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&

FOREWORD

This proposal ig submitted in response to the June 19, 1959, Re-
quest for Quotation No, HS-225 from the National Aeronautics and
Space Administration, Washington, D. C. It presents a program
for the study of nuclear radiation effects on the engineering prop-
ertles of materials at cryogenic temperatures.

The proposed tasks will be performed by Lockheed Nuclear Products,
aa prime contractor, at the Georgla Nuclear Laboratories (GNL).

Lockheed has retained Arthur D, Little, Incorporated, of Cambridge,
Maasachusetts, to perform the refrigerator design and cryostat

heat removal calculations and to consult with Lockheed on the cryo-
stat design.
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SUMMARY

In nuclear missile components, the combination of cryogenic tem-
peraturcs resulting from the use of liquid hydrogen as the propel-
lant fluid and nuclear radiation is expected to produce effects on
the engineering properties of materials that are new both to mate-
rials engineers and to missile design engineers. Before reliable
systems can be designed, these effects on the properties of mate-
rials must be known,

To meet this requirement, Lockheed Nuclear Products outlines

in this proposal to NASA a program for a study of the combined
effects of nuclear radiation and eryogenic temperatures on the engi-
neering properties of pertinent materials that may be used in the
construction of nuclear missiles.

This proposal includes an analysis of the statu-of-the-art relative
to the effects of cryogenic temperatures, nuclear radiation, and
low-temperature annealing on the engineering properties of mate-
rials. The rationale for choosing the temperatures, integrated
radiation doses, radiation under stressed and unstressed conditions,
materials, and specific tests to be used in the test program is pre-
sented. These specific tests will include evaluation of engineering
design characteristics and the determination of fundamenta' prop-
erties of the materials of interest; these will be compared to give
extrapolation of limited data. Conceptual designs and the basis for
the selection are given for the cryostats, special test equipment
and instrumentation, and the refrigeration equipment, Presented
also is a preliminary study of a method for reducing gamma heating
and radioactivation in the reactor cryostat and virtually eliminating

ix
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any perturbation of the reactor during Insertion or removal of cryo-
stats from the reactor beam hole. Also included is a preliminary
analysis of the factors that could possibly affect the safety of reactor
operation. And a test program based on the concepts and equipment
discussed is presented, It includes materials to be tested, types and
number of tests to be made, the number of apecimens to be tested

for each determination and the statistical basis for establishing this
number, and the methods for preparation and selection of individual
test specimens, - The capabilities of Lockheed Nuclear Products as
the prime contractor and Arthur D, Little, Incorporated, as the
major subcontractor include pertinent experience of the two companies,
resumes of the personnel available for the project, the project organi-
zation, and facilities available to the project. Furthermore, & sched-
ule for the entire program is presented,
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1. STATEMENT OF WORK

The method by which Lockheed Nuclear Products proposes to
determine the effects of nuclear radiation at eryogenic tem-
peratures on the physical and mechanical properties of materials
is outlined in this section.

1.1 PHASE I - PLANNING AND DESIGN

1.1.1 Test Procedures and Test Program

A comprehensive test program, including test procedures, for
obtaining engineering design data on structural materials that will
be submitted to NASA for approval will be formulated.

1.1.2 Cryostats

The cryostats incorporating specinl test equipment for implemenling
the NASA approved test program will be designed. The design will
include both heat calculations and mechanical designs,

i.1.3 Refrigerator

The refrigerator equipment necded for obtaining and maintalning
the required temperatures in the cryostats during tesling operations

will be designed, This design will include both heat calculations
and mechanical design,
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l.1.4 Instrumentation

All instrumentation required for operating the cryogenic and test
equipment, {or reactor safety, and for measuring and recording
test parameters will be designed, Commercially available ip-
strumentation will be utilized where applicable,

I.1.5 Remote Handling Equipment

The equipment for remote handling of the cryostats at Plumbrook
will be designed,

.16 Gamma Heating Analysis

The gamma heating problem will be analyzed both theoretically

and experimentally. The GNL Critical Experiment Facility will
be utilized for experimental studies, Required shields will be:

designed,

1.1.7 Reactor Safety Analysis

A complete reactor safety analysis conforming to the requirements
of the Plumbrook Reactor Safety Committee will be prepared for
the operation within the beam hole of all test equipment,

1.1.8 Project Management and Project Support

A project manager will be provided for the overall direction of the
program. Inciuded are clerical personnel and scientific personnel

necessary [or the support of the program. This task will apply
also to Phases II and IIL.
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1.1.9 Reports

Reports to be submitted for this phase of the program will include
the following:

a, Monthly letter reports
b. Topical reports as appropriate

c. A summary report for Phase I

1.2 PHASE II - FABRICATION AND INSTALLATION
1.2.1 Cryostats

The eryostats, including special test equipment designed in Phase
1, will be fabricated, and the operating characteristics will be de-
termined at GNL. After proper operating characteristics have
been established, they will be installed at Plumbrook and GNL as
required.

1.2.2 Refrigeration Equipment - - Plumbrook

The refrigeration equipment designed in Phase 1 [or providing the
required temperatures in the cryostats at Plumbrook will be fabri-
cated and installed at the Plumbrook Reactor Facility, After in-
stallation, the operating characteristics will be determined and
any required modifications completed.

1.2.3 Refrigeration Equipment -- GNL

Refrigeration equipment will be installed at GNL for calibration
and test operations,
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1.2. 4 Instrumentation
~. The instrumentation specified in Section 1.1, 4 wiil be fabricated,
“ installed at Plumbrook, and its operating characteristica calib-
rated. Norffial [aboratory instrumentation will be available at
GNL for use in this program.
1.2,56 Shields
The shields required for reducing the incident gamma and thermal
neutron flux on the cryostats will be fabricated and installed in the
beam hole at Plumbrook, The effectiveness of thig shield in pre-

venting reactor perturbations during eryostat changes will be de-
termined by direct measurement.

1. 2,6 Remote Handling Equipment

The equipment for remote handling of the cryostats at Plumbrook
will be fabricated and installed.

1.2,7 Flux Mapping

Maps of fast neutron flux and spectrum in the interior of the cryo-
stats installed in the shielded beam hole of the Plumbrook reactor
will be made by using foil techniques,

1,2.8 Test Samples

The test sample program will be conducted as follows:

#  Materials from which test specimens are to be
wnade will be procured.

L. The required teat samples will be fabricated.

c. A pretest examination of each specimen will be
made to determine specimen charaoteristics.
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1.2.9 Reports

Reports to be submitted for this phase of the program will include
the following:

a. Monthly letter reports

b, Topical reports as appropriate

¢. A summary report for Phase II

1.3 PHASE 1II - TESTING
1,3.1 Tests at GNL
Tests conducted at GNL will inciude the following:

a. Tests to establish correlation between standard
and miniature specimens and between standard and
special physical test equipment

b, Screening tests to be conducted without irradiation

¢. Tests required for establishing engineering design
data under nonirradiated conditions at room and
cryogenic temperatures

1.3.2 Tests at Plumbrock

I All irradiation testing will be conducted at the Plumbrook facility.
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1. 3.3 Reports

Reports to be submitted for thls phase of the program will include
the following:

a, Monthly letter reports
b. Topical reports as appropriate
¢, A final report, which will include an engineering

design manual, incorporating the results of the
test program
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2. PRELIMINARY ANALYSIS

This section reflects Lockheed's analysis of the present state of
accomplishments in the field of determining effects of radiation on
materials at cryogenic temperatures.

There is a substantial amount of information on the effects on
crystalline materials of irradiation alone and cryogenic temperatures
alone. To minimize complex effects in these investigations, most of
the work has been perfermed on pure metals, with the emphasis on
single-crystal studies. Some investigations, however, have been
made on the effects of these factors on the mechanical properties of
metals.

Following are discussions of the various effects of concern in estab-
lishing test parameters.

2.1 CRYOGENIC TEMPERATURE EFFECTS

The effects of cryogenic temperatures on the tensile, fatigue, and
creep properties of various materials are discussed in this section,

2,1.1 Tensile Properties

As early as 1930, Boas and Schmid reported that as the temperature
was reduced to 36°R, the critical shear stress of cadmium single
crystals increased considerably.! A few years later -- in 1833 --
de Haas and Hadfield reported their experiments on polycrystalline
metals and alloys, which included pure iren (99.85%), carbon steels,
alloy steels, nonferrous alloys, and high-purity copper and nickel,?
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In all cases, the tensile strength increased as the metal was heated
from room temperature to 140°R and there was no further increase in
tensile strength for iron and most of the steels; brittle fracture
occurred in this temperature range. Steels with a high nickel con-
tent did not exhibit brittle fracture. The tensile strength of the
nonferrous alloys, copper, and nickel continued to increase with
the decrease in tempzrature to 36°R, the minimum temperature at
which tests were conducted, Eldin and Collins’reported results of
cxperiments on 1020 steel that confirmed the work reported by

de Haas and Hadfield. They found that brittle fracture did occur
below 140°R, but that there was a slight increase in the stress
required to produce fracture as the temperature was reduced to
22°R. McCammon and Rosenberg have also measured the tensile
strength of a number of high-purity polycrystalline metals as a
function of temperature from 7.6 to 540°R.* Figure 1 presents
some of the results,

Figure 1  Variation of Tensile
Strength of Copper,
Gold, Silver, and
Aluminum with Tem-
perature

TENILE LTRENGTM

] P A A L
a e 1] 540
TEMPERATURE R
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These data show an increase of 400% in the tensile strength of
aluminum and about 200% increase for the other metals between
540°R and 7. 6°R; the increase continues all the way, These metals
all have a face-centered cubic structure, while iron and its alloys
exhibiting brittle fracture at low temperatures are body-centered
cubic, Bechtold and Wessel found that in molybdenum, tantalum,
niobium, and steel the yield strength increases below room tem-
perature and that the rate of increase is greatest just above the
ductile-brittle transition temperature.®

Two explanations have heen proposed for the yleld-point phenomena
in those metals that exhibit brittle fracture. One is that small
amounts of alloying or impurity elements, such as carbon or nitro-
gen in iron, are attracted to and become concentrated around a
dislocation, pinning the dislocation and inhibiting its movement.
Consequently, for slip to occur a higher stress is required.
Wessel has suggested that after the dislocations have broken away
from the impurity agglomerate, they pile up against grain boundaries
or other barriers, producing the pre-yicld-point plastic strain, and
that the yield point does not occur until new dislocation sources are
activated by the large stresses in these pile-ups, which are able to
break through the harriers, Because of the decrease in the thermal
activity at lower temperatures, the stress at a pile-up must be in-
creased before any breakthrough can occur, thus increasing the
pre-yleld-point plastic strain. At sufficlently low temperatures,
the strains produced will be of a magnitude to produce highly
localized stresses in the dislocation pile-ups, which cause cleavage
in unfavorably oriented sites and thus develop microcracks., In
favorably oriented regions, plastic flow will still occur, but the
microcracks will reduce the stress required for yield. Decreasing
the temperature increases the formation of microcracks to the point
where brittle fracture results with very little plastic flow. Wessel
also postulated that the ductile-brittle transition temperature might
be lowered by reducing the grain size in the metal, since this would
minimize the possibility of large dislocation pile-ups., His theory
has been substantiated by the work of Basinski and Sieeswyk on
very fine-grained (20, 000 grains/mmz), high-purity iron.® And
later, Smith and Rutherford obtained similar results.”
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A second explanat!on of the yield-point phenomena has been formu-
lated by Cottrell." He suggests that the pre-yield strain is due to
premature ylelding in small localized regions of the specimen,
Because of this premature yielding, dislocations are released to
pile up against the grain boundaries. The stress in the adjacent
grain, resulting from this pile-up added to the external siress, is
sufficient to release the nearest dislocation; so the process con-
tinues as a chain reaction. Brittle fracture may result from the
rapid spreading of a microcrack at the head of a dislocation pile-up,
Cottrell points out, however, that this cannot be the only mechanism
that can cause failure, because brittle fracture does occur in single
crystals in which such dislocation pile-ups are very unlikely. He
therefore suggests that crack formation may result from the com-
bination of two dislocations in the absence of a plle up. _This could
result when two dislocations with Burgers vectors 5 [_Iﬂand [111]
gliding in the (101) and (101) planes, respectively, ul‘ a body- r.'entered cubic
lattice (a Is the lattice constant), combine with a lowering of elastic
energy at the lntersectlon of the planes to form another dislocation
with Burgers vectors 5 [001] which lies in the cleavage plane of the
crystal, This dislocation, acting as a wedge in the plane, will tend
to force the atoms apart to start a erack, When the stresses are
great enough, the crack will spread and cause brittle failure,

As shown in some of the work previcusly cited, metals with face-
centered cubic lattice structure do not exhibit ductile-brittle
transition, but do increase markedly in strength at low temperatures,
This Increase in strength, according to Rosenberg, results from the
hardening of the metal at low temperatures rather than an increase
in interatomic attraction forces,® Current theories attribute this
hardening to the introduction of obstacles that limit the motion of
dislocations, To explain the phenomenon, Rosenberg utilizes the
tensile stress-strain curves shown in Figure 2.

10
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Figure 2  Stress-strain Curves
for a Face-centered
Cubic Single Crystal
at Various Temper-
atures

STRESS —

STAGE I

|

STAGE [T

1
0 03
STRAN =

Each curve can be divided into three main sections, marked Stages

I, II, and III. Stage Iis the so-called easy-glide region, in which
very little hardening takes place. It occurs in crystals so oriented
that only one glide system operates under the applied stress. BStage

II is the region of rapid work-hardening, where the stress/strain
curve is linear. Stage IIl begins where this linear section of the
curve bends over to what is usually a parabolic form. Whereas
Stages I and II are not very temperature dependent, the stress at
which Stage III begins increases as lhe test temperature decreases,
During Stage 1, slip occurs on only one set of planes, Since there

are few obstacles to the movement of dislocations, they move a
considerable distance with the application of small external stresses.
As the end of Stage I is approached, slip and dislocations are generated
on other sets of glide planes. Some of these dislocations will eross
the primary glide plane and combine with dislocations on that plane

to form what Rosenberg terms sessile dislocations.” These sessile
dislocations are common to two intersecting slip planes; consequently,
they act as obstacles to the movement of the dislocations in the pri-
mary glide plane, These tend to pile up behind the sessile, with the

11
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result that as the deformation proceeds more obstacles are formed
and the number of pile-ups increases, causing the stress required

to continue the deformation to increase rapidly. These phenomena
will produce a linear stress/strain curve that is independent of
temperature, as shown in Stage II, Figure 2, Polycrystalline
materials in which single slip cannot cccur because of constraints on
the crystallites produce stress/strain curves in which Stage 1 is
absent,

The decrease in rate of hardening shown in Stage III is believed to
result from the fact that, at higher stresses, the dislocations at

the head of the pile-ups avoid the sessiles by cross-slip onto ad-
jacent planes that are free of obstacles. Since a glven amount of
energy ie required to activate the cross-slip, at higher temperatures
the thermal energy of the crystal lattice will reduce the external
stress demand, This explains the temperature dependency for

Stage III shown in Figure 2. '

In summary, it must first be stated that the tensile strength of a
metal is dependent on ductility and work-hardening characteristics.
Except for the body-centered cubic crystal structures, which exhibit
a ductile-brittle transition point, the ductility remains fairly con-
stant as the temperature is reduced. These materials follow the
general trend until this transition is reached. Since most metals
fracture when they are in Stage III, greater stresses must be
applied at the ilower temperatures to produce fracture., This
accounts for the observed increase in tensile strength at the lower
temperatures. A contributing factor to this temperature dependence
is the fact that for dislocations to move in a slip plane they must

cut through the many dislocations that intersect that plane, Thermal
activity within the crystal contributes to this movement; consequently,
with lower temperatures, the accompanying thermal energy is less-
ened and a greater external stress is required to produce rupture,
This phenomenon should be more pronounced in polycrystalline
materials than in single crystals, because of the greater number

of obstacles.
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One other phenomenon has been observed in siress/strain curves
resulting from low-temperature tensile tests. These curves con-
tain serrations, although tests on the same materials at higher
temperatures produce smooth curves, Blewitl, Coltman, and
Redmond atiribute this phenomenon in copper single crystals to
twinning, the presence of which they confirmed by X-ray diffraction
experiments.” They do show, however, that it is only for certain
orientations that twinning occurs. This indicates that the serrations
are not necessarily due to twinning. Other investigators have sug-
gested that the serrations arc caused by local heating within the
specimen, but experiments performed to confirm this hypothesis are
not entirely conclusive. Rosenberg suggests thal another plausible
explanation for discontinuous slip at low temperatures may be local
yielding in which a few dislocation pile-ups break through their
barriers;’ at higher temperatures, this wouid be accomplished

with the aid of the thermal activity within the crystal,

2.1,2 Fatipue Properties

The first experiments on the fatigue properties of metals at low
temperatures were reported by Fontana and co-workers on aluminum
alloys, magnesium alloys, stainless steels, titanium, and titanium
alloys, " '™ "™  The results show that at 138°R the fatigue life at a
glven alternating stress was about ten times the life at room tem-
perature. Tests at 349°R gave intermedinte curves, and Lensile tests
on the same materinls at these temperatures correlated very favor-
ably with the fatigue tests. The effect of temperature on notched
specimens was much less than on unnotehed ones.

McCammon and Rosenberg,’ in work on pure copper, silver, gold,
aluminum, cadmium, and magnesium, confirmed the results of
Fontana's group, Thelr work extended to 7, 6°R, and they found

that increases in (atigue and tensile strengths increased in the same
ratio from room temperature to lquid helium temperature, Between
room temperature and 7,6°R the fatigue life of aluminum under a
given alternating stress increased by a factor of approximately 107.
Experiments were nlso conducted on zine and iron {body-centered
cubic crystal structures). Their low-temperature brittle fracture
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characteristic was reflected in their fatigue behavior., Below the
brittle-ductile transition temperature, there was a very narrow
stress range where fatigue failure occurred, Below this stress
range, the metal never failed; above, it broke immediately.

Rosenberg cxplains the correspondence between fatigue and tensile
data by assuming that & small fatigue crack has been formed and

that for failure to occur this crack must spread.’ The theory of

the spread of such a crack assumes that the fracture sirese must

be attained at the tip of the crack so that the metal will yield and
increase the length of the crack, U, as the temperature is decreased,
the fracture stress increases (it behaves similarly to tensile strength),
then for the crack to spread at a given rate, the applied stress must
be increased in the same proportion as was the fracture stress,

The fact that fatigue failure occurs in a normal manner even at

7. 6°R throws some light on which processes are not possible for

the original formation of the [atigue crack, Many theories postulate
some diffusion mechanism for the formation of the microcrack; for
example, the agglomeration of vacancies produced during the slip.
Others suggest that a corrosion process is required. It is highly
unlikely that processes of this nature can occur at liquid helium
temperatures. The most plausible mode of crack formation appears
to be purely geometrical inieraction of dislocations or slip planes.

In explaining the small extrusions and intrusions observed on copper
when it was fatigued al temperatures Irom room temperature down to
7.6°R, Cottrell and Hull show that if there are two Intersecting slip
planes, one of which is activated before the other, it is possible to
obtain small extrusions and intrusions on the surface of the specimen
purely by geometrical interaction,”® This could represent the begin-
ning of faligue cracks, It must be emphasized, however, that
although diffusion or corrosion mechanisms seem very unlikely in
low-temperature fatigue, they may he present at higher temperatures;
but they are not essential (o the formation of the fatigue crack.

Evidence is beginning to accumulate that indicates the cold work
introduced intc a metal when it is fatigued is different from that
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produced in a metal during unidirectional extension, It appears

that fatigue work hardening results from the formation of point
defects. Experiments by Broom and Ham have shown that accord-
ing to stress/strain curves taken at 162°R and at 527°R after a
specimen has been cold-worked at room temperature either by
fatigue or by tension, the flow stress of the specimen is much more
temperature-dependent for the fatipued specimens than for the ex-
tended specimens,' They suggest that this may be becausc the
fatigue hardening resulted from interactions of dislocations with
point defects, and these would tend to be more maobile at room tem-
perature, Such point defects might be expected to result from
fatigue hardening, since large dislocation movements are unlikely
under these conditions, Certain processes that are activated by
fatigue can be quenched if the fatiguing is done at 162°R. Ii a

metal is sirained at a given stress and then fatigued at a lower
stress leve!, considerable softening of the metal occurs. Pre-
sumably this process involves the production and movement of

point defects, which tend to unlock the dislocations and cause a soften-
ing of the metal, This process is practically eliminated and very
little softening is ohscrved when the fatiguing is conducted at 162°R,
In some work reported by Broom and co-workers on aluminum
alloys, this was demonstrated by the fact that at room temperature
the fully hardened and the initially overaged specimens gave similar
fatigue curves, indicating that the fully hardened material had become
overaged during futiguing." In tests at 1629R, the overaging during
fatigue was inhibited, with the result that the fatigue characteristics
of the fully hardened metal were much better than those of the over-
aged samples.

2,1.3 Creep Propertics

Investigations of the crecp characteristics of motals show thai the
phenomena are extremcly lemperature-dependent. For a given load,
the amount of ereep increases with temperature, One explanation

of this relationship is that thermal activation supplied by higher
temperatures is required to overcome barriers that block the move-
ment of dislocations, thus permitling further slip (creep) to occur,
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At temperatures in the 1629R range, it has been found that the ex-
tension E = AT log Vt, where A and V are constants, { is the time

of load application, and T is the absolute temperature of the specimen.
Thus, the extension is proportional to the absolute temperature. The
theory explaining these phenomena is called the "exhaustion theory."
It assumes that within the metal there are minute areas of varying
degrees of softness, These soft spots require additional stress or
thermal activation to produce yield. They exist in a range requiring
different activation energies; consequently, those with lower energy
requirements will yleld quickly, leaving the ones with higher energles
still awaiting activation. The theory also assumes that once a soft
spot has yielded and slip has occurred, it cannot be activated again,
Hence, with time the supply of soft spots becomes exhausted, with a
corresponding decrease in creep rate, This situation lends itself to
the derivation of a logrithmic creep law, and a theoretical express-
ion for the value of A in terms of the slope of the static stress/strain
curve of the specimen, In this manner, theory and experiment may
be compared, Wyatt performed such experiments at temperatures

in the 140°R range and found that the creep is proportional to tem-
perature.® In 1930, Meissner, Polanyi, and Schmid measured the
creep of cadmium crystals at liquid helium temperatures.'”” Their
results showed creep extensions of the order of a few tenths of 2
percent at 2. 2°R, It was, however, of the same order of magnitude
as they found at 7. 6°R. Thesc results did not agree with the theory
which,if applicable at these temperatures, would have indicated con-
siderable difference in creep at the two temperatures, Glen repeated
the experiments and confirmed the earlier results,”™ He showed that
the value of A calculated from his stress/strain curves is not in
agreement with the valuc of A calculated from stress/strain curves
on the same material at higher temperatures (138 and 162°R), At
the tower temperatures, the creep is 10 times that expected from
theory. This indicates that this theory is not valid in the near
absolute zero temparature region. Glen suggests that at these low
temperatures the soft spots may be activated by the quantum-mechan-
ical tunnel effect, If there is a potential barrier retarding the slip

of a soft spot, even without thermal activation, there is a finite
probability that the barrier may be overcome., This probability can
be calculated with quantum mechanics. The calculations of Mott
indicate that, in the liquid helium temperature range, most if not

all of the activation is caused by the tunnel effect,”
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2.2 RADIATION EFFECTS

Many authors have discussed the mechanisms by which neutron
irradiation affects the properties of metals, Dienes has summarized
these phenomena in the following manner: the interaction of high-
energy radiation with matter introduce several types of disturbances
(crystalline defects and radiation-induced processes) which affect
the properties of the solid.”® Thesc disturbances are vacancies,
interstitial atoms, lhermul spikes, impurity atoms, ionization
effects, displacement spikes, replacement collisions, crowdions,
and dislocations.

In discussing radiation cffects in metals and alloys, Billington

states thal onc of the mosl important factors governing the behavior
of metals under irradiation is the temperature of irradiation,” Other
important variables are melting point, crystal structure, prior
thermal and mechanical history, radiation environment, neutron flux,
and the property being studied.

The temperature of irradiation is important since it exerts con-
siderable influence on the mobility of induced defects that in turn
affect the production of secondary effects. The irradiation effects
observed are related both to the melling point of the material and

to the temperature of irradiation, As a rough approximation, at
temperatures somewhat above half of the absolute melting point,
many solid state reactions will proceed at an appreciable rate, The
annealing as well as the production of defects is closely allied with
this relationship.

The crystal structure provides an indication of some physical pro-
perty changes that may be expected to resull from irradiation. For
ingtance, hody-centered cubic materials, such as iron and carbon
steel, that exhibit low-impact strength at room temperature and a
sensitivity to notch embrittlement, show an incrcased weakness

in regard to these properties under neutron irradiation. Conversely,
face-centered cuble metals, such as aluminum alloys and stainless
steels, do not exhibit brittle fracture under irradiation, although
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they do suffer some loss in ductility. Uranium and graphite are

good examples of anisotrophy in crystal structure. The relationship
between crystal structure and these properties is insufficiently under-
stood to permit broad generalizations in regard to radiation behavior,
but it is recognized as being a factor of some importance,

Billington states that the importance of neutron flux as an important
variable has been demonstrated in a few instances, but lack of suitable
reactor conditions has prevented comprehensive studies in all areas
of interest™ The question of whether the total dose of radiation or

the rate of irradiation is the more important factor in radiation
damage to metals has not been resolved.

Billington also states that some mechanical properties of metals are
more affected by radiation than others; furthermore, a khowledge

of the unirradiated state is often not a good criterion for estimating
the relative behavior of various properties under irradiation, -

All metals and alloys examined have shown substantial increases in
mechanical properties under appropriate conditions of irradiation.
The chemical composition and the prior thermal and mechanical
history of the metal or alloy greatly affect radiation damage observed,
The chemical composition may exert a strong influence, particularly
oh post-irradiation annealing kinetics, at low temperatures, It may
also influence radiation-induced changes in such properties as
internal friction and apparcnt elastic constants,” The effects of
irradiation on high-purity aluminum have been found to be much

less than on impure aluminum, If a metal i{s only slightly alloyed,
more pronounced effects are produced, even for a room-temperature
irradiation,”?  The introduction of a very small number of im-
purity aloms may contribute to the production of a concentration of
‘crowdion effects to which certain annealing phenomena are attributed.
Consequently, for radiation effects studies on metals and alloys to
provide true pictures of the phenomena they investigate, the chemical
analysis of the materials studied must be exact and include the minor
Impurities as well as the major alloying elements,
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The {initial condition of a metal has been shown to exert considerable
influence on the effect of irradiation.” *™** Annealed metals exhibit
significantly greater changes than those in an initially hardened
state when irradjated, Although the exception rather than the rule,
there have been instances in which mechanical property values have
decreased as a result of irradiation. Makin and Minter observed
this phenomenon on the yield strength of specimens of heavily cold-
worked zirconium.’ Ultimate tensile strength is increased by
irradiation, but to a lesser extent than tensile yield strength,” A
comparison of typical increases, after irradiation, in tensile ulti-
mate and tensile yield strengths of several metals and alloys is
given in the foilowing tabulation?®

Tensile Strength Psi YS/US
MATERIAL YIELD ULTIMATE PRE- POST-
28 H14 Aluminum 4+ 5,000 + 7,000 0.90 0,85
280 Aluminum + 10,000 + 9,000 0,51 0,65
High Purity Iron + 13,000 1,000 0.50 0,84

Normalized Carbon Steel  + 43,000 + 22, 000 0,67 0,96
Hardened & Tempered

Alloy Steel + 43, 000 + 34, 000 0.93 0.98
Austenitic Stainless Steel + 60,000 + 17,000 0.38 0.84
Titanium, Commercial )

T5A + 42,000 + 23, 000 0.75 0.958
High Purity Zirconium + 18, 000 + 3,000 0.33 0.73

The yield strength elfects in steels appear to be more sensitive to

the temperature of irradiation than changes in ultimate strength,

A result of large integrated doses of fast neutrons is a loss

of ductility, Carbon stecls and beryllium exhibit considerable
sensitivity in this respect. In low-carbon steels, which are body-
centered cubic in crystal structure, the major loss of ductility

occurs in the uniform clongation prior to necking in tension tests,

Loss of impact strength in carbon steels becomes significant after
room-temperature exposures as low as 5 x 1018 n/em2, Accompanying
this phenomenon is an increase in the ductile-brittle {ransition temper-
ature.
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Faris reports that Berggren and Kernohan, at ORNL, observed
that an exposure of 2.5 x 1019 n/cm? at 581°R caused the transition
temperature of a pressure vessel steel to rise from 437°R to 581°R
Sutton and Leeser have reported similar results.”’And Wiison and
Billington reported that samples of high-purity irons and steels
with high sulphur and phosphorus content are more susceptible to
radiation embrittiement than pure iron and high-quality steels,®
Since the effects of irradiation on tensile properties, impact
strength, and ductile-brittle transition temperature are sensitive
to irradiation temperature, irradiations and radiation effects
measurements should be conducted at the temperatures of interest.

