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= ABSTRACT

g = M \

In September 1957, the Fizeau Shot of Operation, Plumbbob con-
ducted in Nevada provided an ll-kiloton nuclear burst whish—ss
for a « ty of noninstrumented tests upon a broad range of mate- i
riaiy rsiszed to weapon construction. The objectives of~tiris-por- !
Liga—x vimp-tewts were: (1) correlation of structural changes on ;
materiel:z. ~ith respect to fireball location and/or heating rates;
(2) s=gsrvation of the effects on various materials, of thermal and
nuciear radiation delivered at high rates, both singly and in com-

binati :
ination o ;
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<j/£ff For studying the thermal environment inside the fireball,

eleven different materials (200 samples) were inserted in two 4-ton °

,// steel blllets suspended near air zero. Vaporization, melting, and
structural changes were determined on the recovered samples. These
data, subsequently analyzed and combined with data from other parts
of the experiment, led to the determination of fireball tempera-
tures. These temperature determinations agree quite well with theo-
retical and instrumented temperatures observed on shots of ichis size.

Additional data for the fireball studies were derived from
samples placed in couplings located at 20-foot intervals along the - '
) P height of the Peace Pipe. This >ipe was a vertical shaft directly
beneath air zero. Samples alom; the Peace Pipe were designed for
energy input studiesz. Metall ~ig examination of these samples,
u ‘ and similar samples later ex; in a solar furnace, lent addi-
- tional reliability to the resuits =¢f the fireball studies.

CMMEMMRBIONS KRGS g 5

- The determination of the effects of high dose rates of ther~ ‘
- mal and nuclear radiation on weapon materials was accomplished by : ;
k exposing an array of various samples (primarily tensile samples) at
N different distances from air zero. The samples were partially pro~

tected from the blast effects by placing them in deep pits on a

line of sight to air zero. The only observed effect upon the metal-

lic tensile specimens was corrosion., At the distances exposed, ten-

sile values were unchanged by exposure. Other samples (coatings ;

and organic materials). exhibited definite thermal and nuclear radia-

tion degradation.

Exposure of materials and components to nuclear radiation
alone was accomplished by housing these items and dosimetry devices
in small aluminum spheres. In many cases there were no observed :
effects upon the -samples. Those samples showing the greatest ob-
served changes were the electronic components.

. Results of this event and its experiments indicate several _
things. There was a high degree of sample survival, bearing out the
general acceptability of sample mounting methods. The fireball
studies resulted in the determination of environments independent of
measuring systems but closely agreeing with other observed data.
Studies conducted outside the fireball showed at best only threshold
damage levels,
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During Operation Plumbbob, Sandia Laboratory conducted sev-
eral projects designed to provide informatiow related to the vul-
nerability of nuclear weapons exposed to nuclear explosloms. These
projects were consolidated in Program 41 of Operation Plumbbob which
was sponsored by the Weapons Effects Department (now designated as
the Nuclear Burst Physics Department). C. D. Broyles of that depart-
ment served as sclentific advisor in this program and provided the
technical coordination of the several projects. A. D. Thornbrough
of the Full-Scale Test Department.served as Program Director.

Program 41 consisted of the following projects, some of which
have been reported as indicated below:

Project 41.1a Fireball Studies (WT-1517) : S
Project 41,1b Vulnerabllity of Weapons Components
Project 41.1c Effeci:s on Materials Exposed to a Nuclear
: Petonation (WT-1519)
Project 41.2  Vulnerability of Nuclear Weapons to Nuclear
Countermeasures (SC~4946(WD))
Froject 41.3  Effect of Altitudes on Neutron Measurements
(WT-1521)

i
y

?; Experimentation and results encompassed by Project 41l.lc are
* covered in this report.

Appreciation is expressed here to personmnel of Sandia Labora-
tory who provided technical support for this project: R. U. Acton,
C. F. Bild, J. L. Colp, D. M. Ellett, R. E. Fisher, K. C. Humpherys,
D. R. Johnson, K. E, Mead, H. E. Montgomery, G. Rainhart, J. C. Russell,
J. A, Sisler, A, W. Snyder. and R. R. Sowell,
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INTRODUCTION

1.1 OBJECTIVES

The primary purpose of the project in the Fizeau event was to
obtain, independent of incstrumentation, information on effects sus-
tained by a variety of materials in thé fireball at various distances
from the point of detonation. In conjunction with this effort, an
attempt was made to detcrmine effects on materials subjected to high
heating rates. These first two objectives constitute studies in the
{ireball propex. The third effort was to determine effects of com-
bined thermal and nuclear radiation on selected materials, and the
last was to study permaneut effects of nuclear radiation from a
weapon burst and dependence of these effects upon dose rate in
various materials,

1.2 MILITARY SIGNIFICANCE

Weapons systems which subject materials and components to en-
vircnments of temperatures which are at the extremes of their opera-
tiona”. limits are now in existence. Future systems undoubtedly will
require compatibility with environments of both high thermal and
nuclear radiation. “ince Sandia Laboratory 1s cognizant of these
envircnments, it must expeud considerabic =iiort ia testing ard
evaluation of metal, ceramic, and organi: ==terials to determine
their compatibility with these future - . =—==:z systems.

1.3 BA_C_KGROUND AND THEORY

Several agencles have studied thermal effects of nuclear
detonations on materials., Earliest investigations associated with
Trinity were concerned with ignition temperatures at various dis-
tances from the fireball. The first concrete investigation of ther-
mal effects cn materials was conducted during Operation CGreenhouse?
by the Naval Materials Laboratory (NML), the Naval Radiological
Defense Laboratory (NRDL), and the National Bureau of Standards
(NBS). Objectives of their investigations were twofold: The first
concerned characteristics of thermal radiation associated with nu-
clear detonation; the second expused correlation between field and

laboratory exposures, environments, and effects on varlous materials,

During Operation Buster,® in addition to studies of spectral
and intensity~time characteristics of thermal radiation and effects
of target geometry on the dugree of therwmal damage, NML performed
the same types of investigations conducted during Operation Green-
house. Thils program was continued and tupplemented by NML in
Operation Upshot-Knothole,?
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In Operation Teapot,® Wright Air Development Center (WADC)
exposed materials samples within the fireball proper. This was the
firsi ilwe that the fircball was utdilizoad a2 an snvivanment | and
the project was primarily concerned with studies of the lethality
of a fireball to basic missile structures, with determinations of
the amouni of umeial 1oss £ioim selected materisls.

Investigation instituted on Teapot* by WADC was continued on
Redwing,® which confirmed original work and expanded it with the
addition of new materials and shapes, including the use of instru-
mented spheres. The latter contained tape recorders to record time
historles of acceleration, depths of melting of surface material,
and specimen temperatures near the surface. To obtain data on time
rate of material removal of metals by high-temperature radiant
energy, Sandia Laboratoryg in its Totem Pole experiment in the
Kickapoo shot of Redwing,® placed melt-study plugs on a large pipe
which extended into the fireball. ’ '

In the Flzeau shot of Plumbbob, Project 4l.lc has attempted
to expand previous and current fireball lethality studies and de-
termine effects produced on selected materials by tliermal and/or
nuclear radiation.

REFERENCES

1. A. Broido and others, The Effect of Thermal Radiation on
Materials, Operation Greenhouse, WT-70, U.S. Naval Radiologi-
cal Defense Laboratory, San Francisco, Calif., September 1951,

2. T. I. Monahan, Effect of Thermal Radiation on Materials,
Operation Buster-Jangle, WT-31l1l, U.S. Naval Materials Labora-
tory, New York Naval Shipyard, Brooklyn, N.Y., July 1951.

3. T. 1. Monahan and W. L. Derksen, Effects of Thermal Radiation
on Materials, eration Upsghot-Knothole, WT-772, Naval
Medical Research Institute, Bethesda, Md., May 1954,

4. J. E. Kester, Evaluation of Fireball Lethality Using Basic
Missile Structures, Operation Teapot, WT-1134, Armed Forces
Special Weapons Project, Albuquerque, N. Mex., May 1958.

5. C. J. Cosenza and R. L. Luthman, Weapons Effects on Metal
Structures and tlaterial, Operation Redwing, WT-1335, Wright
Alr Development Center, Dayton, Ohio, May 1960.

6. H. M. Richardson, Technique Experiments for Internal Fireball

Effects, Operation Redwing, WI-1355, Sandia Leboratory,
Albuquerque, N. Mex,, June 1959,
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Chapter 2

PROCEDURES

2.1 PREDICTED ENVIRONMENTS

The predicted environments for the materials exposed are
listed in Table 2.1.1

2.2 SELECTION OF MATERIALS

2.2.1 Materials Within Fireball Proper

Materials placed inside the fireball for the study of ther--
mal effects were selected on the basis of three types of reactions
of a solid to a heat source: vaporization, melting, and internal
structure changes such as recrystallization and transformation.

The program was designed to utilize each of these responses in a
suitable set of samples in order that the effects attained could be
studied.

a. Vaporization. Since parameters for material survival in .
regions close to the point of burst are unknown, a varilety of mate- i
rials was chosen to insure test results. Use of a group of mate- :
rials differing widely in specific heat, thermal conductivity, den-
sity, and melting point permits several different approaches to an
understanding of fireball lethality. Amounts of vaporized material
thus might be used to confirm heat input to a variety of materials,

UHLLY

TR AT,

b. Melting. Melt~study specimens were made trom powders by
compacting. Materials were selected to give as wide a range of
melting temperatures as possible. Unsintered powder compacts were
chosen so that melting of individual small grains of powder at the
surface of the compact could be observed.

c. Internal Changes. Three materials having known physical
property changes due to internsl reactions caused by heating were
chosen for this part of the study. Naval brass was selected for
its conversion of quenched, retained beta to alpha at approximately
900°F. Fully hardened 0.89 carbon steel was selected for tempering
effects between 200° and 1300°F. Cold-rolled, full-hard molybdenum
was selected for its sharp recrystallization temperature at 2100°F.
For survival purposes, these three materials were presented in two
geometries, described later. Mounted with these was a group of six
materlals exposed primarily for survival and effects studies. These
materials were wood, graphite, 6061-T6 aluminum, and organic com-
pounds of DC-301 silicone, diallyl phthalate, and epoxy.
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Inasmuch as the space In the base of the top billet was made

avallable at such a late date, samples to be exposed in this nuclear
= vadiatrian anvironment were: (1) previously untested material with
probable high radiation resistance, (2) materfals being tested else-
where in the experiment to be used in the study of permanent dose
T rate effects, and (3) materials of interest in pure physics experi-
, ments. Availabillity of material was, of course, a tactor in deter-
N a mining choice. Space was a problem and dictated, to some extent,

the choise of samples, but was not considered a primary factor.

2.2,2 Pit Specimens

Pit specimens consisted of metals, plastics, ceramics, coat-
ings, and components.,

a. Metals. Metals chosen for exposure in the pits covered
a wide range of transformation temperatures, as well as mechanical
and heat-treated conditions, These materials have well-known physi-
cal and mechanical properties and, in general, are mow in use or are
contemplated for use in Sandia Laboratory weapon applications., It
is not known what the properties of the materials cﬁosen wlll be
after subjection to the high heating rates and total nuclear dose
expected, More speclfically, the metals were chosen because of in-
dividual or group application as follows: :

(1) titanium alloys: high strength-to-welght ratio,
relatively high temperature of transformation,
commercial availability, and military use.

(2) stainless steels: proved use as strength members,
relatively high-temperature applications, missile
and weapon materials, effects study on heat=treated

\J and precipitation-hardening materials.

-(3) aluminum alloys: weapon applications for case
materials and strength members, airframe structure
applications, and general commercial usage.

(4) copper base alloys: component applicatibns and
widespread commercial use, especially in electronic
apparatus, :

(5) steels: eutectold and alloy transformation study
and general commercial use. C

: (6) magnesium alloys: weapon, missile, and alrframe
- application,

Pl (7) nickel and cobalt alloys: high-temperature strength
and corrosion-resistant allcys.

(8) zinc-die-casting alloy: study of effects on soldered
. joints for experimental procedure in joining alumi-
num alloys.

v b. Thermosetting Molding Materials. The three thermosetting
molding compounds which were selected were a glass-fiber~filled
diallyl phthalate (dap), a Dacron-fiber~filled diallyl phthalate,
and a glass~fiber-filled silicone. The glass~filled dap was selected

'5"|ll-||| AP g ¢
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because of its many applications in present weapon programs, where
it is used as arn insulator as well as a structural member. The
Dacron-filled dap is used in several weapon programs, but only where
a low "2" material is necessary., With the trend toward materiais
reslstant to ever~-increasing temperatures, the glass-fiber filled
ailicone compound was selected with a view toward future applica-
tions. A polyester-glass premix compound was &ls¢ incinded, since
it is being used for potting shells which become permanent parts of
an electronic package. ) ’ :

¢. Laminates. Although the present trend in structural
plastics is toward the epoxy and polyester resin laminates, several
phenolic resin laminates were included because of their stability
at high temperatures. The phenolics were laminated with agbestos
and glass cloth. The agbestos. laminate was impregnated with a high-~
temperature resin. The epoxy and polyester glass laminates are
representative of standard radome &nd structural materials while
epoxy lead-glass cloth laminate was selected for investigative pur-
poses. ' : : ' '

d. Polymers. Because of considerabla data availeble on
radlation degra%atIon of Teflon, this polymer was included as a
measuring stick for evaluation of the other organic materials.
High=density polyethylene of the Zie%Ier type was chosen in prefer-
ence to comron polyethylene, primarily because of its higher rigid-
ity. Several applications using this new polymer are under develop-
ment ,

e. Casting Resing. Formulations tested consist, for the
most part, of materfals already in wldespread use oy with antici-
rated broad usage. All base resins were epoxies. Only two investi-
gative approaches were attempted. 1In one, a silica-filled formula-
tion was compared with mica, since more silica (Neo-Novacite) than
mica can be Incorporated into an equal volume of epoxy resin. In-

“organic fillers are more radiation-resistant than organic resin;

hence, a more.highly filled formulation should be more resistant to
radiation damage. 1In the other investigation, 7-percent metailic
boron was added to an unfilled resin to determine the effect of the
high-neutron~-capture cross section of boron as a stabilizer for
epoxy resin while exposed to radiationm. :

f. Foams. Rigld polyurethane foams of 4 lb/ft3, 30 1b/ft2,
and 60 1b/ft? densities were exposed. Foams in the 30 1lb/ft3 to
50 1b/ft® density range are being used in present applications.
Toams in the 4 lb/ft® density range will be used in future applica-
tions, Flexible polyurethane foams were used for shock, vibration,
and ingulation applications at points where dcsage was recorded.
Visual inspection of foams at these locations is expected to give
some qualitative information on degradation.

g. Elastomers. Seven rubber compounds exposed represent
the most common base polymers used in rubber formulations. No
attempt was made under this program to formulate for radiation re-
sistance. Several formulations tested are currently being used in
our weapon ccmponents. It 1s hoped that a comparison of radiation
resistances of various bage polymers can be made and that conclu-
sions can be drawn relative to performance of materials used in
nuclear weapons.
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h. Adhesives. Four adheslves tested were representative of
those used in present weapon prugrams. These were a 100-percent
solid=liquid epoxy resin, a polgsulfide adhesive sealer, a &ilica-
£11124 anovw  and a ailicone rubber sealer. Two experimental adhe-
sives, one with a graphite filler and one with a héavy metal ritler,
were tested to determlne the effect of radlation on adhesives with
varicus f£illers. FEwposure was also made of two structural adhesives

for investigative purposes.

i, Coatings. Coatings chosen for exposure are among conven-
tional systems used for weapons, handling tools, test e%uipment, and
packaging. Other coatings selected are of the high-reflectivity, or

heat-resistant, variety.

All coatings selected have proved themselves under one or
more normal environments and are, for the most part, in use at this
time, These coatings, essentially paints, were chosen to facilitate
study of effects of thermal and nuclear radiation on finish and ad-
hesion to base materials.

Three base materials-~aluminum, magneéium, and steel--were
used for comparison studies of coatings. Magnesium panels with two
surface treatments were exposed for comparative purposes.

j. Radiation Effects Materials. Radiation effects materials
located in the pits were actually Intended for exposure at the same
location as the remainder of radiation effects samples, but physical
size oi samples prevented their being placed in spheres. Reasons
for choice of these materials are the same as for the remainder of
radiation effects speclmens indicated below. Dosimeters placed in
the pits were selected to obtain correlation between exposures (neu-
t-on and gamma) on the surface and in the pits.

2,2.3 Sphere Specimens

Samples chosen for exposure in spheres are divided into six
general categories: components, plastics, elastomers, hydraulics,
dlelectrics, and metals. Basically, there were four reasons for the
choice of these materials. Each falls into one or more of the fol-
lowing groups: :

a, Presently used weapon materials and components of sus-
pected radiation susceptibility,

b. Materials for which data are available for radiation
damage at contemplated exposure, but. at lower rates,

c. Materials of possible future weapon use, but of umnknown
radiation susceptibility.

d. Materials of known radiation vulnerability.

Dosimeters, both neutron and gamma, were placed at each
sphere position and inside two of the pits.
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2.3 SPECIMEN CONFIGURATION

Material specimens selected for Fizeau were designed in
specific configurations required tor the test. JCunveniicaal s=sgls
configurations were used for tensile, impact, adhesive, and paint
panels wharaver possible. Other shapes were used where Sandia hag
routinely adopted a special configuration or where space limitatioms
required modifications. Speciel studies, such as vaporization and
internal structure changes, demanded samples of particular design.

2.3.1 Vaporization Specimens

Vaporization specimens were designed to present a flat sur-
face to the thermal environment. The specimens had a 3/4-inch-
square cross section for 1-1/4 inches. The cross section was then
tapered down to a 1/Z-inch threaded section. The specimens were
screwed into a holder in such a manner that only the 3/4-square-
inch face was exposed to the fireball. The samples were weighed
prior to insertion so that the amount of metal loss by vaporization
could br determined after the shot {(Figure Z£.1).

Fig. 2.1 -- Vaporization specimen.
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2.3.2 Compact Specimens

ular cylinders were chosen

For ease in pressing, right circ
1/2-4nch in dlameter

Sammloe ware

for puwder-weli 5Ludy Spogimens. , o 4
and were pressed into a 1/2-inch-diameter stud with a 6-32 thread
ing purpcses (Figure 2.2).

projecting for mount

Fig. 2.2 =-- Compact specimen assembly.

2.3.3 Wedge Specimens
inate mass effects in

Weight specimens were designed to elim
establishing changes in intermal structure. Samples were l-inch-
a triangular pyramid having

diameter rods machined on one end to
one edge parallel to the longitudinal axis and, consequently, termi-

nating in a sharp point. The specimen was oriented so that the
perpendicular bisector of the triangular cross section was parallel
to the Peace Pipe. This arrangement presents to the temperature
front a steacily increasing cross section in which structure changes

can be seen metallographically (Figure 2.3).
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Fig. 2.3 ==~ Two views of wedge specimen.

2.3.4 Rod Specimens

Rod specimens of the same material as the wedge specimens,
designed principally for maximum survival, were mounted beside the
wedge specimens and, although the wedges protruded from the holder,
the rods were mounted flush. These were 1-1/4 inches long and
either hexagonal or round, depending upon availability of shape.
One end\was turned to a 1/4-20 thread for mounting purposes (Fig-
ure 2.4},

2.3.5 Pit Specimens

Most pit samples exposed in Fizeau were standard ASTM
(American Socilety for Testing Materials) tensile bars. Metal speci-
mens were 8 inches long; plastic laminates, foams, casting resins,
and Teflon were 8-1/2 inches long. Molded tensile specimens were in
accordance with ASTM D 651-48, and the impact bars as exposed were
double length as described in ASTM D 256-54T, thus giving two speci-
mens per mounted sample (Figure 2.5). Coating panels were 3=by-6-
inch rectangles, a size considered standard for the Sandia Materials
Laboratory for normal environmental testing. Their thickness ranged
from 0.035 to 0.064 irch, depending on the base material=--aluminum,
magnesium, or steel, Exceptions to standard-size tensile bars are
as follows:
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a. Thickness was reduced to 1/16 inch on one titanium
alloy, dac uranium &licy, and ond stalniess steel, :

All other measurements were standard.

L. Alumivuw bars svidered wiih zine die-casiing ailoy, :
ag well as bars of the zinc die-casc1n§ alloy itself,

were 5 inches rather than 8 inches in length, All

other measurcments were standard. !

c¢. High-density polyethylene tensile bars were injection-
molded by the supplier and were 7 inches long by 1/8
inch thick.

d. Adhesive specimens for both shear and tension tests
were designed to have 1 square inch of bonded area.

2.3.6 Sphere Specimens

Configurations of specimens placed in spheres were determined
by space avallable inside (Figure 2.6).

Fig. 2.6 -~ Typlcal sphere specimens.

a. Components. Since components must be tested in whatever
configuration they happen to exist, the only limitation in this case
was the 6=-inch inside diameter of the sphere.

b. Plastics. Because of limited space, a miniature specimen

was designed which combined tensile and impact specimens. The former
has a i-inch gage length of 0.180-inch diameter. The clamping ends
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are 0.250 inch Square, on one of these was mounted a mirndature Izod
impact epecimen 1-1/2 inches long., Svecimens of laminates, casting

resins, and foam were machined, and thermosetting compounds were
malded tn thia configuration.

c¢. Elastomers. Htandard ASTM tensile specimens were cut
with die "C," ae dimensioned in Spacification D 412-51T.

d. Hydraulics. Hydraulic samples were conteined in 3-inch
steel cylinders with l-inch outside diameters. A filler tube on one
end was sealed by driving a taper pin and welding across the top of
the tube and pin. These holdexrs contained a 10-cc sample of the
fluids under test. »

e. Dielectrics. Two slzes c¢f 0,125-inch~thick dielectric
sample discs were used in the spheres: a 2.00-inch disc for normal
voltage and a 4.00-inch disc for high voltage. 1In order co deter-
mine physical characteristics of these irradiated materials, tensile,
compression, flexural, and impact samples were included. B8ecause of
thelr size, tensile specimens were placed in the bottom of Pits B,

E, anc H in AN cans, and other samples were placed in spheres. Both
tensile and notch impact bars are of staudard ‘ASTM dimensions.

f. Metals. Metal tensile bars were standard ASTM except for
length, which was reduced to 5 inches to allow them to be placed in-
side the spheres.

2.4 SPECTMEN MOUNTING

The method cf mounting specimens was considered carefully be~
cause of the obvious importance of recovering samples. In every
case, three aspects of sample mounting were considered:

a, Resistance to blast and temperature effects on mounting
panels, =

L. Structural capacity to maintain identity on a large
number of small samples.

c. A facility for expeditious removal of samples from.
attachment.

2.4.1 Billet=Mounted Specimens

It was determined that a simple method for attachment of the
billet specimens for vaporization studies described in Paragraph 2.3.1
(in the light of the three objectives listed above) would be to
thread them into a massive steel billet (Figures 2.7 and 2.8), use
of which permits a secure method of attachment, resists (by virtue of
mass) blast and thermal effects in the fireball itself, and permits
an arrangement for simple recovery of individual samples. Standard
mill-size billets, 12 inches in diameter, 20 feet long, and of Type
1020 steel, were selected. To offer less resistance to the shock
front, the top l2~inch section was machined to a right circular cone.
Two billets were mounted at the center of the north side of the tower,
with centers 40 and 90 feet from air zero. Each billet had 101 sam-
ple positions. Holes were 1.32 Inches in diameter and were spiraled
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Fig. 2.8 -- Tower mounting of billets.
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about the periphery of the blllets 90 degrees apart, with 2-inch
vertical displacement per sample. After every set of four holes, a
rotation of 15 degrees was made to begin the next set of four. At
the bottom ot each of the bllilets, a cavity, 6 incnes in diameter,
12 inches deep, and suitably capped, was machined to contain 4 com-
ponent package or a tape recorder.

In all cases, specimens were insulated from the billet by
modeling clay.  Tests conducted during the Boltzmann event had in-
dicated that the clay was undamaged, easily removed, and prevented
the accumulation of particles--melted or otherwise~-in the areas
needed for socket wrench insertion.

2.4.2 Peace Plpe

The Peace Pipe extended up the center of the 500~foot tower
from the concrete bunker to a point 175 feet below the cab. The
pipe itse.f was made of 2-inch-wall mild-steel pipe in 20-foot \
lengths. (An alloy steel was used Iin the top 40 feet.) The 20=-foot
lengths were joined by couplings large enough to accommodate welding
of the pipe and allow for six access holes, three of which were
available to Project 4l.lc. These holes were fitted with 6-inch-
diameter plugs, which were attached to the coupling by three 1/4-20
Allen-head screws, Two of the plugs contained the wedge specimens
(Para. 2.3.3) and the rod specimens (Para. 2.3.4), and the third
contained the compact specimens (Para. 2.3.2). The wedge specimens
were attached to the plug by bolts from the back side, although
wrench flats were incorporated on the sides of the wedges to pro-
vide an additional method of removal from the front of the plug.

The rod specimens were flush-mounted and were threaded into the
plug, permitting removal by socket wrench from the front. All
wedge and rod samples were insulated from the plug by modeling clay.
The compact plugs were attached to the pipe by the same type of
bolting arrangement used for the wedge plugs (Figure 2.9).

2.4.3 Pit Specimens

Samples placed in pits were bolted to 9-inch~wide plates of
aluminum, Five plates, with lengths of 46, 60, 60, 66, and 66 .
inches, were used in each pit. Duplication of lengths permitted
alternation of plates to obtain more nearly uniform sample exposure.
Since the elastomer samples were exposed as sheets from which ten-
sile specimens would be cut after exposure, the sample mounting was
different from the individual samples. The sheets were rimmed with
2~inch strips of aluminum bolted to the 9-inch plates. Adhesive
samples were attached to plates which, In turn, were bolted to the
9-inch plates (Figure 2.5?.

