cyoling 5.58 x 10° 72.5 99.8 5.04
(1,248 cycles)
(a) Plating failure.
(b) Gluc-1ine failure.

(o) Initixlly scheduled to undergo 6.000 cyclu. Testing was terminated after 1,246 cyclos when
vacuum was lost as rexult of frozen seal
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Unexposed Specimens

Table XCV. Core-Compression Test, Composite Structure

- Elastic Maximum Final
Temperature dggf;::;?r Mm:;‘;;’; E limit stress strain
(psf) {psl) %)
-200° F DN-7 1.55x 1¢3 44.6 47.8 4.92
DN-8 5.00 x 108 43.4 57.8 1.37
DN-9 - 63.5 67.6 ---
Average 3,28 x 163 50.5 57.7 3,15
Deviation (52.7%) (14. 1) (17.2%) (56.5)
Room DN-1 4.22x103 53.5 83.1 3.84
temperature DN-2 4,53 x 103 43.9 89.3 5.30
DN-3 3.35x 13 44.8 84.8 4,32
Average 4.03 x 103 47.4 85.7 4.9
Deviation (16.8%) (7.4%) (3.0%) (14.5)
+250° F DN-4 6.20 x 103 32.5 51.8 11.88
DN-5 8.30 x 103 57.3 66.3 9.64
DN-6 8.64 x 103 51.3 54.7 6.96
Average 7.71 % 103 47.0 57.6 9.49
Devialion (19.6%) (30.8%) (11.8%) (26.7)
Exposed Specimens
, Elastic Maxinum Final
Specimen Previous Modulus E limit siress strain
exposure (psi) (pst) (psi) %)
DGN-1 Thermal cycling 4,72 x 103 69.5 71.5 1.62
(1, 000 cycles)
DGN-3 Thermal cycling 8.93 x 103 76.8 82,8 1.04
(6,000 cycles)
EF-1 Thermal/vacuum 3.85 x 103 — 82.5 0.92
environment (100 hr)
EFN-1 Thermal /vacuum Test equipment failure — no data
environment (100 hr)
EF-3 Thermal/vacuum 13,8 x 13 91.8 95.6 0.71
enviconment (1, 000 hr)
EFN-3 Thermal/vacuum 9,68 x 103 76.5 87.1 0.94
environment (1, 000 hr)
EFM-2 Thermal/vacuum 6.52x 108 76.7 83.9 1.45
environment (6, 000 hr) ,
EGN-b Thermal zycling 7.09 x 103 80.5 88.4 1.41
{1,000 cycles)
FGN-1 Therinal cycling 0.91x 103 11.5 18.4 2.40
(3, 600 cycies)
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Appendix V
TEST RESULTS — CANDIDATE MATERIALS G-K

Presented in this appendix are the results of all laboratory tests performed on mate-
rials G, H, J, and K. Discussions of the tests, descriptions cf test apparatus, test

procedures and conditions, and interpretations of test results, coveced clsewhere in
this report, are not repeated here.

Materials G, H, J, and K consist of electroformed nickel frunt and back sheets, joined
with epoxy to 1-1/2-in. diaraeter nickel cylinders. The refleciive surfaces <f materi-
als G and H are vacuum-deposited silver, and material H also has a silicon-oxide over-
coating. The reflective surfaces of materials J and K consist of successive layers of
chrome, silicon oxide, and aluminum, and material K also has a silicon-oxide

overcoating,
Results of ie following tests are given in this appendix:

Weight loss in vacuum (epoxy adhesive)

Long-term thermal/vacuum exposure (composite structure)
Thermal conductance of composite structure

Thermal expansion (reflective and back surfaces)

Behavior under thermal cycling

Ultraviolet irradiation at room temperature and +250°F

Exposure to low-energy electrons at room temperature and +250°F
Exposure to combined environment at room temperature and +250° F
Panel shear (-200° F, room temperature, and +250°F)

Panel bend

Facing tension (-200°F, room temperature, and +250°F)

Facing separation (-200°F, room temperature, and +250° F)

