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ABSTRACT: Several sets of permanent magnets, representative of
commercially important magnet materials, were irradiated at
Brookhaven National Laboratory and Argonne National Laboratory
to integrated neutron flux levels from 3 x 107 to 4 x 10%
epicadmium n/cm?*, In spite of this relatively high dose,
Alnicog IT, V and XII showed negligible change in properties
whether irradiated at 60°C, 235°C, or 325°C, Cunico I, though
affected, showed changes less than a threshold of radiation
damage of + 107, Cunife I and 3-1/2 Chromium Steel showed
slight improvements in properties. The Barium Ferrites,
Silmanal, 36 Cobalt Steel and others exceeded the 10% damage
threshold by various amounts which extended up to severe
demagnetization., Differentiation between temperature and
radiation effects was accomplished by the use of control
magnets, and by the 60°C irradiation, Limitations on the use
of Alnicos II, V, XIIT and Cunico I in combined heat and nuclear
radiation environments may be imposed by the higher vulnera-
bility of associated soft magnetic circuit components, e,g.,
pole pieces of soft iron, to radiation damage and by high gamma
heating which can occur if a magnetic circult must be used in a

sealed container (for protection from corrosion or other
reasons).

amwi

Of the two most widely used groups of permanent
magnets, the Alnicos exhibit the highest resistance to
radiation, while the barium ferrites show the least.
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The first irradiation experiment in this survey of the effects
of nuclear radiation on permanent magnets showed that none of
the materials tested were affected by the same amount of
radiation which caused some soft magnetic materials to
deteriorate., The initial permanent magnet results were
presented in NAVORD Report 6276 and the work on soft magnetic
materials in NAVORD Report 6127. This report gives the results
for the behavior of the same materials at ~10, 100 and 1000
times the initial dose to which they were subjected., The work
was performed as part of a broad program for developin
magnetic materials (Task No, RRMA-02 8/2121/R007-Ol-051).

W. D, COLEMAN
Captain, USN
Commander
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RADIATION DAMAGE THRESHOLDS
FOR PERMANENT MAGNETS

INTRODUCTION

1, What are the effects of nuclear radiation on permanent
magnet performance? To answer this question, a series of
experiments was performed to test a number of materials to
predetermined values of integrated neutron flux or until the
magnetic properties of most of the magnets showed major
degradation, However, materials such as Alnicos II, V and XII
showed 1little or no change in properties after high level
irradiation and, except for adverse temperature effects, Cunife
I and 3-1/? Chromium Steel showed a slight tendency toward
improvement, Eleven materials in all were subjected to
irradiations ug to 5 x 10? epicadmium nvt at maximum tempera-
tures of 60, 235 and 325°C, Two materials showed changes of
the order of a = 10% threshold of radiation damage, Cunife I
and Cunico I, The two Barium Ferrites (oriented and unoriented)
Platinun Cobalt, 36 Cobalt Steel and Silmanal showed severe
property degradations,

2. In the first of these experiments the total integrated 1
epicadmium flux (n/cm? or nvt) reached was only about 3 x 1077,
None of the thirteen materials irradiated were affected by this
relatively low dose. This was not an unexpected result since
previous work? with soft magnetic materials revealed a rough
rule of thumb measure that materials having coercive forces

less than 0,5 ocersted tended to be degraded by irradiation to
this level, whereas those having coercive forces greater than
0.5 oersted were not affected, Permanent magnet coercive forces
lie between 50 and 4500 ocersteds (see Fig, 1%. Subsequent
irradiations of ~10*%, 10'° and 10% nvt were performed until
some of the magnets not only crossed the threshold of damage
but were in some cases severely demagnetized,

3. The initial experiment with permanent magnets to 3 x 107
nvt was performed at the Brookhaven National Laboratory,
(NOTE: Unless otherwise specified, all values of integrated
flux are for epicadmium neutrons (neutrons whose energies

¥ 4 ev)), All succeeding experiments were performed in the
CP.5 reactor at Argomne National Laboratory (ANL), Since this
work was of interest to the Reactor Engineering Division at
Argonne, the experiment was conducted as a joint effort by the
U, S, Naval Ordnance Laboratory and the Argonne National
Laboratory. Projected applications by ANL included the use of
permanent magnets as components of electromagnetic flowmeters
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immersed in the coolant of a reactor in high nuclear radiation
fields for extended periods of time, ANL provided the
facilities such as space in CP-5, the use of hot cells,
temperature monitoring equipment, and dosimetry fabrication
and evaluation, while NOL conducted the experiments on the
permanent magnets, :