Most creep experiments on polycrystalline metals have shown no
strong effects of irradiation, Jones, Munro, and Hancock found
only nominal change in creep rate in aluminum after irradiation
with fast neutrons® Jeppson, et al, in creep experiments on
cyclotron irradiated aluminum and copper, found similar effects.®
Wilson and Billington reported a slight increase in the ereep rate
of stainless steel under irradiation. Faris summarized various
radiation creep investigations by reporting no significant effect of
neutron irradiation for aluminum at 1121°R, constantan at 1031°R,
or nickel at 1751°R; and a slight increase in creep in austenitic
stainless steel at temperatures above 1859°R, with a decrease at
lower temperatures.’

The absorption of neutrons by nuclei often results in the formation

of a chemically new specles of atoms. The concentration of impurity

atoms that are so formed is increased so slowly that their effect on
commercial alloys will largely be overshadowed by the impurities
that are initially present., The effects become metallurgically im-
portant when the transmuted atoms are highly insoluble.*® Embrit-
tlement may occur and, in addition, some atoms tend to separate
out in a gaseous form, since rare-gas atoms are a fairly common
product of nuclear reactions,
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2.3 ANNEALING

The preceding discussion has shown thal the mechanical properties
of metals and alloys are greatly influcnced by the type, concentration,
and distribution of defecis in the solid state. The effecis on the
property resulits from the presence or abscence of the defects, and

it is not dependent on the mechanism by which they are produced, =
Since the advent of nuclear radiation as a teol for investigation of

the solid state, many studies have utilized it to produce defects so
that anncaling characteristics could be determined, Consequently,
most reported studies of solld-state defect annealing concern defects
produced by irradiation. Similar defects produced by thermal and
mechanical mechanisms, such as heat treatment or cold work,

would respond to annealing in the same manner,

Dienes and Vinevard state thal the defects produced by irradiation
are capable of moving about if the temperature is sufficiently high.
In this way, the elfect of irradiation is altered and may be com-
pletely anneuled out, In most common metals, defects are mobile
at temperatures as low as 54°R, and Cottrell reports that in high-
purity copper, after irradiation below 189R, with 1. 35 Mev electrons,
most of the electrical resistivity change anneals out by about 63°R.*
Thus it may be scen that annealing, even durlng irradiation, is the
rule rather than the exception, Consequently, studies of the effects
of irradiation on metals at eryogenic temperatures must be made at
the temperatures of interest. It is not enough that the irradiation

be performed at these temperatures: the test measurements must
also be made without permitting the specimen to be warmed.

At an international roundtable meeting held in 1958, various models
for the recavery of the physical property changes resulting from
tattlee defeets in metals induced by irradiation were discussed,

The defects considered were interstitial ntoms, di-interstitial,
interstitial agglomerate, vacaney, di-vacancy, vacancy agglomerate,
crowdlon, spike or zone, dislocation, close pair, and impurity trap.
A schematic representation of the recovery of a physical property
following low-tempe rature dumaglng treatment is presented in
Figure 3,
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Figure 3 Physical Property Recovery vs.
Temperature

Initlally, only interstitial atoms, vacant lattice sites, and dis-
locations were considered adequate to explain the observed phe-
nomena, As more recovery stages were identified and their
detailed character examined, the inclusion of more complex effects
were required in the explanation, Preliminary evidence indicates
that in copper, Stage 1 recovery following neutron irradiation
begine as low as 14°R. The mechanism for recovery in the lower
temperature substages of Stage I is thought to be close-pair re-
combination, Complete agreement has not been reached on the
recovery processes for the higher temperature portions of this
stage, The simplest interpretation is that the interstitials undergo
free migration. Some data indicate that many interstitials are
trapped by impurity atoms or dislocations, thereby leaving an
equal number of vacancies that have not been annihilated,

Based primarily on internal friction measurements after plastic
deformation, the recovery processes in Stage II have tentatively
been attributed to the migration of small vacancy or interstitial
agglomerates,
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Considerable disagreement exists umong the investigators con-
cerning the interpretation of the recovery phenomena of Stage III.

It is possible that either Stage III or the higher substages of Stage I
are to be assoclated with static crowdion migration, the other being
associated with interstitial migration. Although there are some
objections to this interpretation, it does fuifill an important require-
ment imposed by data on lattice parameter and density measurements
following deuteron irradiation. Another possibility is that Stage III
is associated with vacancy migration.

Active recovery mechanisms for Stage IV are also a subject of con-
troversy. Some investigators think that the vacancy migration
mentioned as a possibility for Stage ITI is the mechanism prevalent
in Stage IV, Others think that Stage IV annealing must be explained
in terms of a more complex defect, They do not, however, define
the defect.

There appears to be universal agreement that anncaling in Stage V
is accomplished through recrystaliation with the reduction of the
dislocation concentration.

Dienes and Vinyard summarize by stating that the anncaling behavior
of irradiated substances is complicated and not yet well understood
in even favorable cases. A number of hypotheses have been put
forward, but no single interpretation has proved to be entirely satis-
factory.

Results of annealing experiments on metals cold-worked helow 36°R
have disclosed an absence of the annealing that has been ohserved

in the 54-81°R range in radiation damaged specimens, although
other processes are present, including one with an activation energy
of 0.7 ev, When these results arc interpreted according to Huntington's
theoretical values of 1,4 ev for the formation of a vacancy and ap-
proximately 4.5 ev for an interstitial, they indicate that cold work
produces vacancies and not interstitials, whercas irradiation produces
both, These data also indicate that the annealing observed in the
54-81°R range results from some type of migration of interstitials
with vacancy migration,

23

CONFIDENTIAL




24

CONFIDENTIAL

Blewitt and his coworkers at QRNL deduccd that the effects of
structural and chemical defects on the low-temperature anpealing
processes are quite significant. W They report that in high-purity
copper, annealing peaks exist in the ranges 50-90°R, 414-486°R,
and 1026-1206°R, with a steady decrease in radiation-induced re-
sistivity in the temperature range 90-414°R. Similar results were
observed for high-purity aluminum and nickel. The temperature-
annealing kinetics of copper alloyed with minor amounts of smaller
and larger atoms were studied to test the validity of the crowdion
interstitlalcy process, the effect of dislocation density, and the
density of radiation-induced defects on the annealing spectrum. In
the crowdion Interstitialcy process, displaced atoms are constrained
to migrate in a line, with movement being blocked with either a
large or small atom,

McReynolds found that two-thirds of the radiation-induced resistivity
in copper was annealed out in the range 347-527°R, with an activation
energy of approximately 0.6 ev and no decrease in critical shear
stress.*” At 1067°R, both cffects were annealed with 2.0 ev acti-
vation energy. In aluminum, both effects were completely annealed
at 383°R with 0, 55 ev energy.

Broom summarizes the results of annealing experiments with the
following comments:

"There are conflicting ideas as to the recovery mechanisms . ., .
The outstanding thing about all experiments is the amount of
damage which can be annealed below room temperature , . .
Release of stored energy in the temperature range of resistivity
recovery glves values so small that interstitinl mechanisms
appear unlikely, "
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3. TEST PROGRAM

This section is devoted to a discussion of Lockheed’s proposed test
program.  Thac fivst step, the general approach employed, presents
the philosophy estublisied to provide the desired design data,  Next,
tic methads of performing the tesis are presented.  Following this,
the test machines and ervostats are deseribed.  And finally, the
two-part Lest program is ontlined,  The entire program is ampli-
fied in Tables I through XIT in Appendix A, heginning on page

3.1 APPROACH

The survey of the present state of the art in the lield of the effects
of nuclenr radiation and ervogenic temperatures on the mechanical
properties of engincering materials, presented in Section 2, sub-
stantiales tie need for a comprehensive testing program to provide
nuelear missile engineers with relinble design data on the con-
struciion materials that must eperate in these combined environ-
ments.  Binee the data in Section 2 show that metals exhibiting
body-centered cubie erystal structure are subject to severe em-
brittlement at ervogenic temperatures below the ductile~brittie
Lransition temperature and that nuclear irradiation usually raises
this transition temperature, metals of this type may justifiably be
climinated [rom the test program to aveid unnecessary testing.

The program outlined herein is designed to produce, at minimum
cost, reliable engineering design data for a limited number of
materials lfor applications in combined cryogenic and radiation
atmospheres specified in NASA RFQ HS-2256. Programs for the
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evaluation of additional materials and for the evaluation of com-
ponenta can be more efficienily planned through consideration of
the results obtained in this initial program.

The proposed program consists of two parts. In Part I, screening
tests will be conducted to reduce the number of materials that will
be subjected to comprehensive tests in Part II,

In the selection of the materials to be evaluated and the specific
physical and mechanical properties needed to provide engineering
design data, the suggestions presented by NASA, in RFQ HS-225,
and the results of the preliminary analysis were utilized,

A number of decislons that are Incorporated into this proposal are
based on the recommendations of the missile desipgn engineers of
Lockheed Missile and Space Division, Among these are the following:

® Adding a buckling test on a limited number of specimens

® Making an additional measurement during a tensile test
to permit the determination of Poisson's ra}io, which is needed
for the calculation of discontinuity stresses

® Testing of 50562, rather than 7075, aluminum alloy because of
the relative sensitivity of the two materials to notch effects®

The screening tests wiil probably eliminate the 400-series stainless
steel alloys for pump applications, as these alloys undergo a very
large loss in ductility at temperatures approaching 36°R. They will,
however, be acceptable at temperatures beginning at about 100°R,

The turbine materials have been omitted from this program because
the turbine is in contact with gases at cryogenic temperatures for
only a few seconds, and during this time it is not subjected to sig-
nificant doses of radlation. To furnish significant data for use in
nuclear missile design, tests of these materials should consist of
thermal shock from the temperature of liquid hydrogen to the
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temperature of the operating gas from the reactor recycle followed
by irradiation and the determination of pertinent mechanical prop-
erties at the temperature of the hot gas, This is outside the scope
of this proposal, as specified in NASA RFQ HS-225,

Tests of the shield materials have not been included because these
materials will not be suhjected to cryogenic temperatures with the
possible exception that, in some designs, the hydrogen fnlet to the
reactor may penetrate the shield, Mechanical property data for

the use of these materials as radiation shields under other than
cryogenic conditions have been accumulated during the many mate-
rials programs conducted or sponsored by the AEC and the military
agencies for the ANP and related projects, Among the materials
listed in RFQ H5-225 for shield applicetions, only one, lithium
hydride, requires canning to prevent excessive decomposition.
Some of the materjals that could be used for canning will be evaluated
in this program for applications in other components,

Since the scope of this study is limited to an evaluation of the char-
acteriatics of baslc structural materials, problems related to
fabrication methods such as welding (which would change the hard-
ness characteristics of the metals, thus affecting their mechanical
properties) should be consldered in a follow-on program devoted to
fabrication and manufacturing problems,

The temperature of liquid hydrogen, 36°R, has been selected as
the mintmum temperature at which tests will be conducted. This
temperature was selected primarily because it corresponds to the
minimum temperature for applications in a nuclear missile and
because testing at lower temperatures would add significantly to
the cost of the program, Tests at either higher or lower tempera-
tures would not produce data valid for the properties of materials
at 36°R, because a significant amount of annealing occurs even at
these low temperatnres., These phenomena are discussed In
Section 2. 3 und on page 20 of Section 2, 2.
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In this proposed program, mechanicai property determinations on
irradiated specimens will be made at the irradiation temperature
with no interim heating of the specimen since annealing of lattice
defects is temperature sensitive, as discussed in Section 2.3. To
prevent annealing due te temperature changes between irradiation
and testing, which would produce erroneous data, mechanical prop-
erty measurements will be conducted in the cryostat in which the
specimen is irradiated. These tests will be made without removing
the cryostat from ita position in the beam hole, except for fatigue
and creep measurements. To conserve reactor time and to permit
accurate correlation of these property values with integrated
{rradiation dose, the cryostat wiil be removed from the reactor
after Irradiation and positioned in the pool for the tests. Another
cryosiat can then be positioned in the beam hole and, as shown in
Section 4, the refrigeration system will cool two cryostats at once,
one in the pool and one in the beam hole being irradiated. This will
be accomplished without changing the temperature of the specimen.

The proposed cryogenic system to be installed at the Plumbrook
facility provides for simultaneously maintaining a specimen tem-
perature of 36°R in one cryostat under irradiation and in one other
cryostat outside the reactor. This will permit the testing arrange-
ment described above, Tests can be conducted in as many as four
cryostats at one time when no Irradiation is in progress.

Several factors contributed to minimizing the refrigeration capacity
requirements. One of these is the use of minlaturized test specimens
and equipment, Special test machines for determining the properties
of interest In a cryostat under irradiation will be designed, con-
structed, and calibrated. Conceptual designs of some of this test
equipment are included in Section 4 of this proposal, Test specimens
will be minlaturized, as required, to conform to the limitations im-
posed by the gamma heating. This gamma heating limits the mass

of material (which includes both test specimen and test apparatus)
that can be cooled to eryogenic temperatures.
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Another factor that reduces the cooling requirements and also
simplifies handling problems is the use of special gamma and
thermal -neutron shiclds within the beam hole. By reducing the
incident gamma rays generated within the reactor and eliminating

the greater part of the thermal neutrons that would generate gamma
rays within the ¢rvostat and its contents, the gamma heat to be re-
moved will be reduced by a factor of ten from that which would be
generated without the shield. Another desirable result of using

this shicld is that the operation of the reactor will not be perturbed
when cryostats are inserted or removed, as discussed in Section 4, 3.

Those parts of this program that do not involve irradiation will be
accomplished at the Georgia Nuclear Laboratories. The necessary
refrigeration equipment will be avatlable at the Georgia Nuclear
Laboratories to perform the cold tests, This will permit calibration
of lest equipment, development of test methods, and the accumulation
of hasic cryogenic data before the Plumbrook facility is available for
irradiation testing.

The various tests specified In this program were selected to provide
the nuclear missile design engineer with the engineering data re-
quired for nuclear missile design, The state-of-the-art survey
discussed in Section 2 indicates that drastic changes in the values
of these properties occur at cryogenic temperatures, In Section 2, 2,
radiation is shown to excrt its influence nlso. In some instances,
the effect of the two environments is additive; in others (creep, for
example) the opposite trend is sometimes in evidence, The inter-
action of the two factors and the exact values for such propertics as
tensile strength, tensile yield strength, etongation, Poisson's ratio,
fatigue, creep, notch strength, tensile impacet, buckling, and wear
will be determined for a Hmited number of materials,

In addition to the engincering tests, certain fundamental measure-
ments -- resistivity and stored energy -- arc listed. These later
tests will determine the temperatures above 36°R at which mechan-
ical properties will be determined, as discussed in Section 1, 2, 2,
They will serve as a means for extrapolating limited enrincering
data,
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3.2 TEST DESCRIPTIONS

The test program is designed primarily to provide engineering
design data on commercial-quality improved alloys under the
simultaneous conditions of nuclear radiation, cryogenic tempera-
ture, and stress. Hardenable either by heat treatment or cold
work, high strength-to-weight ratio alloys will be carefully
evaluated to provide critical design data on combined effects as
required by the NASA, In addition, wear and endurance data on
typical seal and bearing materials will be obtained.

Work will be performed at the Nuclear Laboratory Division facility
and at the NASA Plumbrook facility by personnel of the Lockheed
Nuclear Products, with assistance from the Engineering Research
and Development Division and the Mathematical Analysis Depart-
ment of the Lockheed Georgia Division and the Lockheed Missile
and Space Division,

Since certain limlitations are imposed by the test environments --
cryogenic temperatures and irradiation -- modifications of con-
ventional methods to permit testing in the specialized equipment
described rn Section 3. 3 will be necessary,

3,2.1 Engincering Properties Tests

The engineering properties of nonirradiated specimens at room
temperature and at the cryogenic temperatures are listed in Tables I,
I, and Il in Appendix A, The values for these properties will also

be determined on irradiated specimens under the same conditions,

The following scquence of operations is the typicai procedure for
testing irradiated specimens,

a, Load sample into cryostat and check instrumentation.

b. Seal cryostat and evacuate air to 0, 5 mm or less.
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Purge cryostat with room-temperature hellum at
1 atmosphere.

Evacuate cryostat, flush with heiium at least three
times, charge with warm helium, and close valves.

Connect cryostat to helium refrigeration manifold.

Evacuate between valves and start refrigeration to
cool test chamber.

Position cryostat in reactor beam hole.

Adjust refrigeration to provide temperature; wait
for equilibrium.

Expose the sample until it has received the specified
irradiation . . .

@ For tests other than fatigue and creep, perform
the teat.

@ For fatipue nnd creep tests, remove the cryostat
from the reactor, position il in pool, perform
the test.

Disconncet cryostat from refrigeration source, place
in shielded cask, transport it to hot cell.

Replace with a second cryostat, previously connected
to common manifold and conditioned for test.

3.2,1.1 Tenslile

The tensile test cryostat will be specially designed by Lockheed
Nuclear Products and Arthur D, Litile, Inc,, Lo be operable
within a horizontal heam holc of the Plumbrook Reactor Facility.
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The operating characteristics of the tensile test cryostat will
simulate those of a standard tensile test machine, “-4*  They
will be 1imited only by the accuracy of the sensing elements such
as load cells, microformers, and strain gages operating within
the environment of cryogenic temperature and radiation, Tran-
ducers least likely to be affected by radiation rate or total dose
will be selected, (A more complete summary of tranducers and
instrumentation is presented in Section 3. 3. 4.)

Thermocouples will be attached to the reduced section of the
specimen to maintain a constant record of temperature level and
gradient throughout the testing period. Tests will be conducted
at various temperatures and doses as indicated in Table IV.
Speé:imen temperature at any one point will be controlied within
/ 2°R.

All sensing, indicating, and recording devices will be calibrated

periodically throughout the program. Typical flat and round test
specimens for the tensile stress-strain and notch sensitivity pro-
perties are shown in Figures 4 and 5,

All tensile data will be presented in detail, The test parameters
to be measured are as follows:;

Tensile yield strength
Ultimate tensile strength
Percentage of elongation
Reduction in area
Poisson's ratio

Young's modulus

Ultimate tensile strength will be calculated from the maximum
load during a tension test and the original cross-sectional area
of the specimen.

UTS (psi) = load, max, (pounds)
original crosa sectional area (sq in.)

CONFIDENTIAL



Flas" DIA.

=)

l—»———LGAGE LENGTH

ROD
J-T
-

—.250"
:{ _——

SHEET

FIGURE 4 TENSILE TEST SPECIMENS




o)

60° = 2

125 DIA. — — 105" DIA.
— Il

L1 |
I T

l*— -l-GAGE LENGTH

e

%\\ ROD
006 +003" R

TYP. _FOR NOTCH

;mT
f'

el

Y 60° - 2

*-"%'-s__,__.l

l _ 178"
250

FIGURE 5 TENSILE TEST SPECIMENS —~ NOTCH SENSITIVITY




e

CONFIDENTIAL

Yield strength will be expressed in termes of the stress corre-
sponding to permanent strain.

YS (psi) = load (0. 2% strain offset, pounds)
original cross sectional area (sq in.)

Poisson's ratio will be calculated from the absolute vaiue of the
ratio of transverse strain to the corresponding axial strain under
uniform stress, below the proportional limit.

Percentage of elongation will be taken as the percentage increase
in gage length of the tensile test specimen.

Percentage of elongation = final gage length - original gage length y ;g0

original gage length
Reduction of area will be measured as a function of stress.

3.2,1.2 Tensile Notch Sirength

The notch strength of flat and round specimens will be determined
by using the tensile test cryostat.

Each test specimen will be notched with a 60° £ 1/2° groove as
shown in Figure 5. Table V lists the materials for test.)

A constant speed of jaw separation will be used for this portion of
the test and will be identical to the speed used for unnotched ten-
sile specimens.

The speed of testing has been found in some materials at low
temperatures to affect the notch strength. It will be consistent
with the purpose of the first phase to test for each material one
or two samples at higher speeds than those normally used for
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tensile testing, but still within the range of a conventionul tensfle
machine, However, a thorough study of the effects of testing
speed on the strength of alloys at cryogenic temperatures and
radiation is recommended for a later period,

3.2.1.3 Tensile Impact

In this test, the tensile load required for failure will be applied
to the specimenin approximately 10 milliseconds, which is much
beyond the maximum rate of loading allowable in most tensile test
machines. The purpose of this special test {8 to determine the
effects of rates of loading approaching impact,

Specimens may be either notched or unnotched, Notch geometry
and specimen size are identical to those used in tests described
in the previous paragraphs,

3.2.1.4 Tensile Shear

Empirical relations have been established between the shear
strength and the ultimate tensile strength for many ductile alloys.
Design engineers often use as the shear strength the value of 50
to 60% of the ultimate tensile strength for ductile materials.
Thecries of failure based on standard shear data are well corre-
lated with experimental values obtained in the laboratory and are
considered useful for the prediction of structural failure,

A relatively simple test that will simulate shear in a specially
designed specimen will be conducted to determine the following:

@ The application of the empirical relation of shear
strength and ultimated tensile strength at cryogenic
temperatures and under nuclear radiation.

@ The presence of abrupt discontinuities in the ultimate
tensile shear strength relationship.
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The shear test specimen design is shown in Figure 6 . The
cross sectional area of the test specimen is a rectangle 0, 250 £
0.010 inch times the thickness of the shect material. Shear
stress In psi will be calculated as the pounds of force required
to fail the test specimen divided by the cross sectional area as
described above,

3.2.1.5 Buckling

Associated with the increased use of pressure-vessel type struc-
ture in space vehicles 1s a greater dependenee on buckling cri-
teria.

The design of shell or wall structures with high buckling strength-
to-welght ratio calls for the use of hat, Z, and other cross sec-
tions,

Work by the NACA has helped to provide good correlation of ex-
perimental and theoretical data for sections of this type over a
wide range of temperatures. ***%*%** However, the spectrum
of tests at cryogenic temperatures under nuclear radiation has
not been investigated, Various shapes were correlated on the
same structural index curve,®®

The purpose of this portion of the test program is to evaluate a
typical cross section of interest to the space vehicle design
engineer and to provide needed data on the buckling strength of
shaped elements at cryogenic temperatures and under radiation,

A typical buckling test specimen is shown in Flgure 7 , and the
number and types of specimens required are listed in Table VL
Tests will be performed in the tensile test cryostat by the appli-
cation of a compressive load, The load in pounds required to
cause buckling will be recorded: temperature and total dose

will also be recorded for each specimen.

an
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3.2.1.6 Creep

This test measures the influence of irradiation on the generation
of dispersed microscopic "'soft spots” in the test samples, as
discussed in Section 2.1.3. This condition may give rise fo a
process comparable to creep when structures at constant stress
are exposed to nuclear radiation. The assessment of this
phenomenon for short-time ereep will be made in the tensile test
cryostat. Isostress plots will be made with strain and time as
the ordinate and absclssa, respectively, for irradiated and un-
irradiated test specimens.

A typical creep test is shown in Figure 8. Table VII lists the test
conditions and the number of test specimens required.

3.2.1,7 Fatlgue

In the design of advanced space vehicles and missiles, an ade-
quate supply of airframe materials that are resistant to long-
term repeated loads and short-term shock loads at low tempera~
ture and under irradiation is of utmost importance.

‘The purpose ol the bending fatigue test is to simulate the long-
term repeated loads imposed on parts of the space vehicle in
these environments, The technique of applying a resonant fre-
quency to the test specimen in tension will also be evaluated and
a test method selected.

An alternating amplitude of approximately 0.05 inch (peak to peak)
will be applied to the sample vibrating from 100 to 500 cycles per
sccond,

A stress level will be selected for each alloy so that the number
of cycles required for failure will be approximately 108 cycles,
which represents about one hour of cycling at 500 cycles.
Selection of 108 as the number of cycles and a single-stress
level for each alloy will reduce considerably the number of
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specimens required, but will still provide basic fatigue design
data for the engineer,

A latigue test specimen to be used is shown in Figure 8. A
final inspection of all surfaces of the specimens will be made at
25X prior to testing and will be in addition to the quality control
procedure described in Scetion 3.6 for test specimens.

For all [atigue tests, the sample will be irradiated at eryogenic tem-
peratures to the specified total dose in the fatigue test eryostat, With-
out changing the temperature, the eryostat will be removed from

the reactor and positiored on a test rack in the pool where the

fatigue testing will be eenducted. In this manner, the total dose
received by the specimen can be accurately measured,

All specimens will be tested as described in Section 3. 3. 2, by
applying magnetic excitation at resonance.

Table VNI lists the paramcters of the {atizue test and the
number of speeimens reguirved for cach parameter.

Tatizue data {or all of the allovs will be tabulated in terms of
the number of stress cycies endured, test temperature, and
amount of dosage for each of the alloys tested.

d.2,1.8 Wear

Wear tests for both buarings and seals are described in this
scction,

For a eareful evaluation of bearing desizn, axial and radial lond,
rotaling rate, temperature, and atmospiacre must all be con-
sidered,

Within the bearing assembly, the races, balls, retainers, and
lubricant play an Important part and selection is based on the
bearing task,
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Considerable work on bearing wear has been done by the NACA
and the Armed Forces® The alpha, Falex, and MacMillan testers
have been used in this application, 52.33

Figure 10 shows the test specimen configuration for bearing
wear and bearing hardness, and Table IX lists the material
combinations planned.

A modified MacMillan weur tester, incorporated in the Wear Test
Cryostat, will be used to wear combinations of ball and race material
and lubricants.

The end of the rotating shaft, fitted with a ring of the test mate-
rial, will be loaded in contact with a block of identical or diffe-
rent test material held stationary, A thermocouple will be in-
serted in the stationary block to indicate temperature.

As the material wears, the torqgue in the shaft increases. At

a preset value of torque, the motor is stopped and the run is
completed. This type of test provides a qualitative method of
comparing bearing materials and lubricants, based on wear, run
time, and load.

It is to be emphasized here that for these tests helium gas rather
than hydrogen will be in contact with the bearing material. For
a full-scale program the cffect of a near vacuum, hydrogen, or
other atmosphercs on bearings should be considered. A eritical
evaluation of the method to provide the recommended atmosphere
at cryogenic temperatures will he needed.

The ability of a rotary face seal, reciprocating seal, or static
spring seal to perform its function on a space vehicle depends
in part upon the materials ([rom which the seal components —-
such as the face, seal, and bellows -- are fabricated.

Of equal importance in job-rated quality is the seal configuration

under the combined environment of stress, temperature, and
radiation,
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The engineering tests described below are designed to impose
upon the seal assembly the type of stresses it will receive in
servico.

Cambinations of face seal and rotating shaft face material will
include austenitic 304, 17-7 Pil, and 440 martensitic stainless
stecls, ecramic, and amorphous and graphitic carbon impreg-
nited with barium fluoride or cadmium lodide.

AMolvhdenum disulfide and other coatings will be evaluated for use
between the fnee mualerial and the rotating member. Figure 10
shows the seal test specimen configuration.  Tables 11 and X list
the test conditions and the combinations of seal, rotating surface,
bellows, and coating materiuls,

In measuring wear, the wear test cryostat will be used; and a test
block of the seal material equipped with a thermocouple will be
touded agninst the rotating edge of the face material, Some of
the test runs will feature couted face and block material. Wear
will be reported as a loss in weight of the seal material as a
function of run time, scal load, temperature, and total dose,

Coating tailure on cither the rotating member or the stationary
block will be determined by a sharp increase in temperature as
sensed by the thermocouple and will be correlated to run time,
load, temperature, and dose,

3.2.1.9 HARDNESS

After reaching temperature equilibrium and recelving the re-
quired integrated dose,the surface of the test apecimen will be
indented by a Rockwell type of indentor while In pile. The
volume of the indentation or {ts surface area will be related to
the hardness of the material,

Calibration curves will he established for the equipment through
using materials of known hardness at varying temperatures,
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Measurement of identation size will be made out-of pile. Dimen-
sional changes in the identation due to a possible measureable
difference between the temperature of testing and measuring will
be incorporated into the calibration, Thus, it will not materially
affect the data.