The pits themselves were chosen as a result of Boltzmann
experimentation. Prior to Boltzmann, a conslderable amount of
attention was directed to sand blasting and missile damage effects
on gages and other devices recovered from the path of the shock
wave. At distance. beyond inception of the precursor, with a rea-
sonably fine type of soil, & sufficiently large amount of damage
would be sustained by tensile specimens to invalidate data, Consid-
eration of means of protecting samples from this type of damage led
to trial in the Boltzmann shot of two major means of mitigation:
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(1) the use of mirrors, or the reflected pit method, and (2) the

use of a 6-foot-diameter circular pit, known as a direct pit, having
an axis parallel to the line of sight to the cab. Theoretically,
successful operation of the mirrors would guarantee virtual freedom
from blast damage at the expense of attenuated neutron and thermal
flux., At the possible risk of some blast damage, the direct pite
offered line-of-sight exposure to neutron flux and to all avallahie
thermal effects,

It was determined that a sufficient length of culvert should
provide dead-air space to decelerate particles to a point where dam-
age would be slight, To test feasibility of these methods, two pits
were used in the Boltzmann shot. A 4-by-6-foot first surface mirror
(an assembly of 2-by-3-foot mirrors) was erected. This was intended
to reflect approximately 80 percent of the heat onto the specimens
which were mounted on the end plate of a 6~foot-diameter culvert em-
bedded in the ground at an angle of 23 degrees. This had a reflected
slant range, normal to the base of the pit, of 1175 feet from air
zero. The direct pit also was made of 6-foot culvert stock and was
embedded in the soill at a 23-degree angle at 1175-foot slant range.,
Thie arrangement constituted a line of sight to the cab. A series
of samples attached to the end plates of each of the plts was in-
tended to be responsive to blast damage. Thirty-five aluminum sheets
(as segments of a hexagon) and painted specimens were used to evalu-
ate, by virtue of their soft surfaces, extent of blast damage. Eval-
uation of these panels after the Boltzmann shot indicated too great
an attenuation by the mirror system; it was therefore eliminated
from further consideration. The direct-pit samples indicated that
only a slight gamma attenuation was experienced. It was hoped that
evident small blast damage could be reduced by increasing to 3 tolthe
ratio of the shortest element of length of the pit to the diameter.

As a result of these considerations, the direct-pit system
was adopted for Fizeau (Figures 2.10 and 2,11). Because the 6-foot
diameter was avallable as culvert stock, the size of the end plate
limited the number of samples, To obtain a reascnable number of
samples of each system, three pits were used at each distance.
Positions for the pits were chosen to present a wilde range of ther-
mal and nuclear exposure. The following table indicates the slant
range, the ground range, and the angles of inclination of each of
the pits used:

Slant Ground

Pit Letter Range Rauge Angle of
Designation (ft _(£t) Inclination
A, B, &C 707 500 45°

D, E, & F 1000 707 30°

G, H, &I 1410 1000 20° 42'
J, K, & L 2000 1414 14° 30’
M, N, &0 2820 2000 10° 2!

These distances are 500 times integral powers &/2), so that
the dosages can be halved at each successively farther station by
the normal Inverse square law. (Attenuation by air, dust, and
debris is ignored.)}
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Complete sets of neutron detectors, as well as ga=ma dosime-
ters, were availiable Lur ihie stations. These wors stak~d ¢o tha
ground outside the plts., The neutron environment was =easured with
threshold neutron detectors which included three fission-type folls
of plutonium, neptunium, and urauniuw. Gold £oils weres uwsed fo do-
termine thermal neutron flux (neutromns with energles less than
0.4 ev). Both cadmium-covered. and bare gold folls were used for
weasurements., Each of the other f£our detectors meagured total neu-
tron flux above a specific threshold energy characteristic of each
foil. Thus, plutonium measured the total flux of neutrons above
1000 ev; neptunium, the flux above 0.75 mev; uranium, the flux
above 1.5 mev; and sulfur, the total £lux of neutrons with energies
greater than 3.0 mev. 3ince the meterial was not available, it was
not possible to have a neptunium foil in each neutron detector
3tation,.

Gamma dosimetry was accomplished with Borate glass (Corning
9762) dosimeters and chemical dosimaters. The glass turns blue in
a gamma field, intensity of color belng proportional to gamma dose
recelved.

Chemical dosimeters, tetrachloroethylene overlayed with a
water solution of indicator dye, were contained in glass ampoules
6 mm in diameter and 4 cm high. Lithium metal, placed around the
doslmeters to reduce thermal neutron flux, minimized dosimeter neu-
tron response. When gamma irradiation occurs, hydrochloric acid is
formed, changing the color of the indicator dye, thus giving a dose
measurement,

To make correlations of any artenuation which might have
occurred because the samples were in the pits, duplicate sets of
dosimeters were installed in Pits 8 and N. Since the number of
neutron detectors was limited, only the two additiomal detectors
in Pits B and N were used.

2.4.4 Spheres

The system employed to mount or contaln samples for radiation
exposure was deslgned to isolate samples from other environments
present (blast and thermal) by placing test items in a contalner
sufficiently thick to withstand expected overpressure, thus elimina-
ting thermal and primary blast effects.

The problem of shock or mobllities was partially alleviated
by tying the containers in place. A 356-T6 aluminum-alloy hemi-
sphere with a 6-inch inside diameter and a 3/4-inch wall thickness
was developed. The equitorial plane of each hamisphere consisted
of a flange which allowed twc hemispheres to be clamped tcgether to
form a sphere. The clamping actioa was provided by a 9-inch AN
locking ring and bolt. To hold the sphere in place, a No. 5 eye-
bolt was threaded into one of two bosses located on the polar caps
(Figure 2.12)., Calculation of meximum shock loading as a funcgion
of distance from ground zero produced a maximum load of 8500 g's
during translent time of the shdck around the sphere (diffraction
phase% at 500 feet frum ground zero. The best of various materials
considered for sample packing appeared to be flexible polyurethane
foam with a density of from 4 to 6 pounds per cubic foot.
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Fig. 2.12 -- Aluminum-alloy sphere.

The Boltzmann shot provided a preshot evaluation of our meth-
odology. 1Im this test, the placement of five spheres set out at two
locations provided two important pieces of information. The first
pertained to sphere confinement. At 500 feet, a sphere placed in a
shallow depression so that one third of the sphere protruded above
the ground would stay in place even though unrestrained in any other
way. The second was a method of fastening the sphere to the cable.
in Boltzmann, a cable clip was used to fasten the eyebolt directly
E to the cable. This method failed, but it pointed out the advantage
i of using a loop on both ends of the cable.

i In preparation for Fizeau, all samples were packed in the
spheres in sliced flexible foam. The samples were placed and the
sphere closed, thus compressing the foam around the samples (Fig=

’ ure 2.13). The spheres were then laid out and staked in place at
the same slant ranges as the pits indicated in Para. 2.4.3 (see

Figure 2.11).
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Fig. 2.12 -- Typical sphere packing arrangement.

Spheres at Stations 1 and 2 were each on an individual cable
and individually staked in place. Those at Stations 3, 4, and §

‘were staked out six to a cable.

Tncluding dosimetry spheres in Pits B and N, 66 spheres were
used in the event,
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Chapter 3

RESULTS

A large number of samples survived in all exposed positions.
Evaluation of specimens is reported in the sections which follow.

3.1 iIOUNTING METHODOLOGY

The mounting methodology employed in Project 41.1lc partici-
pation in the Flzeau event included the use of billets, plugs, and
spheres, While such usage was not nriginal with thils project, it
diffzred from previous experiments in application, The use of cor-
rugated pipe placed in the ground with proper alignments to air
zero and containing test specimens is believed to be original here.
Use of a flexible foam (polyurethane) for shock protection and of
modeling clay for shock protection and thermal insulation are also
believed to be original with this project,

3.1.1 Billets

Both billets remained intact and survived fireball enviroa-
ment remarkably well. Because of thermal radiation effects evi-
denced, positioning of the billets on the tower with respect to air
zero was evident upon examination of the surfaces of the recovered
billets.

The top billet, center-located 40 feet from air zero, suffered
the greatest amount of surface melting and incurred an approximate
15-degree bend in the blast direction 4 feet from the top of the bil-
iet. This billet was recovered 525 feet morth of ground zerc after
the shot and was aligned with the top end south and the base north
(Figure 3.1). 1t appeared to have been in an almost horizcntal plame
as it struck the ground, having rotated frow 1its position on the
tower at least 270 degrees in the vertical plane. The billet skidded
into the ground, base end forward, burying itself to a depth of 18
inches on the base end and to ground level on the top end., The base
plug was missing, blown off by the initial shock, which broke the
bolts holding it in place. The base cavity was partially caved in
and the radiation effects samples it contained were lost., The top
of this billet suffered impact and melt damage as evidenced in
Figure 3.2,

The bottom billet, center-iocated at 90 feet from air zero,
was recovered 300 feet north of ground zero after the shot (Figure 3.3).
On it there was a lesser degree of surface melting than on the top bil-
let. It was driven into the ground at approximately a 75-degree angle,
with the top end buried 12 feet. Judging from the angle at which it
was resting, the billet had rotated at least 180 degrees in a vertical
plane from its mountiung platform on the tower.
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Fig. 3.1 =-- The top billet, showing l5-degree
angle and site of recovery.

Fig. 3.2 -~ A close-up of the top of the top billet,
showing impact and i1elt damage.

, Note
cavities where specimens were threaded.
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Fig. 3.3 -- Bottom billet in recovered position.

3.1.2 Peace Pipe Plugs

Few of the plugs were lost. The plugs themselves were designed

to be removed readily from the couplings. However, the curvature of

the ccuplings, plus accumulation of erosion products, condensed vapor,

droplets, and other debris at the intersection of the flat face of
the plugs hindered their removal. A design feature had been incorpo-
rated to allow samples to be removed from the Eront of the plugs in
case plug removal proved impossible. )

3.1.3 Pits

Pits nearest to Station 1 at ground zero (&, B, and C) were
half full of sand. A large portion of the total expected thermal
and neutron flux was received by the samples before the corrugated
iron was crushed inward by the shock wave (Figure 3.4). Fallure of
the culvert walls permitted dry sand to flow in and cover the speci~
mens. At Station 2, the same kind of damage, but lesser in extent,
was noted, Two of the three pits showed caved-in walls, and some
sand removal was necessary before samples could be removed. At
Stations 3, 4, and 5, virtuallv no sand was blown in and no cave-ins
occurred (Figure 3.5). Dosimeters placed in Pits B and N (first and
last center pits) were correlated with sphere dosimeters at ground
level and indicated the degree of nuclear radiation attenuation,
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Fig. 3.4 -- Damage Iincurred at Pit A, slant range
707 feet. A tower guy cable 1s seen.

Fig. 3.5 -- A view of a Station 5 pit, showing no
debris or collapse., Some thermal dam-
age 1s evident ou the top two panels,
on some of the elactomers, and on
coating specimens,
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3.1l.4 Soheres and AN Cans

All 64 spheres used were recovered; of these, 44 were
sttached tn their cahlaa, 12 were intact (although detached from
their cebles), and 8 were broken open. Some samples from the
spheres which had broken opeu were found. Table 3.1 indicates the
condition in which each of the apheres was found. (Sphere No. 7
in each case was a dosimetry sphere.) See Figure 3.6 for typical
sphere damage.

Tig. 3.6 -- Typical sphere damage.

AN cans located *n Pits B, E, and H were recovered and,
although they exhibited marked overpressure damage, samples of oill
and plastic were removed intact with the exception of one plastic
specimen frowm Fit E and plastic specimens in Pit B,

3.2 DOSIMETRY

Neutron and gamma doses as measured were near.y equal to
those expected for the exposure conditions, Because of relatively
high residual activity in the immediate vicinity of ground zero, it
was not nossible to recover #ll dosimeters in time for conventional
analysis,
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Fission foills not recovered within 2 weeks of the shot were
analyzed radiochemically.

. All conventional counting analyses were made with facilities of

. ORNL, Plumbbob Project 39.5. Radiochemical analyses were performed by

- Los Alamws Scieniiiic Lubucaiory., Glass and hiydruocarbou dusiueiers
were analyzed at Sandia Corporation., Gamma and neutron dosimetry

g measurements are contained in Table 3,2,

3.3 SPECIMENS

Recovery of specimens proceeded as rapidly as radicactivity
levels permitted entrance of recovery teams.

3.3,1 Billet~Plug Specimens

The blllet plugs were used to determine the percentage of
weight lost from the original plugs because of melt and blast,
Fifteen specimens from Billet #1 were removed but were inadvert-
ently lost prior to analysis; therefore, this study is based en-
tirely on 45 specimens recovered from Billet #2. Several recovered
specimens from Billet #2, of woo«, graphite, molykderum and W-Cu-Nf.
alloy survived but are not considered 1n this studw.

Since, in some cases, metal from the 2ab anc tower had L.cn
deposited on the billet plugs, the following method of deternining

1. The exposed samples were welghed in alr t2 the neurest
tenth of a gram,

2. The samples were weighed In distilled water.

3. From these weighings and/or displacements, the volumes
of the recovered blllet plugs were calculetzd.

4, Using the volumes calrulated In Step 3 and the densi-
tles of the parent metals, the *total mass of remaining
parent metals was calculated for each billet pluy. It
is well to note that none of the billet plugs of stain-
less steel or SAE 4130 showed any deposited metal.

The losses from five metals are shown in Table 3.3.
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TABLE 3.3 -- AVERAGE LOSS OF WEIGHT AND VOLUMES
FROM BILLET SPECIMENS

Porcent Losa L.oaa

(weight) (in.?/in.? of exposed sirface)
- Aluminum (6061) 16.6 0.3
Titanium (6A1-4V) 15.7 0.28
Stainless steel (17-4) 12,6 0.21
. Steel (SAE 4130) 7.4 0.13
Silver 5.8 0.11

In addition to the loss in welght, the equivalent denrease
in length in inches along a uniform cross sectinn three~fourths of
an inch square was determined., (This value appears in Table 3.3 as
loss in cubic inches per square inch of exposed surface.)

Preliminary Investigations were aimed at correlation of
losses with respect to distance from air zero. No patterns devel-
oped in attempting correiations between either (1) the slant dis-
tance from the point of detonation to the individual samples or
{2) the shielding afforded by the billet due to sample position.
The fireball should be thought of as a single environment and that
envelopment defines the environmenti.

The next aspects considered were the relationsnips of per-
cent weight loss versus physical characteristics: 1.e., thermal
conductivity, specific heat, density, and combination of chese.
Figures 3.7, 3.8, 3.9, 3.10, and 3.11 show these relacionships.

20

SILVER X

A ALUMINUM

XTITANIUN

PERCENT WEIGHT LOSS
S

X/ BTAINLESS, 17-4

|- /l JAE 4130
o ! N L 1 1 1 1 L

ol 0.2 03 0.4 0.6 (X } 0.7 0.0 0.9
THERMAL CONDUCTIVITY {(CAL./30 CM, SEC. .ecn)

Fig. 3.7 -- Weight loss versus thermal conductivity.
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Fig. 3.8 -- Weight loss versus specific heat,
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Fig. 3.9 ~- Weight loss versus density.
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Fig. 10 -- Weight loss versus density times specific heat.
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Fig. 11 -- Weight loss versus thermal diffusivity.
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The percentage of loss of each individual specimen was used
in determining all considerations witH respect to distances and loca-
tions., 1In considering the specimen's relatilon to physical proportice,
the arithmetic average of the weight losses for all the samples of
any metal was used.

Wright Air Development Center's experiments in blagt-melt stud-
ies are documented in WADC report WT-1134.1 WADC used a different
experimental method from Sandia's in their melt studies. WADC used
10-inch spheres mounted on TV tOWers at five intervals, 80 through
398 feet from air zero. The loss from the spheres was determined by
two metheds: careful measurement of the diameters, and welghing the
recovered spheres. These values are recorded as a decrease in radius,
and only the information from the 80- and 160~fout stations was used
in preparing this report. In order to secure the same frame of refer~-
ence for comparison of the two melt studies, the sphere surface-melt
was calculated as though it were a flat surface=-melt. The logarithmic
mean area of the premelt and postmelt spheres was uaed for this cal-
culation. The formula was taken from W. H. McAdams,?

An = TRGAG7A]Y (3.1)

vhere

logarithmic mean area

1

i

il

A, = area of premelt sphere

]

A, = area of postmelt spuere.

The following tables show the results of the two tests:

TABLE 3.4 -- SPHERE MELT (WADC)?

Distance from decreadse in Radius Loss in Cubic Inches

Alr Zero in Inches per Square Inch
(ft) Steel Aluminum  Steel Aluminum
80 0.40 1.20 0.39 1.18
160 0.31 0.98 0.30 0.98

TABLE 3.5 ~- PLUG MELT (SANDIA)*

Distance from Loss in Cubic Inches per Square Inch
Air Zero (ft) Steel Aluminum

90 (Av) 0.13 0.31

x
The yleld in the WADC test was twice that of the

Fizeau event,
SECRET
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5.3.2 Peace Pipe Specimens

SpecCimensd On e Tedde [ipe cohsiasicd Of wedges, £ods, and
compacts. A satisfactory degree of recovery was experienced with
all specimens, i.e., wedges - 70%, rods - 90%, and compacts - 70%.
For purpuses of preseniing resulis obialued {rom ithe specimens, ihe
compacts and the organic rod specimens will be treated separately
from the wedge and metallic rod specimens,

a, Compacts. Compacts were prepared from ceramic and me-
tallic powders. ere were 15 compacts, each mounted in a 6-inch-
diameter plug. The plugs were equally spaced Iin couplings along
the Peace Pipe at distances from 2i5 to 495 feet from air zero.
The compact plug from Station 4, located 275 feet Irom alr zero,
was not recovered.

The compacts were examined visually with the aid of low-
power (10 X) magnification eand given a scratch test to determine if
fusion or sintering of the pressed powders had occurred. The com-
pacts that showed fusion were, in general, fused completely. The
major exceptlon consisted of the four magneslum oxide compacts;
this group appeared to be fused on the surface only, and it appears
that the surface might have spalled off as succceding layers became
fused. Two other exceptions were the iron and nickel cowpacts from
Station 15; these two showed only a thin fused layer.

Table 3.6 lists results determined from the study of the
compacts. Because of the difficulty of compacting and the resultant
friability of many of tlie powders, both metallic and ceramic, high
percentages (50%) of compacts were lost. Most losses were on the
following: TaC, B,C, .md Mn - 100%; ThO, = 92%; W - 90%; HEC and
SiC - 50%.

An analysis of the obtained data showed the following:
1. Hafnium carbide (m.p. 7520°F) fused at Station 1.

2. Zirconium carbide (w.p. 6404°F) fused at all sta-
tions used.

3. Titanium carbide (m.p. 5684 * 194°F), thorium di-
oxide (m.p. 5522°F), silicon carbide (m.p. 4712°F),
zirconium dioxide (m.p. 4892°F), beryllium oxide
(m.p. 4586 + 86°F), aluminum oxide (m.p. 4122°F),
silicon dioxide {(m.p. 3110°F), and titanium dioxide
(m.p. 3182°F) did not show evidence of fusion at
any station.

4. Magnesiuw oxide (m.p. 5072°F} fused at Stations 1,
5, 7, and 9, and did not fuse at Statlons 5, 10,
14, and 15.

5. All the wmetallics fused at all stations, with the
exception of titanium (m.p. 3137°F), which did not
fuse at Statioms 1, 9, 13, and 15, but did fuse at
Stations 7 and 10,

SECRET

47




_E____E_EEE___S_%EEH TR EE IS D NS N N

3 S 9 W 3 B st % 1) 9 j € € = 86 pasnd 0N = AN i
01 6 L 8 L 8 6 3 8 L 4 : y 9 9 = 66 pesng = i
Zz 1 Z € € Z ? % 3 L s | st | L 9 9 = 89 SUTSSTH = » M
il al| = x| 4 * x| 4 1€ vy |
4 2 a K g d d 0sy ug N
El a a 4 a 4 d d 129 qd M
a a 3 3 i a 4 E 88/ uz |
i 4 d kS E| a i K| i K| %021 3N !
d i 3 d | g 3 i a d 0941 3y ~
, d a a 1 3 i a 1861 ny _.H
* % * x* [ * 00te ul :
E E 1 d o 1692 ™ q
4 i 4 i i a a 4 a a 1 z d 5617 3
i z d 4 K a 6£62 a9
N N | N AN an | 3 N N 0T1E ¢ots e
AN JN 4 | an a . a an LETE Ny LLl :
ax & | an N x| 1 x A3 2011 (a4 4
an aN N AN AN aN aN 4N aN AN an d axu aN AR EQT 1Y C i
* ¥ ¥ * vy o%g Ll _~
aN AN | an | an AN an | e * * 98 ¥ 5BSY 0°1 V) ;
an N AN x E] =2 z12Y o) 33 <
K| i a a a a I a 8919 oW |
ay | aN aN N ail 3 x x 768% Tcaz i
AN} oaN | N E Ei a AN | u E{ ® a zL0s8 03K w.
2 AN X ® x x * £ x * I %= % 4439 Zoug _
aN AN AN AN % AN AN-2 AN-Z Er| 61 ¥ %89S STL :
J ¥ * EY x ¥ x=C * 0019 I}
a 1 K a a I -z E 9049 03z !
x ® *x 3 % * 910, o'l “
P 0zs? OFH |
St 71 €1 z1 11 01 6 2 L 9 4 € 4 1 (d,) TeTI93EN !
juicg SuraTon ;
I3qumy UOTIBIS _
|
S1OVAW0D 3L 4C AQNLS A9 NMOHS SITNSAY -- 9°¢ FTAVL © ﬂ
3 3




SECRET

6. o attempt has been made in this study to differ-
entiate between the possible mechanlsms for sin-
toering and fusion or to correlate time-temperature
histovies of the various cowpacts.

b, Redg {organir). There was one each of the following four
organic-material rods at each Peace Pipe station:

1. Vood (maple)

2. Epoxy (Shell 828)

3. Diallyl Phthalate (glass-filled)

4. Silicone (DC-301, glass-filled)

S8ixty specimens were exposed, and 45 were recovered and
identifiecd, Longltudinal sections of the rod specimens were mounted

in epoxy, lapped, polished, and macroscoplcally examined.

The following results were ncted:

AJuunuuuuunuguuuuuuﬂﬂiﬁnﬂaﬁﬂuui;muuﬂhunﬂuﬂﬂﬂﬂﬂﬂﬁNWWHHHHUH

1. 7The cast epoxy experienced the most severe erosion
of all the organic rod specimens. This material
a'go was the most uniformly eroded, with all speci-
mens showing slight curvaturz, by erosion, of the
edges on the exposed surface.

The diallyl phthalate, glass-filled, experienced
less erosion than the epoxy and more erosion thau
the silicone. In this material the glass fibers
were bunchew, which permitted the low-melting resin
to soften, melt, aund vaaish, leaving the bunched
fibers exposed.

N2
.

3. The siliconme, DC-301, glass-filled, was the least
eroded of the plastic :aaterials.

4, The wood specimens were charred and burned, some
showing a concave surface and others an irregular
convex. The actual survival of the wood specimens
in the fireball environment seems. significant.

5. Radiation damage was very minor compared to the
thermal damage to the four organic-material speci-
mens exposed. Tt is felt that essentially all
damage to these specimens can be attributed to
heat or possibly to blast.

c. Wedge and Rod Specimens {metallic). The wedge and rod
specimens consisted of two each of the following materials at each
Peace Pipe station,.

1. Brass
2., Molybdenum

3. Steel

SECRET us
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The venal matallagraphie nracsdures were followed:
Bakelite or epoxy mounts were made. The samples were lapped, hand
polished and/or electrolytically polished, and etched to provide
the bost available specimens for metallographie analysin.

Photomicrographs at 50 X magnification were made of those
specimens which showed phase transformation or recrystallization,
The photomicrographs for each area were mounted to form a 'mosaic"
which delineated the complete section through which a phase change
or recrystallization and grain growth had taken place.

The purpose of the mosalcs was to provide a record of
the transformation and to provide a reasonably accurate method for
measuring the amount of change. One such mosaic is shown in Fig-
ure 3.12 or Rod Sampie 2-2, a brass rod sample located at Statiom 2.
and of the second series.

Fig. 3.12 -~ Typical brass transformation specimen.

An examination of the three systems of rod spe: ™ .cus
indicated (1) that the time-temperature relationship of the environ-
ment did not permit the molybdenum to transform; (2) that the steels
were unsuitable; but (3) that the brass samples furnished a series
which showed progressive transiormation.

A photograph of a mosaic shows a typical sample with

transformation. Reference to Figure 3.12 indicates the following
zones of a typical transformed brass, Sample 2-2:
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g
1. Alpha plus beta brassg at the exposed face,
{Area A)

2. An island of beta brass in a dumbbell configu-
ration. (Area B)

3. The mottling of intersecting needles cf alpha
in beta brasc. (Area C)

4. ‘The unchanged beta brass. (Area D) ’ i

The phase diagram for the copper ziuc alloy of the com-~
position range of concern is given in Figure 3.13.

FORTION OF Cu-IN PHASE -
OIAGRAM

(METALS H&NDBOOK)
(1948 ED., pg.12086)
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Fig. 3.13 =-- Portion of Cu-Zn phase diagram.
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A graph of the volume of transformation of these brasses
piotied sgoinst the dietances from air zero is shown in Figure 3.14.
Note that in both cases, Samples 1l-1 and 1-2 show no transformation.
1~ is believed that these two specimens can be safely ignored. An
explanation of the prebable cause of the lack of transformation in
these two samples was the melting and flow of a large amount of
lead from a gamma shielded neutron counter located directly above
Station 1. Figure 3.15 indicates the extent to which the coupling
was covered with lead.

BRASS ROD TRANSFORMATION
- Btod+p
i X
T 141142
p .
€ p131,13-2
S ST SRR
« e -2 R
z %o 102
9, 9-2
5 t&z_ﬁ. + @8-
b \\_\ w71 *T7-2
w 30d——— ‘\ 6-2+ +§-1
O *‘5.2 ‘\__ﬁ +5-
E A ——
b |
W - #2-2]..
P 3%
20

o .002 Q04 006 .008 010
VOLUME TRANSFORMED, 3 TOO+ 3 (CU.IN)

Fig. 3.14 -- Brass-rod transformation,

Fig. 3.15 -- Coupling #1, showing lead shield

SECRET




SECRET

: To obtain exposure times for the specimens, four sets
{ of films of the growth of the fireball were examined. Tracings :
| were made ot the outline of che growing sphere and, afier correla- !
i - tions with the time scale, exposure times were plotted versus dis-

: tance from air zero. A typical plot is shown in Figure 3.16. The :
general agreeuaent, in consideration of the difficulities of reading !
film in the fashicn required, seems good.