EXPERIMENTAL

4, Because reactor space available is limited, the number of
permanent magnet materials to be tested in this survey was
restricted to a representative group of thirteen materials,
Figure 1 lists these materials and shows their nominal demag-
netization curves, Table T gives additional information. Two
materials, the Elongated Single Domain (ESD) magnets, were
eliminated after reaching the 10'° nvt level because one of
them had completely disintegrated into a powder sometime before
this value had been reached and had clung to the other test
specimens., This disintegration was probably due to the melting
of the lead alloy matrix under high temperature, The Platinum
Cobalt magnet was eliminated from the normal temperature
experiment due to lack of space,

5. In order to be able to differentiate between radiation
induced changes and changes caused by high temperatures,
duplicate sets of magnets were used as controls., Temperature
levels and temperature drops (which occurred at reactor shut-
downs) encountered by the in-pile test magnets were simulated
for the control magnets in ovens., To further insure that the
test and control assemblies had the same treatment, both sets
of magnets for each experiment were, wherever practicable,
stabilized, tested and handled in the same manner and at the
same time, They were also packaged in identically designed
containers, Most of the containers were approximately 12" long
by 1,25" in diameter. These dimensicns were dictated by the
geometry of the CP.5 holes available and by the necessity for
minimizing the length of container monitored by a single set of
dosimeters,

6. The buildup of temperature by gamma heating to high values
in the can type of container shown in Fig, 2A was prevented in
the normal temperature experiment by the use of the tube type
of assembly shown in Fig, 2B, (The gamma flux was estimated to
be appreciably greater than 107 roentgens per hour). The
magnets and their aluninum spacers fitted closely enough in the
tubes of this assembly so that adequate cooling was effected
but not so closely that they could not be removed without
forcing., A non-magnetic stainless steel spring in each tube
provided positive contact of the magnets with the assembly both
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at the ends of the tube and, to some extent, along the length,
The magnets were aligned with the north poles in the same
direction.

7. In-pile temperatures were recorded continuously on a strip
chart., The sensing elements were chromel alumel thermocouples
inserted in hcles in dummy samples of type 304 (non-magnetic)
stainless steel., A set of three dosimeters was inclwuded in
each container and in the last three experiments (at ~ 10% nvt)
two such sets were included, The three dosimeters per set
included a ccobalt aluminum foil or wire for monitoring the
thermal flux, a second Co-Al wire in a cadmium jacket for the
eplcadmium flux, and an aluminum sulphate pellet for the
neutrons having energies greater than 2,9 Mev,®*%*?®

8, No in-pile magnetic measurements were made because existing
measurement techniques and presently available in-pile space
are incompatible with such measurements, Because of the high
induced activities, in these magnets, all post-irradiation
measurements were made in hot cells, All of the magnetic
properties measured were made with specially designed search
colls® which allowed data to be taken by remote handling in

the hot cell, Since pre- and post-irradiation measurements
were made with the same or identical search coils, leakage

flux errors as high as * 2% were eliminated,

9, For most of the magnets only one property was measured,
the open magnetic circult induction (BoMc). BoMmc is the
operating induction wvalue of the magnet under open circuit
conditions, It is represented by a point on the demagnetization
curve or within it, For a given material, it depends on the
shape and dimensions of the magnet, as well as on the geometry
and material of the entire magnetic circuit, Each magnet had
that length to diameter (L/D) ratio which fixed its initial
operatin% point at or above the knee of the demagnetization
curve, his insured opecration of the magnet at an optimum
point for open circult conditions, Experimental work at the
10'7 and 10'® nvt levels included an additional set of magnets
which was used for the closed magnetic circuit tests in which
demagnetization curves were obtained,

RESULTS AND DISCUSSION

Irradiation to 5 x 10% nvt, Changes Less Than 10%

10, Three sets of magnets were irradiated to a total integrated
flux of about 4 x 10?° nvt, one at a normal temperature of 60°C

+ 109C, one at an intermediate temperature of 230°C x 200C,

and one at a high temperature of 330°C + 20°C., The results of
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these three experiments are shown in Table II and Fig, 3,

There are two main groupings of the results, The first group
includes those magnets which were unaffected by this high value
of integrated flux or at the least showad radiation damage of
less than an arbitrarily chosen threshold change of * 10%, The
second group consistis of those materials in which changes
greater than this 10% threshold occurred,

11. Alnico II, Alnico V, Alnico XII and Cunico I belong to

the first group, The first two showed negligible changes in
properties to within an experimental error of + 2%, The

Alnico XII magnet irradiated at a normal temperature showed a
-6,5% change which is still considerably below the 10% threshold
of damage., The three Cunico I samples approached the 107
thresho%d value, For Cunico I comparison of the results (see
Table II or Fig, 3) for each of the three test magnets with its
control reveals that the change produced was due to irradiation,
The average of the differences between percentage changes of
the test and control magnets is about -7% (Note the similarity
in behavior of this material and 36 Cobalt Steel, particularly
with reference to the analysis on 36 Cobalt Steel in the next
sectiot),.