The indentor releasing mechanism will be designed to operate in

two stages; the application of a minor load, followed by the appii-
cation of o major load., The loading stage and related equipment

will be designed as an integral part of the tensile test cryostat,

3.2,1.10 Rellows Ductility

Tests will be run in the tensile test cryostat. The compressive
stress required to strain the bellows for finite increments of

strain will be recorded as a measure of ductility, Various tempera-
ture and irradiation combinations are specified in Table XI. A
load-strain plot will be made to show the relationship of strain,
stress, temperature, and integrated dose to bellows material.

Correlations will be made between the basic mechanical strength
properties and ductility of the bellows of the same material. A
typical bellows test specimen is shown in Figure 11,

3.2,1.11 Bellows Endurance

The tensile test cryostat will also be used to apply an aiternating
load in tension and compression to typical bellows configurations.
It will be placed in the beam hole until the sample has received
the specified radiation, then it will be removed and placed in the
pool for testing,

Cycling in the cryostat will continue until failure occurs,and the
number of cycles to failure will be recorded. An alternating
amplitude of stress will be applied to the bellows vibrating at
about 10 cps. Failure of the sealed pressurized bellows will be
detected by a change in pressure with the pressure sensing de-
vice located either inside the bellows or in the outer chamber.

47

CONFIDENTIAL




“‘J SECTION A-A

FIGURE 11 BELLOWS TEST SPECIMEN



CONFIDENTIAL

Amplitude of movement, temperature, number of cycles to failure,
and integrated dose will be recorded,

3.2,1.12 Rellows Torsion

The torsion transmitted to the bellows through the seal material
will be measured hy means of a torque sensitive device mounted
ni & part of the main shalt of the wear test eryostat. The Wear
Test Cryestat will be designed by Lockheed Nuclear Products and
Arthur D, Little, Ine., to run wear lesis on bearing as well as
zeal material ot ervogenic temperatures. A torque, alternating
in direction, will be transmitted to the bhellows test specimen until
falivre of the bellows occurs.

- Y

Lot tersion load ard the number of cyeles required to fail the
Bellows wiil be recerded, as well as the temperature and total

20202 Funcoamental Correlation Tests

Swoved enerpy and resistivity characteristies of alloys can be used
o esiablisn temperatures at wirieh major annealing effects occur
und to nrovide a basis for possible extrapolation of limited mechan-
ieal prosery dotg,

2.2, 2,1 Siered Energy Measurements

Storcd caersy will be measured as suggested by Coltman, Blewitt,
and Noggle of Ouk Ridge National Laboratories’* The sample will
be irradiated to a dose of about 1619 n/em?2, at low tomperature
(tbout GVRY, so that energy is stored, The gomma radiation

will be applied o raise the temperature of the sample and at the
same time release the stored energy. A plot of temperature vs
time will be obtained. The sample will then be restored to cryostat
temperature and a sccond run made; this time the sample should
contiin no stored energy.
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In the first run, where the temperature rise is caused by the
release of stored energy, as well as by the heat imparted by
gamma irradiation., The following equation may be used:

Cp ¢T = dQ # dE
C the specific heat of the material
aS the energy due to gamma irradiation
dE =  the stored energy
When the external heat imput is at a constant rate, it may be cxpressed
as follows:
CpdT = rdt £ dE

where

where r = the rate of external energy input dQ,from
which is obtained the expression d

t =1_(cp- gE_)
dT r dT

For the second run, where no stored energy is present, the slope
of the curve becomes

(d_t) = Cp
dT/1 T

Subtracting dt from (dt and solving for dE gives
I’I_" dT 1

It et v
dE = Lt - ol dr
. (dT)l aT

The stored energy released in any temperature may then be
determined by hand integration of the two temperature vs time
recordings. This method will require a thermocouple to deter-
mine cryostat temperature and a second thermocouple to monitor
sample temperature,
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The testing method is shown in Figure 13, which appears in
Section 3. 3.1,

3.2,2,2 Resistivity

Changes in resistivity will also be determined by a method sug-
gested by Coltman, Blewitt and Noggle.* In their method, the
sample is kept at a low reference temperature (about 36°R), where
the thermal component of resistivity is negligible and changes in
the displacement component (which is quite small compared to
the thermal component at higher temperatures) is readily observed.
A known amount of energy is introduced into a heating coil in the
proximity of the sample by discharging a capacitor charged to a
selected voltage, By heating in this manner, the supplied power
is independent of the heating element resistance and a given
temperature rise may be obtained with good repeatability.

After the temperature rise, the sample is gquenched to the re-
ference temperature and the effect on resistivity by the annealing
temperature excursion pulse is determined, as shown in Figure 14,

3.2.3 Hydrogen Permeability Properties

Various films and film combinations have been considered for
sealing the inside of the liquid hydrogen tank in the space vehicle.
Mylar has been recommended by the Lockheed Miseile and Space
Division as one film material to be tested,

Since NASA reactor safety regulations prohibit the use of hydro-
gen within the reactor containment vessel, the test material will
be irradiated and subsequently tested for permeability outside of
the reactor with hydrogen at about 36°R.

The test cell will consist of a dual chamber filled on one side
with liquid hydrogen boiling at 1 atmosphere pressure. A sheet
of test fllm will separate the two chambers and be exposed to
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cold hydrogen vapor on one side, The [ilm will be reinforced to
prevent rupture and exposed to a sealed, evacuated space.
Measurement of the change in pressure of the evacuated chamber,
when corrected for temperature and plotted against time, will give
an aceurate measure of the permeability of the film. Several
thicknesses of film will be evaluated,

3.3 TEST EQUIPMENT

The three types ol cryostats to be used in the test program --
tensile eryostat, fatigue cryostat, and wear cryostat -- are de-
scribed in this section, Also included is a discussion of the
equipment incorporatéd into each cryostat to determine the
physical and mechanical propertics of interest. This equipment
makes it possible to irradiate and test the specimens while
cryogenic temperatures are maintained,

3.3.1 Tensile Cryostat

The tensile tester consists of 4 chamber that houses the specimen
and grips, surrounded for the most part by a vacuum jacket.

Within the unit around the speecimen, is a close-fitting duct, which
conducts the coolant (gascous helium) Inlo the cryostat, to and

past the specimen gage length and back, through a return line, to
the refrigerator. The duct clearance on the specimen is designed
to achicve a high flow velocity, thus producing a large Reynolds
number and heat transfer coefficient, a necessary condition to
effective extraction of gamma heating. Provision is made in this
duct to house an extensometer of the differential transformer

type: it will be mounted dircctly on the gage length of the specimen.

Beeause the cold helium duct is fitted closely to the specimen, the
region inside the eryostat, but outside of the duet, wiil tend to be
stagnant, Actually, the nonvacuum jacketed flange and the grips
permit some heat influx by conduction. The helium gas will then
develop thermal gradients circulating between the warm top and
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the cold internal duct, providing natural convective heat transfer
into the ervostal, Ilowever, the over-all requirements are such
st this loss of vefriperation is negligible.
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The foregoing reasons have led to the testing of 1/8-inch diameter
samples, A typical sample is shown in Figure 4.

The extensometer will be a differential transformer. For most
purposes, a one-inch gage length to measure strains up to 0.100
inch, will be used. Where particularly ductile materials are tested,
it may be necessary to reduce the gage length to cover the desired
range of strains.

The outer housing will be made of 2002 aluminum. Grips and pull
rods will have to be very high strength stainless alloys -- preferably
one that can be heat-treated to high yield strength while still retain-
ing ductility and notch strength at 36°R.

Figure 12 shows the load system [or the cryostat, It will consist of
a double-acting piston capable of putting tension and compression on
a test sample, The piston will be hydraulically actuated, Leakage
past the seal will enter the space between the cylinder and the cryo-
stat. Since the latter is fully scaled against its environment, the
space referred to can be open to cooling water, and the seal leakage
will be no problem,

A hydraulic control system will govern the rate of loading and, if
necessary, rate of unloading of specimens, It will be possible to
apply loads at specified rates, rapid or siow.

Stored energy and resistivity measurements will be performed in
thia cryostat as indicated in Figures 13 and 14.

3.3.2 Fatigue Cryostat

The cryostat, as shown in Figure 15, is a cylindrical container
mounted on the wall of a larger sealed cylinder, which contains the
shaker. The small hole in the cryostat, through which the drive
pin passes, is not sealed, The sealed housing contains warm
helium and is pressurized to the same value as the cryostat,
establishing a pressure balance that prevents serious leakage
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of cold helium through the drive-pin hole. Surrounding the inner
vessel of the cryostat is a vacuum jacket to inhibit conductive

heat influx through the oryostat wall. The means of [astening the
specimen holder block is designed to further reduce heat in-leakage
at the supports by using multiple stainless steel washers in the
vacuum spiace, a device that efleclively increases the thermal
conductive resistance,

The unit has heen designed with easy assembly and disassembly
as a primary requirement, in recognition of the large test load
imposed by the program. Figure 15 shows how these operations
will be accomplished.

The specimens will be tested in reversed hending at frequencies
permitting the generation of about 1, 000, 000 cycles per hour.
Beeause of the high rate of reversal, a resonant mechanical
system will be employed, driven by an electromagnetic exciter.
The specimoens will be cantilevered as shown in Figure 15;

the end of the specimen will be clamped through a pin connection
to a push pull rod, which is in turn fastened to the moving mass of
the exeiter. The resonant mechanical system is comprised of the
specimen, the rod, and the exciter mass; it will be tuned, if
necessary, to give the desired frequency.

The exeiter will he equipped with an automatie gain control so

that a lixed amplitude can be maintained at the resonant frequency.
This amplitude can he maiutained even though mechanical damage
caused by fatiguc shifts the natural {requency of the specimen,

In this case, the cxeiter can automatically (through the gain con-
trol) supply additional power to compensate the additional force
required by detuning, up to the [ull capacity of the exciter. Pro-
visions will be made to stop the test should failure cause & de-

crease or increase in the amplitude of vibration beyond allowable
limits,

The entire fatigue machine will be housed in a sealed tube, which is
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long enough to minimize exposure of the exciter to irradiation,
but at the same time short enough to prevent mechanical problems
associated with a long, slender, push-pull rod.

To test at maximum frequency, the specimens must be small.

The power available In an exciter small epough to fit into the beam
port ig limited to a maximum of about 10 pounds. At stresses
below the fatigue limit, hysteresis effects can be expected to dis-
sipatc energy at a rate less than one inch-pound per cubic inch of
material at the maximum stress,”’® Above the fatigue limits,

this increases rapidly with increased stress, reaching in some
materials an increase in damping by a factor of 1000 at stresses
25 per cent above the fatipue limil, Since tests will be at high
stresses and small numbers of cycles to define the 8-N curve, it
is imperative that the specimens be small enough to permit testing
with a 10-pound shaker,

With data snd methods [rom WADC reports B an energy
absorption of E/cycle = 0, 00067 inch - pound per cycle at 100,000
psi reversed bending siress is estimated for the specimen ex-
hibited in Figure 9 . The {orce input per cycle will be approxi-
mately

n Py X4 = 0, 018 pound

which gives a maximum applied force Pg of about 0, 020 pounds
when the ahove stress is developed. | It is clear that if the material
in question has an endurance limit at 100,000 psi, increasing the
reversed bending stress above this value will result in a much
larger hysteresis, A factor of 500, for example, would tax the
capacity of the shaker to its full limit.

Recognizing also that the specimen tends to become detuned as
fatigue damage progresses and that at joints there may be friction
losses that also contribute, the conclusion i{s that test specimens
must be small,
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In addition to power limitations, the sizc of the specimen will be
Hmited by the refrigeration associated with the mass to be cooled.
Aside from other heat sources, the generation of large amounts of
heat by hysteresis must be considered. Considering the previous
example, the deflection of the specimen at a maximum bending
stress of 100, 000 pai will be about 0. 011 inches, the half amplitude
of the vibrating specimen, Considering the mass of the pull rod,
the shaker moving mass, and the specimen, a natural frequency
of some 250 cps has been estimated. On this bagis, about 0. 0643
Btu/hr of heat would be generated and must be removed by the
refrigeration, a figure that is virtually negligible, However,
muitiplied by a factor of 500, the heat would be appreciable, suf-
ficient indeed to be taken into account in the refrigerator design.
This is another deterrent to the usc of large specimens.

Figure 8 shows a typical specimen, In the interests of
achieving maximum rate of cycling, and to comply with power-
limits of the test shaker and the need of testing sheet of more
than one material and thickness, the specimen size may have to
be adjusted to achieve the maximum benefit from fatigue testing.

Materials will vary as described in Sections 3.7 and 3. 8.

3.3.3 Wear Cryostat

The wear test cryostat will be used to deterraine the wear proper-
ties of several materials. To simplify the design and cut down
gspecimen loading time, the test specimens will be disks, as shown
in Figure 10, The grove and radial holes in the specimen are
necessary to cool the specimen during test,

The fixture, as shown in Figure 16, has provisions for loading

the wear surfaces and rotating one against the other. The
mounting surfaces will be perfectly flat so that heat generated will
be conducted to supporting structure for better cooling. Each of
the pair will be pinned to its support. The ioad will be provided
by a spring system, which will be set to a given load during speci-

61

CONFIDENTIAL




62

CONFIDENTIAL b

men assembly in the fixture. The rotation will be provided by «
synchronous motor, located about two feet from the test specimen,
Shiciding will be supplicd as required.

The spring lond on the specimen and the torque produced due to
friction hetween the pair of test specimens will be measured con-
tinuously during test. This torque will also indieate excessive
load on the fixture due to galling of the test specimens,

Euch test specimen ol the pair will be weighed before and after
test to determine amount of wear., The coefficient of friction may also
be calculated since the load and resulling torque will be measured.

J. 3.4 Instrumentation

Measurements will be carried out by use of standard commercial in-
strumentation, where possible, It is expeeted that the principal
transducers will be strain gages, thermocouples, and various

types ol dillerential transformers. Transducers will be selected

on the basis ol their resistance to the effects of radiation rate and
dose, Calibrations involving more than one independent variable,
while possible, would be extremely difficult to work with and would
also involve several more channels of nuclear instrumentation,

Commercinl recording systems containing all of the electronics i‘f
necessary to obtain a chart record of the various parameters are
available, The only external appuratus nceded with these systems
will be the transducers,

For ecach channel, the system will contain a recorder and recorder
drive amplificr and a type ol pre-amplil.er selected to operate with
the desired transducer type to be employ.d.  The pre-amplifier
will ¢ontain an oscillator unit for exciting the transducer,
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These systems are avallable in one to eight channel packages and
wiil be capable of performing the required measurements functions
(where standard transducers are employed) without modifications.
A typical system of this type is the Sanborn Type-150 recording
system.

In the performance of complex measurement operations such as
are involved in this program, it usually becomes necessary to
develop a certain amount of specialized instrumentation ; however,
a8 previously stated, commercial instrumentation will be utilized
wherever possible,

3.4 FLUX MAPPING

To obtain precise neutron dose and spectral data in the cryostat

test volume, measurements will be made by using neutron threshold
detection foils. Each foil will consist of a nuclide whose activation
cross-sgsection for neutrons is known as a function of neutron energy,
and each will be activated to an extent proportional to the neutron
flux in a given energy interval and to the feil cross-section.
Counting data will be reduced to neutron flux per unit energy inter-
val, From these data, a complete flux and dose map of the cryostat
witl be obtained.

To monitor the dese during an irradiation, a wire sample will be
in place in the cryostat and its activity determined after irradi-
ation.

The gamma heating in the cryostat will be determined experimental-
Iy to check the calculated gamma heating values used for refriger-
ator design. Measurements similar to those listed above have been
made at the Georgia Nuclear Laboratories in the Radiation Effects
Reactor to determine neutron and gamma flux, dose, and spectra.
So techniques have been developed, and the necessary instrumen-
tation is available to perform such studies at Plumbrook,
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3.5 REMOTE HANDLING AND SPECIMEN CHANGE

The cryostat will be removed from the beam port after irradiation
and placed in a shielded, watertight cask, as shown in Figure 17.
The cask will then be transported by means of the overhead crane to

capal "F."

At this point, it will be placed in the canal and transported under
water to the hot cell area,

The cryostat will then be lifted out of the water, removed from the
watertight cask, and placed in the hot cell.

The test specimen will be removed from the cryostat by the use of
the master slave manipulators, To minimize the time required
for remote disassembly and reassembly of the cryostats, several
special tools will be developed. Two of these may be the cryostat
removal wrench assemblies shown in Figures 18 and 19. One
assembly, which will be used on all three types of cryostats, uses
a sun gear to operate planetary gears driving a series of wrenches
that simultaneously remove all flange cap screws on the cryostat
hend. The other wrench assembly, necded only on tensile test
cryostats, is used to disassemble and reassemble the back {lange.
Each assembly is actuated by a remotely operated impact wrench
described in Appendix C. A new test specimen will be installed
and the cryostat will be reagssembled, again by using the several
special tools.

After reassembly, the cryostat wili be removed from the hot cell,
placed in the cask, and transported via the canal to the reactor.
Here it will be connected to the refrigeration system and returned
to the proper beam port for irradiation,

This entire operation will take approximately one hour.
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3.6 SPECIMEN PREPARATION

Test material procurement, acceptance tests, specimen machining
requirements, and specimen selection tests are explained in this
section, A specimen preparation flow diagram is also included.

3.6.1 Selection of Test Materials

The specifications for procurement of both metal and plastic mate-
rials will be standard with two exceptions. One exception is that
for metallic materials, the vendars will be required to furnish chem-
ical analyses from two laboratories for each of the three separate
batches of alloy requested (each analysis to be run in triplicate),
plus 2 metallurgical analysis report on each. For a given alloy,
batches will be selected to bracket the ASM normal chemical com-
position limits. The batches must be identified by number, and
each plece of stock from such batches will be clearly identified hy
color coding, number stamping, or any acceptable means of en-
suring the recipient of a positive means of identification,

The other exception involves plastic materials. The vendor must
supply detailed information as to materials used, batch numbers,
and any other pertinent information necessary to assure receipt
of uniform dependzble raw material,

Chemical and spectroscopic analyses will be performed on all
metals to ascertain the exact composition of the alloys. Emission
spectroscopy or X-ray fluorescent spectroscopy will be used as
necessary to aid in determining trace quantities of elements in the
alloys. These analyses will be limited to the raw metal stock as
received,

Absorption spectrophotometry may be used to analyze plastic
materials if normal tests indicate some deviation or doubt as to
uniformity {rom batch to batch of these materiala.

6o
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The flow diagram shown in Figure 20 indicates the controls on the
materials and specimens prior to testing,

Standard metallurgical examination will be limited to randon
samples selected from finished test specimens, Hardness, grain
size, surface condition, and stage of heat treat or annealing will
be of paramount interest for these examinations.

Where rolled metals are concerned, it will be necessary to pre-
pare test specimens cut from the stock metel in a direction par-
allel to the rolling direction and similar sets of specimens cut
from the stock in a direction normal to the rolling direction. This
will determine whether grain flow direction has any effect on phys-
ical properties at cryogenic temperatures.

3.6.2 Specimen Preparation

A procedure will be established for machining each material for
test as to speed, pressure, and depth of cut. This will ensure
uniformity and reduce the possibility of residual stresses and
strain hardening. Microscopic analysis will be made to verify
the absence of edge cracks and notches due to machining.

All machining operations will be held to X0, 0002 inch as applicable
on critical surfaces. In some cages, final polishing to a surface
roughness of 10 microinches rms or less may be required. All
specimens prepared for pre-, during-, or post-irradiation metal-
lurgical examination will undoubtedly require mirror finish metal-
lurgical polishing. These close tolerances are necessary to hold
the number of variables encountered to an absolute minimum and

to obviate the possibility of erroneous test data resulting from vari-
ation in roughness, waviness, necking down, or notching of test
specimens,

Specimen layout diagrams will be drawn for each sheet of material
with specimens dispersed through the sheets and serialized for
identification,
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Extreme care will be taken dr.ing heat treating of the test apeci-
mens to hold scale formation, decarburizing, hydrogen embrittle-
ment, and other heat treating faults to an absolute minimum. At-
tempts will also be made to prevent specimen warping during heat-
treatment, annealing, quenching, and cold working operations. The
post heat-treat condition of the test specimens must be closely
controlled-and duplicated within reasonable limits,

Care will be exercised to ensure uniformity in cast or molded
specimens. Detailed nondestructive and destructive tests will be
used on plastic and ceramic materials to maintain uniformity.

Radiographic tests will be performed to determine whether sub-
surface defecta exist and thus enable the examiner to discard un-
sound specimens.

Dye penetration surface inspection will be performed on all metals
to detect any miceroscopic cracks from machining, grinding, or
heat treatment. This test will be limited to finished specimens.

Debye-Scherrex X-ray diffraction pattern pictures will be taken of
randomly selected representative specimens to determine crystal
orientation, preferred orientation, internal stress, and annealing
conditions in the pre-heat-treated and post-heat-treated or cold-
worked specimens,
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3.7 TEST PROGRAM - PART1]

In this initial part of the test program, special test equipment and
methods will be evaluated, In addition, screening tests will be
conducied to select a limited number of materials for comprehensive
testing, To provide a means for correlating data obtained from the
miniaturized test specimens and equipment with that obtained from
standard specimens and equipment and to obtain significant data for
selecting materials for comprehensive testing at minfmum cost,

five specimens will be teated to establigh the value for each test.
The reason for choosing this number of specimens is discussed in
Appendix B.

3.7.1 Test Equipment and Specimen Calibration

Data for evaluating any effect of specimen or test equipment min-
faturization will be obtained by testing specimens machined from
typical alloys of aluminum, of stainless steel, and of titanium.

These tests will be conducted on standard size specimens in standard
test machines and on miniature specimens in the special test equip-
ment in the eryostat. In addition to tests at room temperature, tests
will be conducted at liquid nitrogen temperature (139°R) to determine
any changes in correlation that may result. The choice of 139°R.
rather than 36°R, is primarily for economy. The cost of a liquid-
nitrogen-cooled cryostat for standard test machines is negligible as
compared to that of a helium cryostat. This apparent temperature
diacrepancy should not, however, affect the calibration results.
Kropschot, at the National Bureau of Standards Cryogenic Laboratory,
reported, in NBS Report 2708, data on tensile and impact properties
of alloys of aluminum and stainless steel between 36°R and 138°R.
These data show that the rate of change in property values is very low
when compared to that between 139°R and room temperature. Conse-
quently, tests at room temperature and at 139°R should reveal any lack
of correlation between the two sizes of specimens and test equipment
that is attributable to temperature differences.
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If acceptable correlation is not obtained during these tests, minia-
ture specimens will be tested at the two temperatures in standard

test machines, Correlation in this test wil] indicate a need for
modification of the special test equipment or its mode of operation,
Lack of correlation will, of course, mean that specimen miniaturi-
zation has affected results, thus indicating a need for either specimen
redesign or modification of some factors in the test procedure,

3.7.2 Screening Tests
Screening tests will be conducted under the following conditions:

At room temperature

At 36°R with no irradiation

At 36OR after irradiation to an integrated dose of 1017 n/cm?
at 36°R

The choice of this irradiation level is based on information presented
in Figure 1 of NASA RFQ HS-225. All screening test specimens
(alloys) will be machined from commercial heat-treated materials.
Evaluation of the effects of minor variations of chemical composition
and heat treatment within standard specification limits will be made
only during Part II of the test program.

The materials to be tested for each component application are pre-
sented in Table X. The tests to be conducted for each application
and the number of specimens to be tested for each determination are
given in Table 1I.

On the basis of the results obtained, one alloy each for the tank,

for the pressure shell, and for the pump will be selected for com-
prehensive testing in Part II. For bearing applications, ball material
and lubricant will be comhined with metal, plastic, and ceramic race
materials to select those combinations exhibiting the most desirable
characteristics, as revealed by the results of these tests, for Part

II testing. For seals, the metal, the carbon, and the ceramic mate-
rial exhibiting the best wear properties and the sheet material

with the best combination of properties will be tested in Part IL
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Each material selected for testing in Part I of the proposed
program will be chosen on the basis of the most favorable com-
bination of mechanical properties and favorable strength-to-weight
ratio, as determined by conferences with nuclear missile design
engineers at NASA and Lockheed Missiles and Space Division,

3.8 TEST PROGRAM - PART II

This phase of the program will provide reliable engineering design
data for those materials selected in Part I for each component
application, The effect of many variables will be economically
evaluated through the use of the statistical planning of the experi-
ments presented in Appendix B. This planning dictated the number
of samples chosen for analysis; the samples selected are shown

in Table Il

The effects of variables to be evaluated have been chosen to pro-
vide the nuclear missile design engineer with data representative
of the materials that will be used in production, Since construc-
tion materials will be produced at different times and under
slightly varying conditions, these tests will define and provide
justification for the degree of control required, for exmnpie, on
such vartables as chemical composition and heat treatment o cold
work metal alloys for the specific applications.

3.8.1 Temperature and Irradiation Level Selection

Electrical resistivity and stored energy measurements will be
made after a fixed irradiation dose to establish annealing curves
for each alloy over the temperature range from 36°R to room
temperature, These annealing curves will indicate the tempera-
tures at which major annealing of radiation-induced lattice defects
occurs, The temperatures at which mechanical property measure-
ments are to be made will be chosen for each material to coincide
with the temperatures at which major annealing of defecta in the
material of interest has been indicated by the resistivity and stored
energy measurements. Although two temperatures in addition to
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36°R are indicated in the scherd.;e of tests in Table INI , this number
will be revised, if required, when the annealing curves have been
established for the individual materials.

All specimens will be irradiated at 36°R to the integrated dose
gpecified. Tests will then be conducted at the specified tempera-
ture. Initial irradiation doses for materials to be used in all
components except the pressure shell and reflector will be 1017n/em2,
For the pressurs shell materials, the dose will be 5 x 1017n/em?2,
and for the reflector it will be 1018n/cm2, Since these dose levels are
the maximum apecified in NASA RFQ HS-235, if significant effects

of radiation do not result, irradiations at other levels will not be
warranted, If significant effects are observed, materials for com-
ponenta other than the pregsure shell and reflector will be irradiated
to an integrated dose of 5 x 1015n/em? to bracket the range specified
for these components, Tests at intermediate irradiation level will

be made only If the results obtained at the high and low ends of the
dose range show sufficient sensitivity to irradiztion dose level to
warrant such tests. Bhould results of stressed and unstressed
irradiations to the highest integrated doses specified for each
material show negligible effect of the stressed condition on proper-
tiea, the remainder of the irradiations on the stressed condition

of that material for the property evaluated will be omitted,

The number of specimens to be used for the determination of each
property and the conditions (subject to the alternatives described
in the previous paragraphs of this section) for each determination
are tabulated fn Tabie I,

The effect of such variables as chemical composition and heat
treatment, or cold work as discussed on pages 18 and 19, will
be determined on 3 specimens for each identical combination
for each of the nine combinations of these variables, making a
total of 27 specimens for each value determination., The effect
of these variables will be determined under the following con-
ditions;
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At room temperature

At 369R without irradiation

At 369R after irradiation to the maximum dose
for the particular application at 360R

The standard deviation and limit of error of the mean will be de-
termined. For a given test on a particular material at other specified
conditions of temperature and irradiation, only 6 specimens will

be tested. I the standard deviation and limit of error of the mean

for these 6 values are in agreement with those of the 27 specimens
tested under the original 2 conditions, no additional specimens will

be tested. If not, more specimens will be tested, as required, to
establish valid data. A diagram and discussion of this approach are
presented in Appendix B,
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4. DESIGN CRITERIA

This section shows the heat calculations necessary to determine
refrigerator size, describes the refrigerator design, and shows the
nuclecr analyses of gomma heat, beam hole selection, reactor
safety, and gamma activation.

4.1 HEAT EXTRACTION AND SPECIMEN SIZE

Gomma rays generate heat uniformly within the bulk volume of any
material they penetrate, The heat thus generated must be dissipoted
at the surface of the material, For the case ot hand, not only the speci-
men, but also that portion of the testing apparotus attached directly
thereto must be cooled. To examine the surface heat flux generated in
three specimens under identical conditions of gamma heating, a 1-inch
length of a long bar is considered, which Ts of sufficient length to
eliminate end effects. The gamma heating rate is 590 wotts/lb (1.3
watts/gm) os calculated in Section 4.3.1, and the density is 0.3 Ib/m
For @ 1/4=inch diameter rod, the surface heat flux is 5400 Bi'u/hr-ﬂ
and for a 1/2-inch diameter rod, the flux is 2700 Bh.l/hr-ftz Fora
0.040-inch by 0.306=inch flat bar, the surface fiux is 1535 Btu/hr-ftz.