Core compression (-200°F, room temperature, and +250°F)

See Figures 173 through 180 and Tables XCVI through CIV.
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Table XCVI. Short-Term Weight Loss in Vacuum, Epoxy Adhesive |

Test Conditions Cumulative Maximirs

Temperature | Toal time | weight loss short-term Comments
(°F) (min) (%) temperature stability
100 48 0.27 Gcod to 360° F Porous black
200 86 1.1 residue at 500° F
300 152 2.8
400 212 15.6
500 362 59.62 l

Table XCVII. Long-Term Thermal/Vacuum Exposure, Composiie Structure

Weight | Weight { Weight Change
Specimen | before ! _lter loss (%)g Post-test appearancs
(8) (®) (®) ’
100-hour test
GF-1 4,3653| 4.3638 ] 0.0015| 0.03 ] Bonding between sheet and top
of conical section separated
hefore start of test; specimen
fell apart from h~ndling after
test
Gr.d-i 4.8585| 4.85651 0.0020] 0.04 { Same as GF-1 before test; no
chunge aftex test
GFN-1 4.2269| 4.2250) 0.0019{ 0.045| Bonding between sheet and top
of conical section 100% sepa-
rated before test; no change
after test
1, 000-hour test
Gr-2 4,4500| 4.4472} 0.0028{ 0.06 | Bonding between sheet and top
of conical section completely
separated before test; polished
face shows minor discoloration
GFM-3 4.71780| 4.77501 0.0036] 0.07 | Same as GF-3 except 25%
separation before test
GFN-3 4.0036] 3.99931 0.0043{ 0.107] Same as GF-3 except 50%
separation hefore test
6, 000-hour test
GF-2 4.1453] 4,1395( 0.0058| 0.14 § Bonding betw.en shest and top
of conicai section 50% sepa-
rated before test; no change
curing test
GFM-2 4.3848} 4.3592| 0.0056 0.12 | No change
GFN-2 4,24771 4.2435] 0.6042] 0.10 | 8ame as GF-2
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Figure 174 Thermal Conductance of Composite Structure, 1-in.-Thick Specimen
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Figure 175 Temperature Distribution Along Wall of One Cylinder of
Composite Structure (X/L = 0 and 1.0 Are on Faces of

Siructure)

307




20m)ang 2A30°9[FOY Jo uolsuedxd [BULISY], J8oUl'T 9LT oIM3ITJ

(¥.) FIYNILVIIdNIL

008 002 009 008 00% 00g 002 001
I 1 I ] T T 02 "0-
—jot-o-
I?
(2 oN srdureg) 3uroop V
(z -oN ordweg) 3urieoH O .
{1 -oN oydureg) 3ureeH O —1 0T°0
0z ‘0

PEOTSTI) L W [YY e

(%) NOISNVAXE

o
[~4]

o

Lkt



008

00

ao®lINg Yoreg JO uorsuedxy [BWLIAYY, XBaUTY LLT sanSig

(¥o) IYNILVITIINTL

009 oo¢ 00¥ 00¢€ 00¢

I 1 _ |

——

(¢ °oN 9rdureg) 3utjood WV
(¥ "oN opdureg) 3unyesy O
(¢ ‘oN erdureg) 3umedH O

00T

=} 0z °0-

- 01°0-

— 0T°0

g

(%) NOISNVIXT

e it

<n
(]

SE———

TS

FTVIVRNPICY WL TR TV}



] 185, JM[0AD
TewIon], 3[24D-000‘9 X81y pue 210)9g uoisTudxy [BUIXSY], Jeduly Jo uostrwdwo) g1 oamSry

(W) FENLYIIANTL

008 002 009 oo¢e 00% 00¢ 002 00T
k] 13 I I 1 i 02 "0~
ot -0~

>
n

|
[}
(%) NOISNVAXH

—01°0
1S9 9104D-000 ‘9 I2Jy ddvyANG Yorg ©
1591, 3124AD~000 ‘9 IV 30BjING IATP3Y O
$189], SuroL)- [eviIaYyy, 910Jog [ElIdjB] @0BJING-SATIOB[JOY e emn
189], SUIOAD-TeWIdY] 9X0Jag [BLISTE 90BJMG-HOBY e
0z °0

'
Ky’ PP 3 o o e e aak e braaa L X . 5y " P T N N T T L T U O S N T T o T v ST W .