Irradigtion to 5 x 1C*® nvt, Changes Greater Than 10%

12, The three irradiated 36 Cobalt Steel magnets showed

changes of -37, -37.5 and -34,5% 1in BOMC at normal, intermediate
and high temperatures respectively, The changes in the three
corresponding control magnets were -1, -20,5, and -22%, An
analysis of the demagnetizing effects of nuclear radiation and
temperature on BOMC for this material is illustrated with the

aid of Fig, &4,

13, The nominal operating point for each of the six magnets
after magnetization and stabilization was point A, If we
consider the high temperature control sample alone, heating to
3259C may be considered equivalent to a fictitious demag-
netizing field of magnitude - AHT, This field causes a shift
in the operating point from A down the curve to €, At the first
simulated reactor shutdown, the drop in temperature, i,e,, the
removal of the equivalent demagnetizing field, - AHT will cause
the point to move along the idealized minor loop CD until it
intersects the load line AO at A', With succeeding rises and
drops in temperature the point commutes between C and A', Its
fina} position at the end of the temper:.ture simulation period
-is A', The net change in BOMC caused by temperature alone is
ABT, For the control sample run at 235°C the same analysis
holds with the exception that &BT would be smaller,

14, For the irradiated sample at 3259C the same temperature
induced change, ABT, orsurs initially since the first reactor

4
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shutdown takes place within one or two days after irradiation
begins., However, the cumulative effect of sixteen weeks ol
neutron bombardment causes the operating point to move from

A' through C to C', The net change in BoMc (4BI = 34,5%) can
be considered as resulting from a fictitious demagnetizing
field - AHI which is the equivalent of the demagnetization
influence of irradiation, This field - AH] may be considered
as being permanently applied since the effects of irradiation
are cumulative whereas those of temperature are partly rever-
sible, i,e., BOMC moves from C to A" once the equivalent field
-~ AHT is removed. It does not move up a similar minor loop
parallel to CA' since the fictitious field cannot be removed
upon cessation of irradiation except perhaps by remagnetization
of the magnet in which case temperature effects could also be
erased (provided that no irreversible metallurgical changes
had occurred in either case). For the magnet irradiated at
2350C the same equivalent demagnetizing field -~ AHI gives rise
to approximately the same ABI (-37,5%).

15, AB in Fig, 4 merely indicates the difference between
irradiation and temperature effects, That ABT is actually the
magnitude of the change produced by lrradiation becomes evident
when the results for the two magnets subjected to temperatures
of only 60°C are examined (see Fig, 3). The control magnet
showed a negli§ible change indicating no effects due to
temperature, ts operating point remains at A, However, the
change in the test magnet of AB = 37% was due entirely to
irradiation, This corresponds to the application of an
effective, permanent field - AHI which caused the operating
point to move from A to C', The radiation induced change in
BOMC occurred independently of the presence of temperature,

The fact that various demagnetizing influences can operate
independently of each other makes it possible to stabilize a
magnet against any changes which are smaller than the change
caused by the stabilization process itself. This analysis
indicates therefore that this material may be amenable to
stabilization such that it would not be affected by irradiation
to the nvt's achieved in spite of the large changes in BOMC
which actually occurred.

16. An alternative method of illustrating the change in 36
Cobalt Steel is to consider the operating point BOMC as
remaining always on the load line, Since the load line is a
function only of the geometry of the magnet it does not change.
Therefore, the demagnetization curve must change with tempera-
ture or irradiation, Its change in shape is unspecified,
However, its intersection with the load line marks the position
of BoMc and thus the net change ABI or ABT. As before the
changes due to temperature and irradiation are independent of

each other; the larger of the two changes masks out the presence
of the other, .




NOLTR 61-45

17. The oriented and unoriented Barium Ferrite magnets are
identical in composition but have marked differences in
magnetic properties (Fig. 1). However, both were affected to
the same extent by irradiation. For approximately the same
integrated fluxes the changes in the magnets irradiated at
normal temperatures were -63% and -54,5% respectively; but at
intermediate and high temperatures the percentage changes were,
for both materials, within a range of -23 * 2%, At the inter-
mediate temperature (v235°C) the two ferrite controls showed no
changes. This is to be expected since normally they can with-
stand temperatures up to 4509C without appreciable changes. The
high temperature controls exhibited peculiar behavior, however,
They were completely degraded by prolonged heating at the 3259C
temperature, It should be pointed out that both the irradiated
samples and their controls were not only subjected to the above
temperatures but also to periodic drops in temperature which
followed reactor shutdowns (for the controls quenching in air
by abrupt removal from the oven simulated the reactor tempera-
ture drop). These thermal shocks may have caused the.deteriora-
tion in the high temperature controls, No exglanation has
suggestied itse%f for the constancy of the 237 values (see

Fig, 3), for the irradiated magnets at intermediate and high
temperatures as compared to the lack of change in the controls
at the intermediate temperature and the almost complete
degradation for the controls at the high temperatures,