‘The cross sectional area, and hence the tensile strength of the flat bar,

is the same as the 1/8-inch diometer round rod.

The rate of heat removal from the specimen by a gos is described by
the equation:
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hA AT, where

heat removed, Btu/hr 5

film coefficient Btu/hr=°F~ft

difference in temperature between surface and gaos,
degrees Fohrenheit

surfoce area ft

on

I

Q
G
h
AT

A

u

This may be rewritten as @ = haT where %is the surface heat flux,

A

Determining the moximum vaive of h indicates the minimum value of
AT for o given G which is o measure of the minimum temperature to
wiich the specimen surface can be cooled with a given refrigerant gos
temperature,

To cstimate values of h, it is assumed that the velocity of the gas is
subsonic and that the dimensionless equation 7

Dy = B (o G) "
Y .y

represents the heat transfer to a gas from a single cylinder with transverse

flow.

hm = film coefficient Btu/ft2 - °F = hr, mean value
Do = diameter, feet of the cylinder

K¢ = thermal conduetivity of gas Btu/hr - ft - °F
G = moss flow = lbs/hr - £2

uf = absolute viscosity - lbs/he-ft

Cp = specific heat Btu/lb - °F

Trensverse flow has been assumed even though axial flow through «
duct could yield higher values of h. The positioning of the exten~
someter would interfere with axial ducting; therefore it seems incon-
venient at the present,
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Exceeding sonic velocity would result in a shock wave generation that
yields lower integrated values of h and increases pressure drop.

The concept of using a boiling [[quid to cool the specimen has been
considered and rejected. While nucleate boiling coefficients would
yield higher values of h, the only material that could exist as a liquid
at the minimum test temperature is hydrogen, which has been forbidden
from use.

For 36°R helium, the minimum specified specimen temperature,

K¢ = 0.01156

pe = 0.00024

Co = 1.25

D = 0.125/12 = 0.0104

= mass flow per unit duct aorea

A duct width of 0.189 inch and on effective height of

1.0 inch is assumed, giving duct area of 0.189 square inches.
From refrigeration considerations, a 325-lb/hr helium

flow is assumed.

Therefore G = W - 246,000 lbs/f2 - hr

) [ay]
™ \Do Hf

Using this value of h in the equation quoted on the previous page ond
sofving for AT results in the following:

AT = F?ﬂ- = %Z]% = 3.8 F* (R°)1/8~inch diameter specimen.
This film temperature difference added to a mean gas temperature of
29°R gives a surface temperature of 32.8°R.

in addition to the film temperature gradient, there will be, within the
specimen, a gradient caused by the radial flow of heat. The center
of the specimen will be warmer than the surface by the relationship

* The value for h, is considered an approximation, since the prefix

B and the n values are not precisely defined for this region. -
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shown below, which depends on the conductivity of the specimen
material .

In an elemental ring of material of radius R and thickness dR and unit
iength, where Wi is the volume gamma heating in Btu/hr 3, the
steady state heot flowing through the elemental ring from the inside will
be TRZ Wi. The heat flow through the element is K 2uR dT. Since these
must be equal, TR Wi= EKWRg‘E dR

dT = Wi R
gk T 7K
W R =Rq 2
Is EKL R :] =T center ~Tsurface = WiRy™
R=0 line 4K

At 36°R, for a 1/8-inch diometer specimen the thermal conductivity,
& of a typically low conductivity material, such as Type 304 stoinless
steel, is equal to 1.16 Btu/hr = f ~ °F. For this material:

2
= 1,045,000 {1 L.
Tcenter line ™ Tsurface = dx 1.6 x(ﬁ) X147 = 6.12F° {R®)

A 6.12%° increase in center line temperature added to the 32.8° R surface
temperature gives a 38.9°R maximum specimen temperature.

However, for a high conductivity material, such as pure aluminum, at

36°R, K is equal to 1150 Btu/hr - ft =°F,

{n addition, the gamma heating For aluminum is |ess by the ratie
9. g x 1,045,000 - 724,000 Btu/f3 - hr.

The surface-to-center line temperature rise for @ 1/8-inch diameter
aluminum specimen would therefore be

Tcenter line = T surface = Z-ZE‘-‘Q%% éﬁ’; ’*m =0.00427F° (R°)

For & material of this type the internal temperature gradient is not
significant.
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The film aT will olso be lower because of the lower gamma heating
rate for aluminum.

Film AT = 3.8R° x %‘_j. = 2.6R°
Thisa T added to a mean gas temperoture of 29°R gives a surface tem-
perature of 31.6°R.

The foregoing heat transfer considerotions indicate that a 1/8=inch
diameter specimen over the range of conductivities and gamma heating
rates considered can be adequately cooled. Specimens 1/4 inch in
diameter, with a surface heat flux of 5400 Btu/hr - th, result ina film
AT =300 = 7 ¢R°, The surface temperature is 29 + 7.6 = 36.6°R,
which is doove the specified specimen temperature, However, 1/8 inch
was selected as the maximum diameter for round specimens because of
the additional structure that would be necessary inside the cryostat to
perform tensile tests and similar tests on larger samples. The heat load
of o cryostat cesigned to perform tests on 1/4-inch specimens would be
opproximately double that value given below, or about 1128 watts,
thus considcrobly increosing the refrigerator size. It is interesting to
note that the film AT for the flat bar specimen is 1535 = 2.28° and
for any other configuration not exceeding the crozrg;:tional area of
the 1/8 inch round specimen the film AT will be less than 3.8R°.

The heating of the fatigue specimen due to internal damping has been
calculated for the maximum onticipated frequency.

The maximum onticipated heating value is not significant when com-
pared with the gomma heating so will not contribute measurably to
the specimen temperature rise,

4.1.1 Cryostat Heat Load

In addition o the gomma heat generated in the specimen, gamma heot

must be removed from all internal parts of the test chamber not cooled
by water.
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The total weight of these parts for a typical cryostat is estimated to
be 0.75 pounds, or 340 grams.

340 groms x 1.3 watts/grom = 433 watts gamma heating

In addition to the internal gomma heating, there will be o heat leak
into the low temperature chamber from the outside environment. Con-
duction will contribute largely to the heat ieak and is estimated at
100 watts at 36°R. '

Specimen gamma heat of 11 watts plus cryostat gamma heat of 433 watts
plus the heat feak of 100 watts = 544 watts total cryostat heat load.

4.1.2 Helium Line Heat Load

It is estimated that the helium lines will be 35 feet long each and that
there will be therefore a total of 70 feet of approximately 36°R helium
line for each cryostat. Part of this system wiil be made up of flexible
line and part will be rigid. 1f it is assumed that 20-foot rigid sections
end 15 feet of flexible [ine will be used, there will be a total of 40
feet rigid and 30 feet of flexible. These lines will be 1-1/8 inches in-
side diameter, and representative heat leaks for high vacuum insulated
lines of this type are as follows:

1-1/8 inch rigid = 1.2 Btu/ft=hr
1-1/8 inch flexible = 12 Btu/ft-hr
1-1/8 inch valve 20 Btu/valve~hr
1=1/8 inch joint 20 Btu/joint-hr

nou

For one test cryostat cold piping system there will be the following
heat eaks:

40 feet rigid = 40 x 1.2 = 48

3G feet flexible = 30 x 12 = 360

4 volves = 4 x 20 = 80

4 joints = 4x20 = _80
Totol 568 Btu/hr
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g.%s = 167 watts line heat leak
The total load associated with one In-reactor cryostat and lines is
therefore 544 watts plus 167 watts =711 watts,

The heat load associated with one out of reactor cryostat and connect-
ing lines Is 167 watts plus 100 watts = 267.

Thus, while operafing 2 cryostats, one In reactor and one out, the total
heat load is 978 watts,

4.2 REFRIGERATION

Refrigeration of the cryostats for testing will be accomplished at the
Plumbrook site; but the facilities at GNL will permit effective non-
Irradiated tests for screening and reference purposes by the addition

of a heltum liquefier, which will be procured by Lockheed from Arthur
D. Little, Inc.  This unit is capable of producing 90 to 100 watts

of refrigeration at 36°R. With this unit, It may be necessary to cool

the outer jucket of the test cryostats with liquid nitrogen fo reduce the
heat leak; but there will be no need for long helium transfer lines with
attendant heat loads, Inasmuch as the tests will be conducted out of pile.

The liquefier to be used at GNL is one of 150 such units in use. Itis
provided with two 15-hp compressor sections; it requires 30 kw of
440-volt power and 10 gpm of cooling water.

The refrigeration system to be used at the Plumbrook site will have a
capaclty of 1000 watts at 36°R, which, as shown in Section 4.1, will

be necessary. It will employ helium gos as the medium, which offers
several attractive features: it is inert and it is unaffected by irradiation.
This gas has conslderable precedent in reactor cooling applications.

For instance, units at ORNL and Brookhaven National Loboratory have
vsed helium with complete success. At ORNL, such a refrigerator has
been operated over 10,000 hours at 36°R without breakdown of the

cryogenic equipment,
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The plan is to employ three stages of compression instead of the
customary two in order to prolong the life of the compressors through
reducing the compression ratio per stoge. The 1000-watt unit, o
schematic-flow diagram of which is shown in Figure 21, employs two
expansion cngines of proved design and high reliability to remove heat
from the gus. These enginesare of the reciprocating, unlubricated, cryo-
genic expansion type, 300 of which have been manufactured by Arthur D,
Little, Inc,

The refrigerotion system to be used at Plumbrook consists of a cigsad-
loop, dense-gas, helium=-expansion cycle. It compresses 325 pounds
of helium per hour in three stages, each stage followed by con aftercosler
to remove the heot of compression. After the ofl mist is remaved, the
helium flows through one side of u countercurrent regenerctive hect
exchanger, where it is cooled to approximately 41.5°R by giving up
heat to the effluent helium streem. The helium at 200 psie and 41.5°R
is exponded with approximately 7576 adiabatic efficiency in two ex-
oansion cngines to 50 nsio and 27.4°%. The cold helium flows to the
test cryostat and cools tiie specimen, [t is in turn warmed to about
36°R. The helium returns througn o dual charcoal filter bed, which
removes any particulate matter thet may have originated in the test
chamber, then flows back through tie counterflow heat exchanger,
where it cools the inceming high pressure holium, After leaving the
heat exchanger, it returns to thie compressor section and repeots the -
cycle.

The refriserator will be proviced with a manifeld, which will permit

the connection of two test ciyostals simultancously. With 325 pounds
per hour circulating, tic alloweble warmup of the helium at the lood
is

Dt p.4R°
Ny, 0"

-y (R}

-y

1000 x 3,415
N

25 1 1.2%

The comoressor section will require approximately 8 feet by 10 feet of
floor space, ana it will be 3 feet high. The cold box section will
require cpproximately 5 feet by 7 fect of floor space and will be 8
feat high. The cold box will be locoted at the edge of the weter
shield, and the compressor section con be situated at any convenient

location at the floor level. The compressor section will require 150 iew
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of 440-volt power, and 2 kw of 110-volt power will be required for
controls, vacuum pumps, and other auxiliary equipment. The com-
pressor section will require 25 gallons per minute of cooling water
for aftercoolers. In addition,2 gallons per minute will be required
ot the cold box section.

All instruments and controls will be located at the cold box section
with appropriate duplicate trouble annunciators located in the reactor
control room. The refrigerafor is provided with all temperature gages,
pressure gages, lachometers, vacuum gages necessary for routine
operation, and special systems to indicate and locate troubles that
could affect the tést program.

Operation of the refrigerator is extremely simple. The compressor

as well as the expansion engines are started by push button. The
desired operating temperature is dialed into a thermostatic valve and
the only manual adjustment will be engine speed adjustment. This
adjustment Is required only at the higher temperature levels.

Routine preventive maintenance of the refrigerator Is required to
assure trouble-free operation. This will Involve daily checks on com-
pressor oil levels and periodic blow down of filters and oil separators.,
The equipment should provide a minimum of 2000 hours operation
before requlring any major overhaul.,

The refrigerator has been planned and priced on the 1000-watt basis.
A change In capacity of plus or minus 25% would result in a price

change of perhaps plus or minus 15% since the cost of design, instal-
lation, testing, and operator instructions is not affected by size.
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4.3 NUCLEAR ANALYSIS

This section includes calculations of gamma heat, then discussions of
beam hole selection, reactor safety, and gamma actuation of the cryostat.

4.3.1 Gamma Heat

In caleulating the gamma heat to be expected in the Plumbrook
Reactor, several conditions were established or assumed: the designated
gamma heat value of 9 watts per grom in hole HB-2 was considered and
determined to be valid;*® the gomma spectrum was assumed to be similar
to that of the BSR;* the gammo-heat generation rates on the BSR as
calculated by Binford et al were assumed to be sufficiently close to
those of concern for purposes of calculation after a power level cor-
rection factor had been applied.®®

Upon establishing the validity of the gamma heating value and éx~-
amining the refrigerator requirements necessary to remove this heat,

it was decided to incorporate into the horizontal beam hole a Mallory-
10C0 gamma shield, as shown in Figure 22,and an enriched boron-10
thermal neutron shield, neither of which will be affected by radiation
to a degree necessitating replacement. (The need for these shields is
established in Section 4.3.1.2 and 4.3,1.3.) They decrease the gamma
heating in the region of the cryostat to approximately 0.1 of the initial
value with an additional 0.5 decrease due to geometry. This will pro=~
vide a more efficient system, by reducing the requirements of the
refrigeration unit for the cryostat and by allowing the use of mare
realistic size test specimens. The gamma heating values for the cryostat
region are listed in the following tabulation,
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Distance from end Total heat genaration
of beam haole {in,) {watts/gm} {shielded)
Aluminum 2 0.450

4 0.281

6 0.168

8 0.104
tron 2 0.650

4 0,375

6 0.225

g 0.14}

For the refrigerator conceptunl design criteria, the maximum gamma

hecting values were used, i.e., 0.9 watts/gm for aluminum and water
and 1.3 watts/gm for stainless steel ond inconel X, These figures ate
o foctor of 2 higher than the maximum values given in the preceding
table. The higher values were usad in order to allow for the effects

of neutron inelostic scattering and for a small safety factor.

Figures 23 and 24 show the fost and thermal neutron flux distribution
and the gamma dose rates along the axis of the MB-2 hole before and
after the insertion of the gamma shield. Figures 23 and 25 show the
fost and thermal neutron Flux distribution and the gomma dose rates -
along the axis of the HB-2 hole before and after the insertion of the
thermo! shield. The reduction of the thermal neutron flux will de-
crease the target capture gamma rays, further reducing the gamma
heating value. Figure 26shows the flux distribution in the HB-2 hole
due fo the insertion of both the gamma ond thermal shields, A slight
attenuation of the fast neutron flux is exhibited in the irradiction
volume becouse of the geometry of the shields and fast neutron removal;
but the decrease is onli a factor of 40 to §6%, still allowing o fast

Flux of 1 x 1014 n/cm?esec as a peak value.
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4.3.1.1 Heat Generation in the Gamma Shield

The amount of heat generated in the Matlory=1000 shield wos calculated

by considering target copture gemms roys. Tne calculations were made

with the thermai neutron saield inserted in the beam hole. They were

based on o shicid composition of $0% tungsten, 6% nicke!, and 45 copper.
3 . Pe

e, Tungsten (n, ¥} {3.1153 Mav 7)
1
]

5
|

P {watts/gm' = P -s:f(E-i) () (3.6 x 107
where 95 taermal neutron flux
Z'(E;) = cross section of (n, ¥) reuction
4 = moes absorption cross section
P =0.130 x 10710 31y /hreem
b. Nicke! (n, ¥) {1.33 Mev ¥)
P (watts/cm) = 0.0026 watts/gm = .0089 Btu/hr-cm
c. Nickel (n, 7) (1.47 Mev y)
P =0.020 x 10710 8ty /nr-om

Therefore, the total gamma heoating due fo torget gommo capture =

0.0466 x 10-10 watts/om = 0.16 x 10710 Bry/hr-gm.

To arrive at tiie core gomma contribution, the meon absorption co-
‘efficient was calculated to be greater in tungstan than in aluminum,

This was determined by comparing the mass absorption cocfiicients of
iron, aluminum, ond tungsten in the following tcble for the four cifferent
energies. The calculations were weighted by the gamma spectrum of the
BSR, and an allowance was made for an excess of 6 Mev gamma rays due
to the (n, n') reaction and the beryllium reflector.®’  Since the camma
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aeating Is o linear function of the moss absorption coefficient, the
necting in the gumma shield will be increased by a factor of 1.4 times
the volue for aluminum. Therefore, the core gomma heat contribution
is 12.6 watts per gram (7 weits/gm x 1.4},

Material 0.5 Mev 1 Mev 3 Mev 6 Mev
lron 0.0840 0.0598 0.0359 0.0305
Aluminum 0.0344 0.0614 0.0353 0.0266
Tungsten .13 0.0655 0.0400 0.0426

The total camma heating rate is then approximately 12.6 watts per
grem, since the calculated gomma copture contribution is very small;
fhe total gamma heating in the gemma shield = 208,000 3tu/hr.

£.3.1.2 Heat Generotion in the Therma! Neutron Shieid

To determine *he tote! heat generated in the shielcs, the amount in
the thermal neutron shield must be cdded to taat in the gamma shield,

a. Boron {n, a) (2.33 Meva)
L <7 _
810 - on' >3 =3l L 2ne” <@

Whare Q = the reaction energy of the o particle ond recoil of the Li
atom minus the gamma energy, therefore

Py = (watts/gm) =op I o (E) (l.ox107'%) 1
[+
Where ¢9= the thermal neutron flux I, = the olpha cross section

Ei = the energy of the @ in Mev d = the density of the boron®
P1=0.014 watts/gm = 0.048 Bty/hr/gm
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b. Boron (n, y) (0.5 Mev y)

In calculating the gamma rays in the boron, 93% of the capture gamma
rays produce 0.5 Mev gamma.

P = 0.11 Btu/hr-gm

Since the 92% enriched B10 powder is sandwiched in 2002 aluminum
cans, the heating contribution of the aluminum must also be considered.

c. Aluminum (n, y) (6.78 Mev y)
The amount of target gamma rays in the aluminum is
P3 = 0.07 watts/gm =0.23 Btu/hr=-gm
d. A28 (n, B) reaction
Py = 20 Btu/hr-gm
Again using the mass absorption coefficient relationship and the 9 watts
per gram gamma heating value, the core gamma contribution Pg = 4.56
Btu/hr-gm.

The total heating in the thermal neutron shield is therefore:

P =Py (W) + Py (Wp) + P3 (W) + Py (Wa)) +Ps5 (Wp + Wa)

where Wg = weight in grams of the B10 powder
Wp| = weight in grams of the aluminum can
Py =

200,000 Btu/hr }’\
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4.3.1.3 Themmal and Gamma Shield Cooling Analysis

To remove the 228,000 Btu/hr generated within the thermal and gamma
shields, the required one inch of Mallory-1000 for the gamma shield
was split into four plates with cooling channels between each plate
as shown in Figure 27. Multiple plates are used in order to reduce the
thermal gradient and thus the stress that would be present if only one
or two plates were used. Also, the use of several piates increases the
surface to volume ratio and thus reduces the heat flux in the shield.
The space between the plates is divided into pie-shaped segments by
means of separators as shown in typical section A~A, Figure 27. These
separators ensure satisfactory distribution of coolant flow over the
plates.

A thema! study has been made of this configuration;and the resulting
flow rate, pressure drop, and temperature gradients seem quite reasonable.

The heat transfer coefficient, h, is obtained from the Colburn equation o

0.2 _ G,08 033
hD, 0.023 K (-ﬁ-) (JJK—)
where 4 {area of flow)

Do = equivalent diameter = "= perimeter, ft
K = themal conductivity, Bty/hr-f-°F

G = mass flow rate = pV, |[;./|'-|»2 =hr

B = dynamic viscosity, |b/ft~hr

C = specific heat, Btu/|b=°F

The temperature rise acrass the liquid film is then found by
At film = E

q = heat flux Btu/ft2 «hr

CONFIDENTIAL




ALUMINUM CAN -\

WATER INLET

WATER OUTLET

N Y &

THERMAL 1NSULATION S

"

MALLORY 1000
SEPARATOR (TYP) 4

MALLORY 1000 - PLATE

Y

AT NS
-:_.',,.'-ff,’-..‘.-;v o

FIGURE 27 SHIELD TUBE COOLING

SECTION A-A




e

LR U

a——

CONFIDENTIAL

The temperature of the plate centerline Is found by

- 12
tel =t t '%k—
'&' = volumetric heat generation rote Btu/| Fta =hr
l = plate haif-thickness

surface temperature =t o, + At film

-
1]

The pressure drop s comprised of frictional losses, tuming losses, and
contraction and expansion losses as follows:

] 2
aP  =(12fL + K¢ +Kg+Ky ( )
Sl

f = Moody friction factor

L = developed length, fi

K¢ = contraction loss

Ke = expansion loss

Ky = turning loss

P = density, Ib/ft3

Therefore:

Flow rate, lb/hr 175,000
Coolant inlet temperature,°F 160
Coolant outlet temperature,®F 161.3
Maximum fluid velocity, ft/sec 45
Fluid pressure drop, psl ~3
Average heat flux,
Btu/ft4=hr ~ 140,000
Minimum temperature in shield, °F ~ 175
Maximum temperature in shield, °F ~220
Maximum surface temperature,®F ~195
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Since fluid velocities can be expected to approach 45 ft/sec, the
problem of erosion in the snield matericls was considered. The
erosion of the Mallory=1000 shield was found to be negligible, how~
ever; and the erosion of the aluminum can for the thermal shield will
not be severe enough to worrant replacement.

In order to provide the necessary spoce reguirements for the installation
of the thermal ond gomma shields, the stainless steel inserts and the
aluminum sleeve will be removed from tie horizontal beam hole. Ade-
cuate cooling for the shields con be provided by diverting some of the
coolant from the primary reactor loop to the coolant channels in the
beem hole. Zoth of these modifications are compatible with the
Plumbroox Reactor Facility Hazards Summary, Voiumes 1 and 2.

The use of waier as the coolant raised the question of {n, ¥) reactions
in the water itself. However, the contributian to gammu heating of
these reactions was found to be negligible, because of the incorporation
of the thermal neutren shield and subsequent attenuation of the thermol
neutron flux,

4.2,2 Szom Hole Selection

Accorcing to RAFQ H5-225, it is very unlikely that the horizontal
through holes will be available for this materials evaluation program;
sowever, an anclysis was maode of the feasibility of using such holes.
This cnalysis indicates that the additional flux afforded by these holes
will not be sufficient to justify the effect of the added gamma heating,
wiich would necessitate additional shielding and increase the refriger=-
ation requirements.,

The vertical through holes were rejected because of low fast neutron
dose rates, even with modificotion of the fuel loading. Also, the
focations of such holes would require impractical modification of the
shrapnel shield. Of the horizontal beam holes, HB=2 is preferable to’
HB-1 or HB-3, because of the higher and more symmetrical fast neutron
flux distribution it affords.

102

CONFIDENTIAL




CONFIDENTIAL

4.3.3 Reactor Safety

The maximum credible accident that could occur in @ cryostat under=
going irradiation in a horizontal beam hole would be a chemical
explosion == nitrogen-ozone, ozone-organic, or a sudden decomposition
of ozone. It has been noted further that any small amount of oxygen
either in liquid or solid state in the cryostat constitutes a hazardous
condition.*

In the event of an explosion caused by one of these reactiens, several
simultaneous events would take place: the helium gas refrigerant would
exhibit a sharp increase in pressure ond immediately thereafter drop
below operating pressure; the crysstat would be damaged significantly
with a remote possibility of rupture to the outer shell of the beam hole,
It is Inconceivable, however, that the explosion would cause any damage
to the reactor or pressure vessel other than the rupture of the beam hole
shell. With such a rupture, pressure would be lost in the reactor; lower-
ing the boiling point of the primary coclant and incurring a hazardous
situation. Therefore, provisions are made for an initial sharp increase
in the helium gas pressure to initiate a reactor scram as described in
Section 4.3.3.1. I[n addition, the inlet and outlet valves in the refriger=
ation fines to the cryostat would be closed automatically, thus eliminat-
ing the loss of helium refrigerant, A simultaneous loss of power to the
matarial testing mechanism in the cryostat would occur.

The primary safeguard against any one or all of the stated reactions is
a strict obedience to the operating procedures for the cryogenic system.
The cryostat must be evacuated at room temperature and flushed at
least three times with helium gas prior to cooling and irradiation.

This procedure eliminates the probability of explosion.

Another accident that would be of consequence is the possibility of
the rupture of an in-pile cryostat by a fragment from a test sample
under stress. All calculations tend to discount the probability of such’
a rupture, however, because of the small mass and low kinetic energy
of the fragment. For the maximum accident, it must be assumed that
the fragment would cause a rupture in the walls of the cryostat, thus
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allowing a helium refrigerant ieak. Even so, no severe thermal stresses
would occur in any portion of the beam hole because of the low heat
capacity and small volume of the helium gas. However, a sharp de-
crease in the helium refrigerant pressure would occur, thereby initiating
an automatic closure of both the inlet and outlet refrigerant lines to

the cryostat and a loss of power to the testing mechanism.

4.3.3.1 Annunciator Panel and Test Console

The control room will be provided with an annunciator-alarm panel to
indicate any malfunctions in the cryogenic test setup. This panel, which
'will receive signals directly from the test console as illustrated in
Figure 2C, will consist of three annunciations: a rapid loss of helium
refrigerant leak, which would indicate a rupture in the cryogenic loop
or cryostat; a step function increase in helium pressure, which would
indicate an explosion in the cryostat and initiate o reactor screm signal;
and a general indication of troubles with the test mechanisms in the
cryostots undergoing irradiation,

The test console will indicate all of these conditions in more detail so
as to facilitate trouble-shooting and in addition monitor the helium
refrigerant gas pressure and the temperature in the cryostats, (The alarm
can be stopped by pushing an alarm reset button.)

4.3.3.2 Reactivity Changes

In computing a step change in reactivity, the horizontal beam holes
(HB-1, 2, 3) were considered as a void and then as filled with water.
An approximate calculational method was used instead of an extensive
two-dimensional program calculation. The ratio 4 k was obtained
through considering the horizontal through tube -I'T—I;T-Z) farthest from
the core,””  then

(_e_g _ (Ju®29v) He-1,2,3 (e_ii)
k hp-1,2,3  (JvP2dv) H1-2 k /ur-2
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where Al
(T)-I = the change in reactivity in horizontal through
T-2 tube
$2 = the thermal neutron flux in the particular tube

(A k)H = the change in resctivity in the horizontal beam

\k HB-1 2,3 hole tubes

In this equation, the relative radial distances from the center of the core
to both the HT-2 and HB holes are constdered approximately the same,
and the value chosen for the volume thickness of the HB holes is the same
as that of the HT-2 hole. Therefore,the volume integrals are proportional
to the subtended solid angles of HT-2 and HB holes, respectively.

Ak)-l
1.5 0.002
( B-1,2,3

In order to reduce the activation, a themal neutron shield will be in-
coTomted in the horizontal beom hole. Calculations indicate a negative
AK of 0,002 for the replacement of the water in the beam hole with the

thermal neutron shield.

Experimentol dota obtained with the BSR ot ORNL indicate that o 6~
inch diameter beam hole with a 3<inch beryllium oxide reflector is not
worth more than 0.0025 in » Which is consistent with the preceding
caleulations.

In the detailed analysis, the precise hazards associated with these
aspects of loop operation will be determined by use of IBM 704 reactor
codes -—— WANDA, CANDLE, PDQ, and General Motors MAGNUM,

In addition, a test will be performed at the Critjcal Experiment Facility
of the GNL to determine the exact value of for the reactivity step
changes prior to the irradiation tests.

It should be noted that all shielding material will be inserted prior to
start-up of the reactor and left in o permanent position in the horizontal
beam holes during the entire reactor operating time. The cryostat con-
taining the test sample and test rig will then move In and out of the
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horizontel beom hole as required.