GROWTH OF THE FIREBALL i
P1.0T OF BOTTOM SURFACE i
OF FIREBALL ALONG :
PEACEPIPE VS. TIME H

FILM E-I6
1
IGG% -
o
e +
st N ¢ 1234567 89101 12131419
3} . T T T Y T D T R L T T B B |
T b NUMBERS REFER
TO STATIONS

TIME (MILLISEC]
PN - X X
L

9
._
7=
o
q—.
L od
; e
' /A
) 100 200 300 400 500

DISTANCE FROM AIR ZERO (FT)

Fig. 3.16 ~- Growth of the fireball.

- A plot of the average exposure time ror each statior is
given in Figure 3.17.
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Fig. 3.17 -- Exposure time versus position
for Fizeau samples.

d. Billet Specimens

1. Temperature determinations by the heat transfer method.
Heat transfer methods were used to determine the temperature of the
environment outside of the samples, The heat transfer method gives
an equivalent environment, as a steady state, for the duration of the
exposure. Equations and calculations will be shcwn for typical sam-
ples followed by a tabulation of the results.

A temperature profile can be plotted turough a sample , ! ;
that has experienced a high heating rate. Equation 3,27 derived for :
heating a relatively thick body for a relatively short time is v:od,
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¢ = 2 = —:3-z sn an
\/—'77Jo e a \J.2)
where:
t, -t
Y =
ty %
X
z 2 e asee—
2 Vud
t, = temperature of surroundings, °F

t = temperature at point x, °F
t, = uniform base temperature, °F
x = distance from exposed surface, ft
« = thermal diffusivity, ft®/hr
0 = time, hr.
Values of Y versus z are plotted in the same reference with this
equation. The temperature profile can be plotted using this equa-
tion and curve. The energy absorbad by a sample can then be found
by integrating between the ambient temperature and the plotted tem-
perature profile, which is a summation of VpcpAT. Using this ab-

sorbed energy in the general heat-transmission equation (Equation 3.3),
the temperatire of the surrounding environment T, can be calculated.

2
E=Ah, (T, - T,) + AouT," = AceT)* (3.3)

where:
E = energy transmitted, BTU/hr
A = area of expused surface, ft?
hC = forced convection transfer coefficient, __%;EL__
_ ft“hr°K
= temperature of environment,- °R
T, = temperature of sample, °R
¢ = Stefan-Boltzmann constant, 0.1713 x 107° BTU/£t*hr°R*

a = absorption coefficient

€ = emissivity coefficient.
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The forced convection transfer coefficlent was determined
from the dimensionless groups 1in tne following equation fur turbulent
flow parallel to a flat plate,

h o a/a 3
H 0.0296

c P . 0.

'_;‘vc ( ! ) = B 0.2 (3-‘)
P (_x)

1L
where:
hC = forced conveciion heat transfer coefficient,
BTU/ft*hr°R

p = density, lb/ft?

v = velocity, ft/sec
c_ = specific heat, BTU/1lb °R
= viscosity, 1b sec/Fft®°R

thermal conductivity, BTU/hr f£t? oo

~ & R U
1

= length of surface, ft.

The absorption coefficlent, ¢, was determined in the solar
furnace. This coefficient 1s the ratio of absorbed energy to inci-
dent energy, with the absorbed energy being calculated after exposure,
and the incident energy in the solar furnace belng known.

The emissivity coeifi:isznt wvas taken from the literature.®

After the samples =srs :=:ctioned and polished, several
values could be determined by -z.lcgraphic inspection. The tem-
perature between the beta zoxmc¢ near the exposed surface and the alpha
plus beta zone behind it is given as 140C°F in the phase diagram (see
Figurs 3.13). Ry plotting a temperature profile through the sample

as outlined above, the temperature at the rear end of the transforma-
tion was calculated to be 675°F. This temperature was verified by a
series of soaked and quenched samples. It was also possible to re-
tain the beta zone by quenching a sample at 350°F from a soak at
1575°F. Calculations show that the samples in the Fizeau event could
have been ccoled to 300°F in 8 seconds following the exposure, by
conduction of the heat to the large steel heat sink in which the sam-
ples were muwunted.

To verify this method of calculation, a series of brass
samples was exposed in the solar furnace and a sample calculation
was then made on a typical sample. The sample chosen was exposed in-
the solar furnace for 1.70 seconds on May 9, 1958, at 3:30 P.M., with
a clear sky. The temperature profile was plotted for this sample as
shown in Figure 3.18. The energy absorbed by the sample was then
found by integrating between the ambient temperature of the sample
and the temperature profile plotted after the =2xposure of the sample.
This energy 1s the summation of VpcpAT. The calculation gave 0.203
BTU for the sample. The energy abcoroed was then used to determine
the alLsorption coefficient for this brass sample.
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TEMPERATURE PROFILE I
BRASS ROD IN SOLAR FURNASE
MOUNT ¥in, EXPOSED 1.70 SECS. |

201 . -

X-“_
v] 0.0 020 0.3 Q.40 o0 80 0.60 0.710

DISTANCE FROM EXPOSURE SURFACE (IN.)

Fig. 3.18 ~-- Temperature profile.

The incident energy of the sun on the surface of the
earth is given as 1.94 calories per cm®/min.* This energy falls on
the 5-foot mirror in the solar furnace and is reflected to focus on
an approximately 1/4-inch circle. The circle is smaller tham the
exposed face of the sample so that the total energy falling on the
mirror 1s Incident on the exposed face of thes sample. Following is
the calculation of the absorptisn coefficient:

energy abseorbed
energy incident

u =

_ ___0.203 BTU
124 o 13,272 B (2.5)% m £t7 ppiesoSis x 30% eff
hr ft
a= 0.169 effective absorxption coefficient. (3.5)
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Using this absorption coefficient and the energy absorbed
by the sample, the general heat transmission equation (Equation 3.3)
can be solved for T,, the temperature in the solar furnace.

For no flow

with T, taken as an average from temperature profile.®

0.203 x 3600 BTU _ 0.0542 Fed 5 0.1713 BTU x

=8
1.7 hr 144 hr f£® °R® 10" x 0.169 x T,

_ 0.562 ft?
144

x 0.1713 x 107° - z:g =3 % 0-3(1000)"

T, = 78C0°R, temperature of focal spot in solar furnace.(3.6)

Arthur D. Little, Incorporated, of Cambridge, Massachusetts,
manufactures solar furnaces of the type and size used for thils expo-
sure., Thelr specifications cite 3500°C as the maximum temperature
attainable in a solar furnace of this type, which is 6792°R. The
temperature quoted from Arthur D. Little was determined at sea level,
vwhich could differ from the temperature at the local altitude. It is
felt that agreement is sufficient to warrant thils type of calculation.

The two sz2ts of brass-rod samples from Fizeau and the set
of aluminum~-rod samples were analyzed in the same manner as the sam-
ple from the solar furnace as shown above. Since there was heat
transfer by forced convection in addition to the radiant energy trans-
fer in the Fizeau event, the heat transfer coefficient for forced
convection had to be evaluated before the temperature deteruinatrion
could be made on these samples., ‘Thiys heat transfer coefiicient was
evaluated, using average turbulent flow along a flat plate.

) This equation uses dimensionless groups which hold for
all ranges of turbulence. The values obtained for the forced con-
vection heat transfer coefficieut, hc, and the temperatures obtained
for the environment surrounding the samples in the Fizeau event are
tabulated in Table 3.7.

The absorption coefficients (u) used in these calculations
were determined in the solar furnace, and are tabulated in Table 3.7.

Because of the nature of the samples, the temperatures
obtained are for a steady state environment. The samples exposed in
the Flzeau event would have shown the saue effects if they had been
exposed to an environment of the calculated temperature and velocity
of flow, as a steady state, for the same duration of exposure. The
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transient envirorment in the Fizeau event cannot be calculated di-
rectly from the exposed samples by this method, Tt may be possible
o derive the traunsient environment by mathematical means from these
results.

The coufiguration of the wedge specimens prevented the
use of the equations to plot a temperature profile. Tne iemperaiuse
profile was approximated and plotted for Specimen #5, located 295
feet from air zero, of the molybdenum wedges. Several points were
determined by metallographic examination, and a typical curve was
drawn. The variation of volume presented by the configuration would
not permit direct Integration of energy content, so the controid of
the volume of recrystallization was used in the summation of VpcpAT.
The forced convection heat transfer coefficlent, hc, was calculaged,
using the dimensionless cquation and graph in McAdams.? This cocf-
ficient,was dctermined to be 346 BTU hr~! ft=2 "R~!., The absorption
coefficlent, u, was determined from a solar furnace sample to he
0.274, The general heat transmission equation was used to determine
the temperature of the environment to which this specimen was ex-
posed, resulting in a temperature of 17,550°R,

2. Temperature determinations by the reaction-rate
method. A second approach to the calculation of the temperature
was made with the reacstion-rate method. A precedent for this method
is found in the work of B, L. Averbach and Morris Cohen,®

Based on thes premilse that the reaction iIn the brass is
beta ———-alpha plus beta,

and that the product beta differs from the reactant beta by analysils,
a typical first-crder or unimolecular reaction is under discussion.
The velocity of a first-order reaction can be given by
- E ke (3.7)
wliere:

- change in coucentration of beta brass with time

Y

C origindi concentration of beta brass

=
ll

reaction-rate constant, a function of temperature.

By rearrangewment,

k= - %(g%) (3.8)
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if

~ “reactant at time = ¢

x = C o .. .. .
Progucct #uv Lime = ([

[

a-x = C of reactants at time = t.
Upon integration and elimination of the negative sign,

Kt fn &

LT oEex

If logs are taken of both sides, then

log k + lot t = log In 3%; . (3.9)

a
A plot of log t versus log {n a-x should give a straight
line from which the value of k can be determined for any one tem-
perature.

Arrhenius developed an empirical relationship vhich de-
scribed the temperature dependence of k:

fnk=InA-l%%. (3.10)

1 : .
This equation is also linear when Tk 1s plotted versus {n k. By de-
termining k for a number of known temperature heating media, the k
for the Fizeau event might be bracketed. From the value of k the
temperature can be found, :

It was then proposed to determine k for several heating
media such as the solar furnace, the oxyacetylene torch, and the
plasma jet, in the hope that it might be possible to establish the
line in Equation 3,10 from which the temperature might be determined
for the Fizeau event.

The procedure was to make timed exposures of a series of
properly heat~treated brasses to the torch and solar furnace environ-
ments and, after metallographic preparation, measure the transforma-
tions from the exposed faces. Plots of the transformations for the
two series of samples from Fizeau, the torch, and the soclar furnace
are gilven in Figures 3.19, 2,20, 3,21, and 3.2Z, along with the cal-
culated k values.
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At the same time, some practical temperature values for
T I T e Uy mmem MacemcwsAhisasom ssmasn LLEANTD Eawm sha
wile MMCWUALS WCACT UOoOOW-HE W e :ltvﬂ@ UG‘“.‘U‘,‘!B“&GI’ Ve e SR (Vo & 2 4 an - -
acetylene torch, and 7800°R for the solar furnace. These tempera-
tures represent the best information which is available, and no
R T e N R e e gu Lot on o Tl Il boe 2hman Sldn d e Laanrnan o e o
CAicdlitil 48 UHauge LUL Al DELLEL VAaLlLLULLY LIIGL LLIAD LA UL G LLWLL. AR AL

rimetry 1is indicated, should the values De desired with greater
certainty.

With the qualifications noted, a plot of log K versus ']1?
on the basis of Arrhenius' equation is given. From th%s plot a tem-
perature for the flugsh-mounted specimen 1s suggested to be near
15,000°F (Figure 3.23).

-0l PLOT OF LOG K vs .'f

\ TO DETERMINE TEMPERATURF

\ OF FIZEAU EVENT

— ——|K FOR FIZEAU
-0.4 \

N

0.2

SOLAR FURNACE (78109)

LOG K

&\CETYLENE TORCH (6460°R)
-0.8

T(°R)

FIZEAU TEMPERATURE = 15400°R

' 1
rig. 3.23 -- Plot of log K versus ;{‘ to determine
"effective constant' heating tempera-
ture of Fizeau event.
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Reaction rate equations were attempted on the molybdenum
wedges, and the same type of distribution was found. Figure 3.24 1isg

Y a plot of the volume of transformed molybdenum. Figure 3.25 repre-
E . sents a mosaic produced from a molybdenum wedge.
5 i RECRYSTALLIZED VOLUME OF MOLYBDENUM

'% s00 WEDGE SAMPLES
= it . |

~N hi2 '

x an0

E| S

———

-3 ‘e . e

o« - +7

w - T n

300 - e

§ ‘\4

<«

[y

0

© 200

[+) .0l .02 03 .04 03 0 or .08

YOLUME OF MOLYBDENUM RECRYSTALLIZED (CU.IN)

Fig. 3.24 -- Recrystallized volume of molybdenum wedge samples.

SR AT R

[ SRR
B .\“t" i N

Fig. 3.25 -- Mosaic of molybdenum wedge Specimen 7-1 after
exposure. Outline of original configuration
and extent of recrystallization are indicated.
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Results were obtained which would not correlate with
solar furnace and the ac tylene~torch samples. It is conjectured
Flane nale 2 answalatinn anuld aviat fny tha F'luah-m(\uﬂi‘nd enar-'lmne’
where the heat transfer mode was almost entirely radiation, but
fails for the wedges vhich protrude into the stream because of the

EER-F N Cent ot d 1. av ~e. v
airrerent Contrioutions cy radiation and Cv.&‘.’ﬁ"""._...

It is conceivable that the plasma jet exposure woule
likely offer correlation with the Fizeau event molvbdenum wedge sam-
ples but would not with the flush-mounted brass samples unless the i
specimens were 8o placed as to recelve only radiation.

Of some concern was the evident disparity between tem-
peratures calculated from the samples and those calculated from the
adiabatic expansion of the fireball. Such calculated temperatures
were part of the information obtained from IBM Problem.®

An interesting comparison can ke made, using the values
found in the XIBM calculations. Curves are gilven which show the cal-
culated temperatures of the inside of the fireball at stated times. !
A temperature history of any point could be drawn from thege calcu- :
lations., From such a plot, an average temperature could be deter- i
mined. ‘ : ' '

Such a plot was made for the 235-foot- location Station 2,
and the average temperature appeared to be about 6000°K or 10,800°R.
Stations farther from air zero indicated lower temperatures, The
temperatures from the history are lower than those by the calculated
transformation of samples indicate. Note that the linear (in time)
averages of the temperature are calculated, not the temperature
averaged according tc Equation 3.2. A comparison which was the best
calculated variation of temperature and velocity with time might
give better agreement.

3.3.3 Pit Specimens

The results of the testc of the pit specimens are presented
under the appropriate headings.

a. Metal Tensile. No metal tensile specimens were lost al-
though corrosion was a problem with a number of specimens. The one
set of pit specimens recovered from Station 1 showed extreme corro-
sion of the Sandia magnesium-thorium alloy cast bars and gome corro-
sion of the commercial magnesium~thorium alloy (HK 31). The steel
bars showed some oxidation, as did the copper alloy bars. (Blast
damage at Station 1 was slight.)

Of two sets of pit specimens removed from Station 2,
corr051on of the Sandia ailoy seemed to vary between pits from
"none" "pronounced."” In both cases, the copper alloys showad
ev1dence of thermal radiatlon by oxldatior. which varied from
"little if any" to "minor." Blast damage at this station was .
slight.

Specimens at Statlon 3 showed little corrosion but more

blast damage than did those at any other station. Specimens from .
Stations 4 and 5 showed little blast damage and mo oxidation. :
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Tensile strength, yield, percentage elongation, and
hardness were determined on all specimens except those excessivelz
corroded and those whose hardne8s was too nigh to be gripped Ly tie
jaws available. These values, along with the control specimen

values, are presented in Appendix B,

b. Coating Panels. The relatively soft surfaces of coating
panel specimens are good yardsticks of blast damage; some of the
panels were inflammable and thus provided proof of thermal radia-
tion recelved. These effects were noted visually. Five percent of
the paint panels exposed were lcst. Panels recovered at Svation 1
showad litvle blast damage, less than any other pit. Two blue pan-
els at this station had a radioactlvicy level of 25 mr 6 weeks after
the detonation. At Station 2, extensivz blast damage occurred. with
slx panels torn from the mounting panels., Thermal damage observed
was Eess than noted at farther stations.

Panels at Station 3 suffered the greatest damage, both
thermal and abrasive. Panels with two blue-paint systems flashed,
a larger number than at any other station. Panels which flashed
had systems of Amercoat 1123 vinyl strip and the same coating over
zlnc chromate primer with lacquer topcoat,

Panels at Station 4 showed slight abrasion, and the zinc
chromate lacquer-Amercoat 1133 psint flashed. At Station 5, panzls
showed little abrasion or damage; three Amerccat 8633 panels flashed

in all three pits.

Adhesion, flexibility, and other tests were pcrformed;
becavse of the low level of radiation, the results are generalized

in the chapter on conclusicns.

==y test samples from Stations 3,
es on the mounting fixtures

indicate one thermal degradat is discoloration was, as might
samples. White silicone and

be expected, exhibited onliy = .
red hypalon samples showeéd scms discoloration. Slight surface abra-
sion from blast was evident cu all samples; the modulus appeared to
have increased in the exposed areas cf.some samnles. Most samples

appeared to be in good condition, with the exception of those at

Station 2, which showed severe missile damage.

¢. Elastomers., All =t
4, and 5 were recovered. 2

Physical tests were performed on the three samples of
each material from each radio position. The resuits indicate a wide
scatter and are generalized in Chapter 4.

d. Molded Thermosetting Compounds. The glass~fiber-filled
diallyl-phthalate specimens from Statlons 3, 4, and 5 had small,
irregularly spaced blisters on the exposed surfaces. The exposed
surfaces of specimens from Stations 2 and 3 showed erosion from
blast damage which was not evident on specimens from Stations 1, 4,
and 5. Station 1 specimens showed no blast and little thermal dam-
age. Surfaces of Dacron-fiber-filled diallyl phthalate showed sume
charring, which gave the exposed fiber a satin-like appearance.

Tke blast effect on Station 3 specimens obliterated this appearance.
Negligible charring and no blistering were observed on the DC-201
glass-fiber~-filled silicone specimens ar thic last three stationms.
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Blast effects at Stations 2 and 3 were sufficlent fo remove the
resin skin, leaving the glass fibers exposed. As a result of blast
erosion, polyester premin specimens £rom Stakionz /4 snd 5§ showad
slight erratic surface blistering; this was not evident on speci-
men3 from Stations 2 and 3.

e. Foams. Specimens of the 30 to 60 lb/cu ft polyurethane
forms chowed Ilttle degradation, with the exception of slight blast
erosion on specimens from Stations 2 and 3. Tne 4 Tb/fcu ft fuam
specimens located at Station 4 showed a higher degree of charring
than did those at Station 5. Since highly ercded Station 3 speci-
mens did not show the charring observea at the latter locafons. 1t
was assumed that the blast at this location removed the hotr, molten
surface resulting from the thermal radiation. Therc were no 4 1lb/
cu ft specimens recovered from Stations 1 and 2.

f. Polymers. Polyethylene specimens fron Station 3 showed
some surface charring, but specimens at Stations 4 and 5 showed no
visible degradation. High distortion of Station 2 specimens was
due to missile <damage at the time the specimens were softened by
the thermal radiation. Teflon specimens from Station 3 were stiffer
than those from Station 5 when they were subjected to a cursory
flexing test. Also, Station 3 specimens were charred on the exposed
surfaces. Specimens from Statiou 2 showed misslle damage, but speci-
meins from Station 1 showed little, if any.

g. Casti.g Resirs and Laminates. Casting resinc and lami-
nates showed no visible degradation except for slight blast erosion
on Station 3 specimens. As with other ourganic materials, Station 2
specimens suffered the greatest amount of missile Aarmage, which,
coupled to the negative-pressure phase, fractur~. a numbev of the

more brittle casting-resin specimens and one of the laminates.

h. Adhesives. Adhesive test specimens showed no damage ex-
cept for the carbonization of the wolysulfidc resin used te mount
the specimens and some carbonizling of the rubber which was part of
the test specimen. »

The mechanicel properties measured were compressinn shear
on adhesives and szalents and tensile-strength values of hydropel
bonded specimens. Taese data’ ure given in Appendix C.

3.3.4 Sphere ESpecimens

Of 1965 specimens contained in spheres, 94 percent (1824)
were rzcovered. None of the recoverec specimens showed any evidence
of blast or thermal effects., The obtained results on the particular
m~cerials tested are presented in the fol.owing paragraphs.

a. Electrical Cable. No evidence of meaningful damage to
any exposed cables was observed.

b. Rubber Products. There was no evidence of damage to the
silicone rubber products. There was, however, marked degradation of
the exposed nylon pressure tubing which would make it unusable for
application in a radiation environmert of the levels experienced.
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¢. Vacuum Tubes. The results indicated that, while some
changes wers noted In fha characteriatics of the tubes exposed,

these changes established no trend in any case and should not pre-
clude using these tubes in a radiation environment of this intensity.

d. Transistors. A Sandia Corporation internal memorandum®
covering all the work done on the Flzeau semiconductor specimens
has been published.

In &ll cases, there was an increase in the forward re-
sistance, reverae-current leakage, and breakdown voicage., While
the increase in breakdown voltage 1is not detrii.nte), the increase
in the other two characteristics means a decre-u» L efficiency of
diodes, making them unusable in circuits where {1eir capabilities
are fully utilized before irradiation., One interesting result of
the test was the fact that the same type of unit, made by two dif-
ferent methods. shows different results (diffuaed units show leas
change in characteristics than alloy units).

e. Capaciiors. Analysis of the capacitcr data indicated
that there was essentially no permanent change in capacitance of
any of the units exposed although the dissipation factor did in-
crease in all cases. The change in this dissipatlion factor was
greatest in the mica-dipped types. The dielectric constant of the
units als- -henged markedly with the greatest change in the mylar.

: .lastomer Tensile Specimens. In all cases the tensile
strength sn elongation decreased after combined exposures of 2z x 10**
nvt and 5 » 10° gamma., Two of the four types exposed showed an in-
crease in tensile properties at Intermediate exposure levels. This
phenomenon is attributed to the peroxide cure of these whereas the
others were sulfur-cured. Generally speaking, these samples showed
less damage at these rates than similar samples receiving the same
total dose at a lower rate, although the results might be somewhat
questionable in light of the delay between exposure and testing
which would permit some healing, and consequent masking, of the
true degradation immediately following exposure.

g. Semiconductor Materials., Two Sandia Corporation internal
memoranda %310 have been issued covering this phase of the test.
These reports state that, on N-type germanium, the rate of applica-
tion of nuclear radiation has n¢ effect (assuming that annealing did
not mask the results), but that P~type germanium has a possible rate
correlation. Results also indicated that (within experimental error)
changes jn characteristics of semiconducting devices are wholly
attributable tc the changes in the bulk properties of the semicon-

ducting materials.

k. Organic Fluids. ~The results indicated that, while there
were some detectabie changes in viscosity and that even though some
gas evolved from the specimens, in no case werez the samples damaged
to a point that would make them unacceptable for mormal use,

i, rtaint Finishes. There was no measurable difference be-
tween *the finishes on the exposed coupons and those on the control

coupons.
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j. Adhesives. The shear strength of the specimens exposed
at Station 2 (slant range 1000 ft) was approximately 25 percent
lower than at more distant stations. and the shear strength at
these more distant stations showed no significance.

k. BSealanis. The physical properiles of all the speclmens
exposad were not significantly affected, with the exception of
Silagtic 6127, which showed a progressive Iincrease in hardness with
increasing proximity to air zcro,

1. Elastomeric Materials. The exposed specimens of Teflon
showed sign{ficant degradation, greatest irn the position closest to
air zero and decreasing with increasing distance from air zsro. The
specimens of uavulcanized Neoprene stock were cured, whereas the
specimens of unvulcanized natural and nitride rubber were not cured.
The exposed specimens of natural rubber showed a doubling of the
modulus at 300-percent elongation. The mcdulus at 500-percent elon-
gation was slightly increased; the tensile strength was greatly in-
creased; and the ultimate elongation, which usually decreases with
increasing tensile strength was actually slightly increased, indi-
cating a higher degree of crosslinking of molecules,

m. Reinforced Plastic lLaminates. There was no significant
change in the physical propertles of any of the exposed specimens.

n. Greagses. There was no significant change in the physizal
characteristics of the exposed specimens.
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Chapter 4

CONCLUSIONS AND RECOMMENDATIONS
4.1 CONCLUSIONS

4,1.1 Mounting

The blllets functioned as intended, were easily located, and
retained a large number of specimens. Survival of Peace Pipe plugs
was gratifying. Clay used both in billets aud in Peace Pipe plugs
for thermal insulation and shock protection functioned well in all
applications.

The spheres were effective, as was the foam used to protect
samples embedded in it. Failure of cables to hold some of the

spheres is related in part to differences in soil conditions between
areas for the Boltzmann and Fizeau shots. The Boltzmann area, where

the methodology evaluation was performed, had a more nearly stabi=
lized soill than the Fizeau area had, and adequate allowance was not

made for the difference. Loss of spheres at Station 1 may have been

caused by fouling of tower guy cables which fell acrosgs all three
pits and some of the spheres.

Use of plts for sample containment at this stage seems to
have been a valid method. Pit cave-ins were partially caused by
lack of mechanical strength in assembling riveted segments, since
these were only tack-welded. The end-plate attachment was also
tack-welded and suffered the same mechanical failvre.

4.1.2 Specimens

a. Peace Pipe Snecimens. The following conclusions are
presented: .

1. It is believed that the technique of ohserving
metallurgical changes in materials is a novel and
useful method for gaining information about high-
temperature excursions.

2. ¥From the metallographic data, heat transfer methods
could be used to determine the average temperature
of the samples' environment over the exposure time.
Validity for proceeding along this line was furnished
when a similar calculation produced a solar furnace
temperature in good agreement with expected values.

3. An independent method, the reaction-rate method based
on the physical chemistry of a unimolecular decompo-
sition, could be used to determine an equivalent con-
stant temperature of the environment.
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4., The “emperatures so obtained were in the region of
15,000°R. These calculations appear reasonably valld
for the flush-mounted specilmens vhere the heat trans=-
fer was nearlv 100 percent radiant.