18. Although no Platinum Cobalt magnet was irradiated at a
normal temperature there is some evidence of radiation damage
in this material (Fig. 3). Based on the analysis for 36 Cobalt
Steel the damage should be gt least as great under normal
temperature irradiation as that which occurred at the elevated
temperatures, The control magnet at 325°C showed anomalous
behavior similar to that of the Barium Ferrite controls at this
temperature, Actually all eleven of these controls were checked
after only two weeks of the simulation of the in-pile tempera-
tures. All but one (3-1/2 Chromium Steel, -13.7% change) showed
negligible or slight effects, e.g., Platinum Cobalt -4,6%,
Si%manal -3.2%, the ferrites ~-1%, However, at the end of the
16-week simulation of reactor tewperatures, all but Cunico I
and the three Alnico magnets showed major changes in BOMC (see
colums 8, 9, Table II and Fig, 3). This was not unexpected
for 3-1/2 Chromiun Steel or Silmanal which are affected by
temperatures above 120° (Table I) and 235°C, respectively,

But materials such as the ferrites and Cunife are not
appreciably affected gt temperatures below 450°C, The presence
of thermal shocks was probably a factor in causing the
degradation which occurred in some of the magnets,

19, Silmanal is normally annealed by a slow bake at about
250°C, Therefore, the high temperature alone, which peaked at

6
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3259C, caused an almost complete loss of magnetization in both
the test and control magnets. However, at a more normal
temperature of operation (~ 60°C) there was a change in BOMC of
-53% due almost wholly to radiation damage. The magnets at
2359C showed opposing trends. The test magnet was adversely
affected by radiation; the control magnet was helped by the
simulated reactor temperature, But, since nonc of the Silmanal
magnets had been given an optimum heat treatment initially,
thls control magnet had been improved only because of a
fortuitous heat treatment which occurred during the in-pile
temperature simulation., The test magnet did not show improve-
ment because of the large radiation damage effect.

Irradiation to 5 x 102° nvt, Possible Improvement in Properties

20, For high level irradiation at a normal temperature, 3-1/2
Chromium Steel showed a slight improvement in BOMC of 2.4%.
Ordinarily a percentage change of this magnitude would not be
significant., However, this material has the lowest coercive
force (Fig, 1) of all the materials tested and proved to be
the most easily affected by demagnetizing influences. The
positive percentage change, which ran counter to the ekpected.
tendency to demagnetize, may have becon even larger than that
shown in Fig, 3. However, this magnet had become jammed in its
close-fitting aluminum jacket and had to be subjected to the
demagnetizing effect of being forcibly punched out before its
BoMc value could be measured., The effect of intermediate
temperature irradiation on chromium steel was about the same
as that of temperature alone on the control magnet, and this
was expected since this material is permanently affected by
temperatures above 120°C, It is significant though, that the
radiation induced change was smaller than the change produced
by temperature alone (-68% as compared with -79%). The
additional fact of a sizeable increase in BOMC at the high
temperature irradiation corroborates this tendency for 3-1/2
Chromium Steel to improve with radiation (see Fig, 3). But the
magnitude of the percentage increase is somewhat misleading,
Becguse a preliminary drg run had indicated an in-pile
temperature of about 3259C, the two sets of test and control
magnets of this experiment were temperature cycled (stabilized)
at this temperature. The magnetic induction, BOMC, for both
the test and control specimens therefore decreased from
initially optimum values by -89% and -79% respectively. . The
subsequent irradiation induced increase of 67% in the test

magnet yielded a value of BOMC which was still 827% below its
initial optimum value,

21, At high temperatures (~325°C) the Cunife I magnét was
almost completely degraded by temperature alone since the test
and control magnets showed the same decrease in BOMC. At the

intermediate temperature there was some evidence of a radiation

7
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induced change greater than that caused by temperature alone,
At a normal temperature the control sample was essentially
unaffected but the test magnet showed a 13% increase. Its
final BOMC value was, in fact, 3% higher than the initial
optimum value for this sample. This magnet also had to be
forcibly ejected from its jacket, which treatment would tend
to demagnetize it,

Stability of Changes

22. In order to determine whether or not the changes caused by
irradiation were stable, the two sets of magnets irradiated to
~ 102 nvt at elevated temperatures were retested 4.1/2 months
after irradiation, As a check, the control sets were also
retested four months after their temperature run, The data are
shown in Table III, Most of the magnets maintained, within the
experimental error, their immediate post-irradiation values.
The 36 Cobalt Steel of one set (see column 1 of Fig, 3) was a
notable excepticn, However, because of the intense gamma
radiation resulting from the induced activity in the irradiated
magnets the wooden containers ii which they were stored broke
down in places allowing some of the magnets to move closer
together, The 36 Cobalt Steel was in tandem with the Alnico V
and its drop in BgMc may have been due to the demagnetizing
incluence of the latter, Moreover, the control magnet of the
second set (see 36 Cobalt Steel, column 4, Table I%?) showed
considerably deterioration after four months of storage. Thus,
the post-irradiation changes in both cases may be due to an
instability inherent in magnets which have undergone major
changes in Bomc®.