Due to the permanent perturbation of the thermal neutron flux by the
thermal shield, the inserfion or withdrowal of the cryostat will

have a negligible effect on the reactivity of the reactor, less than
0.002 -%—k-, and is well within the control of the regulating rod,which
is worth approximately 0.006 %—

4.3.4 Gamma Activation of the Cryostat

To determine conceptual design criteria and establish handling pro-
cedures for the irradiated cryostats, a study was made of the anticipated
gamma dose rates from neutron activation. A permanent thermal neutron
shield, described in Section 4.3.3.2, will be incorporated in the hori=
zontal beam holes, as shown in Figure 29.

This shield will attenvate the thermal neutron flux to a sufficiently
low level to eliminate the thermal neutron activation. The dose rates
plotted in Figure 30 are principally due to threshold (n,p) and { n, o)
reactions resulting from epithermal and fast neutron absorption.

The method of arriving at the dose rate curves plotted in Figure 30 was
to peel curves plotted from experimentally determined data for the
pertinent half=~life contributors and reconstructing a composite curve
with threshold reactions.®3:84.8%.56 | was necessary to apply a correction
foctor to compensate for the difference in neutron fluxes and irradiation
times between the experimental condition reflected in the reference
curves and conditions associated with experiments to be conducted in
hole HB-2 of the Plumbrook teactor. Half~lives shorter than 10 minutes
have been ignored, since it is anticipated that a one-hour cooling
period will be allowed in sample handling procedures.

The curves in Figure 30 depict the composite of relatively long half~
lived elements. For example, the stainless steel 304 curve shows such
components as Mn39 from the Co59 (v, a) Mn36 reaction with a 2.58-
hour half~life; Fe%?, with a half-life of 45 days; ond Co?8, with a
9-hour half-life. The curve levels off with the 45-day Fed7?, 26,5~day
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crdl, 310~day Mn54, and finally the 5.3-year Coé0,

The dose rates were computed ot a distance of one foot from the ma-
torial considered to be concentrated at a point source. This is some-
what conservative in that the actual measured activity will be less
than the values shown in Figure 30.

In the final design, use will be made of codes for the 1BM 704, which
substitute a least-squares fit for the graphical peeling anal ysis used
in this conceptual design.
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5. CAPABILITIES

This section describes the capabilities of Lockheed to accomplish
the proposed program., Included is a discussion of Lockheed's
facilities and expericnce along with the capabilities of Arthur D.
Little, Inc, Also included are resumes of key personnel associated
with the program,

Lockheed's capabilities in the nuclear field date from 1949, when
the Company participated in the Nuclear Energy for the Propulsion
of Aircraft project, Since then, Lockheed has worked on numerous
research and development contracts for the Air Force.

Under Contract AF 33(600)-31845, Lockheed supervised the design
and construction of the Georgia Nuclear Laboratories, This facility,
designated Air Force Plant 67, occupies a remote, 10, 000-acre tract
of woodlands near Dawsonviile, Georgia. Lockheed is responsible
for managing and operating this facility under Contract AF 33(600)-
38947 for AMC, Wright-Patterson Air Force Base.

This program inciudes operation of the 10-MW, light-water cooled
and moderated Radiation Effects Reactor, This reactor is capable
of simultaneously irradiating six railroad flat-car-loads of test
articles, which may be operating systems, components,or other test
‘articles, Support research and development {acilities at AFP 67
include a Radiation Effects Laboratory, a Nuclear Measurements
Laboratory, and a Critical Experiment Facility.

Lockheed Nuclear Products also has experience and capability for
tagk planning, as well as conducting analytical and experimental
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test programes in the field of radiation effects, including test
instrumentation and hot materials handling. As a consequence of
the ANP program, dating back to 1952, Lockheed has analyzed
numerous radiation effects problems dealing with nuclear aircraft,
These problems in radiation effects are similar to those expected
in a nuclear space vehicle.

In addition to the personnel and facilities of Lockheed Nuclear
Products, other resources of the Lockheed Georgia Division will
be available to this program as required, A number of current
programs of the Georgia Division that are being conducted by
branches other than LNP are applicable to this project. Repre-
sentative of these are the programs discussed in the following

paragraphs.

Lockheed Georgia Division is now gpear-heading a program to
develop forging techniques and procedures for heat-resistant mag-
nesium alloys. This is an Air Force-sponsored project, contract
AF 33(800)-36577; it Involves the determination of the mechanical
properties of HM21Xa (Dow alloy designation) for structural appli-
cations in the temperature range of 400°F to 700°F.

Another current program of Lockheed is sponsored by the Air Force,
in contract AF 33(618)-6346, '"Design Allowable Program on Four
Titanium Alloys, " under the guidance of the National Academy of
Sciences. This is a large-scale materials testing program, de-
signed to determine complete design allowables at room and elevated
temperatures for four of the titanium alloys. Properties such as
tensile, shear, creep, bearing, impact, compression, and fatigue
are being determined at temperatures up to 900°F.

‘Also, Lockheed is currently working on contract AF 33(600)-36688

for AMC, Wright-Patierson Air Force Base on "Non-Metallie
Tooling for High-Temperature Applications,” This involves de-
veloping ceramics and non~-metallics for use in development of
high-temperature tooling. This ceramic tooling has been used in
forming skins at 1900°F, brazing honeycomb, and making heat-treat
fixtures.
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The Georgia Division, by means of "Research Expenditure Proposal"
funds, has been investigating RENE-41, UDI MET-500, UDI MET-700
high-temperature, high-strength alloys for possible aireraft appli-
cation. In the past, work was done to varying degrees with 420, 422,
PH 17-7, PH 15-7 MO, and Vasco-jet 1000 steel for possible aircraft
use,

Lockheed Georgia Division completed contract AF 33(616)-3761 for
WADC, Dayton, Ohio, in the latter part of 1958, This 18-month
program, "Design, Development, and Testing of a 1000°F Pneumatic
System, © involved the design, development, and functional testing
of a pneumatic servo and its associated components, Prior to the
physical testing, wear lests were performed on more than 70 com-
binations of materials. Other work included surface treatment,
hardness, and plating studies conducted with a MacMillan Wear
Tester. Results of these tests were used to determine the choice

of materials for the desired system components. This work demon-
strated the applicability of various metals, finishes, and processes
for hypersonic aircraft.

Lockheed will be able to provide a remote handling program that will
fnclude the development of special tools and techniques, a feasibility
demonstration, and a final applications phase. LNP has also been
actively engaged in the study of remote handling techniques and the
development and construction of manipulator accessories and tools.
The papers "Remote Disassembly of Aircraft Subsystems' and the
"Hemote Disassembly of ARC-34, " Appendixes C and D, describe
personnel and equipment capability,

As part of this proposal, a preliminary hazards analysis has been
made. In this regard, Lockheed has recently provided the Air
Research and Development Command of the USAF with a compre-
hensive Radiation Effects Reactor Hazards Report. The Air Force
comments on this rei:ort are shown in the exhibit on the following

page.
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HLADQUARTERS

AIR RESEARCH AND DEVELOPMENT COMMAND

UNITED STATES AR FORCE
Andrpws Air Force Bare
Washinpgion 75, D €

ADDBIYS SEMY 1O
COomMANDIE AKDC, 47TH

RIZNG

SUBJHCT: Radiation Effects Reactor Approval & ,

THROUGH: ARDG Lialson Office / >

TO+ Lookheed Aircraft Corporation
Georgia Division
Attention: My, Sharp
Marietta, Georgia

1, The AEC Reactor Hazards Evelustion Staff apd the
Advisory Comwittee on Remctor Safeguards have judged that
the RER mway be opersted aas described in LAC-147 and in the
ACRS meeting of 4 August 1958, Accordingly, operation of
the RER up to 10 MW as eo described is approved,

ame }mcortainty continues t0 exist in the considera-
tion o:r cl 1, and dust sotivation problems in and around
the REF, It is desired that experipental verification of data
confirming concentrations of Cl%, A%l snd other radicivotopes
in the eir and ground be undertalen during early operation of
the reactor. A repert of the experimental results compared
with the assuwptions reported in LAC 147 and the I Avgust
meeting of the ACRS should be forwarded to RDZN for eveluation
and transmitted Lo the AEC as soon 28 practicables,

3. This office wishes to commend the Lockheed personnel
who gupported and partiocipated in the RER Hasards Report to
the ACRS on 4 August 1958, The superlative effort obviously
facilitated the rapid and wholshearted approval by the ACHS
for RER operation as 1% was planned, The comprehansive nature
of the report and the manner of presentation certainly attest
to the outstanding cepabilities of lLockheed personunel,

FOR THR COMMANDER?

Chief, Su'luﬂtnl and Support Division
Ageistant Deputy Commander/¥eapon
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Lockheed in conjunction with Arthur D. Little, Inc., has the capa-
bilities to provide the organization, personnel, facilities, and
equipment to perform the desired materials testing program at
the specified cryogenic temperatures and in the specified nuclear
environments,

5.1 ORGANIZATION

The Lockheed organizational structure and the organization of the
NASA Cryogenics Project in relation to this overall structure is
shown on the following pages. The project Review Board will meet
at regular intervals to review the status of the program and to make
recommendations for future program direction.
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LOCKHEED NUCLEAR PRODUCTS
R. W, MIDDLEWOOD

Branch Manager

ADMINISTRATION
F, J, ESTFAM, Manager

SPECIAL PRODUCTS
W. R. RHOADS
Ansistant Branch Morager

GEORGIA NUCLEAR LABORATORIES

J. C. FLACK
Director

Approximatety 210 scientists,
engineers, and technicians
operating the Georgia Nuclear
Laboratories,

NUCLEAR LABORATORY DIVISION
M. M, MILLER
Manager

NUCLEAR PRODUCTS

R. M. JONES
Assistant Branch Manager

1
— REACTOR OPERATIONS |

I
{ NUCLEAR MEASUREMENTS |

A. M. LIEBSCHUTZ
Project Monager

NASA CRYOGENICS PROJECT

[
| RADIATION EFFECTS rEanc]
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See Figure 34 for details.
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SALES
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5.2 PERSONNEL

The technical staff of Lockheed Nuclear Products is built around

a core of scientists and engineers with capabilities encompassing

a range of speciaities that include reactor design, reactor opera-
tions, reactor saleguards analysis, radiological physics, solid
state physics, thermodynamics, metaliurgy, chemistry, physicai
testing, radiation effects analysis, radiochemistry, nuclear facil-
ity design, nuclear instrumentation design and fabrication, mete-
orology, servo-mecchanisms, materials reliability, experimental
nuclear physics, environmental] engineering, theoretical physics,
and remote handling operation and design. In addition, the capa-
bilities of the staff will be supplemented by personnel of other
Lockheed organizations, including the Lockheed Migsiles and Space
Division, and Arthur D. Little, Inc, The personnel of these organi-
zations will provide capabilities in the fields of cryogenics, mate-
rials testing, mathematics, stalistics, computers, and test equip-
ment design,

The years of experience of Lockheed Nuclear Products engineers
in specific categories of design engineering, nuclear engineering,
rescarch and development, analysis, and testing are graphically
presented in Figure 35. The average experience per man is over
10 years, as shown in Figurc 36,
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Resumes of key Lockheed people who will participate in the pro-
gram follow. First is the resume of Dr. A. M, Liebschutz, who
is the proposed Project Manager; then the resumes of other mem-
bers of the Review Board, immediately followed by the resume of

Mr. R. E. Williams, the proposed Project Administrative Assistant,

Other resumes of personnel from whom key positions will be filled
are included by function in the order indicated in the organization
chart given in Figure 34.
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A. M. LIEBSCHUTZ
Scientist, Nuclear Laboratory Division, Project Manager

With 12 years experience, Dr. Liebschutz directs the joint activities
of scientific and technical personnel in the several departments. He
is responsible for incorporating into reports the results of internal
and external scientific studies in radiation effects, reactor technology,
nuclear measurements, and related fields. He exercises technical
approval authority over all reports and publications issued by the
Nueclear Laboratory Division,

His experience includes research in corrosion, infrared sensing
devices, radiation effects on materials, and theoretical and experi-
mental studies of radiation effects in support of the Aircraft Nuclear
Propulsion program, He participated in the conceptual design of the
Georgia Nuclear Laboratories and supervised the conceptual design
and detailed design lialson of the radiation effects laboratories. He
was head of the experimental radiation effects group, which was re-
sponsible for electrical, electronic, hydraulic, pneumatic, physical,
chemical, and metallurgical experimentation, materials and com-
ponents, and activation analyses on hot cell operation,

His educational achievements include a BS in mathematics and
physics, an MS in physies, and a PhD in experimental solid state
physics. He was an instructor in physics and a Research Fellow
and AEC Fellow at Purdue University for a number of years on
geveral different projects, While at Purdue, he specialized in radi-
ation eflects studles and performed research in the fields of electron
diffraction, electren microscopy, and X-ray diffraction,

He is a member of Sigma P{ Sigma and of the American Physical

-Soclety and is listed in the American Men of Science, He has pub-

lished a number of papers, reports, and journal articles, He was
the editor of the '"Radiation Effects Handbook for Alrcraft De-
signers.
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d. C. FLACK
Director of Nuclear Laboratories

With 8 years experience, Dr, Flack is responsible for techmical

and administrative supervision of the Georgia Nuclear Laboratories,
He is responsible for the continuing design and maintenance of

this facility, as well as for the direction of personnel planning and
conducting radiation effects programs.

He has conducted studies concerning the application of nuclear
power to aircraft and has been responsible for radiation shield
design, airframe activation studies, radiation damage analyses,
and nuclear aspects of ground handling techniques for Lockheed's
ANP efforts,

Before joining Lockheed, Dr. Flack was a Nuclear Group Engineer
responsible for theoretical and experimental programs in shielding,
radiation effects, and ground handling of ANP aircraft.

He posseases BS, MS, and PhD degrees, all in mathematics.




M. M. MILLER
Manager, Nuclear Laboratory Division

With 11 years of experience, Dr. Miller is Manager of the Nuclear
Laboratory Division of Lockheed Nuclear Products. He was pre-
viously Department Manager supervising the operation of the nuclear
laboratory. He also supervised the development of design criteria
for the operation aspects of AFP 67 (Georgia Nuclear Laboratories).

Prior to his Lockheed experience, Dr. Miller served as a Staff
Scientist, performing nuclear aircraft shielding design and con-
ceptual nuclear facility design; as an Instructor in nuclear weapons;
as a Staff Member of the Los Alamos Scientific Laboratory, where
he conducted thermonuclear weapons research and critical experi-
ments on uranium and plutonium assemblies; and as a Senior Nuclear
Engineer in the experimental determination of gamma air scattering
and conceptual design of nuclear aireraft facilities,

Dr. Miller's academic achievements include an AB and an MS In
physics, and a PhD in experimental nuclear physics. He is a mem-
ber of Sigma Xi and the American Physical Soclety and has contrib-
uted a number of papers to the Physical Review,
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D. G. CUMRO
Manager, Structural Research Engineering Department

With 19 years experience, Mr, Cumro directs research tests and
investigations of structural, dynamic, and fatigue problems. Mr.
Cumro has held a number of positions in the fields of missiles and
high-performance aircraft, including Structural Research Engi-
neer, Materjals and Process Engineer, Structural Engineer,
Structural Test Engineer, and Test Consultant.

He studied mechanical engineering in the University of Nebraska
and is 2 member of the Institute of Aeronautical Sciences.
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R. E. WILLIAMS
Industrial Engineer

With 8 years experience, Mr. Williams is responsible for develop-
ing cost control programs; improving methods; recommending,

writing, and implementing procedures; and compfling cost data for
AFP 67 bids to perform work as requested by potential customers.

He has, in prior positions at Lockheed, been a Senior Methods and
Time Standards Engineer, a Senior Tocling Standards Development
and Methods Engineer, and a Methods and Time Standards Engineer.

In these positions, he was responsible for improving methods and
for developing and maintaining cost control programs in the Fabri-
cation and Tooling Divisions,

For 3 years prior to joining Lockheed, Mr. Williams had similar
duties at Martin Alrcraft Corporation in the Tool Engineering and
Tool Manuwfacturing Organizations,

His academic achievements include a Bachelor's Degree in Indus-
trial Engineering, as well as present work toward a Master's Degree
in Industrial Engineering. He is a member of Alpha P1 Mu Indus-
trial Engineering Soclety,
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The following six resumes are for personnel comprising the capa-
bility in Refrigeration. These are all Arthur D. Little, Inc.,
personnel.
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FRANK P. BROOKS

Mr. Brooks, a senior development engineer in the field of applied
thermodynamics, was graduated from Tufts College with a BS
degree in mechanical engineering, While with the Boston Edison
Company, he specialized in stress analysis of high-pressure
systems, applied electrolytic analysis ~f underground-transmission
systems, and vault and tunnel design,

Since joining the staff of Arthur D, Little, Inc., in 1851, Mr. Brooks
has been engaged principally in the field of cryogenic engineering.

He has extensive experience in the design and production of low-
boiling-point gas liquefaction equipment. He has, in addition, been
responsible for project development in such areas as gas purifi-
cation, paramagnetic demagnetization, infra-red detector cooling,
low-temperature nuclear radiation damage research, and pressuri-
zation equipment for upper atmosphere research.
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ROBERT P. EPPLE

Dr. Epple graduated from Juanita College with a BS degree in

1938 and obtained his advance degree in chemistry in 1947 at
Mussachusetts Institute of Technology. Before joining the staff

of Arthur D, Little, Inc,, in early 1956, Dr. Epple was SBupervisor
of the Analytical Laboratory of the Manhattan Project at Massa-
chusetts Institute of Technology, Instructor and Assistant Professor
of Chemistry at Brown University, and Head of the Inorganic Chemis-
try Department at Tracerlab, He is now in charge of the radio-
activity laboratory at Arthur D, Little, Inc., where he {8 directing

a number of studies of the usefulness of radiation for chemical
processing and of radioisctopes for research and control of industrial
problems. His primary fields of interest include the reaction rates
of fonic systems, electrochemistry, radiochemistry of fission pro-
ducts and transuranic elements, radiochemistry of coolant con-
taminants, and radiation induced chemical and physical effects,




HOWARD G, McMAHON

Dr. McMahon received his BA degree (1935) and his MA degree
{1937) in physical chemistry from the University of British Columbia.
He was awarded a PhD in physical chemistry from Massachusetts
Institute of Technology in 1941 at which time he was also associated
with the Division of Industrial Cooperation of the Institute. He joined
the stafl of Arthur D, Little, Inc., in 1943 and was appointed Science
Director in 1952. He was appointed Vice-president in charge of Ad-
vanced Research in 1956,

From 1943 to 1948, Dr, McMahon's experience was centered in the
broad field of cryogenics; and he was largely responsible for the
practical development of the ADL-Collins Helium Liquefier and other
cryogenic equipment. Since that time he has directed advanced re-
scarch projects in the fields of physical and chemical research, in-
cluding phenomena of superconductivity, masers, glass fibre forma-
tion, dry friction, and the physics of high pressures, In addition,

he has made a substantial contribution to the basic theory of thermal
radiative properties of glass,

He is o member of Bigna Xi, the American Association for the Ad-
vancement of Science, the American Chemical Society, and the
American Physical Society. He was awarded the Longstreth Medal
of the Franklin Institute for 1957 for his work in the development of
the helium liquefier and the Frank Forrest Award of the American
Ceramics Society for 1952 for his studies on thermal radiation from
partially transparent refllecting bodies,

A number of U, 8, and Canadian patents have been issued to Dr,

McMahon, and he has heen the author of a number of scientific
publications.
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ALEXIS PASTUHOV

Mr. Pastuhov, who is in charge of the applied-thermodynamics
section at Arthur D. Little, Inc., is a mechanical engineering
graduate of Massachusetts Institute of Technology. During four
years with Du Pont as a development engineer, he worked on the
design of high-pressure pumps and compressor systems and the
design and development of rotary shaft seals.

Since joining the staff of Arthur D. Little, Inc,, In 1951, he has
been responsible for numerous low-temperature development
projects, and has served as a special field consultant in the oper-
ation of many novel systems. Mr. Pastuhov has served one client
as principal cryogenic engineer on a large-scale, liquefied
natural gas program and has contributed significantly in this
major undertaking to the evaluation of economic, as well as
technical, aspects of the over-all process.
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CHARLES A, SCHULTE

Mr. Schulte received his BS degree in engineering mechanics at
the University of Michigan. The following three years he was
associated with Farrell- Birmingham Company, Inc., Buffalo,
New York. While there, he worked on stress and vibration
analysis of gears, both theoretical and experimental; dynamics
of mechanical systems, which included gearing design of test
rigs; and design modifications of machine tools. His experience
in analytical and experimental work on validating gas turbine
designs and on effecting successful modifications in the designa,
where needed, was obtained at the Elliott Company, Jeannette,
Pennsylvania, A part of this experience {ncluded heat transier
analysis, used in designing for temperature distribution in tur-
bine parts. Before joining Arthur D. Little, Inc., he was a de-
sign engineer and section supervisor in the Gas Turbine Depart-
ment of the Ford Motor Company. His responsibility included
primary supervision of mechanical analyses performed on the
automobile engine, including heat exchanger and chassis mounts
plus the basic engineering desipn and its details, With Little,
he has worked on mechanical design of cryogenic processing
equipment,

He is 2 member of the American Society of Mechanical Engineers

and is nlso a Licensed Professional Engineer in Pennsylvania.
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IVAN SIMON

Dr. Simon received his D, Sc. at Charles University in Prague,
Crechoslovakia, in 1938. He was a physicist in the Research
Department of Skoda, Ltd., from 1939 to 1947, an instructor in
the Department of Physics at Charles University from 1945 to
1947, and a Research Associate {n the Electronics Laboratory at
Massachusetts Institute of Technology from 1948 to 1949,

Since joining Arthur D, Little, Inc., in 1949, Dr. Simon's pri-
mary work has been in experimental and applied physics, parti-
cularly solid state physics, X-ray diffraction, low-temperature
physics, and the physics of high pressures. He has conducted
theoretical and experimental research on the structure of quartz
and glass by X-ray diffraction and infrared reflection and on the
effects of very high pressures and neutron irradiationon crystal-
line and vitreous silicates. He has also had considerabile ex-
perience in high vacuum technology, microwave electronics, and
the design and construction of precision instrumentation required
for new cxperimental techniques,

Dr. Simon i8 a member of the American Physical Society,
American Association for Advancement of Science, and the New
York Academy of Sciences,

He is the author of many technical papers.



The resumes on Mr, Bennett, Mr. Kemp, and Dr. Smith,
following, indicate the capability in Gamma Heating and Reactor
Hazards Analysis.
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C. M, BENNETT
Senior Nuclear Engineer

With 10 yeara of experience, Mr. Bennett performs nuclear analysis
and design on reactor core configurations in nuclear physics and
engineering,

His experience at Lockheed includes reactor kinetics, nuclear and

gamma heating, ‘reactor hazard analysis, reactor optimization core
design studies for radiation spectra, environmental nuclear studies
in eryogenic engineering, and beta and gamma activity calculations.

During employment elsewhere, Mr. Bennett has held positions as
Electronic Engineer, Reactor Engineer, and Senior Nuclear Engi-
neer,

His academic achievements include an MS in physics, as well as a
number of additional graduate courses in physica, engineering, and
mathematics, He is a member of the American Physical Society,
Sigma P1i Sigma, and American Nuclear Society.




8. N. KEMP
Senior Nuclear Engineer

With 3 years of experience, Mr, Kemp is responsible for a number
of assignments on a project basis, These assignments require the
close coordination of efforts on reactor hazard analysis, reactor
engineering, core analysis and design, and the designing of special
reactor experiments,

During employment elsewhere, Mr. Kemp operated and performed
maintenance on several reactors; designed, performed, and analyzed
reactor per{ormgnoe experiments; performed analytical reactor
core and hazard analysis; and coordinated all studies, engineering,
design,and fabrication in the complete modification of a shielding
reactor.

His academic achievements include a BS in engineering physies, as

well as a number of graduate level courses in nuclear reactor theory
and nuclear reactor engineering. He is a member of Pi Mu Epsilon.
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E, C, SMITH
Associate Scientist

With 9 years experience, Dr. Smith ia technical assistant to the
Manager of the Reactor Physics Depariment, and he is responsible
for analytical studies on reactor systems. His experience at
Lockheed includes the conduct of numerous theoretical studies in
neutron activation, radiation effects, shield design, and reactor
technology. He has also directed radiation effects testing and
reactor systems design.

Dr. Smith participated in the development of basic design criteria
for AFP 67. He was responsible for analyses of induced radio-
activity, shielding design, and access limitations, He made
evaluations of equipment and space requirements for laboratories
and hot cells, assessed the data processing requirements, and
served aa a technical-liaison representative with the architect-
engineer,

Before joining Lockheed, Dr. Smith was employed at Oak Ridge
National Laboratory where he planned, executed, and analyzed
measurements of neutron cross-sections, using a Van De Graff
generator and a fast neutron chopper of his own design. He also
performed studies involving neutron diffraction and spiral velocity
selector.

Dr. Smith received his BA degree in mathematics and his PhD
degree in physics, both from the University of Virginia,




The capability in Special Test Equipment, Cryostet, and Instru-
mentation is indicated in the following nine resumes. Some of
the people described in these resumes will perform flux mapping.

141




142

R. M. CHAMBERS
Nuclear Engineer

With 4 years experience, Mr. Chambers, of the Reactor Physics
Department, conducts analyses of thermodynamic and heat trans-
fer characterists of systems in conceptual designs of reactor
plants. He performed the heat transfer analysis for the core of
a research reactor; he has alaso made a preliminary heat transfer
study for a superheat reactor core; in addition, he has worked on
systems design and analyses for a number of reactor conceptual
designs,

Before joining Lockheed, he was a CAMEL Operations Test
Engineer. In this capacity, he performed tests on system com-~
ponents of a liquid-metal cooled aircraft reactor and worked on
an analysis of design and performance factors of the centrifugal
pump.

Mr, Chambers has a BS degree in mechanical engineering.




G. W, CRAIG
Manager, Product Engineering Division

With 16 years experience, Mr. Craig is responsible for advanced
and product design and development of all special products of a

proprietary nature and for product design services for all nuclear

reactors and associated nuclear devices. He also directs oper-
ations of the Electrical-Electronica Development Shop.

He has previously served as Department Manager responsible
for the design of nuclear products and associated facilities. He
was also responsible for establishing design criteria for the
Georgila Nuclear Laboratory and for the design of special equip-
ment required to maintain the Radiation Effects Reactor and
Critical Experiment Facility.

Before joining Lockheed, Mr, Craig was responsible for the
design of two research reactors and their supporting equipment.
With another previous employer, he served as Chief Engineer
and Chief of Quality Control.

143




144

A. D. DANIEL, JR.
Nuclear Engineer

With 8 years experience, Mr. Danlel designs reactor components
and related mechanisms. He has held the previous positions of
Draftsman, Project Assistant Engineer, Research Mechanic,

and Associate Engineer.

Mr. Daniel studied at the University of Miami for three years.
He later graduated {rom the Embry Riddle School of Aviation,
speclalizing in small aircrait design.




R. L. GAMBLE
Nuclear Group Engineer

With 7 years of experience, Dr. Gamble prepares programs for
the nuclear measurement laboratories, develops nuclear instru-
mentation, and supervises nuclear measurements functions, He
has previously served as a SBenlor Nuclear Engineer, Leadman of
a radiation effects group, and as a Research Fellow, engaged in
research at Oak: Ridge Institute of Nuclear Studies.

Hie work at Lockheed Includes gamma and neutron flux mapping
at the Radiation Effects Reactor, and gamma and neutron spectral
measurements.

Hig academic achievements include a BA in physics, a BS in elec~
trical engineering, an MS in physics, and a PhD in phyaica.
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W, E, JORDAN, JR.
Snlor Nuclear Engineer

With 17 years experience, Mr, Jordan designs remote handling
equipment and other devices for hot cell operations. He has held
previcus positions of Aircraft Design Engineer and Senior Alr-
craft Design Engineer on flight controls and hydraulics systems,

Before joining Lockheed, he served as Mechanical Engineer
engaged in design of models for wind tunnel testing, design of
airfoll machines, and design of research equipment.

He has a BS in mechanical engineering.




L. LEWIS
Senior Nuclear Engineer

With 9 years experience, Mr. Lewis designs reactor components
and associated systems,

Hie experience prior to joining Lockheed included positions of
Engineering Ground Leader, with assignments in manufacturing

in the steam and nuclear fields, and Sales Engineer and Consultant,
involved with corrosion and prevention studies in nuclear and
conventional power fields.