© mm— -

£ TerxajeIy *Surfod) rewrrayy Sulang saorg joeg pu® JUOIY Jo SofIoisiy eamjeasdwal, L1 2ansrjy

(urwa) FINLL
0¥ 114 A 8¢ ¥s (174 91 2T 8 ¥ 0 ;
T T T T T T T 7 Y T T T T T T T T 1 ooe-
-1 0023~
-
001~ =

=
do) TUNLVHAIHIL

001

002

e e o

00g

AT e N heldde el N AR
e D Pk s g - abaz g e it 2isnt Mk TPV PR RN TR I NS CTRL S PP ERETOU P AT ST e LPoee s 1) X L
Lo § T o €3 gy 2 3 - £4 i Shabde -




¥ TBLISTBIN ‘Surfof) rBuasq] Surang s9oeg Moed puwR juolJy JO S31303STH sanjexedmo], 08T @xnBiy

(urwr) FWIL
oy 9¢€ 4 8¢ ¥ 02 91 (4 8 8 . ¥ (1]
T T T T 1 L § T T T T T T Y T | T T Y 1 10~
4002~

4
=
'

[~
(-]
i

002

JOVd INOYI

oo¢

P R R R YN Vs R TP Ry W 3 kol e 2,

312

(4, IUNLVEIINIL

A b s i s =




7Y

T AT

Ly i, Sl

LB creans 2

L vieid D

Table XCVIII. Behavior Under Therma! Cycling, Composite Structure

e iAo

Material J
Duration p In situ condition P Reflectance
Specimen| of test re;iist Cvel Conditi os(ll:i-t.est after
(cycles) condition ycle ondition condition exposure
JGM-1 100 [Sample sur-| 0-118 No change | No change No change
faces flat noted (see | noted
(see Figures 73b
Figure 73a) and 73c)
JGN-2 1,000 | Some dirt 0-1,0381 | No change | No change No change
flecks and noted noted
patches on
reflective
surfice
JG~1 6,000 [Sample sur-j 0-—6,000 | No change | No change No change
races flat noted (sec | noted
Figure 73d)
Material K
. In situ condition
Specimen D«l;;‘(tlt‘l:?tn Pre-test Post-test Ref:&:::'nce
(cycles) condition Cycle Condition | condition exposure
KG-1 100 |Sample sur-{ 0—100 No change |No change No change
laces flat neted (seec |noted
(sce Figures 75¢
Iigure 75a) and 75d)
KGM-2 1,000 |Sample sur-| 0--998 No change |Epoxy bond- [No change
faces flat noted (sce |ing green in
(see Figure Figure 75f) |some places,
75¢) mainly on
hack surface
honding. Mo
other change
noted
KGM-1 6,000 |Sample sur-} 0-6,002 | No change |No change No charge
faces flat noted (see |noted
Figurs 75b}
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Table XCIX. Summary of Cptical-Properties Test Results

Solar reflectance
3 Exposure Material Material Material Material
3 G H d K
: Pre-test condition 0.93 0.91 0.92 0.88
& Ultraviolet radiation
: (1-yr equivalent)
RT 0. 86 0.70 0.83 0.82
250°F 0.91 0.74 0.91 0.75
5 keV electrons
(1-yr equivalent)
RT 0.92 0.91 0.92 0.82
250° F 0.93 0.90 0.92 0.75
Combined environment
(6-mo equivalent)
RT 0.91 0.78 0. 87 0. 80
250°F 0.90 0.78 0.92 0.77

atacareis

Table C. Panel-Shear Test, Composite Structure

Elastic | Maximum | Final
Temperature dzgfgcri::?:n Mo((:;li‘;s G limit stress strain T hi(c;ﬁn;ass
(pst) (psi) (%) '
-200° I GJ-14 588 1.00 } 1.00 0.17 1.0
Room GJ-1 555 3.08 5.10 1.72 J.5
temperaturc J-2 - - 5.50 1.41 0.5
GJ-18 349 1.21 2.50 0.96 1.0
GJ-19 330 - 2.1 1.15 1.0
1250° I GJ-3 - - (a) - 0.5
GJ-12 - - (a) - 1.0