23. The two 3.1/2% Chr

3 v = 1 R R .
1oL UM ceeLr ce
1
1

st magnets changed by
appreciable amounts, 4 13, -18%. The controls changed also,
although to a lesser extent, These changes are probably not
significant since the Bomg values from which the changes

occurred are only about 207% of what they would be for normally
optimum values®,

Effects of 3 x 10'7 and 2 x 10*?® avt on Demagnetization Curves

24, Initially, two sets of thirteen magnets were irradiated in
the Brockhaven National Laboratoiv Reactor to 3 x 10'7 nvt
eplcadmium, Both sets were then shipped to Argonne National
Laboratory where they were irradiated a second time but in
gseparate holes of ¢he CP.5 reactor, The set used for demag-
netization cuxve determinations was irradiated in hole VT-

at a temperature of 500°C + 20; the second set for the measure-
ment of open magnetic cireuilf induction, BoMc, was irradiated
simultaneously in hole VT-5 at 300°9C & 20, The integrated flux
for each set was about 2 x 10'® wt,
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25, No changes due to neutron irradiation were detectable in
the demaénetization curves for the experiment at 3 x 10'7 nvt',
At 2 x 1G*® nvt the differences in the before and after demag-
curves for eight of the irradiated magnets were the same as the
before and after curves for the corresponding controls (e.g.,
see the curves for Alnico V and Alnico XII in Figs, 5, 9 and 10
The magnets which were not affected included the Alnicos II, V,
XII, Cunife I, Cunico I, Platinum Cobalt and the Barium Ferrites
(oriented and unoriented).

26, Of the remaining five of this set of thirteen, the ESD,
Fine Iron and Fine Iron-Cobalt irradiated magnets zFigs. 7 and
8) showed changes smaller than those that occurred in their
controls (Figs, 9 and 10); the 36 Cobalt Steel (Fig. 5), 3-1/2
Chromium Steel (Fig, 7) and Silmanal irradiated magnets showed
changes which were larger than those of their controls (Figs., 9
and 10), The disparity in behavior betwcen test and control
magnets is probably due, primarily, to temperature differences
in the test magnets which are not reflected in the value of
5000C + 20 quoted above., This quantity represents the tempera-
ture monitored at one point in the assembly (+ 20 shows the
range of variaticit in temperature caused by variation in-pile
power, etc,, and not the experimental error), The amount of
gamma heating which can occur in a material is a function of
its geometry, thermal conductivity, area of contact with the
assembly in which it is mounted, ete, Therefore, the tempera-
tures of some of the irradiated magnets may have exceeded 5200C
.or fallen below 480°C by substantial amounts, In contrast, the
controls were uniformly heated in an oven and experienced the
same temperatures to within a fraction of a degree,

27, One other consideration confirms the conclusion that the
influence of temperature was largely responsible for the
changes in the demagnetization curves, The changes in BOMC of
the magnets irradiated simultaneously to 2 x 10*¥ nvt (but at
the lower temperature of 310°C) together with the above set were
due to temperature, Of the five materials which showed such
pronounced differences between the test and control magnet:
demagnetization curves the two ESD materials showed negligible
changes in BOMC for both test and control magnets; changes in
BOMC for the Silmanal, 3-1/2 Chromium Steel and 36 Cobalt Steel
irradiated magnets were the same as or less than those which
occurred in the control magnets.

28, The set of magnets used for determining changes in the
properties of the demagnetization curves was not irradiated
further because temperature alone had caused large irreversible
changes in five of the materials.
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Effects on BoMg, 3 x 10'7 nvt (900C)

29, None of the magnets tested gave any indication of the
presence of radiation damage greater than an .estimated
experimental error of + 2%, This together with the results for
the demagnetization curves determined at this level sets a
limit of about 3 x 1G'7 nvt below which one should not expect
to find any radiation damage,

Effects on BoMC, 2 x 10*® nvt, (3109C + 5)

30, Alnicos Il and XII, Cunico I, 36 Cobalt Steel, Platinum
Cobalt, Silmanal and the ESD magnets, Fine Iron znd Fine Iron-
Cobalt were not affected by irradiation to this level,

31. Two Barium Ferrite magnets showed changes of -3% in BOMC.,
This is close to the * 2% experimental error but is considered
significant because this material has exceptional stability

even at elevated temperatures (compare percentage changes with

those of the corresponding controls in Tables I1 and IV and
Fig, 13).