He has a BS in mechanical engineering and has taken graduate
work in nuclear engineering.
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E. N. LIDE
Associate Sclentist

With 13 years of experience, Mr. Lide designs instrumentation for
nuclear measurements, He previously served as a Senior Rescarch
Engineer, in which capacity he designed electrical instrumentation

for aircraft structural testing. He was Eiectronics Research Branch
Head at the USN Underwater Sound Laboratory, where he designed
instrumentation for underwater sound measurements and data handling
equipment. He has also served as Electronics Engineer, Research
Engineer, Instructor of Electrical Engineering, and Electrical and
Electronics Officer in the U, 8. Alr Force.

His academic achievements include a BS in electrical engineering,
plus further study at the Harvard-MIT Radar School and graduate

work in electrical engineering. He holds patents on a radio sound
meter and a portable capacity meter. He has published papers in
the Journal of the Acoustical Society of America.
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L. H, McCALL, JR.
Senior Nuclear Engineer

With 9 years experience, Mr. McCall is leader of the mechanical
equipment design group and {s responsible for design and fabri-
cation of reactor components and accessory systems, His res-
ponsibilities include also modification of equipment for nuclear
use, design of handling equipment, and preliminary design studies
for nuclear facilities,

Before joining Lockheed, Mr. McCall participated in the design

of the Convair Nuclear Facility and design of ground handling
equipment for the ANP Program.

He bas a BS degree in mechanical engineering.
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L. A. TURNER
Associate Scientist

With 7 years of experience, Mr., Turner is responsible for the
design of electronic instrumentation associated with radiation
detection systems and for the direction of engineers and technicians
constructing these devices, He has also served as a Senfor Nuclear
Analyst, engaged in the design and construction of electronic in-
strumentation,

While a Chief Development Engineer, he conducted research and
development work on new materials and on construction methods
for capacitors of very small size and for capacitors for use under
extreme environmental conditions. This work also included con-
struction of conductors and resistors for use in fllter assemblies.
While a Senior Engineer, he supervised an electronics laboratory.
He has also been a Research Assistant engaged in the design, con-
struction, and modification of radar and other electronic devices,

He has a2 BS and an M8, both in electrical engineering.



The following seven resumes pertain to Testing Capability,
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GEORGE V. ASEFF, SR,
Senior Nuclear Engineer

With 18 years of chemical and engineering experience, Mr, Aseff

is a member of the Staff of the Nuclear Laboratory Division, He
conducts studies in the fields of radiation effects, thermodynamics,
and heat transfer. He prepares and directs the preparation of
technical reports and specifications applying to current developments,

Mr, Aseff has previously served as lead engineer in the Chemical/
Metallurgical Research Lahoratory. He was responsible for pro-
viding technical direction and coordination of the group in the re-
search, development, and evaluation of new engineering materials
and processes. As an Aircraft Research Engineer, Senior, he has
prepared more than 200 Lockheed reports in the field of materials
in the past 8 years and has made several patent disclosures to the
Company.

In this capacity, he hag also acted as consultant to the B-29, B-417,
C-130, and JetStar production airplane projects at the Lockheed
Georgia Division in matiers concerned with materials and materials
testing.

Mr. Aseff is a registered professional engineer and a member of
the staff of "Chemical Abstracts Journal” for the sections of
Metallurgy, Nuclear Phenomena, and others.

He is an active member in a number of professjonal societies,
Including the American Society for Testing Materials, American
Chemical Soclety, American Society for the Advancement of Science,
and the American Institute of Chemical Engineers,

Prior to joining Lockheed, Mr. Aseff has been employed as a
designer and fabricator of speclal equipment for research, includ-
ing cryogenics, instructor in general and physical chemistry, engi-
neering department coordinator, sales manager for a color process-
ing plant, and an Army Signal Corps team leader in elecironics and
electrical equipment.



He holds & BS in chemical engineering from the Case Institute of
Technology, an MS in chemistry from Georgla Institute of Technology,
and has currently completed a portion of his doctorate work in chemi-
cal engineering, specializing in heat transfer and thermodynamics.
He has also completed industrial courses in radiography, radioiso-
topes, airplane systems, and management techniques,
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WILLIAM L. BRIDGES
Associate Sclentist

With 26 years experience, Mr. Bridges has for the past 2 years
been on the Staff of the Nuclear Laboratory Division. He conducts
and directs research studies and interprets the results of scientific
research, including radiation effects for application to problems of
the Nuclear Laboratories., He also reviews for technical content
reports and other publications generated in the division,

Mr, Bridges' experience has included several positions as Chemist,
Research Chemist, and Materials Engineer. Summarizing his ex-
perience for the past 12 years, he was for 4 years a Research
Chemist on the nuclear aircraft materials program. This was
followed by 6 years as a Research and Development Aircraft Mate-
rials Engineer on Aircraft Nuclear Propulsion program and other
military aircraft and missiles. In this capacity, he planned, di-
rected, and conducted research programs for determining chemieal,
physical, and mechanical properties of various aircraft materials,
including conventional and exotic nuclear shield materials, high
temperature refractories for use in nuclear reactors, liquid metals,
honeycomb sandwich structures, structural adhesives, structural
plastics, electrical and electronic potting compounds, and plastic
foams, In addition, he advised aircraft and missile design engi-
neers on the selection of materials for specific design applications,

Mr. Bridges has a BS in chemistry and physics and has taken addi-
tional training in nuclear metallurgy and in nuclear science and

engineering.

154




A. O. BURFORD
Nuclear Group Engineer

With 8 years of experience, Dr. Burford is reaponsible for radio-
chemistry, radioactivation analysis, chemical and physical testing,
and nuclear requirements pre-analysis for support of Georgia
Nucliear Laboratories systems tesi programs,

He has previously served as a Senior Nuclear Engineer, engaged
in radiation effects studies; and as a Senior Operations Research
Analyst, engaged in design liaison for the Georgla Nuclear Labor-
atories, His academic accomplishments include BS, MA, and PhD
degrees —- all in nuclear physics.

He is a member of the American Physical Society and the Health
Phyaslcs Soclety. He has published papers in the Physical Review
and the Surgiesl Forum and has presented papers at symposia of
the American Physical Soclety.
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A, MacCULLEN
Senior Nuclear Engineer

With 16 years of experience, Mr. MacCullen plans subsystem
evaluation programs and develops methods and procedures for
radiation effects testing of mechanical-hydraulic subsystems.
He prepares specifications for specialized test equipment and is
Project Engineer for hydraulic subsystem irradiation tests.

While at Lockheed, he has held the positions as Design Group
Supervisor, Senior Design Engineer, and Senior Research Engi-
neer; his efforts have been concentrated in hydraulic subsystems
design and analyses,

Before joining Lockheed, he held the positions as Design Engineer
and Instructor in Mechanical Engineering.

He has a BS and an MS, both in mechanical engineering.
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T. R. PHILLIPS
Senior Nuclear Engineer

Mr. Phillips is an Analytical Chemist with 10 years of research
and development experience in the atomic energy field.

Mr. Phillips'research and development experience includes 6 years
of experience in statistics.

He has held previous positions as Research Chemist, Analytical
Chemist, and Research Chemist -- Analytical and Inorganic.

His academic achievements include a BS in chemistry, as well as
a number of graduate courses in statistics, advance inorganic
chemistry, radiochemistry, advance analytical chemistry, and
muclear physics,

He 18 a member of the American Chemical Soclety, the Analytical
Chemistry Section of the American Chemical Society, and Gamma
Sigma Epsilon, Chemical Society. He is the author of several
Atomic Energy Commission reports.

157




158

C. E. VIVIAN

With 12 years experience, Mr. Vivian ia responsible for design,
development, and operation of the hot cell complex, hot materials
transport system, warm machine shop, and all remote handling
systems and equipment. He is responsible for studies relative

to remote handling and for storage and disposal of radioactive or
contaminated materials.

Mr. Vivian participated in the initial program to establish design
criteria for remote handling facilities at Georgia Nuclear Labor-
atories, He has algo directed remote maintenance studies on
aircraft subsystems, which entailed the development of special
tools used for disassembly with manipulators,

Before joining Lockheed, Mr, Vivian was & hot cell operator
at Los Alamos, where he designed, built, and operated hot cell
equipment for remote chemical processes.

Mr. Vivian studied mechanical engineering at the University
of New Mexico.




L. A, WILLIAMS
Senior Nuclear Engineer

With 5 years experience, Mr, Williams designs and develops
procedures, techniques, and equipment for the operation of the
remote operations complex and the hot materizla transport
systems. He also performs analyses of test systems in the
development of techniques and procedures for the remote dis-
assembly and reassembly of test items.

He has been employed as Nuclear Engineer, engaged in the
development of speclal remote handling tools and techniques;
Alrcraft Research Engineer, engaged in research and develop-
ment projects in the fields of bleed air contamination detection
methods and remote ground handling studies, as well as environ-
mental tests of aircraft systems; and Associate Aircraft Engineer,
engaged in developmental testing of hydraulic and control systéms,

He was Weapon Systemns Project Engineer on the H-34 helicopter
and Assistant Weapon Systems Project Engineer on the H-21
helicopter,

He possesses a Bachelor of Aeronautical Engineering degree.
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Resumes follow on Measrs. Johnson and Shatzen, who wiil be
participating in Sample Preparation.




E. H. JOHNSON
Shop Foreman, Nuclear Research Shop

With 17 years of experience, Mr. Johnaon is responsible for
scheduling shop work within the Georgia Nuclear Laboratories and
for providing shop support to nuclear research and experimental
activities, including the fabrication, construction, and modification
of experimental and test equipment and components,

His previous positions with Lockheed include duties as Supervisor,
Foreman, ahd Assistant Superintendent in the Fabrication Division
(Machine Shop and Sheet Metal Shop). In these positions, he was
responsible for the efficient utilization of machinery, equipment,
and manpower; he was also responsible for meeting shop schedules
and maintaining quality,

Prior to joining Lockheed, he held positions as Machine Shop Fore-
man, Machine Tool Estimator, and Assistant Shop Superintendent,
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M. L. SHATZEN
Assoclate Scientist

With 17 years of experience, Mr. Shatzen develops procedures for
and performs chemical analyses on materials subjected to nuclear
radiation, and he analyzes subsystems for radiation resistance,

He has served Lockheed as a Recelving Inspector, Research Engi-
neer, Benlor Research Engineer, and Senlor Nuclear Engineer,
While & Benior Research Engineer, Mr, Shatzen was responsible

for planning and conducting research, development, and qualification
tests for plastics, sealants, elastomers, paints, lubricants, hy-
draulic fluids, and similar products.

During employment elsewhere, he held the positiong of Junior
Chemist, Chemist, Analytical Chemist, and Chief Chemist and
Production Manager,

His academic achievements include a BS in chemistry, as well as

a number of graduate courses {n methode or analysis, computers,
radiography and radiofsotopes, and nuclear physics, He is a mem-
ber of the American Chemical Soclety, the Georgla Academy of
Sclence, and the American Soclety for Testing Materials.
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Consultants are briefly identified in the following paragraphs.

HENRY J. GOMBERG

Dr. Gomberg is a Research Physicist specializing in nuclear
engineering concerned with radiation detection, radiation effects,
reactor control and stability, and associated fields,

FRANK C, HOYT
Scientific Advisor to Lockheed Missile and Space Division

Dr, Hoyt directs studies of propulsion systems dependent on
nuclear energy sources, He also reviews developments for the
conversion of nuclear energy to electric power and propulsion,

to enable him to make recommendations to research organizations.

HAROLD F. PLANK
A Btaff Scientist at Lockheed Missile and Space Division

Dr. Plank directs and conducts studies on missile and space
flight systems that employ nuclear energy as a source for
propulsion,
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5.3 LOCKHEED FACILITIES

In addition to facilities at the Georgia Nuclear Laboratories for
research and development, testing, computing, engineering, and
fabrication, Lockheed also has available facilities at Air Force
Flant 6 and at the Missiles and Space Division. Included at AFP 6
are an instrumentation and circuits laboratory, as well as struc-
tural, mechanical, and metallurgical laboratories, Ample fabri-
cation facilities are also available at the plant. Physics labora-
tories and a toxic material machining facility are available at the
Lockheed Missiles and Space Division. (The facilities of Arthur
D. Little, Inc,, are noted in Section 5. 4. 2.)

5.3.1 QGeorgiae Nuclear Laboratories

Laboratory facilities at the GNL include the Radiation Effects
Laboratory and the Nuclear Instrumentation Laboratory. Also,

a Critical Experiment Facllity is available for determining core
loadings and performing criticality experiments, The Radiation
Effects Laboratory is composed of the following prinecipal work
units: the hot-cell mock-up, the systems build-up area, the hot
cells, the warm laboratories, a standards and calibration labora-
tory, a general chemistry laboratory, a radiochemistry labora-
tory, a counting room, a physical testing and meteorology labora-
tory, environmental teat facilities, and a photographic dark room.

There are two warm laboratories, the electrical-electronic labora-
tory and the hydraulic-pneumatic laboratory. These laboratories,
supported by a well equipped warm machine shop and warm metai-
lurgical facility, are used for pre- and post-irradiation testing.
The electrical-electronic laboratory ias primarily a facility for
determining effects of irradiation on components by means of tests
performed either remotely or conventionally. The laboratory also
serves a8 a means for calibrating instrumentation and test articles
and for performing qualification tests of electrical and electronic
materials and parts. And the laboratory is used to develop any
unique electronic instrumentation required for testing. It is equipped
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with all the meters, generators, power supply facilities, amplifiers,
and miscellaneous facilities necessary to perform its intended func-
tions.

The standards and calibration laboratory is housed in an electrically
shietded room. It is capable of a high degree of accuracy in meas-

uring various properties such as voltage, current, frequency, time,
internal resistance, pressure, temperature, flow, weights, dimen-

sions, vibration; and strains,

The generai chemistry laboratory inciudes capabilities for per-
forming classical and unique analyses and syntheses in support of
the various programs. In addition to the usual chemiecals and equip-
ment, the laboratory is equipped with balances (semimicro-analytical,
micro-analytical, speclal purpose types), centrifuges, constant tem-
perature baths, an electro-analyzer, a fractometer (vapor phase,
Kromatog), a lubricity tester, pH meters, a photoelectric calorim-
eter, a polarograph, a filtrator, a vapor pressure tester, vacuum
aquipment, and X-ray diffraction equipment.

The physical test and metallurgy iaboratory has the equipment to
perform standard mechanical and physical properties tests, I
contains such cquipment as an Arcweld Model D creep-rupture
tester of six-ton capacity, Brineil and Rockwell hardness testers,
microscopes, an abrader for use in abrasion-resislance measure-
ments on elastomers and rclated materials, a metailograph, a
Kentron micro-hardness tester, heat-treating furnaces, a 20, 006-
pound tengile testing universal machine, vibration equipment, and
cquipment used to prepare speeimens for metallographic analysis,
Should Lockheed perform this cryogenic program for NASA, this
taboratory will be equipped with the necessary equipment to perform
the proposed physical properties tests at cryogenic temperatures,
This cquipment will include a Colling Helium Liguefier and the
supporting refrigeration equipment. Equipment for gencrating
liquid nitrogen is presently available,
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The facilities ol the Nuelenr Ingtrumentation Laboratory ure used
Lo design und construel instruments used in measuering vaciution
fhuxes, to instrument test articles for nuelear flux instruments,
to muhe nucicar measurements, and to calibrule measuring eyuip-
ment,  The luboratory coataing ample clectronies equipment, as
well us specian itlems, including dosimeters, spectrometers,
thermai-negtiron coenters, calorimeters, instrumentation for
specinl mudintion hazards measurements, and necessary miscel-
haneous eguipment,

The Critical Experiment Fpeility houses the Critical Experiment
Reacior, which is o low-power (thermal power - 50 walls) open-
pooul type reuclor, using highly enrviched uranium for fuel. This
reactor wiil be used w perform eritical experiments relative to
the cquipment to be installed in the Plumbrook Reactor,

D32 Alr Foree Planl 6

The instrumentation and cireuits laboratory, equipped with the
must moders equipment, yields an extremely flexible and versa-
tile capability. This includes the design ol special instrumentation
required for spacitic programs,

Extensive test equipment is available at the struciures laboratory
for determining mechanical properties of structural materials and
for establishing specification or conformance to specifications,
This laboratory provides a means for making materials property
investigations, vibration and fatigue tests, and static tests. Equip-
ment is available for testing small structural components as well
as {ull scale structural assemblies.

Facilities are available at the metallurgical laboratory for metal-
lurgical micro- and macro-graphic investigations.

Supporting equipment at AFP 6 includes capabilities for sectioning,
mounting, polishing (mechanical or eleétrolytic), and etching me-
tallic speeimens; examining metallurgical specimens (both visual
andd photographic) at magnifications of 1 to 2000 diameters under
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bright field, dark field, and poinrized illumination; making hard-
ness determinations (Rockwell and Brinell) and micro-hardness
survevs (Knoop and DPH): determining surface roughness (rms)
and surlzee contour; defining plating or coating thickness; and
accomplishing metallurgical, photographic, and darkroom work
in both black and white and color,

Additionally, the metallurgical laboratory includes heat treatment
facilities capablé of reaching temperatures as high as 24009F, with
specialized heuting applications, such as localized hardening and
soltening, brazing, and melting, and complete {acilitics for X-ray
diffraction and [luorescent analysis. The laboratory facility is
supported by the services oi & complete chemistry laboratory.

Supporting all these (acilities is the Engineering Scientilic and
Technical Information Department., There, an integrated and
continvous scientilic and teehnical information program is planned,
developued, and maintained, Consultant services are provided on
current and anticipated information problems and requirements.
Dircet affiliations are maintained with AEC, ASTIA, NASA, the
Library of Congress, Army, Navy, Air Force, and other govern-
mental and industrial information centers,’

5.3.3 Machine Shop and Fabrication Facilities

Muachine shop and fubrication [acilities lor this program are pre-
sently available at three loeations -~ the Georgia Nuclear Labor-
atories, the Lockheed Missiles and Space Division, and AFP 6.

In addition, Lockheed is constructing a new shop in Atlanta, Georgia.
The eapabilities ol all these [aeilitics are desceribed in this section,

6,3, 1 GNL Shop Facilities
A mechanical maintenance and rescarch machine shop in the Radi-
ation Effects Laboratory arca is used to fabricate test components

amd equipment, to modify and construct tools for remote operations,
and to perform any machine work that may be required.
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5.3.3.2 Atlanta Shop Pacilities

Lockheed is currently equipping a new nuclear machine shop and
fabrication facility in Atlanta, which is scheduled for early com-
pletion. This faecility will include a development shop, a subcrit-
ical shop, and an electrical-electronic shop for handling and fabri-
cating nuclear materials and supporting test processes. The shop
area includes 4, 800 square feet of space, and an adjoining building
with 21, 000 square feet of potential manufacturing and assembly
area is available for expansion of the shop as needed,

5.3.3.3 Missiles and Space Division Shop Facilities

A complete shop for machining toxic materials, such ag beryliium,
is maintained in a specially air-conditioned room at the Lockheed
MSD. All machines are enclosed in air boxes held in a condition
of slight vacuum. Special centrifuge and filtering equipment pro-
tects the workers and outside areas from contamination by dust
and heavier particles of the toxic materials being machined,

5.3.3,4 Air Force Plant 6 Shop Facilities

Lockheed has available at its Marietta plant ample facilities for
performing all fabrication type operations, including many pre-
cision machines suitable for preparing test specimens.

5.3.4 Computing Facilities

The Mathematical Analysis Department furnishes high-apeed dig-
ital and analog computational services. To provide such services,
some of the best electrical digital and anzlog computer equipment
commercially available is used. The digital equipment consists
of an IBM-704 and a Bendix Digital Differential Analyzer. The
analog facilities include a Beckman EASE electronic analog com-
puter and a Computer Engineering Associates Direct Analogy
Electric Analog Computer, A well trained and experienced staff
of applicd mathematicians, physicists, engineers, and other spe-
cialists is available for complete service. Auxiliary punch card
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cequipment is available to aid in preparing programs und data for
the IBM-704 system, This cquipment consists of key punches,
verifiers, a card-to-patper tape punch, a paper tape-to-card
converter, a reproducer, a collator, an electronic card sorter,
and an IBM-407 eleeironic accounting machine,

5.4 ARTHUR D. LITTLE. INC.

The spueiul eryogenic capabilities of Arthur D, Little, Inc., are
described in this scection. This company is one of the oldest,
largest, and most diversified research orgunizations in the United
States. Since its founding, in 1886, and subsequent incorporation
in 1909, the Company has expanded so that today its staff numbers
over I, 000 people, more than halt of whom are professionally
trained scientists and enginecrs versed in nearly every field of
science and techaology.

The Company is divided into several major operating divisions,
each associated with a general {ield of technical, scientific, or
economic activity. These segments are individually subdivided

into & number of relatively specialized technical groups, operating
within the overall sphere of interest of the parent division. Thus,
groups dealing in applied stress analysis, heat transfer, or hydro-
dynamics are administered by the Enginecring Division; those spe-
cializing in applied chemistry and plasties are administered by the
Researceh and Development Division; while basic seientific research
is handied in the Advanced Research Division,

The policy of the Company is to provide maximum {luidity of the
professional stalf across divisional and group houndaries, This
flexibility of operation enables an unusually wide range of talent

and experience to be focused on any given problem. Task forces

of Arthur D. Little, Inc., stafl members can be assembled for

each project or stage of a project; the team thus formed combines
the skills appropriate to the job in question. This versatility of
organization, coupled with extensive and flexible facilities, accounts
in a large part for the successful handling of a variety of assignments.
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5.4.1 Experience

Extensive experience in solving research and development problems
for industry and government has been gained in dealing with prob-
lems that require more than specializcd technical information or
standard research techniques, This has often included helping to
define problems, placing them in the right perspective, and attack-
ing them from the viewpoint of several scientific disciplines.

The range of scientific talent and engineering skill at hand is not
limited to the professional staff alonc. Expert consulting liaison
is maintained with staff members of nearby Massachusetts Insti-
tute of Technology; Harvard University, and similar institutions,

Arthur D, Little, Inc., has been engaged for many years in work
[or various agencies of the United States Government and has under-
taken numecrous subcontracts for industrial prime contractors.

This has provided a thorough knowledge of the procedures and
practices common to government contract research and engineering.

5.4.2 Facilities

The Cambridge laboratories and offices of Arthur D. Little com-
prise a tota] area of approximately 300, 000 square feet, The
laboratories are designed for optimum efficiency in conducting
research and development work and they permit flexible operation.

Special purpose laboratories are available for conducting temper-
ature and humidity experiments and work in low temperatures, the.
biological sciences, flavor and odor problems, explosives and
propellants, and radioactive materials.

Special research tools include a solar imaging furnace for high-
temperature research to 3200°C, ultraviolet and infrared spectro-
photometers, X-ray diffraction equipment, an electron microscope,
a mass spectrometer, vacuum coaters, high-pressure equipment,
and low-temperature research equipment. A digital computer and
associated data processing equipment are also available,
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Priocess engineering facilities at Arthur D, Little include equip-
ment for studying unit operations in distillution, [liltration, cvuap-
oration, drying, liquid-liquid extraetion, and heat transter.

A separate pilot plant building at the Acorn Park Laboratorics
provides over 2, 00U square feet of flooy space, us well as a labor-
atory for smull-scale bench work and process control purposes,
The facilities ulso include a complete installation for « fluidized
bed operation.

A shop area of over 27, 000 square [ecet is devoted to protolype
development and [abrication. This {acilily includes an adequate
machine shop, a high- and low-hay ercction and ussembly arecas,
and cquipment [or operution, test, and inspection of completely
assembled units and intograted systems. Shop porsonnci have
had many years experience on prior assignmonts and have dovel-
oped an unusually hizh degree of skills and ¢raltsmanship in pre-
cision machining and assembly, high vacunm techniques, and the
development of test programs to ensure reliable operating units.

Where unusual machine tool fucilities are required, the services
of numerous machine tool specialists located in and around the
New England area are available. Final assembly and test is al-
ways undertaken at the facilities where the system can best be
tested as a complete unit. Both engineering and shop personnel
are available for installation, maintenance, and servicing at any
time,

Because of the wide varicty of development programs undertaken
in the engincering shop, the physienl facilities must be of a general
naturc. Emphasis has been on acquiring a stafl with training and
experience over a broad ficld, The present staff includes special-
ists in all types of welding, instrumentation, vacuum technology,
control systems, precision assembly, experimentai (abrication
assembly, low-temperature technology, use of special materials
and techniques, and magnetic circuitry,
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5.4.3 Cryogenic Capabilities

Development of specialized cryogenic processes and equipment has
been one of the main interests at Arthur D. Little, Inc., during the
past decade. Experience gained in designing, fabricating, and
operating a wide range of prototypes under field conditions has pro-
vided extensive information in cryogenic process design, machine
design, fluid dynamics, high vacuums, piping, structural analysis,
thermal siresses, and other technical areas allied to the fisld of
cryogenics, Several of the projects typical of those the Company
has conducted in the past few years are discussed in the following
paragraphs.

Extensive work on the propellant loading systems for the Atlas,
Titan, and Thor missiles has resulted in a fully integrated cryo-
genic process design team. With strong experience in the problems
associated with large-scale handling of cryogenic fluids, the team
is capable of unusually advanced engineering in thermodynamics,
fluld dynamics, and other specialized fields associated with the
design of cryogenic systems,

Arthur D. Little, Inc., has designed special equipment for the
handling of liquid oxygen and has constructed a scaled test facility
at Cambridge. Here, during the past year, has been carried out
an extensive test program, in which investigations have been con-
ducted on the following:

® Thermal stresses that are set up in the pipelines during
the flow of cryogenic flulda

® Effects of weather conditions on the rate of evaporation
of ligquid oxygen and nitrogen from insulated and unin-
sulated tanks of various sizes and shapes

® Quantity of liquid oxygen boiled off in cooling down
transfer lines and components during transfer
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® Sensitivity of materials {o detonation under impact in
the presence ol liguid oxygen

® Various methods and devices for gaging and measuring
the density of liquid oxygen in simulated missile tanks

® Two-phase (luid {low dynamics in flow through various
pipuline configurations and assorted hardware

® Transicent pressures associated with line cooldown

® Frost formation uninsulated surfaces cooled by liquid
OXYgen or nitrogen

® Ppressurized gas transfer of liquid oxygen and nitrogen
from storage lanks including studies ol gas diffuser
designs, condensation phenomena, and energy output
to the transferred fluid

® pumping, with single or parallel pumps, such fluids
as liquid oxvgen and nitrogen

@ Problems involved in providing tight gaskets and scals
exposed to ervogenic fluids

The design of propellant loading systems for thesce missiles within
the relatively short time schedules has required the formation of
a closcly knit team of seienlists and engineers with a wide variety
of skills; it has also required solving problems in the field of
thermodynamics, fluid flow, stress analysis, chemistry, physics,
aml ¢lectronics,

In addition to being responsible for research and design work on
the propellant loading systems [or Atlas, Titan, and Thor, Arthur
D. Little, Inc., is participating in the Atlas Evaluation Test pro-
gram at Edwards Rocket Base and will be associated with similar
operations for the Titan missile.
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Typical of activities in the cryogenic field is the work on refriger-
ated transport dewars for liquefied hydrogen. The design and
development of the components of this system required intimate
knowledge of machine design, thermodynamics, heat transfer,
fluid flow, lubrication, and a host of other specialties, The.com-
ponents included the following:

® A special refrigerator employing helium gas as the
refrigerdnt

@® A liquid hydrogen transfer line with the necessary
elhows and quick-disconnect couplings

The valving and associated transfer tubing developed under this
contract have proved to be operationally useful and effective, and
18 of these 2000-liter refrigerated dewars were constructed.

This program represented a significant advance in the field of
cryogenics. The equipment was designed to store, transport,
and handle fairly large quantities of liquid hydrogen with very
little loss. The successful operation of these units when they
were first built permitted broader use of hydrogen for two impor-
tant reasons:

® Liquid hydrogen could be stored while conversion from
the ortho to the para form takes place without loss
despite the heat evolved in this process.