5. Better validity of the data could be established by ’
recourse to additional exposure of the wedge speci- |
mens in the plasma jei where an additionai tempera- :
ture point with combinations of convective and radiant
heat transfer could be incorporated. The hear trans-

- fer method sesmed more useful because of the light it

shed upon the relativa contributions by radiant ard

convective heating. The fiush-mounted specimens offer
somewhai more ccnfidence than the wedge specimens be-
cause of the essential simplicity of the szample and
the heat transfer made.

The unifoimity of the cross sectlon and the single
expesed face permicted the application of well-known
equatious to the heat calculations. The radiant
heating of this specimen accounted for approximately
93 percent of the heat transferred.

The wedges absorbed heat from all directions and had i
a changing cruss section which made a temperature
profile nearly impossible to calculate. The wedges
indicated that approximately 30 percent of the heat
transfer was by convection; the convection coeffl-
clent for temperatures and velocities of this range
are mot known with a great deal of certalnty.

The reaction-rate method seemed to offer a valid
solution where the heating methods were sinilar,

If heat transfer systems similar to those of Fizeau
had been available, the correlation would have been
better. .

o

6. The technique of using a billet and a varleiy of ,
metal-plug 1lnserts proved to be a valuable method
for obtaining informaticn about metal losses close
to air zero. . .

7. Values representing the losses for the metals se-
iected for this study were obtained. The cleae cor-
relation of the arithmetic mean and the median indi-
cated a symmetrical distribution of the values.
There 1s an implication of statistical validity.

8. The evidence cecured from th: billet-plug studies
shows that, in spite of helical placement of the |
plugs, it must be consl .arved that all plugs saw the
same environment.

9, In relating percentage of weight loss to phyaical
properties, it was found that the lcsz is proper=-
tional to thermal conductivity and specific hrcat
and is inversely proportional to density. Silver
is an exception to this statement but is not an
exception when the metal loss is plotted against
keat content.

[
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Little can be sald about the comparison of WADC's
and Sandia's melt studies. With only two volumes
for eachk of two materiale, complicated by their
having been exposed to two different yields it
is impractical to establisn scaling cuives foi
lethality.

Because of the high percentage of luss ol speci-
mens, the compact-plug study did not function as
well as originally intended. 1t is now known,
however, that the transition from & compacted
powdeg to a homogeneous mass can be readily de-
tected,

Pit Specimens

The general conclusion reached by a study of the results

of the pit specimens is that the effects seen are more accurately
related to blast and thermal damage than to radiation. This state-
ment applies to the coating panels, elastomers, molded thermoseal-
ing compounds, foams, polymers, and casting resins.

The conventional panel systems commonly used on the weapons
suffered no apparent damage related to thermal or blast damage.

The statements may be catagorized as follows:

This test indicated almost all the materials chosen
can successfully withstand the nuclear radiation
environments experienced in this test.

Every metal specimen withstood entire environment
nuclear radiation as well as blast and thermal
effects.

Beyond Station 2 most effects noted are ascribed
to thermal radlation rather than nuclear radiatien.

§phere Specimens. The conclusions arec:

Little to no damage due to nuclear radiation was
experienced by electrical cables, paint finishes,
reinforced plastics, or greases.

Slight nuclear radiation damage at the "close in"
stations was experienced by the rubber products,
vacuum tubes, organic fluids, adhesives, sealants,
and elastomer tensile specimens.

Transistors, semiconducting materials, capacitors,

and elastomerlic materials suffered some radiation
damage at all stationms.
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4.2 RECOMMENDATIONS

The following recommendations for future tests of this nature

are proposed in two phases:

a.

Mechanical Features

Dillet cavitics and base cape should be rodesigned for
greater shock resistance.

The plug cesign should be changed for casier removal
from the Peace Plpe coupling.

Pits should be strengthened by continuous welding
around the segments and end plate to help prevent
cave~ins,.

Irndividual tiec-downs should be used on each sphere.

Seleccion and Placement of Specimens

For a study of radiation damage, either a closer posi-
tion or a higher-yield device should be used for the
field-type specimens,

The selection of specimens would reflect the informa-
tion accumulated since the Fizeau eveant,
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APPZNDIX A

SPECIMEN EXPOSUKES IN FIZEAU EVENT
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A.l SUMMARY OF SPECIMEN EXPOSURES

A complete list of the specimens exposed in the Fizeau event

SECRET

APPENDIX A

is tabulated in the feollowing sections.

4A.1.1 Billet Specimens

Billet specimens were numbered from 1 to 101 for the top
billet and from 102 to 202 for the second billet.

£ LR = ]

35.

First Billet

Graphite AGX

Graphite CCN
Molybdenum (full hard)
Mallory 1000 tungsten
copper nickel allov
(as sintered)

17-4PH stainless steel
4130 alloy steel
6Al1-4V titanium alloy
(annealed) '
Mallory 821 titanium
alloy (annealed)
Silver (&s cast)
6061-T6 aluminum alloy
Wood, maple

Graphite AGX
Molybdenum

17-4PH stainless steel
4130 alloy steel
6AL-4V titanium alloy

6061-T¢ aluminum alloy

Graphite AGX
Molybdenum

17-4PH stalrless steel
4130 alloy steel
6Al1-4V titanium alloy
6061-T¢ aluminum alloy
Graphite AGX
Molybdenum

17-4PH stainless steel
4130 alloy steel
6A1~4V titanium alloy
6061-T6 aluminum alloy
Graphite AGX
Molybdenum

17-4PH etainless steel
4130 alloy steel
6A1-4V titanium alloy
6061-T6 aluminum alloy

SECRET

36.
37.
38.
39.
40,
41,
42,
43,
44,
45,
46 .
47.
48.
49,
50.
51.
52.
53,
54.
55.
56,
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67,.
68.
69.
70.
71.
72.
73,
4.

Graphite AGX
Molybdenum

17-4PH stainless steel
4130 alloy steel
6A1l-4V titanium alloy
6061-T6 aluminum alloy
Graphite AGX
Molybdenum

17-4PH stainless steel
£130 alloy steel
6A1-4V titanium alloy
6061-T6 aluminum alloy
Graphite AGX
Molybdenum

17-4PH stainless steel
4130 alloy steel
6Al-4V titanium alloy
6061-76 aluminum alloy
Graphite CCN

Silver

Wood, maple

Mallory 821 titanium
Mallory 1000

Graphite AGX
Molybdenum

17-4PH stainless steel
4130 alloy steel
6A1-4V titanium alloy

6061-T6 aluminum alloy

Graphite CCN
Silver
Wood, maple

Mallory 821 titanium alloy

Mallory 1000

Graphite AGX
Molybdenum

17-4PH stainless steel
4130 alloy steel
6A1-4V titanium alloy
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75.
76.
77.
78.
79.
80.
81.
82.
83.
84,
85.
86 .
87.
88.

b.

102,
103.
104.
105.
106.
107.
108.
109,
110.
111.
112,
113.
114,
115.
116.

117.
118.

119,
120.
121.
122.
123.
124,
125,
126.
127.
128,
129.
130,
131,
132,
133.
134,
135.
136.
137.
138.
139.
140.
141.
142,
143,

SECRET

6061-T6 aluminum alloy
Graphite AGX

Silver

Wood, maple

Graphite AGX
Molybdenum

17-4PH stainless steel
4130 alloy steel
6Al-4V titanium alloy
6061=-T6 aluminum alloy
Graphite CCHN

Silver

Wood, maple

Graphite AGX

Second Billet

Mallory 1000

Craphite AGX

Graphite CCN

17-4PH stainless steel
4130 alloy steel
6Al-4V titanium alloy
6061-T6 aluminum alloy
Molybdenum

Wood, maple

Silver

Graphite AGX

Graphite CCN

17-4PH stainless steel
4130 alloy steel
6Al-4V titanium alloy
6061-T6 aluminum alloy
Molybdenum

4130 alloy steel
Molybdenum

6A1-4V titanium alloy
Graphite AGX

Graphite CCN

17-4PH stainless steel
4130 alloy steel
6Al~-4V titanium alloy
6061-T6 alumi.um

Wood, maple

Silver

Molybdenum

6A1-4V titanium alloy
Graphite AGX

Graphite CCN

17-4PH stainless steel
4130 alloy steel
6A1-4V titanium alloy
6061-T6 aluminum alloy
Molybdenum

Molybdenum

Molybdenum

Molybdenum

Graphite AGX

Graphite CCN
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89.
90,

92.

Y3,
94.
93.
96.
97.
98,

100
101,

144,
145,
146,
147,
148,
149,
150.
151,
152,
153.
154,
155.
156,
157,
158,
159.
160.
161.
l62.
163.
164,
165.
166.
l67.
168,
159,
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184,
185.

Molybdenum

17-4PH stalnless steel
4130 alloy steel
6Al-4V titanium alloy
b0bLl-16 aluminum alioy
Graphlte CCN

Silver

Wood. maple

Graphlite AGX
Molybdentm

Mallury 1000

Mallory 821 titanium alloy

17-4PH stalnless steel

17-4PH stainless steel
4130 alloy steel
6Al-4V titanium alloy
6061-T6 aluminum alloy
Wood

Silver

Molybdenum

Molybdenum

Graphite AGX

Graphite CCN

17-4PH stainless steel
4130 alloy steel
6A1-4V titanium allny
6061-T6 aluminum alloy
Molybdenum

Molybdenum

Molybdenum

Graphrite AGX

Graphite CCN

17-4PH stainless steel
4130 alloy steel
Graphite AGX

17-4PH stainless steel
4130 alloy steel
6A1-4V titanium alloy
6061-T6 aluminum alloy
Wood

Silver

Graphite AGX

17-4PH stalnless steel
4130 alloy steel
64A1-4V titanium alloy
6061-76 aluminum alloy
Wood

Silver

6061-T6 aluminum alloy
Graphite AGX

17-4PH stainless steel
4130 alloy steel
6A1-4V titanium alloy
6061-T6 aluminum alloy
Wood
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186,
187,
188.
189.
190,
191,
192,
193.
194,
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Silver 195, 17-4PH stainless steel
Graphite AGX 196, 4130 alloy

17-4PH stainless s=zeel 197. 6Al=4V titanium alloy
4130 alloy steel 198, b6O®l-16 aluminum ailoy

HALl-4V titanium alloy 199. Wood

6061
Wood
6061

=T6 aluminum alloy 200. 4130 alloy steel

201. 6Al-4V titanium alioy
~T6 aluminum alloy 202, 17-4PH stainless steel
Graphite AGX

4,2.2 Top Blllet Cavity Sampies

The following radlation effects samples were placed in the
top billet cavity:

Code B

Sample No, Base Polymer Antirad

1-GFA7 Natural rubber - carbon black none
compound, sulfur-cured,

81-GTA6 Natural rubber - carbon black 5 parts naphthyl-
compound, sulfur-cured. amine radiation

damage inhibitor

1-GFA8 GR=S =~ carbon black compound, none
sulfur=cured.

81-GTA7 GR~S =~ carbon black compound, 5 parts naphthyl-
sulfur-cured. amine damage

inhibitox

1-GFA9 Neoprene GN ~ carbon black none
compound, conventional curing
agents.

81-GTA8 Neoprene GN ~ carbon black 5 parts naphthyl-
compound, conventional curing amine damage
agents. inhibitor

1-GFA10 Hycar 1002 - carbon black none
compound, sulfur-cured.

81-GTA9 Hycar 1002 - carbon klack 5 parts naphthyl-

Each numbered compound above was made up into the followilng seven

samples:

compound, sulfur-cured.

- 1/8-inch Dumbbells
- Scott Dumbbells
- Hysteresis Pellets

NWN
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Code €
No._ Nomenclature Material
- can Organin neButvlhenzane
SA5 Organic Biphenyl
SA6 Organic Dibenzothiophene
SA7 Crganic g-Targhenyl
S48 Organic m-Terghenyl
SA9 Organic Naphthalene
: SA10 Organic Monoisnpropylbiphenyl
SAll Organic Biphenyl with 5 percent
dibenzothiophene
Code M
No. Nomenclature Material
3 Plastic Supramica 500 ceramo-
plastic
Code 8-1451
No. of
Manufacturer  Samples Nomenclature Description
General Electric 1 IN537 S1 diode
14-6124 1 IN538 Si diode High conductance
1 1N539 Si diode Alloy junction
1 IN540 Si diode
2 IN93 Ge diode Alloy junction
1 2N43  Ge transistor Low gain
1 2N44  Ge transistor Medium gain
1 2N45  Ge transistor High gain
1 4JD4A4 Si tranmsistor - High frequency
1 4JDLA4 81 tranmsistor High frequency
Transitron 2 SG211 §8Si diode Fast recovery
14-6125 alloy junction
2 IN483A Si diode High conductance
) alloy junction
1 TL-21 8i rectifier Large area 200 ma
1 1N248 Si rectlifier Large area 10 a
1 1IN251 Si diode High frequency
Hughes Products 2 1N458 Si diode High conductance
14-6126 alloy junction
2 IN628 Si diode Fast recovery
alloy junction
Texas Instru- 1 IN588 Si rectifier High voltage
merits grown junction
14-6127 1 1N589 Si rectifier High voltage
grown junction
1 T1951 Si transistor Grow: junction,
high gaiu
1 T1953 Si transistor Grown junction,
low gain
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National Semi- 1 1N200 Si diode N1Ov
] conducter 1 1N210 81 diode N70+ alloy junc-
14=-0128 tion type
1 1N218 Si diode N200v
1 1N222 si diode N500v
Paciféc Semi= 2 SD-5101 Si diode Fas; recovery,
coaductor diffused
14-6129 2 P5=564 Si diode High conductance,
diffused
Raytheon 1 CK-840 Si diode 50v high conduc-
14-6130 tance, diffused
1 CK-841 Si diode 200v high conduc=
tance, diffused
1 CK-843 S1 diode 400v high conduc-
tance, diffused
1 CK-845 Si diode 600v high conduc-
tance, diffused
Code S-1473
No. Nomenclature Material -
T-1 Spring, captive "Dynavar" (Hamilton Watch Co.
-2 Spring, captive ""Dynavar" (Hamllton Watch Co.
T-3 No. 1 Spring, captive ring "Dynavar”" fHamilton Watch Co.
T-4 Spring. captive ring ""Dynavar"' 2Hamilton Watch Co.
T-5 Spring, relaxed ""Dynavar' ﬁHamilton Watch Co.
T-6 Spring, relaxed "Trynavar'" (Hamllton Watch Co.)
1 Spring, coiled tension, High carbon steel
1 inch long
2 Spring, coliled teusion, High carbon steel
1 inch long
3 Spring, colled tension, High carbon steel
1/8 inch long
4 Spring, colled tension, High carbon steel
1/8 inch long
5 Spring, coiled conical, High carbon steel
1-3/4 inch loag
6 Spring, coiled conical, High carbon steel
1-2/4 inch long
7 Spr%ng,lnegator, rolled 301/302 stainless steel
helica
8 Spring, negator, rolled 301/302 stalnless steel
helical
9% Soring, torsion w/arm Ni Span C
10%* Spring, torsion w/arm Ni Span C
11% Spring, coiled leaf and "Elgiloy" (Elgin Watch Co.)
bell gear
12% Spring% coiled leaf and "Elgiloy"
bell gear

—
These ltems were not numbered.
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No. Manufacturer Composition Samples

Cymel 404T American Cyanamid Melamine formaldehyde No. 1
Cymac 201  American Cyanamid Methylstyrene acrylonitrile WNo. 2
Cymace 400  Amerincan Cyanamid Methylstyrene No. 2
AF=77 Monsanto Polystyrene No. 2
HT~88R Monsanto Polystyrene No. 2
LXC Monsanto Polysatyrene No. 2
sl Shell Eport 828 curing agent CL No. 3
s2 Shell Epon 828 curing agent Z No. 3
s3 Shell Epon 828 curing agent No. 3

BF3 =400
S4 Shell Epon 828 curing agent lET No. 3

anhyd.
S5 Shell Epon 828 curing agent No., 3

diaminopherylsulfate

Sample Types

A1.3

and compacts.

Peace Pipe Samples

No. 1 - Compression and hardness
No. 2 - Compression, hardness, impact, and tensile
No. 3 - Compression, {impact, and tensile

Specimens mounted on the Peace Pipe included wedges, rods,

Compacts, with positions at which they were placed
Station numbers are defined by dist=snce in

are tabulated below.
feet Ifrom air zero.

Station No. Plug No. Compacts (one, unless specified)

215 1 HEC, TaC, ZrC, W, TiC, ThO,, BeO, MgO,

Al,0,, zr0,, Ti, T10,, Cu, Mg, Sn
‘ 235 2 HEC, 2-TiC, 2-ZxC, 2SiC, Mo, B,C, MgO,

810, ,Fe, Mn, Ag, In

255 3 2-W, 2-TiC, 2-ThO,, 2r0,, BeO, Al,0,,
Mg0O, S51i0,, Fe, Cu, Mg, In

275 4 TaC, 2rC, W, TiC, ThO,, SiC, Mo, B.C,
MgO, Ti, Cr, Ni, Cu, Ag, In

295 3 TaC, 2rC, W, TiC, ™o, , Mg0O, ZrO,, BeO,
A1,0,, si0,, TiO,, Fe, Mn, Mg, Pb

315 6 TaC, W, TiC, ThO,, SiC, Mo, B,C, Al,0,,
Cr, Fe, Ni, Cu, Ag, Zn, In

335 7 ZrC, W, TiC, ThO,, MgO, 2r0,, BeO, Al,0,,
Ti, Cr, Fe, Mn, Mg, Pb, Sn

84
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355 & TaC, W, TiC, ThO,, SiC, Mo, B,C, Al,0,,
Sil,, TiD,, Fc, Cu, Az Zn, &n
375 9 ZrC, W, ThO,, MgO, 2r0,, BeO, Al_,0,,
TL, Cr, Fe, Ni, Ag, Mg, Pb, In
395 10 W, TiC, ThO,, MgO, Zr0,, BeO, Al O,,
T, Cr, Fe, Cu, Ag, Zn, Pb, In
415 11 TaC, 2rC, ThO,, SiC, Mo, BeO, AL,0O,,
si0,, Ti0,, Fe, Mn, Ag, Mg, Zn, Sn
435 12 zrC, ThO,, SiC, Mo, B,C, Al,0,, S10,,
Ti0,, Fe, Mn, Ag, Mg, Zn, Pb, Sn !
I
455 13 TaC, TiC, MgO, 2r0,, Be0O, Al,0,, {
Ti, Cr, Fe, Cu, Ag, Mg, 2n, Pb, In .
475 14 zrC, To,, Mg0, Mo, Al 0,, S$i0,, TiO,, §
Fe, Mn, Ag, Mg, Zn, Pb, Sn, In
495 15 TaC, ThO,, MgO, Mo, Al O,, Ti, Cr, Fe,

Ni, Ag, Mg, Zn, Pb, Sn, In

A.l.4 Wedge Specimens

As has been noted elsewhere, two wedge plugs were placed at
each station. Each plug holds three wedge specimens, one each of ,
the following: !

1. Cold-rolled molybdenum.

2. Naval brass, ASTM B21-534 Alloy A, quenched to retain
the beta phase. !

3. 1095 sieel (0.87 carbon), quenched to RC 65 (martensitic).

Since there are two plugs with identical materials, duplicates for
checking or survival are provided.

A.1.5 Rod Specimens

There were positions for six flush-mounted rods in each of i
the plugs for internal structure change studies. In each case the '
brass, molybdenum, and steel samples occupied three of the six posi-
tions. The remaining three positions were alternately occupied by
graphite, 6061-T6 aluminum and wood (maple) or cast epoxy, diallyl
phthalate molding compound, and DC-301 silicone compound.
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A.1.6 Pit Speclimens
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707-, 1000-,1410-, 2000-, and 2820-foot slant ranges
ro. The sample types used on the end panels of each of
e a5 {ollows:

Metal tensiles

Plastic tensile bers and impact test specimens
Adhesive panels

Elastomers

Paint panels

Pit spheres

A.1,7 Metal Tensile Specimens

Three each of the following systems were placed in each pit:

CP titanium

8 percent manganese - titanium alloy, annealed

6 aluminum - 4 vanadium, titanium alloy, annealed

6 aluminum - 4 vanadium, titanium alloy, heat-treated

416 stainless steel, heat-treated

440C stainless SCeei, heat-treated

17-7PH stainless steel, annealed

17-7PH stainless steel, heat-treated

17-4PH stainless steel, annealed

17-4PH stainless steel, heat-treated

347 stainless ateel, cold-rolled

302 stainless steel, cold-rolled

Al-Mag 35 aluminum casting alloy

356-T6 aluminum casting alloy

7075-T6 aluminum alloy, wrought

2024-T6 aluminum alloy

6061«T4 aluminum alloy

6061-T6 aluminum allioy

HK31-T6 magnesium alloy

AZ91C~HTA magnesium alloy

4340 steel, heat-treated

4140 steel, heat-treated

1018 steel, cold=-rolled

117 steel, conld-rolled

1095 steel, hot=~rolled

Inconel, nickel alloy, annealed

Inconel X, nickel cogalt alloy, age-hardened

Haynes-Stellite No. 25, nickel cobalt alloy, annealed

Beryllium copper, 1/2 hard

Beryllium copper, 1/2 H.T.

Phosphor-bronze, spring-temper

65-35 brass, 1/2 hard

CP copper, cold-rolled

202 stainless steel, cold-rolled

Magnesium-thorium alloy, as cast (Sandia)

Aluminum~uranium-thorium alloy, as cast (ORNL)

Mallory 821 titanium alloy (aluminum-tantalum=-columbium)

Zamak scldered aluminum bars, 6061-T6 bars, three each
in Pits E and H
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A.1.8 Plastic Tensiles, Elastomers, and Impact Specimens

Three specimens of the following systems were uwduaied on
each of the end panels of the pits.

a. Laminates i

1. FEpoxy-glass laminate !
Sheil 828 resin, Shell CL hardener, 181 cloth !
2. Epoxy-lead glass cloth laminate '
Shell 828 resin, Shell D hardener, Archer cloth
3, Polyester-glass laminate
Selection 5016 resin, benzoyl peroxide catalyst,
181 cloth
4. Phenolic-glass laminate : 3
per ASTM D=709=-52T , : ]
5. Phenolic-asbestos laminate ) a
Trevarno F~120 resin - ! 3

b. Potting Compounds ;

6. 50 parts mica
50 parts Shell 828 resin
6 parts DEA hardener
7. 60 parts Neo-Novacite
40 parts Shell 828 resin .
5 parts DEA hardenexr '
8. 50 parts mica :
50 parts Shell 828 resin
25 parts Thiokol flexibilizer
3 parts N-HEP hardener
9. 100 parts Shell 828 resin
12 parts DEA hardener .
10. CRP #235 as supplied by Minpésota Mining and
Manufacturing Company -
11. 100 parts Shell 828 resin
12 parts “riethylene tetramine hardener
12, 100 parts Shell 828 resin
27 parts adiplc-arhydride hardener
13, 100 parts Srell 828 resin
90 parts methylnadic-anhydride hardener
14, 50 parts Shell 828 resin
6 parts DEA hafdener
50 parts commgkcial boron filler

c¢. Elastomers - (see Table A.l for compound formulations)

15, Silastic A0 ‘
16. Neoprene/, compound #858-4511, 60 durometer
17. Neoprerk, compound #858-27, 40«60 durometer
18. Natura/ rubber, compound #858-113, 55-60 durometer,
sulfur cure
19. Natuyal rubber, compound #130417, peroxide cure
20, Natural rubber, compound #858-119 VI
21, HypAlon, compound #858-49, B0 duromater

/
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TABLE A.,1 -- ELASTOMER FORMULATIGHS

Formula Number (%)

858-45 1I 858-27 858-113 130417 858-119 VI 858-~49

Neoprene W 100

Neoprene WRT 100

Notural Rubber 100 15 100
SBR-1500 85

Hypalon

Magnesium Oxide 4 2

Neozone D 1.5 2 1.5 1
Snowflake White 80

Kosmos 40 10
TP-90B 5

Heliozone 3

Zinc Oxide 10 5 ) 3
NA-22 1

Thermax 50
Stearic Acid 0.5

! 1.5
Dioctyl Sebacate 20 1

15

1
0
Kosmos 60 75
Altax 1
Methyl Zimate 0
Sulfur 3
Kralac A-EP v 25
Philblack O 1.5
Aminox 1

2

Dicumyl Peroxide

Methyl Tuads 3
Tetron A 0.75
Spheron 9 : 25
Sterling FT 55 -
Staybelite Resin

Polyethylene AC 6
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d. Foams

22, 1Isocyanate, rigid, 4 lb/cu ft density as supplied
by ALPCO, Stafoam #104
. Isocyanate, rigid, 30 lh/eu ft density as supplied
. by ALPCO, Stafoam #730
. Isocyanate, rigid, 60 1lb/cu ft demsity as supplied
by ALPCO, Stafoam #760

[ %)
W

[l
o

e, Plastic Molding Compounds

25, Diallyl phthalatzs, long~glass-fiber-filled, as
supplied by Mesa Plastics Company, #52-~20-20

26, Diallyl phthalate, Dacron fiber-filled, as supplied
by Mese Plastics Company, #50-51

27. S8ilicone, long-ﬁlass-fiber-filled, as supplied by
Dow Corning, #301

28, Impact bar of #25

29. 1Impact bar of #26

30, Impact bar of #27

31. Polﬁethylene, high-density type as supplied by
Phillips Petroleium Company, Marlex 50

32, Teflon

33, Polyester, long-glass-fiber premix compound, as
supplied by Plumb Chemical Corporation, #1000

A.1.9 Adhesive Panels

Each of the 15 pits had one adhesive panel bolted to one of

the aluminum plates. Each panel had a selection of adhesives from
the eight systems listed below:

NN W

Armstrong C4 - Activator D - 100/25 epoxy

Armstrong C4 - Activator D - Graphite 100/25/66 epoxy
Armstrong C4 - Activator D - Heavy metal - 100/25/50 epoxy
Prod. Res PRC 1221 - Catalyst 10/1 polysulfide

Armstrong A-2 - Activator E - 100/6 epoxy :
Dow-Corning RTV 5302/5303 - A4014 primer 50/50 silicone
Bloomingdale FM 47 vinyl phenoliic

Chrysler cycleweld C 3525 rubber phenolic

~A.1.,10 Paint Panels

Three hundred and twenty paint panels were exposed from 21

different systems of coatings. This list of systems 1s as follows:

1. Zinc-chromate primer on a steel plate JAN-L-73 topcoat
(alkzd lacquer)

Zinc-chromate primer on magnesium panel JAN~L-73 top-
coat (alkyd lacquer)

Zinc-chromate primer on aluminum panel JAN-L-73 top-
coat (alkyd lacquer)

Zinc-chromate primer (MIL-P-68893) alkyd on aluminum

Enamel (TT-E-485C) (alkyd) on aluminum

Epo-Lux 100 red on aluminum (epoxy)

Epo-Lux 100 white on aluminum (epoxy)

Cal-a~Lac grey on aluminum (epoxy)

BN L w N
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9. Amercoat 86-33 system vinyl on aluminum
10. Dow 17 on magnesium conversion coating
11. Plasite (phenolic modified epoxy) on aluminum

12, Amercnat 1133 over alumimim {vinyl atrin)

13. Zinc-chromate primer JAN-L-73 lacquer topcoat
Amercoat 1133 strip (alkyd lacquer vinyl strip)

Av A limd miwm
on aluninunm

14. Phenoline 300 primer and phenoline 300 primer and
pheaoline 308 topcoat (polyurethane) on aluminum

15, Eagle-Picher, hi-temp aluminum pigmented (silicone)
on aluminum

16. Heat-Rim, hi-temp aluminum pigmented (silicone) on
aluminum

17. Maas and Waldstein varnish, MIL-V-173A (Tuf on 747)
phenolic on aluminum

18, Dow-Corning varnish No. 993 (silicone) on aluminum

19. Equipment enamel, grey (MIL-E~15090) alkyd melamine
formaldehyde

20, 1Iridite 15 on magnesium, conversion coating

21, Convair Paint system
M.1 - C-8514 RM
M.l - P-7962 SW
White acrylic enamel - Fuller on anodized clad 7075T6

A.1.11 Sphere Specilmens

A large number of specimens, not only of materlals but also
connectors, transistors, and capacitors were included in the sphere.
Since the space was limited, the material samples were, as a rule,
miniature specimens.