32. BoMmc. for Alnico V decreased by 9%. This change is not
considered typical in the light of all the data obtained for,
this material. At higher doses of integrated flux no radiation
damage effects were observed,

33. The large changes 'in properties in Cunife I and 3-1/2
Chrouium Steel were caused by the high temperatures, In fact,
the changes in the controls were larger than those in the test
magnets (Fig., 12), This is consistent with the tendency

towarJ improvement in BOMC which was mentioned in the section
describing the irradiation experiments at ~10% nvt (Fig. 3

Effects of 3 x 10%° nvt on BoMmc, (2500C + 20)

34, The followin% magnets were not affected by this irradia-
tion: Alnicos 1L, V, XII, Cunico I, Platinum Cobalt, Cunife I
3-1/2 Chromium Steel, ESD Fine Iron and Silmanal,

35, Materials such as Cunife I, 3-1/2 Chromium Steel and
Platinum Cobalt - both test magnets and controls - were
affected by the temperature of 3102 in the previous irradiation
and yet were not affected by the 250° temperature of this
irradiation, The explanation for this is that the temperature-
induced decreases in BoMg stabilized these magnets to any
succeeding temperature excursions whose peaks were less than
3109C, By contrast, the previcusly unaffected 36 Cobalt Steel
magnet, changed by ~-9%, Its controls did not change, thus

indicating that the test magnet approached the threshold of
radiation damage,

10
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36, The ESD Fine Iron-Cobalt test sample disintegrated
completely, probably due to the melting of the lead alloy
matrix. Its controls also showed signs of deterioration, i.e.,
corrosion and swelling (difficulty was experieunced in placing
the search coil on the controls).

37. The two Barium Ferrites both showed near-threshold changes
of -8%, At-the highest intregrated fluxes of these experiments,
5 x 10% nvt, the high temperature magnets showed changes of
~.22%, ‘The progressive damage with integrated fiux occurs
over three orders of magnitude inm nvt - 10'7 to 10%, This is
in sharp contrast to the effects of radiation on a typical soft
magnetic material such as Supermalloy for which order of magni-

tude changes occurred in some properties for a change in nvt of
only a factor of 2,

CONCLUSTONS
Results up to 5 x 10%° Epicad nvt

38, Alnico II, Alnico V and Alnico XII are not affected b
nuclear radiation up to ~5 x 102 epicad nvt (and ~ 2 x 10*°

nvt for neutrons with energies 22,9 Mev) at temperatures ranging
from 259C to 3259C,

39, Cunife I, Cunico I and 3-1/2 Chromium Steel should be
operable at this level since they showed less than threshold of
damage changes, Proper stabilization techniques could reduce
expected radiation induced changes to negligible amounts,

These materials would have to operate at temperatures of about
709C or less to minimize changes due to gamma heating. Tenzer’
has shown that Alnico V can withstand temperatures of 5500C for
one thousand hours with little or no change in remanence (BomMc),
The Alnico magnets in this experiment showed no changes in the
demagnetization curves for irradiation to 2 x 10*® nvt at 5000C
(although no BOMC measurements were made at this temperature),
This suggests the possibility of stabilizing Alnico V, II and
other materials to withstand not only high temperatures but
still higher integrated fluxes than were achieved or an
environment combining both,

40, The Barium Ferrite magnets withstand irradiation to these
levels betiter if the temperatures are about 235 to 3259C than
they do at a normal temperature of operation, Proper stabili-

zation could reduce irradiation induced changes or, perhaps,
eliminate themn, .

41, Tt is questionable whether stabilization techniques would
compensate for the large changes which occurred in Platinum
Cobalt, 36 Cobalt Steel, and Silmanal since large knockdowns

of the order of .35% by stabilization may result in subsequent
erratic behavior®.

11
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Results at 3 x 10’7 to 3 x 10'° nvt

42, None of the magnets were affected by nuclear radiation of
U 10'7 nvt (at 905C), Most were unaffected by che 2 x 10'®
nvt irradiation; only three showed changes not attributable to
temperature. The change in Alnico V, -9%, is probably not
representative. The changes in the Barium Ferrites, ~~-3%, are
tolerable or can be eliminated by stabilization. The results
for the demagnetization curves at 3 x 10'® nvt were not clear
cut for five of the materials because of the high temperatures
which were present, The differences between the curves of the

test and control magnets were attributable to temperature
effects,

43, BoMc for ten of the materials remained unaffected by
irradiation to 3 x 10'°® nvt, The 36 Cobalt Steel and the
oriented and unoriented Barium Ferrites approached but did not
exceed the threshold of radiation damage., They would therefore
be amenable to stabilization treatment to minimize changes
caused by irradiation,

General

44, Various limitations precluded the performance of experi-
ments in which adequate statistical results could be achieved,
Nevertheless, a small measure of statistical success was
attained., The three Alnico materials, for example, although
somewhat different in composition, gave essentially the same
results under six different irradiations (two for demagneti-
zation curve determinations, four for BOMC measurements), The
two Barium Ferrite materials - identical in composition -
likewise showed the same changes after several irradiations,
These experiments moreover, provide boundaries for further work
in this field, Irradiation to integrated fluxes lower than