@ The units permitted more effective use of hydrogen
liquefiers in that the product could be utilized when
and where desired rather than adjacent to the lique-
fier at the time of manufacture,

Some of the refrigerators have been adapted for use as research
tools. One, for example, was redesigned and rebuilt to provide
refrigeration to condense the entire nitrogen gas stream In a high-
Mach-number, rarefied-gas-flow wind tunnel. Another unit is
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used to provide 20VK refrigeration for rudiation damage studies

in one hole ol a nuelear reactor, It has run more than 4, 000 hours,
operating 24 hours per day for one- and two-week periods with only
routine maintenince,

Another project was a study ol the sepuration of deuterium by means
of low-temperature techniques. The program included theoretical
and pilot-plant studies of heat-exchanger configurations for the
freeze-out of nitrogen in a hydrogen stream and a calorimetric
study of various types of insulation. The program included con-
struction und operation of a pilot plant,

For the Air Materiel Commaund, an air-transportable liquid-oxygen
plant of 10-ton-per-day nominal capacity, known as the Type A-4,
was successfully developed, designed, fabricated, and installed,
The unit, which usces atmospheric air as the source of oxygen, was
designed for a low-pressure process cycle involving a reversing
heat exchanger that performs the dual functions of efficient ex-
change of heat and the removal of impurities such as water vapor
and carbon dioxide from the input air. Refrigeration is supplied
by direct expansion of a portion of the input air in a turbo-expander,
and separation of liquid oxygen is accomplished in a rectifying
column.

In the A-4 generator program, cfficiency, minimum size and
weight, self-sufficieney except for fuel and [ubricating oil, and
purity of product were the primary objectives.

Arthur D. Little, Inc., has designed and developed a 10, 000-psi
liquid-nitrogen pump and vaporizer. The successful operation of
this system depended to a great extent on the development of spe-
cial packing and vaporizer, all of which required extensive thermo-
dynamic and machine-design analysis, Because of the low temper-
ature encountered, the components were fabricated of stainless
steel. The chrome-plated piston of the pump operates through a
packing- gland cell at a temperature of -320°F. The system is
hydraulically operated.  The projecet included the testing of an
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experimental unit as well as the construction of a larger (40, 000 scfh)
system, now installed and successfully operating at Edwards Air
Force Base.

Other contracts have included the design of a 500-1b-per-hr-skid-
mounted liquid-oxygen generator, the design and fabrication of a
two-ton-per-day trailer-mounted gnseous-oxygen plant, the design
and fabrication of a helium reflrigerator for use in recondcnsing the
boil-off loases from a large oxygen-storage tank, the prosecution

of an extensive calorimetric program for evaluating reflective
surfaces used in low-temperature appuratus to 20°K, and the design
of a trailer-mounted, helium-relrigerated, hydrogen liquefier having
a nominal capacity of 150 liters per hour.

A study concerning ditferent mothods of transporting lquid fluorine
has been completed and 2 mechanically refrigerated liquid-fluorine
semitrailer has heen Luilt. The study conduc.ed under this contract
was submitted to the client in the [orm of a comprchensive report,
dealing with the physical and chemical properties of fluorine, its
physiological cffects, and methods of disposal. The report also
treats subjects that include mat~rials of construction for tanks and
insulation; valves, gages, liquid-level indicators, and associated
hardware; methods of storage and transportation, inciuding a com-
parison of three fcasiblc systems; and transler methods and equip~
ment,

An 18-liter-per-hour hydrogen liquefier was designed and built for
the NACA (light propulsion laboratory in Cleveland. This is the
first U. 8. hydrogen liquefier to operate with expansion-engine
refrigeration; the maximum process pressure is less than 300 psia.

Beginning in 1954, nine semitrailers for the transport of liquid
nitrogen and oxygen were produced for an industrial gas producer.
These units have capacities up to 3,500 gallons. In years of rugged
use over the highways of scveral states, the sealed vacuum in-
sulation used in these units has an outstanding service record.
Lossges due to boil-off are less than 3/4 of 1% per day,



Another important civilian program concerns the generation,
storage, and handling of large quantities of ligquefied hydrocurbons,
One part of this program included evaluating a large number ol
different refrigeration cycles.

In addition to the cquipment designed and fabricated for govern-
mental agencies, Arthur D. Little, Ine,, is actively engaged in
producing cryogenic eqguipment for industrial research and manu-
facturing. P2roprietary equipment includes several basic research
tools that have been developed for use in cryogenics. Among these
is the ADL~Collins Helium Cryostat, a helium liquefier, and a
refrigerator that can attain temperatures down to 2° Kelvin., Over
150 ol these units have been installed.
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6. SCHEDULE

A schedule of design, construction, installation, and testing for
the proposed program is shown in Figure 37. The assumption

is made that the beam hole shields can be installed in May and

the first test at Plumbrook can begin in September. This is,

of course, contingent upon the schedule of the Plumbrook reactor.
If criticalitv and first experiment dates of this reactor arc
altered,this portion of the schedule must be altered accordingly.
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APPENDIX- A
TABLE

The test program, is tabulated in Tables I through III, Tables

IV through IX and Tables XI and XII list for each particular test
the several conditions of interest. Table X summarizes the.
materials and tests for a particular application, thus corresponds
to Table I of RFQ HS-225.
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TABLE 1 - TEST PROGRAM, PART 1 - CORRELATION

Test Type of Tensile Tensile Tengile MNumber of Number Tests Total

TVILNIGIINOD

687

Conditions Specimen Tensile Fatipue Creep Impact Notch  Buckling  Shear Materials Per Material Tests

Round Specimens

Room Temp. Reg. 5 5 5

Room Temp. Min. 5 5 5

139° R Reg. 5 5 5

1399 & Min. 5 5 5

Flat Specimens

Room Temp. Reg. 5 3 5 5 5
Room Temp. Min. 5 5 5 5 5
1390 R Reg. 5 5 5 5 5
139" R Min. 5 5 5 5 5

Wb

W W W

Lot W

15
15
15
15

45
45
45
45

%0
90
90
90
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Test Conditions

Pressure Shell
Room Temperature
35° R
1017n/cm? at 36°

Tank

Room Temperatura
L]

R
107a/em? at 36°

4NOD

Room Temperature
36°_R
10}"n/em? at 36°

VNG

Bearings
Room Temperature
a

1017nlcm2 at 36°

Seals

Room Temperature
36° R

10 7n/cm? at 36°
Room Temperature
36° R

1017n/cm? at 36°

Tensile Fatigue

w v

wb

[ RV R* ]

TABLE IT TEST PROGRAM, PART I, SCREENING

Number

Tensile Tensile Number of Tests per Total
Creep HNotch Impact Buckling Shear ‘Wear Materials 1aterial Tasts
5 5 3 20 60

3 5 3 20 60

5 3 10 30

5 5 6 15 g0

5 5 6 15 90

3 6 - 10 50

? 5 14 20 280
5 5 14 20 280
3 14 10 140

5 63 5 315

5 63 5 315

5 63 5 315

5 14 5 70

5 14 5 70

5 14 5 70

] 7 10 70

5 7 10 70

5 7 10 70
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Test Conditions

Stress

Pressure Shell
Room Temp.

o
T, (36°R)

5x10'7n/en’at T,

5:1017nlcn?nt Tl

T,

17

5x10 n/cn?lt T

2

5:1017nlcmzlt '1‘z

T3
5xlol7nlen2at Ty

leol?nlemznt T3

TANK
Room Temp.

o
Tl (36°R)

Stressed

Stressed

Stressed

TABLE IITI TEST PROGRAM PART 11

27

27

27

27
27

Tensile

27

27

27

27

27

27

27

27

27

27

Condition Tensile Notch Buckling Fatigue Matls.

No. of No. of Tests Total
Per Matl. Tests
27 2 108 216
27 2 108 216
27 2 108 216
6 2 24 48
6 2 24 48
6 2 24 48
6 2 24 48
6 2 24 48
6 2 24 48
6 2 24 48
27 2 108 216
27 2 108 216
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TABLE TITI TEST PROGRAM PART II (Continued)

Stress Tensile No. of WYo. of Tests Tocal
Test Conditions Condition Tensile MNotch Buckling Fatigue Marls. Per Matl. Tgts
TARK {(Cont'd.)
17 2
16" 'n/cm at T1 27 27 27 27 2 108 216
17 , 2 .
10" n’/em at T1 Strassed 6 6 6 6 2 24 3
5x101%n ‘cmat T, 6 6 6 6 2 24 43
15 2 .
5x10 “nfem"at Tl Stressed & 6 6 6 2 24 A8
2x10'%n/en’at T, 6 6 6 6 2 24 48
16 2
2x10 n/ecm"at Tl Stressed 6 & [ 6 2 24 48
Tz 6 6 6 6 2 24 48
10'n/en’at T, 6 6 6 6 2 24 43
17 2 .
10" 'n/cm at '1‘2 Stressed 6 6 6 6 2 24 ;]
5x10%n/cn’at T, 6 6 6 6 2 2 48
15 2 ;
5x10 " "n/em"at Tz Stressed 6 6 6 6 2 24 +3
2x1016n/cm2at T2 6 6 6 ] 2 24 ER)
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TABLE III TEST PROGRAM PART I (Continued)

Stress Tensile No. of No. of Tests Total
Test Conditrions Condition Tensile Notch Buckling Fatigue Matls. Per Matl. Tests
TANK (Cont'd.)
leolﬁnlcnzal: '.I.‘2 Stressed 6 6 6 6 2 24 48
T
3 6 6 6 6 ? 24 48
10 n/cn?at % 6 6 6 6 2 2 48
17 2 P ’
10" n/em at T_.’ Stressed 6 6 6 é 2 24 48
5:1015n/cm2!l: T3 6 6 6 6 2 24 4B
15 2 F
5x10 "n/cm at T3 Stressed 6 [ 6 6 2 24 43
2210"%a/cn’at T, 6 6 6 6 2 24 48
16 2 ’
2x10" n/cm”at '1‘3 Stressed 6 6 [ 6 2 24 43
Stress Tensile No. of No. of Tests Total
Test Conditions _Condition Tensile Fatigue Creep Impact Matls. Per Matl. Tests
PUMP
Room Tenp. 27 27 27 27 1 108 108
T 36°») 27 27 27 27 1 108 108
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Testr Conditions
PUMP (Cont'd)

101711/ cnzll: Tl

10170 /cmlat T,

5210170 /cmat T,

5:1015::/ cmzat Tl

leomnl cuzal: Tl

leolsnlcmzat Tl

T,

10”n/cn2u: '.l‘2

101 7u! cnzat 'l.'2

5x10 n/cm2at T,

5:1015::/ cmzat '1'2

2x101%0 /cmlat 1,

TABLE I1T TEST PROGRAM PART IT {(Continued)

Stress Tensile No. of No. of Tests Total
Condition Tensile Fatigue Creep Impact Matl.s Per Matl. Tests
27 27 27 27 1 108 108
Stressed 6 6 6 6 1 24 24
6 6 6 6 1 24 24
Strasaed & 6 6 6 1 24 24
& 6 6 6 1 24 24
Stressed 6 6 6 6 1 24 24
6 6 ] 6 1 24 24
6 6 6 6 1 24 24
Stressed 6 6 6 6 1 24 24
6 6 6 § 1 24 24
Stressed 6 6 6 & 1 24 24
6 6 6 & 1 24 24
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TABLE IIT TEST FROGRAM PART II (Continued)

Stress Tensile No. of No. of Tests Total
Tast Conditions Condition Tensile Fatigue Creep Impact Matls. Per Matl. Tests
PUMP (Cont'd.)
2210 /cn’at T, Stressed 6 6 6 6 1 24 2%
'1'3 6 6 6 6 1 24 24
10'a/calet 1, 6 g 6 6 1 2 2%
17 2
10" 'n/cm“at T, Strassed 6 6 6 6 1 24 24
5x1017n/cmlat T, 6 6 6 6 1 2 24
15 2
5x10 "n/ecm"at '!.‘3 Stressed 6 6 6 6 1 24 24
2x101% /cm?at T 6 6 6 6 1 24 2%
16 2
2%x10 n/emat T3 Stressed 6 6 6 6 1 24 24
Stress No. of No. of Tests Total
Test Conditiong Condition Tensile Buckling Fatigue Lreep Tupact Matls. Per Matl. Tests
REFLECTOR
Room Temp. 5 5 5 5 5 1 25 25
2 (36°R) 5 5 5 5 5 1 25 25
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Test Conditions

Co

TABLE IITI TEST PROGRAM PART II (Continued)

REFLECTOR (Cont'd.)

I.Own.r' cnzat '1'1

lolsnfemzat 'l.'1

T,

lolanlenzat Tz

lolan/cnzu ‘l'z
T3

lomnlcnzat 1‘3

10" /ea’at 1,

Stress No. of No. of Tests Total
ndition Tenmsile Buckling Fatrigue Creep Impact Matls. Per Matl. Tests
5 5 5 5 1 25 25
Stressed 5 5 5 5 1 25 25
5 5 5 5 1 25 25
5 5 5 5 1 25 25
Stressgsed 5 5 5 5 1 25 25
5 5 5 5 1 25 25
5 S 5 5 1 25 25
Stressed 5 5 5 5 1 25 25

Test Conditions

Bellows Bellows Bellows No. of

SEATS

Room Temp.

5%
'1‘1 1)

No. of Tests Total

Ductility Endurance Torsion Matls. Per Matl. Tests
5 5 5 1 15 15
3 5 5 1 15 15
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TABLE III TEST PROGRAM PART II (Continued)

Tests

15

15

15

15

15

15

15

15

15

15

Bellows Bellows Bellows No. of No. of Tests Total

Test Conditions Ductility Endurance Torsion Matls. Per Matl.
SEBALS (Cont.d)
10'n/cn’at T, 5 5 5 1 15
sx1017n/cn’at T, S 5 5 1 15
2x1016n/cmzat '1‘1 5 5 5 1 15

1
Tz 5 5 5 15
10 7n/calat T, 5 5 5 1 15
5x10 0 /cn’at 1, 5 5 5 1 15
2x10'%n/cn’at T, 5 5 5 1 15

1
T3 5 5 5 15
10'7n/calat T, 5 5 5 1 15
Szlolsnlcmzat '1‘3 5 5 5 1 15
2x10'%n/coet T, 5 5 5 1 15

15

T
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TABLE TIT TEST PROCRAM PART 11 (Continued)

Tagt Conditions
SPALS (Cont'd.)
Room Temp.

1 36°p)

1017nl cnzat '1'1

5x1015n/ zat '1'1
leolsnl cnzat '!1
Ir2

10" n/calat T,

Sxmunle-zlt '!2

2210'%n/ca’ar T,
Ty

101711! cllzlt Ty

Wear Matls.

27

27

27

No. of Tests Total
Per Matl. Tests
27 81
27 81
27 81
] 18
6 18
6 18
6 18
6 18
6 18
6 18
6 18

TVILN3OIZNOD




IviiN3QIANOD

661

TABLE

- —————

III TEST PROGRAM PART II (Continued)

No. of No. of Tests Total
Test Conditions Wear Matls. Per Matl. Tests
SEALS {Cont.d)
5x1017n/cm2at T, 6 3 6 18 o
2x1016n!mzat T.,l 6 3 6 18 g
Ll
BEARINGS
o ™
TI {36 R) 27 3 27 81 z
17, 2 —
10" n/cm"at T1 27 3 27 a1 S
5x10"n/ca’at T, 6 3 6 18 ;
2210 /cm?at T, 6 3 6 18
'Iz 6 3 6 18
1075/ caat %, 6 3 6 18
5x101%n/cn’at T 6 3 6 18
2x10'%n/cn?at T 6 3 6 18

2
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TARLE 111 TEST PROGRAM PART (Continued)

¥o. of Bo. of Tests Total
Teat Conditions Hear Matls. Per Matl. Tests
BEARTNGS (Cont'd.)
T 6 3 6 18
10'7a/ca’nt T, 6 1 6 18
s210'%n/ca’at T, 6 3 6 18
2210'%n/cn’at 1, 6 3 6 18
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TABLE IV - TENSILE TESTS

Alloy Thickness Grain Stress Test Dose Total
Alloys Forms Batches of Alloy Directions _Condition Temps. Levels Specimens

PART I
Correlations
Standard & 3 2 1 1 1 1 2 0 120
Minigture

PART 1
Screening 21 2 1 1 1 1 2 1 345

PART 11
Basic Program 4 2 3 1 2 2 [ 5 881

ALLOES :
Alwminum 2014, 2024, 5052, 6061, 7075
Alco 335
AM 35
Beryllium
Inconel X
Monel
Stainless Steel 301, 304, 304 L, 347, 17-4PH, 17-7PH
*Stainess Steel 416, 431
Titanium 6% Al, 4% V; Titanium 4% Al, 5% V
Tool Stesl

# It is believed that these alloys will be eliminated from
the basic program due to brittle properties at 36°R.

103
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TABLE v - TENSILE NOTCH TESTS

Alloy Thickness Grain Stress Test Dose Total
Alloys Forms Batches _of Alloy Direcrions Condition Temps. Levels Specimeng
PART I
Correlations
Standard & 3 1 1 1 1 1 2 0 120
Miniature
PART I o
Screening 21 2 1 1 1 1 2 1 345 O
PART II =
Basic Program 3 2 2 1 2 2 4 5 ss1 "1l
ALLOYS: )
Alumimsa 2014, 2024, 5052, 6061, 7075 m
Alco 355 =
AM 35 =
Beryllium —
Inconel X >
Monel

Stainless Steel 301, 304, 304 L, 347, 17-4PH, 17-7PH
*Stainless Steel 416, 431

Titanium 6% Al, 47 V; Titanium 4% Al, 52 V

Tool Steel

#*It is believed that these alloys will be eliminated from
the basic program due to brittle properties at 36°R.
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TABLE VI - BUCKLING TESTS

Alloy Thicknesses Grain Stress Test Cose Total
Alloys  Forms Batches of Alloy Directions Conditions Temps Levels 3pecinens
PART 1
Screening 9 1 1 1 1 1 2 0 156
ALLOYS:

Aluninum 2014, 5052

Stainless Steel 301, 304L
Inconel X

Tool Steel

Beryllium

Titanium 4% AL, 5% Vv; 6% Al, 4% V
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TABLE VII - CREEP TESTS
Alloy Thickness Grain Stress Test Dose Total
Alloys Forms _Batches of Alloy Directions Condition  Temps, Levels _ Specimens
PART I
Screening 14 2 1 1 1 1 2 0 260 o
8 PART II (@)
z Basic Program 2 2 2 1 2 2 4 4 245 z
| ALLOYS: 3
() Aluminm 2014, 6061, 7075 o
e Alco 355 m
Beryllium Z
5 Stainless Steel AM 35, 17-4PH, 17-7PH, 304, 347 __‘
— *Stainless Steel 416, 431 o
p Titanium 6% Al, &% V; 4% Al, 52 V p
~ #It is believed that these alloys will be eliminated from the basic r

program due to brittle properties at 36°R.
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TABL: VIZI = FATIGUZ TESTS
Allov Thicikne:zes Grain Stress Test Losa Total
Allovs Forms Racches af & Lo Lirections Conditions Temps Levels Specimens
PART 1
Correlations
Standard & 3 1 1 1 1 1 2 0 60 O
Miniature O
PART I P4
Screening 21 2 1 1 1 2 1 275 3
PART 11 U
Basic Program 3 2 2 2 2 4 5 881 E
ALLOYS: _‘
Aluminum 2014, 2024, 5052, 6061, 707: o
Aleo 355 >
An 35 -
Beryllium
Inconel X
Monel

Stainless Steel 301, 304,304L, 347, 17-L"H

*Stainless Steel 416,
Titanium 6% Al, 4% V;
Tool Steel

431
Titanium 4% Al, ;. ¥

* It is believed that these alloys will e ¢.iminated from.the basic program due to
brittle properties at 36°R.
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PART I
Screening

PART 11
Basic Frogram

TEST MATERIALS:
Stainless Steel
Stellite
Tool Steel
Monel
Ceramic
Phenolic
Amorphous Carbon
Amoxrphous Carbon
Graphitie Carbon
Graphitic Carbon

TABLE IX - WZAR TESTS

Test Stress Test Luse Total
Materials Forms  Batches Conditions i s beovels — Sieol cas
12 2 1 1 2 i 1155
7 2 1 1 4 3 765

440 €, 304, 17-7 PH

impregnated with Barilum Fluoride
impregnated with Cadmium Iodide

impregnated with Bariuwa Fluoride

impregnated

with Cadmiur Jodide
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COMPONEUT

Tank

Pressure 3Shell

Pump

Bearings

TABLE X - COMPOMENTS, MATERIALS, AND TESTS

MATEZRIAL

Aluminum, 2014
Aluminum, 5052
Titanium, 6% Al, &% ¥

Titanium,
3tainless
Stainless

Inconel X
Aluninum, 2024 Stainless
Aluminum, 5032 Stainless

4% Al, 5% V
Steel, 301
Steel, 304 L

Tool Steel (fce)

jtael, 304
Steel, 347

Aluminum, 6061 Stainless Steel, 416
Alumiaum, 7075 Stainlass Steel, 431
Ales, 3535 Am, 35

Titanium; 4% Al, 3% % 17-4 PR
Titanium, 6% Al, 4% V 17-7 PH

Balls Lubricants Races

Srainiess 3Steel Gaseous Helium
440C Moly-disulfide
Stellite Solid Filx
Ceramic

Stainless Steel,
4400

Stellite

Tool Steel (fcc)
Monel

Phenolic
Phenolic
Cexamic

TESTS

Tensile
Tansile Noteh
Buckling
Fatigue

Tensile
Fatigue

Creep

Tensile Impact

Wear
Bardness

“I¥ILN3AIINOD
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COMPONENT

Seals

Bellows

Reflector

MATERIAL

Stainless Steel,
Stainless Steel,
Stainless Steel,
Chrome Plate
Amorphous Carbon
Amorphous Carbon
Graphitic Carbon
Graphitic Carbon
Ceramic

Aluminum, 2014
Aluminum, 5052
Titanium, 6% Al,

Titanium,4% Al, 5% V

Stainless Steel,
Stainless Steel,
Monel

Beryllium

TABLE X = COMPONEWTS, MATERIALS, AMD TESTS (Continued)

TESTS
304 Wear
17-7 PH
440C
impregnated with Barium Fluoride
impregnated with Cadmium Todide
impregnated with Barium Fluoride
impregnated with Cadmium Iodide
Fatigue
Tensile Shear
4, v Bellows Ductility
Bellows Endurance
301 Bellows Torsion
304L
Tensile
Buckling
Fatigue
Creep

Impact

TVIIN3AIINOD
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TABLE XI - BELLOWS TESTS
Total Specimens
Alloy Stress Test Dose Bellow Bellow Bellow
Alloys Forms Batches Conditions Temps. Levelg Ductility FEndurance Torsion
PART II
Basic Program 1 1 1 1 4 3 65 65 65
ALLOY:

To be selected in Part I of the test program.
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TABLE XII - TENSILE SHEAR TESTS
Alloy Thickness Grain Stress Test Dose Total
Alloys Forms Batches of Alloy Directions Conditions _Temps. _Levels Specimens
PART I
Sereening 7 1 1 1 1 1 2 1 165
ALLOYS :

Aluminmm 2014, 5052

Stainless Steel 30L, 304L
Ticanium 4% Al, 5% V; 6% Al, 42 V
Monel

TVIIN3QIINOD
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APPENDIX B
STATISTICAL APPROACH

Observations in all experimental work are subject to error, Under con-
ditions that produce large errors, it is difficult to decide whether a
particular result is genuine or due fo experimental error, If the error

is great, there are two generally accepted methods of reducling it. The
experimental techniques can be refined ,or the experiment con be re-
peated a number of times and the results averaged.

The number of samples will vary, depending on expense, convenlence,
required accuracy, and other factors. To take more observations than
required for establishing conclusions with a given level of significance
is extravagant == particularly In experiments involving irradiation,
which tend to be both tedious and expensive.

To make o proper statistical evaluation of any experiment, not only
should & variety of samples and a sufficlent number of repeats be in~
cluded, but considerations should be given to inherent variabfes in
the experimental program.,

The consideration of each inherent variation involves different phases
of a study of systematic errors and, in itself, requires considerable time.
However, by use of refined techniques, proper equipment, and cali-
brated instruments, the following possible voriables are assumed to be
constant:

Cryogenic temperature + 2 °R
Specimen size differences

Reactor flux

To determine the effects of cryogenic temperatures, radiation, andother
possible variations -~ at the least expense = a statistical approach has

21.
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been used inthe actual planning, or design, of the program, as well asin
the interpretation of the resultingdata. Therearea numberofstatistical
methods for designing experiments; the proposed designs are based on
the principles of the randomised block, Youden square, and factorial
experimentation. The first two methods may be considered as repre=-
sentative of the classical, one-variable-at-a-time approach. In the
factorial method, however, all the items that are required to be varfed
are varied simultanecusly. This, In effect, gives the maximum amount
of information about the experimental system for a given amount of
work. The advantages of this design are as follows:

® |t provides much greater efficiency; estimates of a given standard
of accuracy for the effects can be obtained from o much smaller
total number of observations.

® Information Is given on the extent to which the factors interact,
l.e., the way in which the effects of one factor are influenced by
the other factors. The experiments will, therefore, give a wider
inductive basis for any conclusions that may be reached.

The proposed program will consist of two parts -~ screening testing
for material elimination and actual testing of selected materials, The
resulting dato will be statistically evaluated, and every effort will be
made to obtain the most Information at the least expense. Some of the
data will be reduced by analysis, as collected, to be certaln that suf-
ficient details are being gathered and that the important varlables are
being observed before the equipment or prepared conditions are dis-
banded. For example, determination of interactions may lead to a
different concept of the experiment and may indicate the need for
additional data. In-progress dota analysis, even though it is only
approxlmate, con often save time, money, and manpower on a planned
program by indicating that the original plan needs modifylng to pro-
duce the results expected from the experiment,.

The in~progress analysis, dealing with statistical significance tests,
could be accomplished by rank methods, in which the serlal numbers
1, 2, 3 ... N are substituted for actual data In an order (rank)

212
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corresponding to the magnitude of the experimental figures. While
these methods are not as efficient statistically as the classical ¢, F,
and Chi square tests, they possess three distinct advantages as follows:

® They oo nof require the assumption of normal distrioution
Dat Fae ety

® They oreaplc ond simoie,

® They are perticularly adapted fo situations where data exist
only in rank,

PART |

Chemical analyses of each material testeo will be required; each
sample will be cnalyzed in trinilcate. [ndividual results for each
determination wili oo recubiee along with reported means or averages,

Five samples of eacn material will be tested, This number is adequate
for the production of statistically significant results, and it does not
require an experimental program of prohibitive proportions. The choice
of five samples is based upon an examination of two statistical meas-
ures, the limit of error of @ mean and the standard error of a mean.

The limit of error {LE) of a mean (X) at @ given confidence level
depends upon the number of observations {N) from which the mean
was computed.

L

LE = 15/N°
Where: t = Student’s factar, based on the degrees of freedom
(N-1) and the probability level,
%
S = standard deviation = { X2 - \NJ
N-

and _ X1+ X9 ==--X

! % - 172 N . X

N N

213
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Then X = LE at a selected probability or confidence level. If LE is
based on the 95 per cent probability level, it is interpreted to mean
that 95 per cent of the time the true value of X lies between X + LE
and X - LE.

As S decreases, the precision of X increases. Values for t/N are
shown here, t and N being constant fo: ey given set of data.

t/ N!'F ‘/alues
S to

N PROBABILITY LEVEL
0% 95% 99%
2 + 4,464 9.011 + 45.147
3 1.685 2,487 5.737
4 1177 1.591 2.920
5 0.953 1.23¢9 2.055
& 0.822 1.049 1.646
7 0.753 0.923 1.399
10 0.580 0.716 1.031
15 0.455 0.554 0.769

It Is apparent that each new observation above five produces a rela=
tively small decrease in the limit of error of the mean.

The standard error of a mean is inversely proportional to the square
root of the number of observations; that s,

%
= S/N°
SE')Z /N

Values for 1/N are shown on the following page.

214
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STANDARD ERROR OF A MEAN

1

/N Yalues
0.707
G.577
0.500
0.447
0.408
0.378
0.316
0.258

LnO\lD-UI:sWMz

—

The averaging of four observations decreases the standard error of the
mean to one-haif that of a single observetion; the standard error or
the mean of fifteen obscrvations is approximotely one-quarter that of
a single test. Here again, when more than five samples are used, the
small gain in precision s at the expense of other factors.