A tabulation of the contents of each sphere is presented
here, using the nomenclature described previously. The array of
spheres has been listed and the identification of the spheres was
made, with the letter "F" designating the Fizeau event, a number
from 1 to 5 designating the station (and, therefore, the radial
distance from ground zero), and another number from 1 to 22 desig-
nating the individual sphere.

A 1list of the sphere contents follows. Exact plastic foimu~-

lations may be cross referenced with Paragraph A.l1.7.
F-1-1

No. _ . Description

Rigid 60-pound foam (isocyanate) minlature tensile impact
bar

Molded diallyl phthalate, Mesa 50-51, Dacron-filled

’ minlature tensile Impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
minlature tensile impact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolic~glass laminate miniature tensile impact bar

Epoxy-lead glass laminate miniature tensile impact bar

Polyester-glass laminate miniature tensile impact ber

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica 5G-828, 6 DEA miniature tensile impact bar

N
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100-828, 12 DEA minlature tensile impact bar
50-828, 6 DEA commercial boron wminiature tensile impact

Lnew
foR ey

Molded Supramica 560 ceramoplastic miniature tensile
impact bar

o419 -4t
Silastic 50 st

Neoprene 858-27
specimen
Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen

Natural rubber 130417 peroxide~cure standard ASTM
elastomer tensile specimen

HF77 polystyrene compression, hardness, and impact
specimen

LXC polystyrene compression, hardness, and impact
apecimen

HT88B polystyrene compression, hardness, and impact
specimen

Conolan 506 phenolic resin 181 glass-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL epoxy resin 181 glass-fiber laminate,
1 x1x 1/8 inch

Epon 828/Cl, and glass rovings (motor case wall),
1x1x1/8 inch

Epon 828, curing agent Z compression, impact specimen

Epon 828, curing agent dlaminophenylsulphate compression,
impact specimen

ndard ASTM clastomey tensile apecimen
D 40, standard ASTM elastomer tensile

Rigid 60-pound foam (isocyanate) miniature tensile
impact bar

Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile Ilmpact bar

Molded diallyl phthalate, Mesa 52-50-30, glass=-filled
miniature tensile ilmpact bar

Epoxy~glass laminate winiature tensile impact bar

Phenolic-glass laminate miniature tensile impact bar

Epoxy~lead glags laminate miniature tensile impact bar

Polyester-glass Jaminate minlature tensile impact bar

60 Nen-Novaclte, 40-828, 5 DEA minlature tensile impact
bar

Mica, 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA winiature tensile impact bar

50-828, 6 DEA commercial boron miniatwie tenslle impact
‘bar

Molded Supramica 560 ceramoplastic miniature tensile
impact bar

Silastic 50, standard ASTM elastomer tensile specimen

Neoprene 858-27 D 40, standard /3TM e¢lastomer tensile
specimen

Natural rubber 858-113 D 55~60, sulfur-cure conducting
standard ASTM elastomer tensile sp=cimen

Natural rubbex 130417, peroxide~cure staadard ASTM
elastomer tensile specimen

HF?77 polystyrene compression, hardness, and impact
specimen
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LXC polystyrene compression, hardness, and impact
specimen

UTRRR nolvetvrans comnve
specimen

Epon 828 curing agent Z, compression impact specimen

Spon 828 curing agent diaminophenvlgulphate, ncomprersion
impact specimen

Conolan 506 phenolic resin 181 glass-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL epoxy resin 181 glags-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL and glass rovings (motor case wall),
1 x1x 1/8 inch

aion. hardneas. and impact

Rigid 60-pound foam (isocyanate) miniature tensile
impact bar

Molded diallyl phthalate, Mesa 50-51, Dacron-fillad
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
miniature tensile impact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolic-glass laminate miniature tensile Impact bar

Epoxy=-lead glass laminate miniature tensile impact bar

Polyester-glass laminate miniature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA minlature tensile impact
bar

Mica, 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA minilature tensile impact bar

50-828, 6 DEA commercial boron minlature tensile impact
bar

Molded Supramica 560 ceramoplastic miniature tensile
impact bar

Cymac=~2C1 methylstyrene acrylonitrile compression,
hardness, and impact specimen

Cymac-400 methylstyrene compression, hardness, and impact
specimen

HF77 polystyrene compression, hardness, and impact
specimen

Epon 828 curing agent CL impact specimen

Epon 828 curing agent HET anhyd. impact and tensile
specimen

Conoclan 506 phenolic resin 181 glass-fiber laminate,
1 x 1x 1/8 inch :

Epon 828/CL epoxy resin 181 glass-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL and glass rovings (motor case wall),
1 x 1x 1/8 inch

Silastic 50 standard ASTM elastomer tensile specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen

Neoprene 8:8-27 D 40, standard ASTM tensile specimen

Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM tensile specimen
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Rigid 60-pound foam (isocyanate) miniature tensile impact
bar

Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile fmpact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
miniature tensile lmpact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolic-glass laminate miniature tensile impact bar

Epoxy-lead glass laninate miniature tensile impact bar .

Polyester-glass laminate miniature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica, 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA minlature tensile impact bar

50-823, 6 DEA commerclal boron miniature tensile impact
bar

HF77 polystyrene compression, hardness, and impact
specimen

Cymac-400 methylstyrene compression, hardness, and impact
gpecimen

Cymac=-201 methylstyrene acrylonitrile compression,
hardness, and impact specimen

Epon 828 curing agent CL impact specimen

Epon 828 curing agent HET anhyd. impact specimen

Conolan 506 phenolic resin 181 glass-fiber laminate,
1x1x 1/8 inch

Epon 828/CL epoxy resin 181 glass-fiber laminatn,
1x 1 x 1/8 inch

Epon 828/CL and glass rovings (motor case wall),
1 x1x1/8 inch

Silastic 50 standard ASTM elastomer tensile specimen

Neoprene 858-27 D 40 standard ASTM elastomer temnsile
specimen

Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tenslle specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen

50-828, 6 DEA commercial boron miniature tensile impact
bar

HT88B polystyrene, compression, hardness, and lmpact
specimen

Fpon 828 curing agent CL compression, hardness, and
impact specimen

Epon 828 curing agent BF, =400 impact specimen

1XC nolystyrene compression, hardness, and impact
specimen

Cymel 404T melamine formaldehyde compression and hardness
specimen

HF77 polystyrene standard dielectric sample (2-iuch disc)

HT88B polystyrene standard dielectric sample (2-inch disc)

Cymac 400 methylstyrene standard dielectric sample
(2~inch disc

LXC polystyrene standard dielectric sample (2~inch disc)

Cymac 201 methylstyrene acrylonitrile standard dielectric
sample f[2-inch disc)
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Cross=point switch
71N137B silicon alloy diode
1N468 silicon alloy diode
Cervmanium wetal sample
Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC
Zigc chromaFe pr}mer on Ehree S0 aluminum panels
~ 1 1 . 4 [ T
A\ A L2vi/9~anuCll parceoy
Zinc chromate primer and white enamel on three
S0 MIL-P-~10687 aluminum panels (3 x 1-1/4-inch panel)

Epon 828 curing agent Z, compression, and impact specimen

Epon 828 curing agent BF,-400 impact specimen

Epon 828 curing agent HET anhyd. compression and impact
specimen

Cymel 404T melamine fecrmaldehyde compression and hardness
specimen

LXC polystyrene compression, hardness, and impact
specimen

HT88B polystyrene compression, hardness, &nd impact
specimen

Cymac 400 methylstyrene standard dielectric sarple
(2-inch) )

HF77 polystyrene standard dielectric sample (2-iuch)

Cymac 201 methylstyrene acrylonitrile standard dielectric
sample (2-inch)

HT88B polystyrene standard dilelectric sample (2-inch)

LXC pclystyrene standard dielectric sample (2-inch)

GA 52998 silicon power diode (diffused type)

Easley cube (germanium cube)

2N66 germanium alloy (medium nower) transistors

Art WAHL evacuated transistors

Good-all capacitor, type 6200 WHT, 0.22-mfd, 300 v DC

Hydrocarbon dye (Sigoloff type) gamma dosimeters
Borate-glass tntal-energy dosimeters (C&D)
Uranium foil

Neptunium foil

Plutonium foil

Sulfur pellet

Gold foils

HT88B polystyrene compression, hardness, and impact
specimen

HF77 polystyrene compression, hardness, and impact
specimen

LXC polystyrene compression, hardness, and impact
specimen

Sprague #118P4740652 capacitor, 47, 600-v DC

Solar ceramic disc capacitor, 0.0l-mfd

Sprague ceramic monolithic capacitor, 0.l-mfd
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Good-all capacitor, type €200 WHT, 0.,22-mfd, 300-v DC

A 52282 eildconediffused diode

S181G germanium alloy point contact computer-type diode

l-nfd tarntalum capacitor

A SBALE lacquer capaciror

1-mfd low dielectric constant ceramic capacitor

0.0l=-mfd high dieclectric constant ceramic capacitor

Polymethyl methacrylate viscoaity sampie éUVA 11)

Polymethyl methacrylate viscosity sample (#55)

GE IN537 Silicon dlode

GE 1N538 Silicon diode - high conductance

GE 1N539 Silicon dlode - alloy junction

GFE IN540 Silicon diode

GE IN93 Germanium diode alloy juncilon

GE 2N43 Germanium trengistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequercy

GE 2N45 Germanium transistor - high gain

Transigtron SG211 Silicon diode - fast recovery alloy
Junction ,

Translstron IN483A Silicon diode - high conductance alloy
junction

Trangistron TL-21 Silicon rectifier - large area 200 ma

Transistron 1N428 Silicon rectifler - large area 10 a

Transistron IN251 Silicon diode - high frequency

Hughos Products iN458 Silicon diode - high conductaace
alloy junction

Hughes Products 1N628 Silicon djode - fast recovery alloy

i Junction

PRHEHEF RN RN o N e e e e (0 0 LD L0 W (0

2

1 Texas Instruments iN588 Silicon rectifier - high wcltage
grown junction

1 Texas Instruments 1N589 $ilicon rectifier - high voltage
grown junction

1 Texas Instruments TIA51 Silicon trausistor grown junction,
high gain :

1 Texas Instruments Ti%253 Silicon transistor grown junction,
low gain .

1 National Semiconductor 1N200 Silicon diode N1Ov

i National Semiconductor 1N21) Silicon diode N70v alloy
junction type :

1 National Semiconductor 1MN218 Silicon diocde N200v

1 National Semiconductor 1N222 Silicon dlode N500v

2 Pacific Semiconductor SD5101 Silicor diode - fast
recovery, diffused

2 Pacific Semiconductor F5564 Silicon diode - high
conductance, diffused

1 Raytheon CK840 Silicon diode - 530-v high conductance,
diffused

1 Raytheon CK841 Silicon diode - 200-v high conductance,
diffused

1 Raytheon CK843 Silicon diode - 400G-v high conductance,
diffused

1 Raytheon CKB845 Silicon diode - 600-v high conductence,
diffused
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HF77 volystyrene compression, hardness, and impact
specimen

LXC polystyrene compression, hardness, and impact
sgecimen

HTB88B pelystyrene compression, hawvdness, and impact

. specimen

2042 silicon-diffused base transistors

2030 diffused silicon computer diode

Specially prepared tubulsations

Gocd-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC

1N205 sllicon alloy dlodes

1N222 silicon alloy diodes

GA 52934 silicon-diffused diodes

T19G germanium alloy diodes (computer dicdes)

HiQ capucitor, 1000-mmfd, 6-kv (ceramic disc type)

Solar ceramic disc capacitor, 0.01-mfd

El Menco (Arco) mica capacitor, 15,000-mfd, 1000 WV,
1 percent

El Menco (Arco) mica capacitor, .000-mfd, 1000 WV,
1 percent

Gudeman oil~filled capacitor, 0.47~mfd, 600-v DC

Polymethyl methacrylate §UVA I1) visccsity sample

Polymathyl methacrylate (#55) viscosity sample

Sprague ceramlc monolithic capacitor, 0.l=mfd

GE 1N537 Silicon diode

GE 1N538 Silicon diode - high conductance

GE 1IN539 Silicon diode - alloy jumction

GE 1N54C Silicon diode

GE IN93 Germanium diode - alloy junctior

GE 2N43 Germanium transistor - low gain

GE 2844 Germanium transistor = medium gain

GE 4JD4A4 Silicon transistor - high frequency

GE 2N45 Germanium transistor - high gain

Transistron SG211 Silicon diode - fast recovery alloy
junction ’

Transistron 1N483A Silicon diode - high conductance
alloy junction

Transistron TL-21 Silicon rectifier - large area 200 ma

Transistron 1IN248 Silicon rectifier - large area 10 a

Transistron IN251 Silicon diode = high frequency

Hughes Products 1N458 Silicon diode - high comductance
alloy junction

Hughes Products 1N628 Silicon diode ~ fast recovery alloy
junction

Texas Instruments 1N588 Silicon rectifier -~ high voltage
grown junction

Texas Instruments IN589 Siiicon rectifier - high voltage
grown junction

Texas Instruments TI%951 Silicon transistor - grown
junction, high gain

Texas Instruments TI953 Silicon transistor - grown
junction, low gain

National Semiconductor 1N200 Silicon diode N1Ov

National Semiconductor IN210 Silicon diode N70v alloy
junction type

National Semiconductor 1N218 Silicon dicode N200v
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Nuational Semiconductor 1N222 Silicon diode NS500v
Pacifi: Semlconductor 5D5101 Silicon diode ~ fast

wanmrawe Af CFiaad
A.!.ovvvv.._,’ o — e

Paciflic Semiconductor PS8564 Siljcon diode - high
conductance, diffused

Raytheon or84d stitcon diode - 50-v. high conductance,
diffused

Raytheon CK841 Silicon diode
di ffusaed

Raytheon CKB43 Silicon diode - 400~v, high conductance,
diffused

Raytheon CK845 Silicon diode - 600-v, high conductance,
diffused

200~-v, high conductance,

3N22 germanium tetrode trancistor

GA 53270 germanium alloy transistor (low power)

GA 53233 germanium diffused-base transistor

2N337 Tex#s Instrument transistor

3N25 Texas Instrument transistor

WAKL oxygen=-filled transistor

SA 235-23 capacitor, 47-mfd, 600-v DC

Gudeman oil-filled capacitor, 0.47-mfd, 600-v DC,
10 percent .

El Menco (Arco) mica capacitor, 2000-mmfd, 1000-WV,
1 percent

El Menco (Arco) mica capacitor, 15,000-mmfd, 1000-WV,
1 percent

HiQ ceramic disc capacitor, 1000~mmfd, 6-kv-

Good=-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC

MC-818 (Ser. #MHS55837E/) with silicone foam rubber boot
potted in Epon 828 with mica fillexr

GE 1N537 Silicon diode

GE 1N538 Silicon diode - high conductance

GE 1IN539 Silicon diode - alloy junction

GE 19540 Silicon diode

GE 1N93 Germunium diode - alloy junction

GE 2N43 Germanlum transistor = low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequency

GE 2N45 Germanilum transistor - high gain

Transistron SG211 Silicon diode -~ fast recovery alloy
Junction

Transistron 1N483A Silicon diode - high conductance alloy

Jjunction
Transistron TL-21 Silicon rectifier - large area 200 ma
Transistron 1N248 Silicon rectifier - large area 10 a
Transistron 1N251 Silicon diode - high frequency
Hughes Products 1N458 Silicon diode - high conductance
alloy junction

Hughes Products 1N628 Silicon diode - fast recovery alloy

junction ,

Texas Instruments 1N588 Silicon rectifier =~ high voltage
grown junction

Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction
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Texas Instruments T1951 Silicon transistor

_]um, I..A.uu, Il.l.bll gain

Texas Instruments TI953 Silicon transistor

junction, low gain
National Semicounducior 1IN200 5ilicon
National Semiconductor 1N210 Silicon
Junction type
National Semiconductor 1N218 Silicon
National Semiconductor 1N222 Silicon
Pacific Semiconductor SD5101 Silicon
recovery, diffused

Ad nda
UiVuG

diode

diode
diode
diode

Pacific Semiconductor PS564 Silicon diode - high comn-

ductance, diffused

Raytheon CK840 Silicon diode - 50-v high conductance,

diffused

Raytheon CK841 Silicon diode ~ 200-v high conductance,

diffused
diffused

Raytheon CKB45 Silicon diode - 600-v high conductance,

diffused

MA 40 microwave diodes (MA 408 type)

Gudeman oil-filled capacitor, 0.47-mfd, 600~v DC,

. 16 percent

Sprague ceramic disc capacitor, 0.01 mfd, l-kv

Good=all capacitor, type 6200 WHT

‘Raytheon CK843 Silicon diode - 400-v high conductance,

0.22 mfd 300-v DC

El Menco (Arco) mica capacitor, 15 OOO-mmfd 1000-wVv,

1 percent

El Menco (Arco) mica capacitor, 2000-mmfd, 1000-WV,

1 pexcent
EC-801 .sealant in aluminum tube
RTV sealant in aluminum tube
PR 1422 sealant in aluminum tube
DC 6127 sealant in aluminum tube
GE 1IN5237 Silicon diode

GE 1IN538 Silicon diode - high conductance
GE 1N539 Silicen diode =--alloy junction

GE INS540 Siiicon diode

GE 1N93 Germanium diode - alloy junction
GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 4JUD4A4 Silicon transistor - high frequency
CE 2N45 Germanium transistor - high gain
Transistron 5G211 Silicon diode - fast recovery alloy

junction

Transistron IN483A Silicon diocde - high conductance

alloy junction

Transistron TL-21 Sllicon rectifier - large area 200 ma .,

A
e o

Transistron 1N248 Silicon rectifier - large area 10 a
Transistron 1IN251 Silicon diode - high frequency

Hughes Products 1N458 Silicon diode - high conductance

alloy junction

Hughes Products 1N628 Silicon diode - fast recovery

alloy junction

Texas Instruments 1N588 Silicon rectifier ~ high voltage

grown junction
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1 Texas Instruments IN589 Silicon rectifier - high voltage
grown junction :
1 Texas Instruments TI951 Silicon transistor - grown
junction, hipgh gain :
1 Texas Instruments TI953 Silicon transistor - grownm :
junction, low gain :
1 National Semiconductor 1N200 Silicon diode N1Qv i
1 National Semiconductor 1N210 Silicon diode W70v alloy ‘
junction type
1 National Semiconductor 1N216 Silicon diode N20Ov
1 National Semiconductor 1N222 Silicon diode N500v
2 Pacific Semiconductor SD5101 Silicon diode - fast
recovery, diffused
2 ‘Pacific Semiconductor PS564 Silicon diode - high
conductance, diffused
1 Raytheon CK840 Silicon diode - 50=-v high conductance,
diffused
1 Raytheon CK841 Silicon diode ~ 200-v high conductance,
diffused
1 Raytheon CK843 Silicon diode - 400-v high conductance, i
Jdiffused '
1 Raytheon CK845 Silicon diode - 600-v high conductance, !
diffused .
F=1-12
1 Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC
1 El Menco (Arco) mica capacitor, 15,000-mnfd, 1000-WV,
1 percent )
1 El Menco (Arco) mica capacitor, 2000-mmfd, 1000-WV,
1 percent
1 Sprague ceramic disc capacitor, 0.01l-mfd, l=kv
1 Gudeman oil-filled capacitor, 0.47-mfd, 600-v,
10 percent
1 Ci4~1¢ diphenyl ether fluild sample
1 Skydrol hydraulic oil in aluminum cylinder
1 Synjet-15 oil in aluminum cylinder
1 DC 6127 sealant in aluminum tube
1 EC-801 sealant in aluminum tube
1 PR-1422 sealant in aluminum tube
1 RIV sealant in aluminum tube
1 Zamak temnsile bar
1 Aluminum tensile bar with Zamak solder joint in gage area
2 Caro SA336 commector attached to SA=337 connector
1 Sprague #196P10491052 capacitor, 0.l-mfd, 1000-v DC
F-1-13 ;
1 Neoprene rubber in aluminum tube
1 Nitrile rubber in aluminum tube
1 n-Butylbenzene fluid sample
1 Orthosilicate hydraulic oil in aluminum cylinder
1 MPD-2067 hydraulic oil in aluminum cylinder
1 MIL-G~5278 grease 1in aluminum cylinder
4 Styrene miniature tensile jmpact bar
3 Rag-filled phenolic miniature tensile impact bar
1 Zamak tensile bar
1 Aluminum tensile bar with Zamak solder joint in gage area
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Caro 34-330 conmector attached to SA=337 commactor
Polypenco 'Nylaflow' pressure tubing, 3/4 inch H
Boot, silicone foam rubber, for thermal unit

GE 6442 vacuum tube ceramic triode, high temperatuxe

Fluorolube FS-5 in aluminum cylinder

MIL-0~5606 hydraulic oil in aluminum cylinder

Fluorolube LG-160

JP=4 jet fuel liquid sample

Neoprene rubber uncured in aluminum tube

Natural rubber in aluminum tube

Zamak tensile bar

Aluminum tensile bar with Zamak solder joint in gage area

Coaxial cable (black insulation), polyfoam (Dwg. 134994)
7-inch-long polyethylene insulation

GE 75112 voltage tunable magnetromc, high temperature
Turbo oil No. 15 in aluminum cylinder

DC-55 grease (MIL-G-4343) in aluminum cylinder
Biphenyl liquid sample

Natural rubber uncured in aluminum tube

Nitrile rubber in aluminum tube

Teflon sheet in aluminum tube

In56P-type semiconducting material .

HF77 polystyrene standard dielectric sample (4 inch)

HT88B polystyrene staandard dielectric sample (4 inch)

LXC polystyrene standard dielectric sample (4 inch)

IRC resistor, 60-megochm, Ll percent

Spirameg resistor, type 700E, 60-megohm, 5 percent

Coaxial cable, LASL type G, brown, 12«inch-long
polyethylene insulation

Wire, 12-inch-long MIL-W-16878B, type E-20 with Teflon
insulation, white

Wire, 12-inch-long MIL-W-16878B, type E-20 with Teflon
insulation, blue

Wire, 12-inch-long MIL-W-16878B, type E-20 with Teflon
insulation, yellow

Wire, 12-inch-long MIL-W-16878B, type E-20 with Teflon
insulation, orange

Wire, 12-inch-long MIL-W-16878B, type B, C, or D with
polyvinyl chloride insulationm, white with red stripe

1N353 transistron silicon diodes

SA-413 thermal fuse

Bussman fuse GLK-3 (sealed)

Cannon connector K02-16-10PU(C13), SA-393-7 with nylon
cap and melamine insert

Buggie connector #4962 (SA-589)
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Bendix connector PCC 7A-16-26P rubber insert

Sylvania SA-625 cold cathode trigger tube, Ser. 7FF-191R

QF-888A Raytheon cold cathode gas rectliler, low=-pressure,
double-ended, subminiature tube, Ser. #33 exp.

£K-1042/6659 Raytheon cold cathode gas vectifier, high-
pressure, single~ended, subminiature tube, Ser. #1438

CK=6174 Raytheon cold cathode gas rectifler, low-pressure,
double=ended, miniature tube with startor electrode,
Ser . #148 '

QM 648 Raytheon cold cathcde gas rectifier, low=-pressure,
double-ended, ruggedized, miniature tube, Ser. #23

CK 1046/6763 Raytheon cold cathode gas rectifier, high-
pressure, double-ended, ruggedized, miniature tube,
Ser. #14

Bendix XSA-379 cold cathode trigger tube, experimental
design #1080

6RS6GH 77THB1 selenium rectifiler

6RS6GH 40THBLl selenium rectifier

6RS6GH 65THBL1 selenium vectifier

Raytheon CK 1036 cold cathode gas rectifier, low-pressure,
single-ended, subminiature tube, Ser. #47

Bendlx capacitor #10-113350 (5A-409)

Deutsch conuector #8700-78

Cannon connector 22247 glass and rubber, high-voltage

Raytheon CK 1036 cold cathode gas rectifler, low-pressure,
single-ended, subminiature tube, Ser. #6

Raytheon CK 1042/6659 cold cathode gas rectifier, high=
pressure, single-ended, subminiature tube, Ser. #145

Raytheon QF=-888A cold cathode gas rectifier, low-pressure,
double-ended, subminlature tube, Ser. #24 exp.