3 x 10'7 epicadmium would not be rewarding (excluding perhaps
experiments which would reach this value by means of very high
pulses of flux of very short duration). Future work on those
materials which were unaffected could be started at the 10%
nvt level ‘and pursued until the damage threshold was attained
and exceeded. Another experiment of interest would be to
irradiate permanent magnets in the presence of intense magnetic
fields to see whether their nominal magnetic properties could be
improved. Prerequisites of this work would include ample in-
pile space for the equipment which produces the magnetic field
and the necessity that such equipment would itself be resistant
to radiation damage,

45, Two other factors must be considered with reference to the

behavior of permanent magnets in radiation fields, First,
adequate cooling must be taken into account even for materials

12
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like the Alnicos which operate successfully in combined environ-
ments, The temperature equilibrium 1n a sealed container, which
ig inadequately cooled could exceed the Curie temperature of a
magnet, this would result in its complete demagnetization,
Second, the soft magnetic materials (high permeability materials)
used in conjunction with permanent magnets in magnetic circuits
may be more susceptible to radiation damage than the magnets
themselves, Although previous work® has shown that Bpsx (see
Fig., 5) the saturation induction, of soft magnetic materials

is net affected at 3 x 10'7 epicad n/cm?, not enough is known
about how this progerty may be affected at the integrated

fluxes of ~5 x 10¥ epicad nfem? achieved in these experiments,
46, The following relaticns between changes due to tempera-
ture and radiation have been observed in these experiments
(assuming thermal shocks are not of primary importance).

a. Radiation effects are independent of temperature
effects, e.,g., in 36 Cobalt Steel and Cunico I.

b. The presence of high temperatures during irradiation
counteracts to some extent the effects of radiation, e.g.,
Alnico XIL, both Barium Ferrites,

¢c. Irradiation effects counteract temperature induced
changes: 3-1/2 Chromium Steel, Also, possibly, Cunife I and
Barium Ferrites,

47, Alnicos 1I and V were not affected at the integrated
fluxes achieved, Other materials for various reasons showed
no conclusive trend,

48, Calculations of the formation, by transmutation, of
isotopes which would act as impurities in the magnets show that
this is a negligible factor contributing to radiation damage,
The primary factor is that of physical damage to the lattice
structure by the more conventional damage mechanisms,
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AT ELEVATED TEMPERATURES:
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IRRADIATED (~~1029 nyt) AND CONTROL MAGNETS

QTARTT
]

Liyarliadia L UK

TV N

OPEN

MAGNETIC CIRCUIT INDUCTION 4.1/2 MONTHS AFTER EVENTS

PFRCENT CHANGE IN B
~ 2350C ~3259C
.1 :

Material Sample Control Sample Control
ALNICO II A <t,5 -5 i.5 <+,5
ALNICO V C -4 -1.5 -2 -5
ALNICO XII -.5 -1 -.5 -6.5
CUNICO I <t+,5 -.5 +,5 <+,5
CUNIFE I +.5 -5 +13% +3
éiééﬁ CHROMIUM +13% g _18% 3
36 COBAIT
STEPL ' 46 -1.5 -3 -28
PLATINUM -
COBALT 1 -5 +2.5 -9,5
SILMANAL -1.5 425,54 ~50% -7
BARIIM FERRITE '

(ORIENTED) -a5 -5 - -1.7
BARIUM FERRITE!

(UNORIENTED) | 72 ~0 5 +23%

n 3

ovt, epicadmium 2 x 1020 ——— 5 x 10% ——— :
Temperature °C |~235 ~ 235 ~325 - ~3325

* Bomg so reduced by previous events (irradiation or heating)

that these large changes

B

are the result ¢of inherent in-

stabllity of open magnetic circult induction at low levels.

T Improvement due to heating at temmerature of annealing,
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4. ALNICO V
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Figure 1. Nominal Demagnetization Curves of the
Permanent Magnet Materials Irradiated
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Figure 3, Compariscn of Percentapge Changes in Open
Magnetic Circuit Induction, BoMmc, for
Magnets Irradiated to ~~ L0%* apicad nvt

at Normal and High Temperatures
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Figure 4, Method of Analysis of Changes in BOMC
Produced by Fictitious Demagaetizing Fields,
LAH's, on Nominal Demagnetization Curve for

36 Cobalt Steel
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Figure 3. Alnico V, Alnico XII, 36 Cobalt Steel, Cunife
I: Zffect on Demagnetization Curves of
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~ 560°C
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Figure 7, ESD Fine Iron, Cunico I, 3-1/2 Chremium
Steel: Effect on Demagnetization Curves
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Figure 9, Alnico V, 36 Cobalt Steel, ESD Fine Iwon-
Cobalt: Effect of Temperature (« 5000C)
on Unirradiated Control Magnets