The process of repeating an experiment a number of times andaveraging
the results to reduce the error is inefficient. , This may be shown ina
different way, Since the magnitude of t5/N* is a function of the num-
ber of observations, the number of observations required to increase

the precision of the mean to o prescribed level can be estimated from

the formula:
W= (%R/LER))‘

Where 5p = -——"1(_)S
X

and LEp = rSp/N!; (in this case, the level of precision desired).

The number of observations required to increase the precision of the
mean from 10 to 0.1 per cent is shown on the following poge for
various values of the relative standord deviation (SR).

215
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{ncrease in Precision of the Mean as a Fuaction of the Number of
Observations with t at 95% Probability Level

" Sg 05
10
5
4
2
1 1
0.5 4
0.2 25
0.1 100

1.0

16
100

400

NUMBER OF OBSERVATIONS

20 3.0 5.0
1

1 4

1 2 6

4 g 25
16 36 100
64 144 400
400 900 2,500

1,600 3,600 10,000

In order to understand the use of the above table and formula, con-

sider the following set of data:

10.1
9.8
10.2
9.9

216

N =4

X =100

S = 0.180r 0.2

sp = (0.2) (100/10 = 2%
X + LE95% = 10.0+ 0.3
X ¥ LEg = 10.0%2%
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m—— msepite  —



CONFIDENTIAL

If the prescribed level of precision in this case Is 1 per cent, the num=
ber of observations required to increase the precision of the mean to
1 per cent [s:

N = (25p/LEp)?

2%

SR
Ep = 1%

LEp

[}

Therefore, 16 observations are necessary to increase the precision of
the mean from 2 to 1 per cent. And 36 observations are needed to
Increase the precision of a mean from 3 to 1 per cent,

It should be pointed out that should the standard deviation or variance
of a test mean be too farge, additional determinations will be made;
however, no more than necessary will be made consistent with the test.

PART Il

The testing program for Part Il Is shown in Table Il. The program was
desligned to establish instrument repeatubility, day-to~-day reproduci~
bility, heat-treat repeatability during sample preparation, effects of
chemical composition, operator-to-operator reproducibility, and the
total over—all deviation as well as the effects of cryogenic and radi-
ation environments, For sheet material, statistical analysis will reveal,
without requiring more testing, heterogenelty, if present, and whether
or not it has any effects on results.

The program is divided into two sections, A and B, The testingschemes
for Section A and Section B are shown at the end of this Appendix.
Data resulting from Section A testing, in addition to determining the
effects of the sample parameters (composition and heat treatment) and
test parameters (temperature and radiation), as well as servingas a
quality control program, will be used as reference data for other test
parameters.
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The proposed approach for Part |l could be considered os o minimum
program, Some testing methods, e. g., fatigue, may give too large a
standard error of the mean; and additional testing may be necessary.
In Section B, the number of sumples fo be tested could decrease or
increase, depending upon the analysls of the data resulting from
Section A,

The following references are suggested for further Information on
statistical methods:

Brownlee, K. A., "Industrial Experimentation," Chemlcal Publishing
Co., Inc., Brooklyn, 1949

Cochron, W. G. and Cox, G. M., "Experimental Designs," John Wiley
and Sens, Inc., New York, 1950

Goulden, C. H., "Methods of Statistical Analysis," John Wiley and
Sons, Inc., New York, 1952

Hoel, P. G., "Introduction to Mathematical Statistics,” John Wiley
and Sons, Inc., New York, 1947

Youden, W., "Statistical Methods for Chemists," John Wiley and
Sons, Inc., New York, 1951
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SCHEME - SECTION A OF PHASE Il TEST PROGRAM

MATERIAL
I 1
BATCH A B C
L { ¥
- i 1
HEAT TREAT nra A2 g2 c2 A3 g3 c3
ROOM TEMPERATURE Al g2c3 .
FY4 33 C]
A3l c?
20° R Al g2¢3
AZ 83 C]
A3l c2
20° R + {RRADIATION Alg2c3
A2gicl
A3plc2

* PER SAMPLE PARAMETER THREE DETERMINATIONS

TWENTY=-SEVEN SPECIMENS ARE REQUIRED FOR ONE DETERMINATION.
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SCHEME - SECTION B OF PHASE Il TEST PROGRAM

MATERIAL
[ ]

BATCH A B C
HEAT TREAT alslc! A2p2¢2 A3 33
T,° R Alglg? »

A3c2c3
T,° R + IRRADIATION Al pl B2

A3c2cd

* ONE DETERMINATION PER SAMPLE PARAMETER

SIX SPECIMENS REQUIRED FOR ONE DETERMINATION,
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APPENDIX C

REMOTE DISASSEMBLY

OF AIRCRAFT SUBSYSTEMS

Abstract:

Preliminary investigation of the various aircraft subsystems has
shown that there is a need for manipulator-operated disassembly
tools. Some of these tools have been developed, along with elec-
trical and hydrautic fittings that are easily adapted for remote
connecting and disconnecting with the Model 8 manipulators. In
some cases, a system can be specially constructed for ease of
digassembly by using modular assembly. Examples of this
modular construction are the RDZ-1 radio receiver and the
radiation-resistant television camera.
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INTRODUCTION

A preliminary study of aireraft subsystems proposed for irradia-
tion has shown that there are a numher of problem ureas relative
to the remote disassembly of these subsystems. Some of these
problems can be solved easily by use of standard items such as
quick disconnect AN plugs and hydraulic connectors. But for the
most part, the golution to these problems requires that the equip-
ment, components, and subsystems be modified to permit
disassembly with standard manipulators. To accomplish remote
disassembly of irradiated subsystems, strict requirements for
electrical and hydraulic connectors, tie downs,control locationa,
and hooks or bales for remote crane handling as well as for con-
struction methods must be incorporated into the preliminary
design of the subsystem and its components. However, care must
be exercised so that modification of the subsystem for remote
disassembly does not impair the function of the subsystem,

Whenever possible, modular construction of components into sub-
systems Is used. This type ol construction is necessary to permit
any one section of an irradiated subsystcm or component to be
removed for further disassembly and testing, This type of con-
struction also permits a damaged section to be replaced with
another system, in order to dynamically test the rest of the sub-
system.

While the Georgia Nuclear Laboratory was still under construction,
disassembly studies and remote handiing tool development were
betng conducted at Air Force Plant 6 in Marietta, Georgia.
Figure A-1 shows a mock-up that was constructed to accomplish
this program. All of the GNL hot cell features are incorporated
in the mock-up to duplicate the viewing and remote handling
characteristics that will exist when an irradiated subsystem s
being disassembled. This view of the cell shows the Model 8
manipulators, the General Mills E-2 manipulator, the sodium
vapor lamps, and the simulated flatcar of the hot materials han-
dling system.
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FIGURE A=1 CROSS SECTION OF THE HOT CELL MOCK~ UP AT AFP 67

A SODIUM
il VAPOR

LAMPS




REMOTE HANDLING TOOLS

As manipulators are the tools with which the task of disassembly
is performed, their capacity, reach, and dexterity is of prime
importance when the modilication crilerin are established, It

the normal capacity of the manipulator musl be exceeded, or if
the modification becomes too complicated and costly, the manipu-
lator eapabilities are increased by the development of special
remote handling tools.

Remote handling tools can be fabricated from special designs, or
commercial lools can be purchased and modified to be operated

by the manipulators. An example of # modified commercial tool

iz shown in Figure A-2, This tool, a seven-pound Black and Decker
No. 100 heavy-duty impact wrench with 1/2 in, bolt diameter ca-
pacity, is capable of delivering 1800 impacts per minute, Using

the jig shown in Figure A-2, the modified impaet wrench is re-
motely attached or detached from the Model 8 manipulator,

Te attach the impact wrench to the manipulator arm, the handle
amd the on-off switch is removed. The holding frame is built to
fit the contour of the "wrist” of the manipulutor, An indexing
gear, with a control cable running from the indexing pin to the
sliding control assembly, is attached to the holding [rame. The
sliding control assembly permits the tongs Lo keep the indexing
pin disengaged from the geur until the desired position is uttained,
As the Indexing control pin is locuted on the same assembly, di-
rectly below the on-off switch, the manipulalor tongs can easily
index or turn the switch on or off by moving to the proper posiiion
and applying & squeeze molion.

When the tool is indexed to the proper position, the grip is relaxed
and the Index pin slides into position. As this holds the tool in
position, the tongs are relaxed and moved to the on-off switch
located directly above the cable control pin to operate the tool,
Pneumatic impact wrenches seem to bhe a better tool for the job,
as they weigh less than comparable electrical wrenches, Since
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FIGURE A=2 IMPACT WRENCH BEING MOUNTED ON MODEL-8 MANIPULATOR
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the exhaust tends to scatter contamination, however, pneumatic
tools have limited acceptance unless the exhaust is directed away
from the contaminated item.

A preliminary investigation of wire cutters for remote disassembliy
indicates that it is extremety difficult to apply enough pressure to
the tool to cut wire of significant size, As the gripping power of
the Model 8 manipulators is limited, it was necessary to develop

a2 tool that would deliver a greater cutting force. This was accom-
plished by increasing the effective lever arm, in the manner shown
in Figure A-3. The cutter ie designed and fabricated to remotely
detach and attach to the Model 8 manipulator in the same way as the
standard remotely-removable tongs, This is accomplished with the
flange and flange clamp shown in Figure A-4. The cutting action is
obtained by squeezing the grips together. This action causes the
cutting bar to be forced against the slotted end portion of the tool.
This method can be used to cut wire up to #14 AWG. The siender
cutting portion of the tool permits its insertion into crowded areas
where it hooks onto the wire that is to be cut. In this manner,
various electronic items are removed from a chassis for individual
radiation damage testing., As this cutter has limited capacity, a
pneumatic cutter was designed with considerahly higher capacity
than the mechanical wire cutter.

Almost any hand tool can be adapted to the manipulators for remote
handling and disassemblv. and at present several tools have been
designed. These include an electric acrew driver, a tube-puller,
a soldering iron, and a hydraulic unjversal attachment than can

be adapted for shearing, gripping, or rotation. All of these tools
have been designed for remote detachment from and attachment to
the Model 8 manipulator,

VIEWING

It is important in any hot cell work for the operator's view of the
work area to be as nearly complete as possible, Close viewing {8
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extremely importiant in the disassembly of complex and delicate
subsystems. The standard hot cell window, while giving increased
vision due to the index of refraction of the lead glass, does not
offer an appreciable degree of magnification, There are a number
of visual aids available for hot cell use, A tclevision system with
remote pan and tilt and a remotely operated Zoomar lens has been
used by some industries for a number of years. One obvious draw-
back to this system is that the lens browns due to irradiation, A
zood lens, with non~browning glass, has not yet been manufactured,
A periscope with non-browning lenses is commercially avallable,
and it is of great assistance in hot celi work for reading micro-
meters, gages, uand dials. Bul since the operator must remove his
hands from the manipulator to view his objective, this viewing
system is not very effective in remote disassembly work,

Since the operator must view his work closely and still operate the
manipulator, it was decided that a pair of binoculars installed on

an adjustable holding bracket mounted outsicdle the cell would not
only meet the visual requirements but would also eliminate the
problem of lens browning. A pair of 6 x 30 binoculars was mounted
directly above the window on a ball jointed holding rod, ag shown in
Figure A-5. This type of mount permits the operator to adjust the
binoculars and subsequently view his work without removing his
hands from the manipulator., The only change required is to adjust
the focal range of the binoculars to coincide with the space limi-
tation of the hot cells. The 6 x 30 binoculars are indeed an improve-
ment to the hot cell viewing system; but the ficld of view is not wide
enough, and there is a definite need for more magnification. Pre-
Hminary investigations on the modification of a pair of 8 x 50
binoculars has shown that to obtain the focal range desired the
convergence angle will also have to be changed.

CONNECTORS

The Model 8 manipulator can disconnect and connect practically
any of the standard AN connectors, Some of the quick-disconnect
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connectors are obviously better adapted for remote operation than
the multi-thread or twist lock connectors. The remote discon-
nection of any type of connector requires that it be easily accessible
to the manipulators. By locating as many connectors as is feasible
on a junction board that is easlly accessible, remote disconnections
and connections of electrical leads is considerably simplified,

Preumatic and hydraulic fittings introduce a different type of prob-
lem, To have a leak-proof seal, a fitting ordinarily requires the
application of high torque, In making a hydraulic coupling the lines
are usually filled with air and have to be bled. When a hydraulic
fitting is disconnected, oil leakes from the line; and in the case of an
irradiated systems this leak would spread contamination. A cou-
pling to be remotely connected and disconnected must be self-sealing;
it must be capable of being connected and disconnected by the Model
8 manipulators; it must require one or less revolulions to complete
the coupling; and it must have sufficient pressure rating to perform
the tests. The Aeroquip self-sealing hydraulic and pneumatic cou-
pling shown in Figure A-6 meets all ol these requirements. Fluid
lines can be disconnected without loss of fluid or introduction of air
into the system. Removal of componentis from a subsystem using
these couplings is measured in minutes rather than hours; and as
the coupling is easiiy connected and disconnected by the Model 8
manipulator, special tools are not required, The present pressure
rating is 3000 psl at temperatures from -65°F Lo 160°F.

MODULAR SYSTEM CONSTRUCTION

AsB has been mentioned before, module construction greatly en-
hances the capability of manipulators to disassemble irradiated
subsystems and components., The RDZ receiver shown in Figures
A-7 and A-8 is modified to utllize module construction; it is an
example of what can be done to a complicated system to facilitate
remote disassembly and testing,.
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The modification consists of assembling the receiver in four basic
sections;

Power supply
Filter section
IF/AF section
Pre-selector and converter unit

The power supply, the IF/AF section, and the pre-selector and
converter unit are tied together with four Phillips-head fasteners,
which are easlly removed with an electrically-operated screw-
driver. The filter unit is mounted on the chassis as an integral

part of the subsystem, but it is isolated mechanically. For sure
tool alignment, all screws and bolts are replaced with Phillips-

head screws. This type of screw provides for easier alignment

with a remotely operated electric screw driver than does the standard
slotted screw. The amphenol pin-polarized connector was chosen,
because it requires a low insertion and withdrawal force and because
the pine parmit plug-in without danger of mismating. This type of
connector is easily and quickly removed even when the connector is
out of sight within the equipment a8 shown in Figures A-7 and A-8.
Also shown in Figure A-7 are the fanning strips that replace the
standard terminal strips. These fanning strips permit the manipu-
lators to make a multiple connection; and although individuaily
fastened to the terminal strip, they are fixed in a position so that
they can all be elther connected or disconnected at the same time.

The soldered connections, between the power supply and the IF/AF
section, the power supply, and the pre-selector and converter unit,

are replaced with an amphenol plug-in type connector number 26-159-186,
8s shown in Figure 8. This connector mates the various units elec-
trically and permits easy disassembly, since the plug is located to
mate when placed in position and slid forward, Guide pins on the plug
and its mate assist in aligning the units.

Recelving tubes equipped with guide pine can be easlly removed and
replaced by using a standard tube puller adapted for remote handling,
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Subminiature tubes having no guide pin will be a little troublesome
since the pins are easily bent and since, if positive alignment Is
not poesible, they might be forced intc a mismating. This problem
can be partially solved by placing a guide mark on the tube and a
corresponding mark on the socket, This permits the operator to
be certain of the alignment before he applies insertion pressure,
Another golution to this particular problem is to solder a atandard
gulde pin socket to the base of the miniature tube socket for a
permanent double socket arrangement,

A radiation-resistant television camera, designed and fabricated

by Lockheed Alrcraft Corporation, California Division, is quite
simllar In design for disassembly to the RDZ receiver described.
For testing purposes, this prototype model 18 larger and more
intricate mechanically than wili be required in later operational
units. This approach and the module type of construction is made

to facilitate complete disassembly of the test model with the manipu-
lators described. '

Here again the module type of construction provides for relatively
easy disasgsembly of the entire camera, Slides or slots, shown In
Flgure A-9, are provided so that the iens and the vidicon coils are
accessible and easily removable, Electronic circuits are on bread
boards of the plug-in type that require very ilttle soldering for
assembling or disassembling. Although the bread boards are
accessible and soldering can be done with a minimum of trouble,
an improvement could likely be made by replacing the bread boarda
with fanning sirips. The use of a pianc hinge to attach the cover to
the rear of the camera base affords accessibility to the interior to
permit changes by remote handling equipment, as shown in Figure
A-10,

Figire A-9 shows the outer structure of the camera case, including
the hinged lever assembly, cooling ducts, and lens slide, The
ejection system for removing the plug from the vidicon tube is shown
in Figure A-11, The lever is pulled by the manipulator, and this
effects a siraight pull to remove the plug from the vidicon tube,

Once thia plug is removed, the vidicon tube can be removed from the
coils; then the colls themaelves can be removed,
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APPENDIX 0

THE REMOTE DISASSEMBLY AND
REASSEMBLY OF THE RADIO S8ET

AN/ARC-34
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INTRODUCTION

The foilowing material is a guide for the remote disassembly and
reassembly of Radio Set AN/ARC-34, an airborne transceiver,
using hot cell equipment. This equipment includes the Central
Research Laboratories Model 8 manipulators, the General Mills
E-2 manipulator, the Kollmorgen Model 301 periscope, and the
Wollensak 6 x 30 binoculars. Included in this pre-irradiation study
are the analysea, techniques, modifications, special tool develop-
ment, and procedures that were established, These operations
were conducted in the hot cell mock-up facility at the Georgia
Nuclear Lahboratories, Air Force Plant 67, Dawsonville, Georgia,
shown in Figure B-1. This hot cell mock-up operation will ensure
the success of remote operations on an irradiated AN/ARC-34.

In the event of a total or partial failure of some of -the radio sub-
assemblies, vacuum tubes, diodes, or other electronic items,
these items will be replaced remotely,

OBJECT

All the remote handiing requirements will be met. The operational
studies in the hot cell mock-up will answer most questions that
might arise, A satisfactory view of those vital components and
electronic items of the AN/ARC-34 will be obtained. Vital com-
ponents and electronic items will be reached and handled with hot
cell tools already developed. Modifications to the Radio Set and
special tools will be required, The exact procedures will be used
in the disassembly, replacement of all vital components and items,
and the reassembly of the AN/ARC-34. The following components
will be removed and replaced:

Receiver, Bubassembly
Modulator, Radio

Selector Control Subassembly
Control Monitor

Recelver, Radio

Amplilier, Osacillator
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PROCEDURE
1. Pre-analysis and Planning

A pre-bulldup study of the AN/ARC-34, considering its size
{7-1/2 In. x 10 in. x 21 in.), weight (45 lb), and adaptability for
remote handling with the Model 8 manipulators, was made. The
AN/ARC-34, being an mirborne receiver-transmitter, fs amall
and compact and has many components and parts. Each component
containe electronic circuits, condensers, diodes, and vacuum
tubes of various sizes. The removal of these compenents and
parts requires very careful handling. The extraction of vacuum
tubes and other small items is difficult because of the very com-
pact nature of the radio system. Viewing and locating these parts
require extensive use of hot cell optical instruments -- binoculara,
periscope, and convex mirror.

2, (Complexity and Accessibility

Because of the vast complexity and inaccessible location of some
of the components and items, two large exploded lsometric draw-
ings, Figures B-2 and B-3, were made showing the components
on both sides of the Radio Set. All electrical connectors and dis-
assembly screws are shown in these drawings.

Complexity of the radio system had the greatest single effect on
the time requirements for mock-up activities. Most of the vacuum
tubes and diodes were inaccessible and required the removal of
the component for the replacement of those items.

3. Special Tools and Equipment

A rectangular mount rack constructed of aluminum angles was )

designed to hold the AN/ARC-34 on the test car. The mount rack
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used in the hot cell mock-up duplicates the actual mount rack to

be used in the radiation testing of the AN/ARC-44. It is shown in
Figure B-4. ‘'This rack is equipped with a circular knuried knob

on one end, allowing the manipulator operutor to rotate the radio
set on a horizontal axis located about 19 inches ubove the top of

the test car, This rack was developed to lucilitate remole handling,
removil of components, and easier viewing. Normal hot cell equip-
mant was utilized during this mock-up operation. This equipment
Includes closed circuit TV camera and monitoring system, cell wall
periscope, high powered binoculars, portable spotlight, and a con-
vex viewing mirror. Special hot cell tools already in use include
the wire cutter and the "Lazy Susan" tool rack.

Most of the existing hot cell tools were anualyzed with respect to
the tool requirements for the disngsembly and reassembly of the
AN/ARC-34, Many of these tools were found to be too large and
too tiring for the manipulator operators to utllize in remote opera-
tion on the Radlo Set.

Two ratchet-type screw drivers were modilied both in length and
blade give ns shown in Figure B-5. A special serew driver, Figure
B-4, was developed with an off-set handle, This was nccessary so
that the manipulator operators could see very small screws in the
radio set without the manipulator claw and screw driver handle being
in the line of sight,

Other tools developed were a variety of steel handles to remove the
components from the radio cabinet. Most of the components plug
into electrical conneclors dircctly bencath the subassembly; con-
siderable force is required to separate these conneclors. The
Model & manipulators are too large in mosl cases to grasp the com-
ponents without damaging the delicate electrical parts. The handles
are casily attached to the components and provide a safe method of
handling, This greatly reduccs the possibility of dropping the sub-
assembly during disassembly. Obviously, dropping a subassembly
would cause considerable damage.
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Existing vacuum tube pullers vere modified with rubber tips to
extract and replace vacuum tubes. A different size was required
for each different size tube in the radio set. The type constructed
of thin ateel tubing with a tapered slot on both sides and extending
almost the length of the tube proved to be the most effective for
Medel 8 manipulutor usage.

4, SBubsystem Modification Requirements

Modifications for some specific components and items in the
AN/ARC-34 are:

®* Modulator Radiv; Replace the three existing red dis-
assembly screws on this element with three screws of
the same diameter, but having raised heads 3/4 of an
inch in depth, Paint these screw heads white for easler
fdentification,

e Paint white spots for identification on the edges and screw
hotes of the components where the tool handle ends will
engage,

¢ Increase the lengths of the electrical cables having twist
type connectors for easier remote disconnection,

¢ Identify vacuum tubes with their alignment into their
respective female sockets.

¢+ Paint the top of electrical connectors marked P696 and P697
white for easier identification.

The following components of the AN/ARC-34 were removed re-
motely in the order shown during the hot cell mock-up operation:

(a) Recelver Subassembly (R-568/ARC-34)
(t) Modulator, Radio (MD-198/ARC-34)
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{c) Selector Control Subassembly (MX-1489/ARC-34)
{d) Control Monitor {C-1256/ARC-34)

{¢) Receiver, Radio (R-567/ARC-34)

([} Amplifier-Oscillator (AM-868/ARC-~34)

5. Job Instructions

The AN/ARC-34 was mounted in the mount rack described pre-
viously in Paragraph 3, The mounted radio was then placed upon

a test car and the car was positioned inside the hot cell mock-up

at the Radiation Effects Laboratory building. The actual procedure
for the component disassembly of the AN/ARC- 34 was performed
in the hot cell mock-up and will be utilized as a guide in future hot
cell operation,

The first disassembly operation is to remove the top cover from
the radio set . Loosen the three screws on the right end of the
cover one turn to the lefi, These screws are spring atlached and
will spring out when they have been loosened enough, Remove the
cover by raising the right end up and pushing to the left.

The first component to be removed is the Receiver Subassembly
located at the lower left of the radio set. Loosen the three white
disassembly screws several turns to the left. The screws will
dangle loose when they have been loosened ¢nough. Next, pick

* All the special tools developed were painted white and then
identified with black bands. For example, one black band for

the receiver subassembly, two black bands for the modulator
radio, etc, The manipulator operator is furnished a too] identi-
fication chart. The white and black colors proved to be more
easily seen than other colors when viewed through the cell windows.
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up the special tool handle with one black band *, BSee Figure B-8,
Ingert one end of the tool under the handle on the left front of the
component. Insert the right end of the tool under the flange of the
protruding end of the component on the upper right front. { All the
tool handles are made springy for easier manipulation into their
correct positions. Also, being springy, these tools will grasp
the components with a firmer and tighter grip.) Pull straight out
on the handle and the component will disconnect from the radio
chassis,

The next component to be removed 1s the Modulator Radio located
in the lower right front of the radlo set. This is accomplished by
loosening the three white screws in the same manner as before,
These screws again will dangle free. The tool handle with two
black bands is positioned diagonally acroes the front of the com-
ponent ag shown in Figure B-7. One tool end is inserted in a hole
at the lower left of the component; the other tool end is inserted in
8 hole at the upper left of the component, Both holes are spetted
with white paint for easier identification. The component is lifted
straight out of the electrical connector located beneath the com-
ponent.

* The AN/ARC-34 used in the mock-up test did not contain the
instrumentation cables leading into both the top and the bottom
cover of the radio set. On the actual instrumentated AN/ARC-34
to be irradfated, theae instrumentation cables will have to be
disconnected before the covers can be removed. These cables
will be fastened to the covers by aluminum connector blocks,
Loosening two screws on each connector block allows the cables
to be disconnected from the female sockets within the radio set,
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There is now only one component remaining in the radio set on
this side. This is the large Selector Control Subassembly. It
has four screws, painted white, in each corner of the component,
Loosen each screw about four turns to the left. This component
has two tool handles, each having three black bands for identi-
fication, See Figure B-8. Engage the ends of both tools under
the heads of the four screws, Tighten these screws on the ends
ot the tools, Lift the component about three inches out of the two
electrical connectors beneath. A twist-type connector cable lead-
ing from the component to the radio chassis must be disconnected
before the component can be removed. Disconnect the cable and
lift the component out of the radio set. This completes the com-
ponent disassembly on the top half of the AN/ARC-34,

Turn the radio set over by loosening the large knurled knob on the
mount rack, The lower portion of the set is now positioned toward
the manipulator operator. Tighten the knob, and the radio set is
now in position for the remote disassembly of the bottom half of
the sct,

Remove the cover by loosening the four white screws, two on each
end. Turn each screw once to the left., Lift the cover off by prying
up under the right end with a screw driver,

The Control Monitor component is removed [irst, Locate the three
white disassembly screws and loosen them. No tool handle is nec-
essary to remove this component, Remove the Control Monitor by
lifting straight out,

Pull the twist-type cable connector with the orange band located
just in front of the Receiver Guard at the upper right of the set
out of the two clips and disconnect the cable,

Disconnect the twist-type cable connector with the green hand next,

The twist type cable connector with the red band located on the
right side of the Recciver Guard is disconnected also.
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Now toosen the two white screws on the Receiver Guard. Pick up
the tool handie with four black bands shown in Figure B-9. The
right end of the tool is inserted under the big slot on the Receiver
Guard and the other end is inserted under the small hole on the
left end of the compartment, These places are identified by white
paint spots. Pull the Receiver Guard out a short distance. At
this point, the three loose cable ends must be pushed through the
big slot in the Receiver Guard, Now lift the Receiver Guard
straight out,

Attach the tool with five black bands to the Receiver Radio com-
ponent by screwing the two screws on the handle into the two raised
and tapped posts on the component shown in Figure B-10, The com-
ponent is then lifted straight out.

The final component to be removed is the large, heavy Amplifier-
Oscillator, The white connector marked P696 located at the lower
left of the component must be unplugged. Alsc unplug the white
connector marked PGI7 located at the upper right of the component.
Unscrew the two socket-head cap screws located on the lower ex-
terior of the radio cabinet and remove them from the radio cabinet.
Pick vp the two tools with six black bands shown in Figure B-11.
Insert the end of the tools where the white identification spots are
located. The component, being heavy, requires careful handling.
Lift the component straight out of the cabinet. This completes the
component disassembly of the AN/ARC- 34 Radio Set.

The AN/ARC-34 components are reassembled in the reverse order.
Reassembly requires greater care in handling the components,
because almost all of the componcnts have to he inserted into elec-
trical connoctors. 'This is done almost "blindly’" and the "feel” of
a good connection has to be done remotely with the Meodel 8 mantpu-
lators.
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Reassemble the components in the order shown helow:

&

oo ™ 0

Amplifier-Oscillator

Receiver Radio

Receiver Guard - This requires the use of a string to tie
the three loose ends of the electrical
cables together. The cables have to be
putied through the large slot on the guard
before the guard can be placed over the
receiver,

Control Monitor

Selector Control Subassembly

Modulator, Radio

Receiver Subassembly

Replace the cover on this side of the set.

This completes the reassembly of the AN/ARC-34.

CONCLUBIONS

The AN/ARC-34 can be disassembled and reassembled remotely
using Model 8 manipulators.
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