Raytheon CK 1046/6763 cold cathode, high-pressure, double-
ended ruggedized, miniature tube, Ser. 51

Raytheon QM-648 cold cathode gas rectifier, low-pressure,
double-ended, ruggedized, miniature tube, Ser. #20 exp.

Raytheon CK 6174 cold cathode gas rectifier, low-pressure,
double-ended, miniature tube with starter electrode,
Ser. #81

Bendix XSA-466 cold cathode trigger tube, experimental

Bendix pigmy commector 02 (SA-403-9)

Cannon connector DB-25P, nmylon (SA-638)

Sylvania XSA-625 cold cathode trigger tube, Ser. #17R

Bendix pigmy glass-seal connector, SA-408-1

6RS6GH 77THB1l selenium vrectilifier

6RS6GH 65THBl selenium rectifier

6RS6GH 40THBl selenium rectifier

SA-413 thermal fuse

Bussman fuse GLK-3, sealed

SA~413 thermal fuse

Bussman fuse GLK-3, sealed

CK-1036 Raytheon cold cathode gas rectifier, low=-pressure,
single-ended, subminiature tube, Ser. #7
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CK 1042/6659 Raytheon cold cathode gas rectifier, high-
pressure, single~ended, subminiature tube, Ser., #146

QF-0888a Raytheon cold catiwde gas rectifier, low-prassuve,
double~ended, subminfature tube, Ser. #48

CK=6174 Raytheon :5l.d cathode gas rectifier, lowe-prassure,
doubliggnded, miniature tube with siarier electyode,
Ser. 1

CKR 1040/€763 Raytheon cold cathode gas rectifier, high-
pressure, double=ended, ruggedized miniaturs tube,
Sexr., i

Sylvania (44+625) cold cathode trigger tube, Ser. 7FC BIR

Bendix X8A-379 cold cathode trigger tube, experimental
design, lor. /R042-2

Pulse brgﬂkwaway cormector diallyl phthalate insert,
XSA=-37

Switching connecior, rubber insert, XSA-438, DCO 14200-42

Miniature recctanguiar 'D" amphenol connector, melamine
ingert, SA-455-13

SA-413 thermal fuse

Bussman fuses GLK-3, sealed

Raytheon CK 1042/6659 cold cathode gas rectifier, low-
pressure, single-ended, subminiature tube, Ser. #147

Raytheon QF-888A cold cathode gas rectifier, low-pressure,
double-ended, subminiature tube, Ser. #56

Raytheon CK-1036 cold cathode gas rectifier, low-pressure,
single-ended, subminiature tube, Ser. #9

Raytheon QM-648 cold cathode gas rectifier, low-pressure,
double~-ended, ruggedized, miniature tube, Ser. #22
(experiment:ul) )

Raytheon CK 1046/6763 cold cathode, higl-pressure, double-
ended, ruggedized, miniature tube, Ser. #3 .

Raytheon CK-t174 cold cathode gas rectifier, low-pressure,
double~ended, miniature tube with scarter electrode,
Ser, #83

H. H. Buggle connector #3922

SA-455-13 Cannon connectur, rectangulax "D miniature,
melamine insert

SA=482 connector pulse break-away, diallyi phthalate

insert
SA~229-15 Bendix AN 3057-12B connector, rubber insert,
radioplane

Ceunon connectoy 22087 glass scal ~ 1 high-voltage con-
tact, 20 low-voltage contacts

SA-587 Bendix conrzctor No. 10-130585, 2 high=voltage,
3 low-voltage, Hoagland high voltage

SA-346-2 comnector, glass seal (AJ-B6)

Cannon connector K02-19-20-SN, special diallyl phthalate
insert

SA-361-6 Bendilx XSA-361-6, rubber insert

Cable junction Thiokol

CF-1338 cahble assembly, Bendix 10-125280-1 Plastisol
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Nydrocovbon dve (Sioalaff tvpe) gamma dosimeters
Borate-glass total—energy dosimeters (J and K)
Uranium foil

+
Plutonium foll

Sulfur pellet
Gold foil

Rigid 60-pound foam (lsocyanate) minlature tensile impact
ar
Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile Impact bar i
Molded diallyl phthalate, Mesa 52-20-30, glass-filled
" miniature tensile impact bar ) :
Epoxy-glass laminate miniegture tensile impact bar
Phenolic-glass laminate miniature tensile impact bar
Epoxy=-lead glass laminate miniature tensile ilmpact bar
Polyester-glass laminate minlature tensile impact bar
60 Neo-Novacite, 40-825, 5 DEA minlature tensile impact
bar
Mica 50-828, 6 DEA minlature tensile impact bar
100-828, 12 DEA miniature tensile Impact bar
50~-828, 6 DEA commerclal boron miniature teusile impact
bar
Molded Supramica 560 ceramoplastic minlature tensile
ilwpact bar
Silastic 50 standard ASTM elastonier tensile specimen
Neoprene 858-27 D 40, standard ASTM elastomer tensile
specimen
Natural rubber 858-113 D 55-60, sulfur-cure conducting
gtandard ASTM elastomer tensile specimen
Natural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen
Epon 828 curiung agent Z, impact speclmen
Epon 823 curing agent diaminophenylsulfate, impact
specimen
Conolan 506 phenolic resin 181 glass-fiber lamilnate,
1 x 1x 1/8 inch
Epon 828/CiL epoxy resin 181 glass-fiber laminate,
1x 1x 1/8 inch
Fpon 828/CL and glass rovings (motor case wall),
1x 1x 1/8 inch
LXC polystyrene, compression, hardness, and impact

specimen
HT88B polystyrene, compression, hardness, and impact
specimen
HF77 polystyrene, compression hardness, and impact
specimen '

Rigid 60-pound foam (isocyanate) winiature tensile impact
bar

Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile impact bar
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Molded diallyl phthalate, Mesa 52-20~30, glass-filled
miniature tensile impact bar

Epony-glass laminaie miniature tensile impact bar

Phenolic-glass laminate minlature tenrile impact bar

Epoxy-lead glasgs leminate miniature tensile 1mpact bar

roj.y(,sl.er HLBSB ].Hllu.llﬂl.e Ill.l.llLﬂI-uLe LCIISLL¢ .uupeu.c. Uel.
60bNeo=Novacite, 40-828, 5 DEA minlature tensile impact
ar -
Mica 50-828, 6 DEA miniaturc tensile impact bar :
100-828, 12 DEA miniaturc tensile impact bar i
50-328, 6 DEA commercial boron minia*ure tersile impact
bar
Molded Supramica 560 ceramoplastic minlature teusile i
impact bar H
Silastic 50 standard ASTM elastomer tensile specimen
Nroprene 858-27 D 40, standard ASTM elastomer tensile
specimen
Natural rubber 848-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen :
patural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen
Conolan 506 phenolic resin 181 glass-fiber laminate,
1x1x 1/8 inch
Epcn 828/CL epoxy resin 181 glass-fiber laminate,
1 x1x 1/8 inch
Epon 828/CL and glass rovings (motor case wall),
1 x1x 1/8 inch
Styrene miniature tensile impact bar
Rag-filled phenolic minlature tenslile 1impact bar

Rigid 6C-pound foam (isocyanate) miniature tensile impact ‘
bar

Molded dially! phchalate, Mesa.50- il Dacron-filled
miniature tenmsile 1spact bar

Molded diallyl phth. ate, Mesa 52-20 ED, glass-filled
miniature tensile impact bar :

Epoxy-glass laminare miniature tensile impact bar

Phenolic-glass iaminate miniature tensile impact bar

Fpoxy-lead glass laminate miniature tensile impact bar

Polyester-glass laminate miniature tensile impect bar

60 Neo-Novacite, 40~828, 5 DEA miniature '‘tensile impact
bar

Mica 50-828, 6 DEA miniature tenslle impact bar

100-828, 12 DEA miniature tensile impact bar

50-828, 6 DEA commeicial boron miniature tensile impact
bar

Molded Supramica 560 ceramoplastic miniature tensile
impact bar

Silastic 30 standard ASTM elastomer temsile specimen

Neoprene 858-27 D 40, standard ASTM elastomer tensile
specien

Natural rubber 858-113 D 55~60, sulfur-cure conducting
standard ASTM elastomer tenslle specimen

Natural rubber, 130417, peroxide-cure standard ASTM
elastomer tensile specimen

Conolan 506 phenolic resin 181 glass=-fiber laminate,
1 x1x 1/8 inch
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Epon 828/CL epoxy resin 13l glass-fiber laminate,
1 x1x 1/8 inch

Epon 82B/CL and glass r—rinzs (motor case wall),
1 x 1x 1/8 inch

Epon 828 curing agemt T =t specimen

Epon 828 curing ageme =2 - irous, impact specimen

Cymac 203, methylstyress = svionitrile, compression,
hardness, and impacc sssci==m

Cymac 400 methylstyrene. co=nression, hardness, and
impact specimen

HF77 polystyrene, flexural specimen

Rigid 60-pound foam (isocyanate) miniature tensile impact

bar

Molded diallyl phthalate, Mesa 50-51, Dacron-~filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
minlature tensile impact bar

Epoxy=glass laminate miniature tensile lmpact bar

Phenolic-glass laminate minliature tensile impact bar

Epoxy-lead glass laminate miniature tensile impact bar

Polyester~glass laminate miniature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica 50-828, 6 DEA minlature tensile impact bar

100~-828, 12 DEA minlature tensile impact bar

50-828, 6 DEA commerclal boron mialature tensile impact
bar

Silastic 350 standard ASTM elastomer tensile specimen

Neoprene 858~27 D 40, standard ASTM elastomer tensile
specimen )

Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastonier tensile specimen

Conolan 506 phenolic resin 181 glasgs-fiber laminate,
1x1x 1/8 inch

Epon 828/CL epoxy resin 181 glass-fiber laminate,
1x 1x 1/8 inch

Epon B:5/CL and glass rovings (motor case wall),
1x 1x 1/8 inch

Natural rubber in aluminum tuhea

50 828, 6 DEA commercial boron miniature tensile impact
bar

Epon 828 curing agent BFB-AOO, comprr ssion, and impact
specimen

HT88B polystyrene, flexural specimen

LXC polystyrene flexural specimen

Cymel 404T melamine formaldehyde compression, hardmess,
and impact specimen

HF77 polystyrene, flexural specimen

HT88B polystyrene standard dielectric sample (2-inch)
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IXC polystyrene standard dielectric sample (2-inch)
Cymac &09 methylstyrene standard dielectric sample (2-inch)

Cywav 2801 awthylstyrens cervlonitrils atandard dielactric

sample (2-inch)
Stainless steel bonded to Teflon, 1 x 5-1/2-inch
Good~all capaciior, type 8200 WHT, 0,22-mfd, 300<v N
Zinc chromate primer on 1-1/4 x 3-inch 250 alvminum
Zinc chromate primer and white enamei on 1-1/4 x 3-inch
350 aluminum
Teflon sheet in aluminum tube
Polymethyl methacrylate $UVA I1) viscosity sample
Polymethyl methacrylate (#55) viscosity sample

LXC polystyrene, rlexural specimen

HT88B polystyrene, flexural specimen

HF77 polystyrene standard dizlectric sample (2-inch)

Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC

Stainless steel bonded to Teflon 1 x 5-1/2~1inch

Nitrile rubber in aluminur tube

Polymethyl methacrylate viscosity sample éUVA 11)

Polymethyl methacrylate viscosity sample (#55)

GE 1N537 Silicon diode

GE 1IN538 Silicon diode =~ high conductance

GE 1N539 Silicon diode ~ alloy jun:tion

GE 1N540 Silicon diode

GE 1N93 Germanium diode = alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor ~ medium gain

GE 4JD4A4 Silicon transistor ~ high frequency

GE 2N45 Germanium transistor -~ high gain

Transistron SG211 Silicon diode =~ fast recoveiy alloy
junction

Transistron 1N483A Silicon diode - high conductance alloy
junction

Transistron TL-21 Silicon rectifier - large area 200 ma

Transistron LN248 Silicon rectifier - large area 10 a

Transistron 1N251 Silicon diode ~ high frequency

Hughes Products 1N458 Silicon diode - high conductance
alloy junction

Hughes Products 1N628 Silicon diode - fast recovery alloy
junction .

Texas Instruments IN588 Silicon rectifier - high voltage
grown junction

Texas Instrumcnts 1:°.89 Silicon rectifier - high voltage
grown junc: i -

Texas Instrvw - [951 Silicon transistor - grown
junction, hi: : ain

Texas Instruments TI953 Silicon transistor - grown
junction, low gain

llational Semiconductor 1IN200 Silicen diode N1Ov

National Semiconductor 1N210 Silicon diode N70v alloy
Junction type

National Semiconductoxr 1IN2.8 Silicon diode N2QOv

National Semiconductor 1N2' 2 Silicon diode N500v

Pacific Semiconductor SD5101 Silicon diode - fast recovery,
diffusged
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LXC polystyrene standard dielectric sample (2-inch)

Cymac 400 methylstyrene stundard dielectric sample (2=inch)

Cymae 201 methylstyrene acrylonitiile standard dielectric
sample (2~inch)

Sitainless steel bonded to Teflon. i x 5-1/2~inch

Gond-all capacitor, tvpe 6200 WHT, 0.22-mfd, 300-v IL

Zinc chromate primer on l=1/4 x 3~inch 250 alumiium

7Zinc chromate primer and white enamel on 1-1/4 x 3~inch
350 aluminum

Teflon sheet in aluminum tube

Polymethyl methacrylute §UVA I11) viscosity sample

Polymethyl methacrylate (#55) viscesity sample

LXC p

stv=i-rvens, flexural specimen
HTBKE s e, flexural specimen
HF77 po » =0 standard dielectric sample (2~1inch)
Good-ail :: acitor. type 6200 WHT, 0.22-mfd, 300-v DC

Stainless. s. ! bonded to Teflon 1 x 5-1/%- 1uch

Nitrile rubbei in aluminum tube

Polymethyl methacrylate viscosity sample SUVAvII)

Polymethiyl methacrylate viscosity sample (#55)

GE 1IN537 Silicor diode

GE 1N538 Silicon diode - high conductance

GE 1IN539 Silicon diode - alloy junctin

GE IN540 Silicon diode

GE 1N93 Germanlum diode - alloy junction

GE 2N43 Germanium traunsistor - low gain

GE 2N44 Germunium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequercy

GE 2N45 Germanium transistor = high gain

Transistron SG211 Silicon dlode - fast recovery alloy
Junction

Transistron IN483A Silicon diode - high conductance alloy
iunction

Translstron TL-21 Silicon rcctifieir - large area 200 ma

Transistron 1N248 Silicon rectifier - large area 10 a

Transistron 1N251 Silicon diode - high frequency

Hughes Products 1N458 Silicon diode = high conductance
alloy junction

Hughes Products 1N628 Silicon diode -~ fast recovery alloy
Junction

Texas Instruments 1N588 Silicon rectifier - high veltage
grown junction

Texas Instruments 1N589 Silicon rectifier -~ high voltage
grown junction

Texas Instruments TI951 Silicon transistor - grown
junction, high gaian

Texas Instruments TIY53 S'licon transistor - grown
junction, low gain

Natioral Semiconductor 1N200 Silicon diode N1Cv

National Semicouductor 1N210 Silicon diode N70v alloy
Jjunction type

National Semlconductor 1N218 Silicon diode N200v

National Semiconductor 1N222 Silicon diode N500v

Pacific Semiconductor SNP5101 Silicorn diode - fast recovary,
diffused
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Pacific Semicouductor PS564 Silicon diode - high
conductance, diffused
Raytheon CK840 Silicon diode = 59-v high conductance,

Raytheon CK841 Silicon diode - 200-v high conductance,

diffused

Raytheon CRE43 Siliconm dicde - 400-v high conductance, =
diffused

Raytheon CKB45 Silicon diode ~ 600-v high conductance,
diffused

Hydrocarton dye (Sigoloff type) gamma dosimeters
Borate-glass total-energy dosimeters (U)

Uranium foil

Plutonium foil i
Sulfur pellet :
Gold foils

Sprague oil-filled capacitor, 0.47-mfd, 600~-v, 10 percent

Solur ceramlc disc capacitor, 0.0l-mfd

Sprague ceramic monolithic capacitor, O0.l-mfd

Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC.

Stainless steel bonded to Teflom, 1 x 5-1/2 inch

Neoprene rubber in aluminum tube

Zamak tensile bar

Aluminum tensile bar soldered with Zamak

GE 1IN537 Silicon dlode

GE IN538 Silicon dlode ~ high ~onductance

GE 1IN539 Silicon diode - alloy junction

GE 1NS540 Silicon diode

GE 1IN93 Germanium diode - alloy junction

CE 2ZN43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium galn

GE 4JD4A4 Silicom transistor ~ high frequency

GE 2N45 Germanium transistor -~ high gain

Transistron SG211 Silicon diode ~ fast recovery alloy
junction

Transistron 1N483A Silicon diode - high conductance allcy
Junction

Transistron TL-21 Silicca rectifier - large area 2C0 ma

Transistron 1N248 Silicon rectifiler - large area 10 a

Transistron 1N251 Silicon diode - high frequency

Hughes Products 1N458 Silicon diode ~ high conductance
alloy junction

Hughes Prcducts 1N628 Silicon diode ~ fast recovery alloy
Junction

Texas Instruments 1N588 Silicon rectifier - high voltage
grown junction :

Texas Instruments 1IN589 Silicon rectifier - high voltage
grown junction

Texas Instruments TI95]1 Silicon transistor - grown
junction, high gain

Texas Instruments TI953 Silicon transistor - grown
junction, low gain
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National Semiconductor 1IN200 Silicon diode N1Ov

National Semiconductor 1N210 Silicon dicde N70v alloy
Jjunction type

ilational Semicornductor 1N218 Silicon diode N200v

National Semiconductor 1N222 Siliecon dinde NSOOv

Pacific Semliconductor SD5101 Silicon diode - fast
recovery, diffused

Pacific Semiconductor PS564 Silicon diode - high

" conductance, diffused

Raytheon CK840 Silicon diode - 50-v high conductance,
diffused

Raytheon CK841 Silicon diode - 200-v high conductance,
diffused

Raytheon CK843 Silicon diode = 400-v high conductance,
dlffused v

Raytheon CK845 Silicon diode - 600-v high conductance,
diffused

El Menco (Arco) mica capacitor, 15,000-mmfd, 1000-Wv,
1 percent

El Menco (Arco) mica capacitor, 2000-mmfd, 1000-WV,
1 percent

Guideman oll-filled capacitor, 0.47-mfd, 600-v,
10 percent

Hi-Q ceramic disc capacitor, 1000-mmfd, 6-kv

Gudeman oil-filled capacitor, 0.47-mfd, 600~v, 10 percent

Biphenyl fluid sample

Sprague ceramic disc capacitor, 0.0l-mfd, 1l-kv

RTV sealant (silastic) in aluminum tube

Dow-Corning 6127 sealant in aluminum tube

Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC

Zamak tensile bar

Aluminum tensile bar soldered with Zawak

GE 1N537 Silicon diod=a

GE 1N538 Silicon diode - high conductance

GE 1N539 Silicon diode - alloy junction

GE 1N540 Silicon diode

GE 1N93 Germanium diode - alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium vransistor - mediwa gain

GE 4JD4A4 Siljcon transistor - high frequency

GE 2N45 Germanium transistor - high gain

Transistron SG211 Silicoan diode ~ fast recovery alloy
junction

Transistron 1N483A Silicon diode - high conductance
alloy juaction

Transistron TL-21 Silicon rectifier -~ large area 200 ma

Transistron 1N248 Sillcon recuifier - large area 10 a

Transistron 1N251 Silicon diode = high frequency

Hughes Products L1N458 Silicon diode -~ hign conductance
alloy junctiom

Hughes Products 1N628 Silicor: diode - fast recovery alley
junction

Texas Instruments 1N588 Silicon rectifier -~ high voltage
grown junctiosn

Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction
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Texas Instruments TI951 Silicon transistor - grown
junction, high gain

texas Instruments 11535 Silicon irsusisiuc = giowi
junction, low gain

National Semiconductor 1N200 Silicon diode N1Ov

National Semiconductor iN2i0 Silicon diode N7Ov alloy
junction type

National Semiconductor LN218 Silicon diode N200v

Natlonal Semiconductor 1N222 Silicon diocde N500v

Paclfic Semiconductor SD5101 Silicon diode - fast
recovery, diffused

Pacific Semiconductor PS564 Silicon diode - high
conductance, diffused

Raytheon CKB40 Silicon diode ~ 50-v high conductance,
diffused .

Raytheon CK841 Silicon diode - 200-v h?'h conductance,
diffused

Raytheon CK843 Silicon diode ~ 400-v | .. conductance,
diffused

Raytheon CK845 Silicon diode - 600-v high conductance,
diffused

El Menco (Arce) mica capacitor, 15,000-mmfd, 1000-Wv,
1 percent
El Menco (Arco) mica capacitor, 2000~mmfd, 1000~-WV,
1 percent
Gudeman oil-filled capacitor, 0.47-mfd, 600-v, 10 pexrcent
Good-all capacltor, type 6200 WHT, 0.22-mfd, 300-v DC
RTV silastic sealant in aluminum tube
Dow-Corning 6127 sealant in aluminum tube
n-Butylbenzene fluld sample
MPD~2067 hydraulic oil in aluminum cylinder
MIL-0-5606 hydraulic oil in aluminum cvlinder
Turbo oil No. 15 in aluminum cylinder
Semiconductor package (#9)

El Menco (Arco) mica capacitor, 15,000-mmfd, 1000-WV,
1 percent
El Menco (Arco) mica capacitor, 2000-mmfd, 1000-WV,
1 percent
Good-~all capacitor, type 6200 WHT, 0.22.mfd, 300-v DC
Gudeman oil-filled capacitor, 0.47-mfd, 600~v, 10 percent
Ci4-16 diphenyl ether f£luild sample
ZC 801 sealant in aluminum tube
PR 1422 sealant in 2luminum tube
Synjet=15 oil in aluminum cylinder
MIL-G-3278 grease in aluminum cylinder
Fluorolube FE~5 in aluminum cylinder
Zamak tensile bar
Aluminum tensile bar soldered with Zamak
Caro SA-336 attached to SA~337 (connectors)
Transistron 1N353 silicon diodes
Texas Instruments 2ZN389 silicon power transistor
Minneapclis-Honeywell H-6 germanium power transistor
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GE 1N537 Silicon diode
GE 1N538 Silicon diodc - high conductance
GE 1W539 Silicon diode - alloy junction -
GE 1N540 Silicon diode
GE 1N93 Germanium dicde = alloy junction
GE 2N43 Germanium transgistor - low gain
GE 2N44 Germanium transistor - medium gain
GE 4JD4A4 Silicon transistor - high frequency .
GE 2N45 Germanium transisitor = high gain
Transistron $G211 Silicon diode - fast recovery alloy
junction
Transistron 1N483A Silicon diode - high conductance
alloy junction
Transistron TL=21 Silicon rectifier - large area 200 ma
Transistron IN248 Silicon rectifier - large area 10 a
Transistron 1N251 Silicon diode - high frequency
Hughes Products 1N458 Silicon diode - high conductance
alloy junction
Hughes Products 1N628 Silicon diode ~ fast recovery
alloy junction ¢
Texas Instruments 1N588 Silicon rectifier - high voltage
grown junction
Texas Instrumeats 1N589 Silicon rectiriier - high voltage
grown junction
Texas Instruments TI951 Silicon transistor - grown
junction, high gain :
Texas Instruments TI953 Silicon tramsistor - grown :
junction, low gain )
National Semiconductor 1N200 Silicon diode Ni1Ov :
National Semiconductor 1N210 Silicon diode W70~ &lloy o
junction type ,
National Semiconductor 1N218 Silicon diode N2JVv
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National Semiconductor 1N222 Silicon diode N50Q0v o
Pacific Semiconductor SD5101 Silicom diode - fast re ovevy, :
diffused
2 Pacific Semiconductor PS564 Silicon cdiode = high
conductance, diffused 4
1 Raytheon CK840 Silicon diecde -~ 50-v high conductance, :
diffused ;
1 Raytheon CK841 Silicon diode - 200-v high conductance, 4
dif fused
1 Raytheon CK843 Silicon diode - 400-v high conductance,
diffused
1 Raytheon CK845 Silicon diode - 600-v high conductance,
diffused !
F-2-12
1 Gudeman oil-filled capacitor, 0.47-mfd, 600-v, 10 percent .
1 Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC
1 EC 801 sealant in aluminum t@be :
1 PR 1422 sealant in aluminum tube P
1 JP~4 jet fuel sample T
1 DC~55 grease (MLL-G-4343) in aluminum cylinder !
1 Skydrol hydraulic oil in aluminum cylinder |
1 Fluorolube LG-160 in aluminum cylinder i
1 Orthosilicate hydraulic oil in aluminum cylinder
2 Caro SA-336 attached to SA=-337 (connectors) i
1 6RS6GH 77THB1 selenium rectifier :

T g au it
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6RS56GH 65THBL selenium rectifier
6RS6GH 40THBL selenium rectifiler

HF77 polystyrene standard dielectric sample (4~inch)
HT88B polystyrene standard dielectric sample (4-inch)
LXC polystyrene standard dielectric sample (4-inch)
ORS6GH 77THRL selenium rectifier

6RS6GH 65THBL selenium rectifier

6RS6GH 4UTHBLl selenium rectifier

Rigid 60-pound foam (isocyanate) miniature tensile impact
bar

Molded diallyl phthalate, Mesa 50-51, Dacron~filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
miniature tensile impact bar

Epoxy-glass laminate minlature tensile impact bar

Phenolic~glass lauminate miniature tensile impact bar

Epoxv~-lead glass laminate miniature tensile impact bar

Polyester-glass laminate miniature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica 50-828, 6 DFA miniature tensile impact bar

100-828, 12 DEA miniature tensile impact bar

50-828, 6 DEA commer:ial boron miniature tensile impact
bar

Molded Supramica 560 ceramoplastic miniature tensile
impact bar

Silastic 50 standard ASTM elastomer tensile specimen

Neoprene 858-27 D 40, standard ASTM elastomer tensile
specimen

Naturai rubber 858-113 D 55-60, sulfur=-cure conducting
standard ASTM elastomer temsile specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen

Conolan 506 phenolic-resin 181 glass-fiber laminate,
1x1x 1/8 inch

Epon 828/CL epoxy-resin 181 glass-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL and glass rovings (motor case wall),
1x1x 1/8 inch