(a) Failure occurred with approximately 3-1b fixture weight.
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Table CI. Panel-Bend Test, Composite Structure

MEARE Jautit:

3 Laae 3
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] ‘ Beam | Beam El/b
' Specimen | width, | span, | o Ca 3y [ Me/b | My/b Tension | Thickness
designation b L. (~ — ) (Ib) (1h) face (~in.)
. . m,
(in.) (in.)

] GK-1(0) 16.0 | 12.0 | 15.9 | o0.137] 0.331 | Nonreflecting 1
3 (K -3(b) 16.0 | 12.0 28.4 | 0.181} 0.390 | Nonreflecting
L GK -2(2) 16.0 | 12.0 17.3 | 0. 140} 0. 264 | Reflecting
i Average(©) - 20.5 | 0.153| 0.328

GK-5(d) 16.0 [ 12.0 | 24.4 | 0.112] 0.150 | Nonreflecting 0.5
5 GK-7(d) 16.0 | 12.0 37.2 | 0.050] 0.425 | Nonreflecting
; GK -6(d) 16.0 | 12.0 | 23.2 | 0.138] 0.134 [ Reflecting
A Avcr:\g‘c(c) - - 28.3 0. 100] 0.236

(a) No specimen failure.

mately 0. 5-in, deflection were yeached.
(h) Four cups of 24 unbonded atl time of failurc,
(¢) All specimens used for averages.
(d) Ore cup unbonded at time of failure.

Table CII. Facing-Tension Test, Facing Material

Test was stoppcd when cquipment limits of approxi-

Spceeimen Modulius E Elizr’fxttm M;;c;gxst;m Sfig?rll
l'emperature | designation (psi) (pei) (psi) %
~200° |* G1.-8 - - 152 x 103 4,40

GL-9 47.8x 10| 31.4 x103| 152 x 103 4,20
G1.~10 - - 154 x 103 3., 60
Average 47.8 % 106 - 153 x 103 4.07
Deviation - - (0. 6%) (11.6) |
Room GL2 18.2x 165 | 22.7x 103 111 % 103 2.30
temperature GL-3 - - 123 x 103 3.98
GL-4 - ~ 121 x 103 3.70
Average 18,2 x 106 - 118 x 103 3,33
Deviation - - (5. 9%) (31, 0)
12560° I° GL-5 16.4 x 106 | 20.0 x 103 [ 100 x 103 2.85
GL-6 18.9 % 106 | 20.0 x 103 - . -
GL-17 18.4 x 1065 | 23.6 v 103! 108 x 10’ 2.75
Average 17.9% 108 | 21.2 %103 | 104 x 103 2. 80
Deviation (8.4%) (6. 0%) (3. 8%) (1.8)
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Table CIII. Facing-Separation ’I"est, Composite Structure

Unexposed Specimens

. Elastic Maximum Final
Temperature dzg f;ril;;f:n Mod(t;)l:s E limit stress strain
(psi) (psi) (%)

' _200°F GM-11 1.05x103 | 3,25 3.25 0.29
Room GM-1 672 3.34 3.34 0. 57
temperature GM-2 24,2 0.475 0.600 3.09