Rigid 60-pound foam (isocyanate) miniature tensile impact
bar

Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
miniature tensile impact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolic-glass laminate miniature tensile impact bar

Epoxy-lead-glass laminate miniature tensile impact bar
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Polyester-glass laminate miniature tensille impact baxr

60 NeneNovacdits ANLR28, & DEA winiature tansilc iagact
bar

Mica 50-828, 6 DEA miniature tensile impact bar

100-£28, 12 DEA minlature tenslle impact bar

50;828, 6 DEA commercial bovon miniature tensile Impact

ar

Molded Supramifca 560 ceramoplastic miniature tensile
impact bar

Silastic 50 stendard ASTM elastuomer tensile specimen

Neoprene 858-27 D 40, standard ASTM elastomer tensile
specimen

Natural rubber 858-113, D 53-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen

Conolan 506 phanolic=resin 131 glass~fiber laminate,
1x1x 1/8 inch

Epon 828/CL epoxy-resin 181 glass-fiber laminate,
1x1x 1/8 inch

Epon 828/CL and glass rovings (motor case wall),
1x1x 1/8 inch

Rigid 60-pound foam (isocyanate) miniature tensile
impact bar

Molded diallyl phthalate, Mzsa 50-51, Dacron-filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20~30, glass~filled
miniature tensile impact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolic-glass laminate miniature tensile impact bar

Epoxy~-lead-glass laminate miniature tensile impact bar

Polyester-glass laminate miniature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA miniature tensile impac. bar

50-828, 6 DEA commercial boron miniature tensile impact
bar

Molded Supramica 560 ceramoplastic miniature tensile
impact bar

Silastic 50 standard ASTM elastomer tensile specimen

Neoprene 858-27 D 40, standard ASTM elastomer temnsile
specimen

Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen

Conolan 506 phenolic-resin 181 glass-fiber laminate,
1 x1x1/8 inch

Epon 328/CL epoxy-resin 181 glass-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL and glass rovings (motor rase wall),
1 x1x1/8 inch
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Rigid 60-pound foam (isocyanate) miniature temnsile iapact
bar ;
Molded diallyl phthalate, Mesa 50-51, Dacron=-filled '
miniature tenslle impact bar :
Molded diallyl phthalate, Mesa 52-20-30, glass-filled
minlature tenslle impact bar
Epoxy-glags laminate miniature tensile impact bar
Phenolic-glass laminate miniature tensile impact bar
Epoxy-lead~%1asa laminate miniature tensile impact bar
Polyester-glags laminate miniature tensile impact bar
60 Neo-Novacite, 40-828, 5 DEA miniature tenslle impact
bar
Mica 50-828, 6 DEA miniature tensile impact bar
100-828, 12 DEA miniature tensile impact bar
50-828, 6 DEA commercial boron minfature temsile impact
bar
Silastic 50 standard ASTM elastomer tensile specimen
Neoprene 858-27 D 40, standard ASTM elastomer tensile
specimen
Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen
Natural rubber 130417, peroxide-cure standard ASTM
elastomer tensile specimen
Conolan 506 phenolic-resin 18l glass-fiber laminete,
1 x1x1/8 inch
Epon 828/CL epoxy-resin 181 glass-fiber laminate,
1x1x 1/8 inch
Epon 828/CL and glass rovings (motor case wall),
1x1x1/8 inch ;
Natural rubber in aluminum tube '

505828, 6 DEA commercial boron miniature tensile impact

ar

Stainless steel bonded to Teflom, 1'x 5-1/2 inch

Teflon sheet in aluminum tube

Cross-point switches

1N137B silicon alloy diodes

IN468 silicon alloy diodes

Germanium metal sample

Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC

Zinc chromate primer on 1-1/4 x 3-inch 350 aluminum

Zinc chromate primer and white enamel on 1-1/4 x 3-inch
350 aluminum

Polymethyl methacrylate (UVA II) viscosity sample

Polymethyl methacrylate (#55) viscosity sample

Good=-all capacitor, type 6200 WHT, 0.22~-mfd, 300-v DC
Stainless steel bonded to Teflom, 1 x 5-1/2 inch
Easley wafer cube (germanium)

GA52998 silicon vower diodes (diffused type)

2N66 germanium alloy (medium power)
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WAHL evacuated transistors

Nitrile rubber in aluminum tube

Polymethyl methacrylate gUVA I1) viscosity sample

Polymethyl methacrylate (#55) viscosity sample

GE 1N537 Silicon diode

GE IN538 Silicon diode - high conductance

GE 1N539 Silicon diode - allecy junction

GE 1N540 Silicon diode

GE 1N93 Germanium diode - alloy junction

GE 2N43 Germanium transistor ~ low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - hipgh frequency

GE 2N45 Germanium transistor = high gain

Transilstron SG211 Silicon diode - fast recovery alloy
Junction

Transistron 1N483A Silicon diode = high conductance
alloy junction

Transistron TL-21 Sillcon rectifier - large area 200 ma

Transistron 1N248 Silicon rectifler - large area 10 a

Transistron 1N251 Sillcon diode - high frequency

Hughes Products 1N458 Silicon diode - high conductance
alloy junction

Hughes Products 1N628 Silicon diode ~ fast recovery alloy
Junction

Texas Instruments 1N588 Silicon rectifier - high voltage
grown junction )

Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction

Texas Instruments TI951 Silicon transistor - grown .
Junction, high gain

Texas Instruments TI953 Silicon transistor - grown
junction, low gain

National Semiconductor 1N200 Silicon diode N1Qv

National Semiconductor 1N210 Silicon diode N70v alloy
junction type

National Semiconductor 1N218 Silicon diode N200v

National Semiconductor 1N222 Silicon diode N500v

Pacific Sewiconductor €D5101 Silicon diode - fast
recovery, diffused

Pacific Semiconductor PS564 Silicon diode - high
conductance, diffused

Raytheon CK840 Silicon diode
diffused

Raytheon CKB41l Silicon diode
diffused

Raytheon CK843 Silicon diode
diffused

Raytheon CK845 Silicon diode
diffused

50=v high conductance,

200-v high conductance,

430-v high conductance,

600-v high conductance,

Hydrocarbon dye (Sigoloff type) gamma dosimeter
Borate=glass total-energy dosimeter ("'V")
Uranium foil

Plutonium foil

Sulfur pellet

Gold foils

L)

.
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Neovprene rubbel 1o aluninum tubs
Good=-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC
Sprague ceramic monolithic capacitor, O.l-mfd
Solar ceramic disc capaciior, 0.01l-mfa
Stalnless steel bonded to Teflom, 1 x 5-1/2 inch
GA53282 silicon-diffused diode
5181G germanium alloy polnt-contact computer-type diode
l-mfd dry tantalum capacitor
A5S84E lacquer film capacitor
0.l-mfd low dielectric constant ceramic capacitor
0.01-mfd high dielectric constant ceramic capacitor
Sprague oll-filled capacitor, 0.47-nfd, 600-v, 10 percent
GE 1NS537 Silicon diode
GE 1W538 Silicon diode - hlgh conductan:e
&£ lH539 Silicon diode - alloy junctior
%350 Silicon diode
=94 Germanium diode = alloy junction
Germanfum transistor - low gain
Germanium transistor - medium gain
'3A4 Silicon transistor - high frequency
2%%5 Germanium transistor - high gain
ansistron SG211 Silicon diode - fast recovery alloy
junction
Transistron 1N483A Silicon diode - high conductance alloy
junction
Transistron TL-21 Silicon rectifier - large area 200 ma
Transistron 1N248 Silicon rectifier - large area 10 a
Transistron 1IN251 Silicon diode - high frequency
Hughes Products 1N458 Silicon diode - high conductance
alloy junction
Hughes Products 1N628 Silicon diode ~ fast recovery
alloy junction
Texas Ingtruments 1IN588 Silicon rectifier - high voltage
grown junction
Texas Instruments 1N589 Silicom rectifier - high voltage
grown junction
Texas Instruments TI951 Silicon transistor - grown
junction, high gain
Texas Instruments TI953 Silicon transistor - grown
junction, low gain
National Semiconductor 1N200 Silicon diode N1Ov
National Semiconductor 1N210 Silicon diode N70v alloy
junction type
National Semiconductor 1N218 Silicon diode N200v
National Semlconductor 1N222 Silicon diode N500v
Pacific Semiconductor SD5101 Silicon dinde - fast
recovery, diffused
Pacific Semiconductor PS564 Silicon diode = high
conductance, diffused
Raytheon CK840 Silicon diode = 50~v high conductance,
diffused
Raytheon CK841 Silicou diode - 200-v high conductance,
diffused
Raytheon CK843 Silicon diode =~ 400-v high conductance,
diffused
Raytheon CK845 Silicon diode - 600-v high conductance,
diffused

i o
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RTV sealant in alumiuum tube

Dow=Corning 6127 sealant in aluminum tube

0.01-mfd high dielectrlc constant ceramic capacitor

Sprague ceramic disc capacitor, 0.0l-mfd, l-kv

Gudeman oil-filled capacitor, 0.47-mfd, 6C0-v, 10 percent

Good-all capacitor, type 6200 WHT, 0.22-mfd, 300-v DC

El Menco (Arco) mica capacitor, 15,000-mfd, 1000-Wv,
1 percent

El Menco (Arco) mica capacitor, 2000-mfd, 1000-WV,
1 percent

1IN205 siliccn alloy diode

1IN222 silicon alioy diode

GA52934 silicon-diffused dlode

T19G germanium alloy computer diode (point contact)

2042 silicon diffused-base transistors

2030 silicon diffused~computer diode

Speclaliy prepared tubulations

Caro SA-336 aitached to SA-337 (connectors)

GE 1N537 Silicon diode

GE 1N538 Silicon diode = high conductance

GE 1N539 Silicon diode - alloy junction

GE 1N540 Silicon diode

CE 1NS93 Germanium dlode =~ alloy junction

GE 2N43 Germanlum transistor = low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequency

GE 2N45 Germanilum transistor = high gain

Transistron 5G211 Silicon diode - fast frecovery alloy
junction

Transistron IN483A Silicon diode - high conductance
alloy junction

Transistron TL=21 Silicon rectifier - large area 200 ma

Transistron 1N248 Silicon rectifler - large area 10 a

Transistron 1N251 Silicon diode -~ high frequency

Hughes Products 1N458 Silicon diode ~ high conductance
alloy junction

Hughes Products 1N628 Silicon diode =- fast recovery
alloy junction

Texas Instruments 1N588 Silicon rcctifier - high voltage
grown junction '

Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction

Texas Instruments TI951 Silicon transistor - grown
junction, high gain

Texas Instruments TI953 Silicon transistor =~ grown
Jjunction, low gain

National Semiconductor 1N200 5ilicon diode NLOv

National Semiconductor 1N210 Silicon diode N70v alloy
junction tvpe

National Semiconductor 1N218 Silicon diode N200v

National Semiconductcr 1N222 Silicon diode N500v

Pacific Semiconductor SD5101 Silicon diode - fast
recovery, diffused

Pacific Semjconductor PS564 Silicon diode - high
conductance, diffused

Raytheou CKX840 Silicor diode - 50-v high conductance,
diffused
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Raytheon CKE4l Siliccn diode - 200-v high conductance,
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Raytheon CKE43 Silicon diode -~ 400-v high crductance,
diffused
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RTV sllestic sealant in aluminua tube

Dow~Corning 6127 sealant in alumirum tube

Gudeman oil-filled capac'ter, 0.47-mfd, 600-v, 10 percent

Good-all capacitor, type 6200-WHT, 0,22-mfd, 300-v IC

El Menco (Arco) mica cepacitor, 15,000~mfd, L000-W\,
1 percent

El Menco (Arco) mica capucitor, 200C-mfd, 100C-WV,
1 percent

3N22 germanium tetrode

GA53270 germanium alloy (inw power) traansistor

GA53233 germanium diffused-basgse transistor

2N337 Texas Instruments tiansistor

3N25 Texas Instruments trausistor

WAHL evacuated transistor

MA40 microwave diodes

Caro SA-316 attached to SA-337 (connectors)

6RSA6GH 77THB1 selenlum rectifier

6RS6GH 65THBl sclenium rectifiler

6RS6GH 40TMBL seleaium rectifier

GE 1N537 Silicon dicde

GE 1IN53R8 Silicon d'ode - high conductance

GE 1IN53¢ Silicon diode - alloy junction

GE 1IN540 &ilicon diode

GE 1IN93 Germanium diode - alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequency

GE 2N45 Germar.ium uransistor - high gain

Transistron §G211 Silicon diode - fast recovery alloy
junction

Transistron 1N:83A Silicon diode -~ high conductance
alloy junction

Transistron TL-21 Silicon rectifier - large area 200 ma

Transistron 1IN248 Silicon rectifier - large area 10 &

Transistron 1N251 Silicon diode - high frequency

Hughes Products 1N458 Silicon diode - high conductance
alloy junction

Haghes Products 1N628 Silicon diode - fast recovery
alloy junction

Texas Instruments IN588 Silicon rectifier - high veltage
grown junction

Texas Tnstruments 1IN589 Silicon rectifier - high voltage
grown junction

Texas Instruments TI951 Silicon transistor - grown
junction, high gain

Texas Instruments TI953 Silicon transistor - grown
junction, low gain

National Semiconductor 1N200 Silicon diode NiQv

SECRET
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National Semiconductor 1IN210 Silicon diode N70v allecy
l uuao-t;-.m o-. ..-

National Semiconducto“ 1IN218 Silicon diode N200v

National Semiconductor 1N222 Silicon diovde N500v

4 fnETAY "~V el K ey | .
Pacific Semiconductor SD5101 Silicon diode - fasi

recovery, diffused

Facific Semiconductor PS564 Silicon diode - high
conductance, diffuged

Raytheon CKRB840 Silicon diode - 50=-v high conductance,
diffused

Raytheon CK841 Silicon diode ~ 200-v high conductance,
diffused

Raytheou CK843 Silicon diode - 400-v high conductance,
diffused

Raytheon CK845 Silicon diode - 600~v high conductance,
diffused

Biphenyl fluid sample
MPD-2067 hiydraulic oil in aluminum cylinder
MIL~-0~5606 hydraulic oi] in aluminum cylinder
furbo oil No. 15 in aluminum cylinder
Gudeman oil-~filled capacitor, 0.47-mfd, 600-v DC,
10 percent
Good-all capscitor, type 6200 WHT, 0.22 mfd, 300-v DC
El Menco (Arco) mica capacitor, 15,000-mmfd, 1000-WV,
1 percent
El M ico (Arco) mica capacitor, 2000-mmfd, 1000-WV,
1l percent
EC 801 sealant in aluminum tube
PR 1422 sealart 1n aluminum tube
Synjet-15 oil in aluminum cylinder
MIL-G~3278 grease in aluminum cylinder
n~Butylbenzene fluid sample
IN353 transistron silicon diodes
2N389 Texas Instruments silicon power transistor
H-6 Minneapolis-Honeywell germanium power transistor

Fluorolube FS-5 in aluminum cylinder

DC-55 grease (MIL-G-4343) in aluminum cylinder
Skydrol hydraulic oil in aluminum cyliander
Fluorolube LG~160 in aluminum cylinder
Orthosilicate hydraulic oil in aluminum cylinder
Gudeman oil-filled capacitor, 0.47-mfd, 600-v, 10 percent
EC 801 sealant in aluminum tube

PR 1422 sealant in aluminum tube

Cis4-16 diphenyl~ether fluid sample

JP=4 jet fuel sample

6RS6GH 77THB1l selenium rectifier

6RS6GH 65THB1 selenium rectifier

6RS6GH 40THBl selenium rectifier
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Rigid 60-pound foam (isocyanate) minfature tensile impact

MoggZd aiallyl phthalate, Mesa 50-51
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass~filled
miniature tensile impact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolic~-glass laminate miniature tensile impact bar

Epoxy-lead-glass laminate miniature tensile impact bar

Polyester-glass laminate miniature tenslile Iimpact bar

60U Neo~Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica, 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA miniature tensile impact bar

50-828, 6 DEA commercial boron minlature tensile impact
bar

Silastic 50 standard ASTM elastomer tensile speciluen

Neoprene 858-27 D 40 standard ASTM elastomer tensile
specimen

Natural rubber 858~113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen

Natural rubber 130417, peroxide=-cure standard ASTM
elastomer tensile specimen

Conolan 506 phenolic-resin 181 glass-fiber laminate,
1x1x 1/8 inch

Epon 828/CL epoxy resin 181 glags-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL and glass rovings (motor case wall),
1 x1x 1/8 inch

Nonevanaft 11ad
y LRCTOUM=Illlec

Rigid 60-pound foam (isocyanate) minlaturc tensile lmpact
bar

Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
miniature tensile impact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolie-glass laminate miniature tensile impact bar

Epoxy-lead-glass laminate minlature teusile impact bar

Polyester-glass laminate miniature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar :

Mica, 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA minlature tensile lmpact bar

50-828, 6 DEA commercial boron miniature tunsile impact
bar

Silastic 50 standard ASTM elastomer tensile specimen

Neoprene 858-27 D 40 standard ASTM elastomer tenslle
specimen

Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tenslle specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastomer tenslile specimen

Conolan 506 phenolic-resin 181 glass~fiber laminate,
1x1x 1/8 inch
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Epon 828/CLlepoxy-resin 181 glags-fiber laminate,
1R LA 1/6 1t

Epon 828/CL and glass rovings (motor case wall),
1 x1x 1/8 inch :

Rigid 60=pound foam (isocyanate) miniature tensile impact
bar

Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
miniature tensile impact bar

Epoxy-glass laminate minlature tensile Impact bar

Phenolic-glass laminate miniature tensile impact bar

Epoxy-lead-%lass laminace miniature tensile impact bar

Polyester=-glass laminate minlature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica, 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA miniature tensile impact bar

50-828, 6 DEA commercial boron miniature tensile impact
bar

Silastic 50 standard ASTM elastomer tensile specimen

Neoprene 858-27 D 40, standard ASTM elastomer tensile
specimen

Natural rubber 858-113 b 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen

Natural rubber 130417, peroxide-cure standard ASTM
elastomer temnsile specimen

Conolan 506 phenolic-reshin 181 glass-fiber leminate,
1x1x 1/8 inch

Epon 828/CL epoxy~-resin 18l glass-fiber laminate,
1 x1x 1/8 inch

Epon 828/CL and glass vrovings (motor case wall),
1 x1x 1/8 inch

Rigid 6C-pound foam (isocyanate) miniaturc tensile impact
bar )

Molded diallyl phthalate, Mesa 50-51, l.acron-filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass-filled
miniature tensile impact bar

Epoxy-glass laminate miniature tensile jmpact bar

Phenollic-glass laminate miniature tensile impact bar

Epoxy-lead-glass laminate minlature tensfle impact bar

Polyester-glass laminate minlature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica, 50-828, 6 DEA winiature Lensile impact bar

100-828, 12 DEA miniature tensile impact bar

50g828, 6 DEA commercilal boron minlature tensile impact

ar
Silastic 50 standard ASTM elastomer tensile specimen
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Neoprene 858-27 D 40, standard ASTM elastomer tensile
nnnr‘“ mor

Natural rubber 858-113 D 55-60, sulfur-cure conducting
standard ASTM elastomer tensile specimen

NMatural vrubber 130417 vnerovwide<cure standard ASTM
elagtomer tensile specimen

Conolan 506 phenolic~-resin 181 glass=fiber laminate,
1 x1lx1/8 inch

Epon B28/CL epoxy~-resin 181 glags-fiber laminate,

. 1x1x 1/8 inch

Epon 828/CL and glass rovings (motor case wall),
1 x 1 x 1/8 inch

Polymethyl methacrylate §UVA 1T) viscosiiy sample

Polymethyl methacrylate (#55) viscosity sample

50-B28, 6 DEA commercial boron miniature tensile impact
bar

Cross=-point switches

IN137B silicon alloy diodes

1N468 silicon alloy diodes

Germanium metal sample #7

Z2inc chromate primer on 350 3 x 1-1/4-inch aluminum panels

Zinc chromate primer and white enamel (MIL-P-~10687) on
350 3 x 1-1/4-inch aluminum panels

Stainless steel bonded to Teflon, 1 x 5-1/2-inch adhesive
sample

Teflon sheet in aluminum tube

Polymethyl methacrylate EUVA I1) viscosity sample

Polymethyl methucrylate (#55) viscosity sample

GE 1N537 Silicon diode

GE 1N538 Silicon diode - high conductance

GE 1N539 Silicon diode =~ alloy junction

GE 1N540 Silicon diode

GE 1N93 Germanium diode - alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequency

GE 2N45 Gerwnanium transistor - high gain

Transistren SG211 Silicon dlode - fast recovery alloy
junction

Transi.stron 1IN483A Silicon diode - high conductance
alloy junction

Transistron TL-21 Silicon rectifier - large area 200 ma

Transistron 1N248 Silicon rectifier - large area 10 a

Transistron 1N251 Silicon diode - high frequency

Hugties Piroducts 1N458 Silicon diode - high conductance
alloy junction

Hughes Products INH2§ Silicon diode - fast recovery
alioy junction

Texas Instruments IN588 Silicon rectifier -~ high voltage
grown junction

Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction

Texas Insiruments TI951 Silicon transistor =~ grown
junction, higli gain

Texas Instruments TI953 Silicon transistor = grown
junctlon, low gain
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National Semiconductor 1N200 Silicon diode N1Ov

National Semiconductor 1IN210 Silicon diode N70v alloy
junction type .

National Semiconductor 1N218 Silicon diode N200v

National Semiconductor 1N222 Silicon diode N500v

Pacific Semiconductor SD5101 Siiicon dloae - fast
recovery, diffused

Pacific Semiconductor PS564 Silicon diode - high
conductance, diffused

Raytheon CK840 Silicon diode ~ 50-v high conductance,
diffused

Raytheon CK841 Sillicon diode = 200-v high conductance,
diffused

Raytheon CK843 Silicon diode - 400-v high conductance,
diffused

Raytheon CK845 Silicon diode ~ 600=-v high conductancea,
diffused

52998 silicon power dlodes

Easley wafer cube (germanium cube)

Nitrile rubber in aluminum fube

Stainless steel bonded to Teflom, 1 x 5-1/2 inch

ZN66 medium power transistors

WHAL evacuated transistors

Natural rubber in aluminum tube

GE 1N537 Silicon diode

GE IN538 Silicon diode - high conductance

GE 1N539 Silicon diode - alloy junctiom

GE 1N540 Silicon diode

GE 1N93 Germanium diode - alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon tramsistor - high frequency

GE 2N45 Germanium tramsistor - high gain

Transistron SG211 Silicon diode - fast recovery alloy
Jjunction

Transistron 1N483A Silicon diode - high conductance
alloy junction

Transistron TL-21 Silicon rectifier - large area 200 ma

Transistron 1N248 Silicon rectifier - large area 10 a

Transistron 1N251 Silicon diode - high frequency

Hughes Products 1N458 Silicon diode - high conductance
alloy junction

Hughes Products 1N268 Silicon diode - fast recovery alloy
junction

Texas Instruments IN588 Silicon rectifier - high voltage
grown junction

Texas Instruments 1N589 Silicsn ractifier - high voltage
grown junction

Texas Instruments TI951 Silicon tran-t : rrown
junction, high gain

Texas Instruments TI953 Silicon transis... ~ grown
junction, low gain

National Semiconductor 1N200 Silicon diode N1Qv

National Semiconductor 1K210 Silicon diode N70v alloy
Jjunction type
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National Semiconductor 1N218 Silicon diode N200v

‘National Semiconductor 1N222 Siiicon diode N500v

Pacific Semiconductor SD5101 Silicon diode -~ fast i
recovery, diffused I

Pacific Semiconductor P8564 Silicon diode - high
conductance, diffused

Raytheon CK840 Silicon diode - 50-v high conductance, :
diffused E

Raytheon CK841 Silicon diode ~ 200-v high conductance, .
diffused ¢4

Raytheon CKB843 Silicon diode - 400-v high conductance, 3
diffused

Raytheon CK845 Silicon diode - 600-v high conductance,
diffused

Hydrocarbon dye (Sigoloff type) gamma dosimeters
Borate-glass total-energy dosimeter (W)

Uranium foil

Plutonium foil

Sulfur pellet

Gold foils

"Stainless steel bonded to Teflon, 1 x 5-1/2 inch

Neoprene rubber in aluminum tube

GA53282 silicon diffused diodes

S181G germanium computer-type diodes

lemfd dry tantalum capacitors

A584E lacquer film capacitors

C.1-mfd low dielectric constant ceramic capacitors

0.0l-mfd high dielectric constant ceramic capacitors

GE 1IN537 Silicon diode

GE 1N538 Silicon diode ~ high conductance

GE 1N539 Silicon diode - alloy junctiom

GE 1N540 Silicon diode

GE 1N93 Germanium diode - alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequency

GE 2N45 Germanium transistor ~ high gain

Transistron 3G211 Silicon diode - fast recovery alloy
junction

Transistron 1N483A Silicon diode ~ high conductance
alloy junction

Transistron TL-21 Silicon rectifier - large area 200 ma

Transistron 1Nz48 Silicon rectifier - large area 10 a ,

Transistron 1N251 Silicon diode - high frequency

Hughes Products 1N458 Silicon diode - high conductance
alloy junction

Hughes Products 1N628 Silicor diode - fast recovery
alloy junction

Texas Instruments 1IN588 Silicon rectifier - high voltage
grown junction

Texas Instruments IN589 Silicon rectifiier - high voltage
grown junction
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1 Texas Instruments TI951 Silicor transistor - grown
Junction, high gain
1 Texas Instruments TI953 Silicon transistor - growvm [
junction, low gain » f
1 National Semiconductor 1N200 Silicon diode NlGv
1 National Semiconductor 1IN210 Silicon diode N70v alloy
Junction type : !
1 National Semiconductor 1NZ18 Silicon diode N200v v
i National Semiconductor 1N222 Silicon diode N500v
2 Pacific Semiconductor SD5101 gilicon diode - fast
recovery, diffused
2 Pacifiz Semiconductor PS564 Silicon diode - high
conductarce, diffused
1 Raytheon CKB40 Silicon diode - 50~v high conductance,
diffused
1 Raytheon CKB41 Silicon diode - 200-v high conductance,
diffused
1 Raytheon CK843 Silicon diode - 400-v high conductance,
diffused
1 Raytheon CKB45 Silicon diode - 600-v high conductance
diffused
F=4-9
IN205 sili:z= :
IN222 si!

GA5293% =
T19G ger=

zsed diodes :

7 diodes (computer type) {

2042 diffu = silicon transistots iy

2030 diffusec silicon computer diodes

Specially prepare¢ tubulations

RTV scalant in aluminum tube

EC 801 sealant in dluminum tube

DC 6127 sealant in aluminum tube

GE 1N537 Silicon diode

GE 1N538 Silicon diode - high conductance

GE 1N539 Silicon diode - alloy junction

GE 1N540 Silicon diode

GE IN93 Germanium diode - alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 40444 Silicon transistor - high frequency

GE 2N45 Germanium transistor - high gain

Transistron SG211 $ilicon diode - fast recovery alloy
junction

i,

MHEHNFHEHENEEHERRHAERFEFRFFRFWSWWWWW

Texas fInstruments IN588 Silicon rectific =~ high voltage
grown junction

Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction

2 Transistron 1N483A Silicon diode - high conductance
alloy junction
1 Transistren TL=-21 Silicon rectifier - large -irea 200 ma
1 Transistron 1N248 Siiicon rectifier - large area 10 a
1 Transistron 1N251 Silicon diocde - high frequency
2 Hughes Products IN4%58 Silicon diode - high conductance .
alloy junction .
2 Hughcs Products 1N628 Si-lcon diode - fast recovery alloy
junc+ion
1
1
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Texae Instruments TI951 Silicon transistor ~ grown
junction, lhigh gain |
Tex3s Instruments TI953 Silicon transistor ~ grown
juncrion, low gain P
National Semiconductor 1N200 Silicon diode N1Ov !
National Semiconductor 1N210 Silicon diode N70v alloy
Junction type
National Semiconductor 1N218 Silicon diode N200v
National Semlconductor 1N222 Silicon diode N500v
Pacific Semiconductor SD5101 Silicon diode =~ fast
recovery, diffused
Pacific Semiconductor PS564 Silicon diode - high
conductance, diffused
Raytheon CK840 Silicon diode - 50-v high conduv~tance,
diffused .
Raytheon CK841l Silicon diode - 200-v high conductance,
diffused
Raytheon CKB43 Silicon diode = 400-v high conductarce,
diffused
Raytheon CK845 Silicon diode - 6U0-v high conductance,
diffused

3N2? germanium tetrode transistors

GA55270 germanium alloy transistors

GA53233 permanium diffused-base transiscors
2N337 Texas Iastruments transistors

3N25 Texas Instruments transistors

WAHL oxygen-filled transistors

MA4O microwave diodes (MA408 type)

RTV sealant ir aluminum tube

EC 801 sealant in aluminum tube

DC 6127 sealant in aluminum tube

PR 1422 sealant in aluminum tube

Biphenyl fluid sample

n-Butylbenzene fluid samrle

MPD-2067 hydraulic oll in aluminum cylinder
MIL-0-5606 hydraulic oil in aluminum cylinder
Turbo oil No. 15 in aluminum cylinder
Synjet-15 oil in aluminum cylinder

MIL-G-3278 grease in aluminum cylinder

Cia-16 Diphenyl-ether fluid sample

JP-4 jet fuel fluid sample

PR 1422 sealant in aiuminum tube

Fluorolube FS-5 in aluminum cylinder

DC-55 grease (MILL-G-4343) in aluminum cylinder
Skydrol hydraulic oil in aluminum cylinder
Fluorolube 1G~160 in aluminum cylinder
Orthosilicate hydraulic oil in alumioum cylinder

SECRET "




B2 ™ T

126

. N

il el

e e

N ONRE PR B R RN O NERERE N RPN

-

[

SECRET

Rigid 60-pound foam (isocyanate) miniature tensile impact

bar "
Mot D diallvl shehalats Masa 50281
50-51

A'AUL-'\:d \-IJ-MLA._’A- pllhll“ﬂ&h\—, - M b
miniature tensile impact bar
Molded diallyl phthalate, Mesa 52-20-30, glass-fiiled
miniature tensile impact bar
Epoxy-glass laminate miniature temsile impact bar
Fhenolic-glass laminate miniature tensile impact bar
Epoxy-lead-glass laminate miniatura tensile impact bar
Polyester-glass laminate minfature tensile impact bar
60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar
Mica 50-828, 6 DEA miniature tensile impact bar
100-828, 12 DEA miniature tensile impact bar
50-828, 6 DEA commerclal boron minlature tensile impact
bar
GE 1N537 Silicon diode
GE 1N538 Silicon diode - high conductance
GE 1N539 Silicon diode = alloy junction
GE 1N540 Silicon diode
GE 1N93 Germanium diode - alloy junction
GE 2N43 Germanium transistor =~ low gain
GE 2N44 Germanium transistor - medium gain
GE 4JD4A4 Silicon transistor - high frequency
GE 2N45 Germanium transistor - high gain
Transistron 56211 Silicon diode - fast recovery alloy
junction -
Transistron 1N483A Silicon diode - high conductance
alloy junction
Transistron TL-21 Silicon rectifier - large area 200 ma .
Transistron 1N248 Silicon rectifier - large area 10 a .
Transistron 1N251 Silicon dlode - high frequency
Hughes Products 1N458 Silicon diode = high conductance
alloy junction
Hughes Products 1N628 Silicon diode - fast recovery alloy
junction
Texas Instruments 1N588 Silicon rectifier - high voltage
grown junction
Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction
Texas Instruments TI951 Silicon tramsistor - grown
junction, high gain
Texas Instruments TI953 Silicon transistor - grown
junction, low gain
National Semiconductor 1N200 Silicon dicde N10v
National Semiconductor IN210 Siiicon diode N70v alloy
junction type
National Semiconductor 1N218 Silicon dicde NZOOQv
National Semiconductor 1N222 Silicon diode N500v
Pacific Semiconductor SD5101 Silicon diocde - fast
recovery, diffused
Pacific Semiconductor PS564 Silicon diode - high
conductance, diffused
Raytheon CK840 Silicon diode - 50~v high conductance, .
diffused
Raytheon CK841 Silicon diode - 200-v high conductance,
diffused
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Raytheon CK843 Silicon diode - 400-v high conductance, ;
diffused i
Raytheon CK845 Silicon diode - 600-v high conductance, i
diffused :

Rigid 60-pound foam (isocyanate) miniature tensile impact
bar »

Molded diallyl phthalate, Mesa 50-51, Dacron=-filled .
miniature tensile impact bar :

Molded diallyl phthalate, Mesa 52-20~-30, glass-filled
miniature tensile ilmpact bar

Epoxy~glass laminate miniature tensile impact ar

Phenolic-glasy laminate miniature tensile im[ .ot bar

Epoxy-lead-glass lamlinate minlature tensile impact bar

Polyester-glass laminate miniature tensile impact bar

60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

Mica 50-828, & DEA minlature tensile impact bar

100-828, 12 DEA miniature tensile impact bar

50-828, 6 DEA commercial boron minlature tensile impact
har

Polymethyl methacrylate €UVA I1) viscosity sample

Polymethyl methacrylate (#55) viscosity sample

GE 1IN537 Silicon diode

GE 1N538 Silicon diode -~ high conductance

GE 1N539 Silicon diode - alloy junction

GE 1N540 Silicon diode

GE 1IN93 Germanium diode - alloy junction

GE 2N43 Germanium transistor - low gain

CE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon trausistors = high frequency

GE 2N45 Germanium trarsistor - high gain

Transistron SG211 Silicon diode - fast reccvery alloy
junction

Transistron 1N483A Silicon diode - high conductance
alloy junction

Transistron TL-21 Silicon rectifier -.large area 200 ma

Transistron 1N248 Silicon rectifier - large area 10 a

Transistron 1IN251 Silicon diode - high frequency

Hughes Products IN458 Silicon diode - high conductance
alloy junction

Hughes Products 1N628 Silicon diode - fast recovery
alloy junction

Texas Instruments 1IN588 Silicon rectifier - high voltage
grown juanction

Texas Instruments 1IN589 Silicon rectifier - high voltage
grown junction

Texas Instruments 11951 Silicon: transistor - grown
junction, high gain

Texas Instruments TI953 Silicon transistor - grown
junction, low gain

National Semiconductor 1N2C0O Silicon dlode NiOv

National Semiconductor 1N210 Silicon diode N70v alloy
Junction type

National Semiconductor 1NZi8 Silicon diode N200v

T ———— N —— bt v e Wi vl
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1 National Semiconductor 1N222 Silicon dioda N5OOQv

2 Pacific Semiconductor SD5101 Silicon diode - fast
recovery, diffused

2 Pacific Semiconductor PS564 Silicon dinde - high
conductance, diffused

1 Raytheon CK840 Silicon diode - 50-v high zonductance,
diffusged

1 Raytheon CK841 Silicon diode ~ 200-v high conductance,
diffused :

1 Raytheon CK843 Silicon diode = 400-v high conductance,
diffused

1 Raytheon CKB45 Silicon diode ~ 6006-v high conductance,
diffused

F-5-3

2 Rigid 60-pound foam (isocyanate) minlature temsile impact
bar ’

1 Molded diallyl phthalate, Mesa 50-51, Dacron-filled
miniature tensile impact bar

1 Molded diallyl phthalate, Mesa 52~20-30, glass-filled
miniature tensile impact bar '

1 Epoxy=glass laminate miniature tenslle impact bar

1 Phenolic-glass laminate minlature tensile impact bar

1 Epoxy~lead-glass laminate miniature tensile impact bar

1 Folyester-glass laminate miniature tensile impact bar

1 60 Neo-Novacite, 40-828, 5 DEA miniature tensile impact
bar

1 Mica 50~828, € DEA niniature tensile impact bar

1 100-828, 12 DEA minlature tensile impact bar

1 50-828, 6 DEA commercial boron miniature tensile impact
bar

1 GE 1N537 Silicon diode

1 GE 1IN538 Silicon dlode = high conductance

1 GE 1IN539 Silicon dlode - alloy junction

1 GE 1N540 Silicon diode

2 GE 1N93 Germanium diode - alloy junction

1 GE 2N43 Gerwanium transistor - low gain

1 GE 2N44 Cermanium transistor - medium gain

2 GE 4JD4A4 Silicon transistor - high frequency

1 GE 2N45 Germanium tramsistor - high gain

2 Transistron SG211 Silicon dlode - fast vecovery alloy
junction

2 Transistron 1N483A Silicon diode = high conductance
alloy junction

1 Transistron TL-21 Silicon rectifier - large area 200 ma

1 Transistron 1N248 Silicon rectifier - large area 10 a

1 Transigstron 1N251 Silicon diode - high frequency

2 Hughes Producis 1N458 Silicon diode - high conductance
alloy junction

2 Hughes Products 1N628 Silicon diode - fast recovery
alloy junction

1 Teras Instruments 1N588 Silicon rectifier - high voltage
grown junction

1 Texac Instruments 1IN589 Silicon rectifier - high voltage
grown junction

1 Texas Instruments TI951 Silicon transistor - grown

junction, high gain
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Texas Instruments TL1953 Silicon transistor - grown
junction, low gain

Nat{onal Sewlconductor 1IN200 Silicon diode N10v

National Semiconductor 1N210 Siiicon diode W7Ov allouy
junction type

National Semiconductor 1IN218 3ilicon diode N200v

National Semiconductor 1IN222 Silicon diode N5UOV

Pacific Semlconductor SD5101 Silicon dlode - fast
recovery, diffused

Pacific Semiconductor P$564 Silicon divde - high
conductance, diffused

Raytheon CK840 Silicon diode
diffused

Raytheon CK841 Silicon diode
diffused

Raytheon CK843 Silicon diode
diffused

Raytheon CK845 Silicon diode
diffused

50-v high conductance,

200-v high conductance,

400-v high conductance,

600-v high conductance,

Rigid 60-pound foam (lsocyanate) miniature tensile impact
bar

Molded diallyl phthalate, Mesa 50~51, Dacron-filled
miniature tensile impact bar

Molded diallyl phthalate, Mesa 52-20-30, glass~filled
miniature tensile impact bar

Epoxy-glass laminate miniature tensile impact bar

Phenolic-glass laminate minlature tensile impact bar

Epoxy-lead-glass laminate minliature tensile impact bar

Polyester-zlass laminate minlature tensile impact bar

60 Neo-Novacite, 40~828, 5 DEA miniature tensile impact
bar

Mica 50-828, 6 DEA miniature tensile impact bar

100-828, 12 DEA miniature tensile impact bar

50-828, 6 DEA commercial boron miniature tensile impact
bar

Polymethyl methacrylate (UVA II) viscosity sample

Polymethyl methacrylate (#55) viscosity cemple

GE 1N537 Silicon diode

GE 1N538 Silicon diode - high conductance

GE 1N539 Silicon diode - alloy junction

GE 1IN540 Silicon diode

GE 1IN93 Germaniwm diode - alloy junction

GE 2N43 Germanium transistor - low gain

GE 2N44 Germanium transistor - medium gain

GE 4JD4A4 Silicon transistor - high frequenzy

GFE 2N45 Germanium transistor - high gain

Transistron S5G211 Silicon diode - fast recovery alloy
junction

Transistron 1N483A Silicon diode - high conductance
alloy junction

Transistron TL-21 Silicon rectifier - large area 200 ma

Transistren 1IN248 Silicon rectifier - large area 1C a

Transistron 1N251 Silicon diode ~ high frequency

Hughes Products 1N458 Silicon diode -~ hipg. conductance
alloy junction
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Hughes Products 1N628 Silicon diocde ~ fast recovery
alloy junctiomr

Texas instruments lWy88 Siiicon rectifier - nigh voltage
grown junction

Texas Instruments 1N589 Silicon rectifier - high voltage
grown junction '

Texas Instruments TI951 Silicon transistor - grown
junction, high gain

Texas Instruments TI953 Silicon transistor - grown
junction, low gain

Nat:ional Semiconductor 1N200 Silicon diode N1Ov

National Semiconductor 1N210' Silicon dicde N70v alloy
junction type

National Semlconductor 1N218 Silicon diode N200Qv

National Semiconductor 1N222 Silicon ciode NS500v

Pacific Semiconductor SD5101 Silicon diode - fast
recovery, diffused

Pacific Semiconductor PS564 Siiicon diode - high
conductance, diffused

Raytheon CK840 Silicen diode
diffused

Raytheon CK841 Silicon diocde
diffused

Raytheon CK843 Silicon diode
dif fused

Raytheon CK845 Silicon diode
diffused

50-v high conductance,

200-v high conductance,

400-v high conductance,

600-v high conductance,

50-828, 6 DEA ccmmercial boron miniature temsile impact
bar

Stainless steel bonded toc Teflon, 1 x 5-1/2 inch.

Germanium metal sample

Biphenyl fluid sample

n~Butylbenzene fluid sample

Cis.1¢ Diphenyl-ether fluid sample

JP~4 jet fuel sample

Hydrocarbondye (Sigoloff type) gamma dosimeters
Borate-glass total-energy dosimeter ("'X")
Uranium foil

Plutonium foil

Sulfur pellet

Gold foils

Hydrocaxbon dye (Sigoloff type) gamma dosimeters
Borate-glass total-energy dosimeters (X" and "Y")
Uranium £foil

Neptunium foil

Plutonium foil

Sulfur pellet

Gold foils
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TABLE B.l -- AVFRAGE TENSILE ULTIMATE, PSI

—

-

System Station 1 Station 2 Station 3 Station 4 Station 5 Control

1 92,060 91,520 91,744 92,420 31,683 91,960
2 132,071 131,920 131,555 132,983 134,578 135,560
» 3 143,600 142,950 143,300 142,200 142,042 143,620
4 143, 805 142,210 142,689 144,106 141,578 144,450
*5 .
*6
7 122,471 122,680 124,233 124,806 123,311 124,850
%*8
9 149,842 148,500 149,772 149,944 148,578 150,000
*10 : I
11 85,258 85,270 85,355 86,022 85,255 85,220
12 92,300 93,513 93,611 95,800 . 93,828 94,500 _ E T
13 19,432 19,280 19,719 18,952 19,258 . 19,160
14 25,650 25,120 24,656 26,422 24,566 25,590
15 78,330 79,170 79,111 79,344 78,689 80,100
16 66,244 66,390 66,861 66,934 65,895 66,660
. 17 38,483 39,380 39,245 39,564 39,255 39,100
18 48,584 48,310 48,367 48,555 48,547 48,780
19  Corrosion 37,045 37,033 38,106 37,689 38,250
! 20 Corrosion 35,525 34,275 36,719 36,944 36,000
*21
*22 o
23 ‘101,072 101,130 100,350 99,900 100,656 102,240
24 80,517 81,570 80,300 83,211 77,592 82,500
)%25
26 111,908 111,970 110,550 111,978 110,094 111,870
*27
28 142,345 142,060 143,711 143,217 142,956 144,180
29 94,494 94,380 90,755 90,555 91,278 90,140
*30
31 100,345 100,730 101,639 100,106 100,333 100,900
32 62,472 62,550 62,239 62,183 63,310 63,040
. 33 45,960 45,325 45,945 45,970 45,780 46,160
34 102,972 103,230 105,144 104,700 102,739 103,880
35 19,000 19,576 18,000
‘ 36 28,494 28,600 27,427 26,022 29,364 32,030
37

¥
Tensile properties not available due to lack of proper equipment for

pulling specimeus.
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TABLE B.2 -- AVERAGE TENSILE YIELD, PSI

System Station 1 Station 2 Station 3 Station 4 Station 5 Control
1 81.172 80,780 78,622 81.578 80,617 80,580

g

2 128,644 127,730 127,000 128,722 130,061 130,000 .

3 133,382 134,190 133,689 134,072 133,592 135,740 3
4 133,088 134,280 133,889 135,422 132,194 136,240 :
g

6

7 53,550 53,780 55,166 52,478 54,383 51,600

8

9 146,138 . 148,430 148,600 148,489 146,028 145,370

10

11 42,000 42,095 42,206 41,972 41,256 40,290

12 44,700 43,827 44,578 43,506 44,119 42,800

13 17,270 16,425 17,904 17,927 17,393

14 18,798 19,655 18,903 21,605 18,408 20,770

15 71,939 73,190 72,433 72,672 71,939 73,880

16 45,972 48,545 49,478 59,222 44,904 47,760

17 23,700 24,980 25,289 25,028 24,867 25,260 N
18 43,928 44,210 44,664 44,734 44,106 44,120 ‘
19 Corrosion 25,310 26,767 26,336 25,300 25,580
20 Corrosion 23,860 24,172 28,200 26,067 25,000 "
21 :
22 :
23 101,072 101,130 100,350 99,900 100,656 102,240 ;
24 75,980 78,840 75,711 79,606 70,942 80,460 g
25 i
26 78,528 78,560 78,406 81,950 74,817 81,120 E
27 i
28 79,133 77,880 80,055 79,425 76,875 78,660 5
29 89,300 90,640 87,567 87,672 87,456 85,640

30

31 96,700 100,730 101,639 100,106 93,667 98,880

32 59,144 59,100 59,064 58,922 60,289 59,260

33 45,960 44,380 44,978 45,486 45,097 44,810

34 60,583 56,910 60,356 60,783 60,646 61,340 '
35

36 24,589 28,000 20,637 23,529 24,906 24,320 ,
37
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System Station 1 Station 2 Station 3 Statina 4 Station 5 Control

21.8
12.4
8.9
5.3

10.6
Corrosion
Corrosion

22.3
12.8
9.3
9.0

36.0

7.2

44.7
56.6
0.8
2.1
8.3
15.4
19.6
10.0
11.1
4.7

6.9

8.8

25.2

57.1

~N NG
. .
0 = &0

Ead
O

22.2
17.8

O W0
- W

36.3
7.0

45.8
56.9
0.5
1.9
9.1
15.3
19.2
9.9
12.5
3.2

5.1
9.6

26.0

56.6
9.3

6.1
8.3
7.0
52.5
0.4
2.4
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22.3
13,4
9.5
9.0

34.3

7.3

45.3
55.9
0.9
2.3
8.7
15.6
18,8
10.4
13.6
5.5

5.6
9.0

50.4
0.7
3.8

22.3
1

L'~ I » B ]
A ]

35.1
6.9

45.9
56.8
0.9
2.2
8.8
15.9
19.4
10.6
14.2
4,7

O W

(¥R

25.5

57.8
9.2

5.6
8.0
7.1
50.5

3.2

22,0
]

U = C

B
95
9

34.6
7.6

45,1
58.1
0.7
2,1
9,2
l6.1
19.4
10.5
14.7
3.8

25.7

56.0
9.8

5.8
8.2
6.9
52.4
0.5
3.0
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System Scale Station 1 Station 2 Station 3 Station 4 Station 5 Avarage Contxnl

Free .
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RC 21.6
Rc 33.2
RC 33.5
Rc 33.3
Rc 41.3
RC 57.9
R“ 84.2
RC 41.7
RC 31.8
R, 43.2
RB 77.5
Ry 82.9
RF 71.6
Rp 65.1
RB 86.6
Ry 75.5
RF 76.3
Rp 90.8
RF Corrosion
RF Corrosion
Rc 40.6
L 40.7
RC 13.9
RB 87.6
Rc 40.4
Rc 15.6
Rc 34.1
Rc 22.0
RC 16.6
RC 40.3
RC 15.9
RB 74.6
Ry 50.8
RB 90.9
RF Corrosion

2.0
33.9
33.1
32.9
41.0
57.8
83.3
41,5
31.6
43,1
78.0
83.5
71.5
67.8
86.6
75.5
75.9
91.6
62.3
78.9
40.9
40.9
14,6
88.8
40.3
16.0
34.0
21.5
18.1
39.9
16.5
74,1
50,3
90.7
89,2

22.3
33.9
33.4
34.8
42.5
57.9
84.7
42.8
31.7
44.2
79.3
83.4
70.7
66.5
88.8
77.5
77.2
92.6
61.7
77.6
42.0
41.9
15.0
89.3
41.9
16.3
34.6
23.4
18.5
41.1
7.1
73.7
50.6
91.2
89.6

21.4
34.2
33.7
34.0
42.8
58.8
8.3
42.7
32.6
44 .4
79.2
83.8
73.0
68.5
89.3
74.8
77.1
93.1
61.6
78.6
41.0
41.8
15.4
89.3
41.8
19.1
35.0
23.0
17.2
41,1
16.9
72.8
50.0
91.8
89.7

Too much initial variation in cast specimens

Re
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33.0

22,2
33.5
33.6
33.5
43.4
58.3
84.5
42.3
33.1
44.6
78.9
84.0
72.3
68.6
88.6
75.0
76.8
93.0
64.3
78.8
42.1

41,6

16.6
87.1
42.1
20.0
35.4
22.1
17.3
41.3
17.7
73.4
50.6
91.9

33.4

21.7
33.9
33.5
33.7
42.2
58.1
84,2
42.2
32.2
44.1
78.6
83.5
71.8
67.2
88.0
75.7

20.1
3.1
33.5
34.7
41.7
58.C
83.3
41,9
31.9
45,6
77.5
83.0
75.5
68.2
89.7
75.0
77.1
92.6
65.0
81.7
40,7
41.1

14.6

88.7
41.4
18.9
34.3
22.6
16,6
39.7
16.1
79.3
49.9
89.6
86.9

35.5

Iy
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APPENLIX C

TEST RESULTS OF ELASTOMER MATERIALS
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Adhesive Ratio Tvy
Ch/Act D 100/25 Epoxy
C4/Act D/graphite 100/25/66 Epoxy
C4/Act D/iM 100/25/50 FEpoxy
PRC1221/Acc 100/10 Polysul fide
A2/act E 100/6 Epoxy
RTV5302/5303 with 50/50 Silicone
A4Cl4 primer
B8loomingdale Vinyl
Corp. FM-47 phennlic

resin
Cycleweld Rubber
C-3525 phenciic

specimens are

7
[
H
£
%
£
5
1

Average -
Breaking Strength ‘e
Curing Condltlons of Controls Rangie ps
16 hr, 165°F 1892 1
16 hr, 165°F 2660 29
16 hr, 165°F 2460 L7
16 hr, 165°F 400 4
16 hr, 165°F 4560 19
Room temperature 149 1
for 71 weeks
16 hr, rcom 6710 6100/7200 135
temperature;
1 hr, 225°F;
1l hr, 275°F
16 hyx, room 1550

Femperature;

1 hx, 275°F

“The rusults for the controls are @n avorage of five specimens.
averages of six specimens.

1380/1710 18

The results for the irrvadiate

NOTES

C4 -

Act D -

PRC1221

HM -

A2 -

Act E -
RTV5302/5303 -
Cycleweld €-3525 -

Armstrong Product
Diethylenc triam
Mctal filler

Products Rescarcl
Armstrong Produc
Dicthylaminoprop
Dow Corning sili
Chrysler Corpora
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Compression Shear Stryempii*’ ot

Fizeau Site

Number 5

i
7
3
;
|
1
i

Number 1 Number 2 Number: Number &
Runge psi __Runge psi Rauge psi Ranze PSi Range psi Range
1370 647/2250 1050  485/2270 1745 860/3220 1560 425/2900 1800 740/2770
2950 2090/3800 13020 20053/3990 3600 2B83G-4170 3460 2310/4160 3670 2310/4210
1783 650/3000 2160 1590/3000 2200 1080/3310 2430 1600/3240 2340 1820/2820
460 410/505 560 450/820 410 380/505 450  425/490 495 450/525
3980 13470/4880 3920 2505/4780 4620 3990/500 4190 3590/4860 3870 2890/4760
119 105/132 126 1.3/141 130 112/1500 128 120/135 137 125/145
6100/7200 13040 1620/5000 3820 1090/4610 4070 1150/4920 3840 800/4740 4370 3120/4940
1380/1710 1870 1610/2130 1800 1650/2010 1970 1740/2310 1900 1610/2110 1970 1770/2340
fce for the irradiate
NOTES
- Armstrong Products Co. epoxy resin
- Diethylene triamine hardener
~ Metal filler
- Products Research Co. polysulfide resin
- Armstrong Products Co. cpoxy resin
- Diethylaminopropylamine
- Dow Corning silicone rubber sealer
- Chrysler Corporation rubbev phenolic adhesive
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