Average 348.1 1,92 1,97 1,83
Deviation (93%) (75.5%) (69. 5%) (68. 8)
1250° I° GM-4 292 1.00 1.00 0.57
Iixposed Specimens
v Elastic Maximum | Final
Specimen 1:;3’:3:2 MOd(l;)I:is) E limit stress strain
(psi) (psi) (%
GI'M-3 Thermal/vacuur: en- 74.6 2,87 2.87 3.78
vironment (1,000 hr)
GFM-2 Thermal/vacuum en- 603 5.00 7.60 1.46
vironment (6,000 hr)
JGM-1 Thermal cyceling 306 4,05 4,05 1.32
(100 cycles)
JGN-2 Thermal cycling 174 1.53 2,11 1.34
(1, 000 cycles)
Ke(i-1 Thermal cycling 457 4,25 4,25 0.93
316

Rt

»¥




WORLIPIPINT M) Mt o e W 3 Ma W A g

Table CIV. Core-Compressicn Test, Composite Structure

Unexposcd Specimens

. . Elastic | Maximum | Final
Temperature rlils)?crle:}?:n Mo(d).;li\:s E limit stress strain
ha psL. (psi) (psi) %)
-200° (%) GN-7 530 2.74 2. 74 0.52
GN-8 298 3.22 3. 60 1.37
GN-9 518 4.45 4.78 0.97
Average 448 3.47 3.71 0.95
Deviation (34.1%) (21.1%) (26.1%) | (45.3)
Room ‘ GN-1 577 3.99 4.53 0. 83
tcm|)crnture(“) GN-2 553 1. 62 2.05 0,44
GN-3 381 1.39 2.19 0. 85
Average 504 2.33 2.92 0.71
Deviation (24. 6%) (40. 3%) (29. 8%) | (38.0)
+250° 1°(2) GN-4 226 1.62 2.25 1.15
GN-5 488 2,62 3.46 0.83
GN-6 280 2.00 2,92 1. 16
Average 331 2.08 2. 88 1. 05
J Deviation (31.7%) (22. 1%) (19.8%) | (20.9)
~200° 1*h) [ GN-18 136 3.30 3.30 2.45
GN-19 97 2. 06 2.06 2.21
GN-20 100 2.19 2,19 2,21
Average 111 2.52 2.52 2,29
Deviation (11.7%) (18. 3%) (18.3%) | (8.5)
Room GN-13 138 1.38 2,21 1,81
temperature(P) IN-16 308 1.84 2.50 1. 00
IN-21 103 1.51 1. 67 1.72
Averae 183 1.58 2.13 1.51
Deviation | (43.7%) (12.7%) | (21.6%) | (33.8)
+250° 11(h) GN-14 173 1.06 1.44 0. 89
GN-15 113 0.94 1.47 2.32
GN-17 172 0.91 0.91 0.55
Average 156 0.97 1. 27 1. 25
Deviation (27. 6%) (6.2%) (28.4%) | {56.0)

(@) Approximately 1.0-in. thick.
(b) Approximately 0. 5-in. thick
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Table CIV --- Continued

Expused Specimens

Modulus E Elastic | Maximwm } Final
3 Specimen Previous exposure (psi) limit stress strain
pEL (psi) | (psi) (%
GIl*-1 Thermal/vacuum env..on- 138 2,32 2.94 2.62
ment (100 hr)
GI'N-1 | Therma!/vacuum environ- 115 2.50 2.75 2.85
{ ment. (100 hr)
% GI-3 Thermal/vacuum environ- 127 2.15 2.50 2.19
ment (1,000 hr)
i GI'N-3 | Thermal/vacuum environ- 163 1.84 1.94 1.26
ment (1,000 hr)
5 GFN-4 ’l‘hermal/vzlguum environ- 127 6.71 0.71 9.52
3 ment (6,000 hr)

Note: Specimens were approximately 0. 5-in. thick. Data should he compared
with results of tests on unexposed specimens of same thickness,
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surfaces were significantly more stable than systems with silicon oxide overcoatings.
In addition, these systems had a higher initial reflectance, No material proved fo be
ideally suited in all respects for use in che ASTEC solar collector. Recommendations
are made for additional testing to determine more exactly the mechanical properties
of the most promising material or materials and to establish with greater certainty
the degree of optical stability of these materials in the ASTEC environment,
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