29




" 45

NOLTR 6!

s3suByy 701jU0) pelBIPRAILY, UO
(DeDOS ~~) Ranjeladway 3O 39333y 1993g

wnpmoryy z/1-¢ ‘ueay suF3 gsa ‘11X O°Tuiy "ol 2134

T
13315 WOIWONHD F¢

.ﬁ 2- * . \
) | i (SQILSHIC H

i -~
o 0oE- 00% - 006 - 00

%
. Lﬁohz

e

4

008~ 006 R
, ¥

}. . 3 F bl
L { &Y + ¢ ¥ T

=
—

H )
=
ﬂ|||
e

0>

K S

w

A E

m

w

, 4
/ 1,

“ F T T . .

NO¥! 3NI3 QS3 v

\Lo‘\“\\\
+2

w|
wﬁm t

11X ODINTY

¥ILV o—9

34C438 @¢———@

30




NOLTR 61 - 45

*(ogeeTY 20T 30upul
JO o 83N [0a3100 20 Ll 3R], Pl

SAIIE 1T ODTUT hj.x OnTUTY ‘A OTTUlY  TI oandTd MNIWAVIId3 *

OT A0 1 )
x1AN gOIXE INTAT osE  #LAN §0IX2 LN3AT on2 »LAN ;OIXE LN3AZ ¢!
Y314v 3IN0438 Y3L3v 3JH043E H3L4V JH0438
M h.0semvt | T S.0lE w1 | T 5,061 !
ANV 3TId NI J9YNOLS NI - INV ‘3Tid NI I9VHOLS Ni NS ‘3714 NI

S1ANOVAW TOMINOD @&~ ——@ — 2

. ) ]
— - g fnulom/mzzz QILYIOVHY] G——O

.
il 02INTY ~

= e— o 3
. e g | ¢
— — P —— ——— — w
~ (]
————- S . L S -4 S
R SIS e—— % 2
X ODINIV 4.m A
m
- ———— e ———a 2

ANy 168

// ol

| S
G//./ 4 I
—— £
© A OJINTV
TII"I
e N
—e  zi

‘Tl’lﬂ.’@

3l




- 45

NOLTR 61

(DWOg ) uogzdonpurr

3wz o13suley uady uo sjusag wOLRPINULS
ParaEiadud) 103589y pu¥ LVOIJBIPEII] IO
8308533 :1 93Tunp ‘19e0g wnwoayy 7/17¢.

‘g1 Pan3ty

WNINGVOId3 *

»LAN 601X E IN3AT ot «LANgOIX2e INZIAT an2 AN ,,0IXE LN3AT 18!
HIL4V 340438 EFELS IHy04538 EFELY 340438
2 T T T T T 0
2,062 ™V L J.01€ L ) 2,06 ™ L
TINY f37id NI 39vHCLS NI CINY "37Ud NI 397H0LS NI ING ‘371 NI

o —— e ———— e
<\

SLINOVAN TOYLNOD @-——-e - |

{s3ssnvo0y) g

elnll.l —— S e e e e, e e i e
e 4///,/ SLINOVW Q3LVIOVHY GO
> —==a. —6\
ll/// / -4 2
// // i‘/
/ /!/ i 3ANND .
— — ——— — & ~ 7
// T —e
1
N\ :
o AN 1331S  WNINOEHD ¥¢
I.@/.f/ ///.nl .
-4 9 :

32




NOLTR &1 -45

(OHOg) uog3onpuy IINDILH op3auBey usdp
10 S3UPAF UOTIB[AWTG 9IN3BIAdMWY] I03DEIY PUB

uoT3EIPRAI] FO S3IVVIJY :lPuBW]lg ‘pSIusTIOUn

0

0

8°0

2’1

9l

0

a4

pue psjuelip Se3ilieg umiieg ‘1 odtuny (] a8ty
NNINGVYOId T
«LAN ¢OIXE IN3AT ow€  wIAN 40IXZ "INIAT aw2  LLAN L0IXE LN3AZ isl
w3LdV 340438 ¥ILAY J40439 3LV 340438
M 5062 vyt ! ! s.01gnv L ) I 2,06 v 1
N7 3714 NI__o ___39VHOLS NI INY P3N JOVHOLS NI NG ‘3% NI
_m.“u““.h‘l e . N o
=== == ) ©
TYNYWILS -
N
(O3ILNTIHONN) JLIMY IS ANNVE
g———— ———————— e~ ———— 9% ]
}l’/’ -5 Y o
& - o )
B o e e e —— e e —— T — —— —— —— —f—— —— — o
G
— (0IINTIHO) ILINY IS WNHVYE
/®||l,l||1||.||¢llllll,[l. _
| Syl S ———— l.ulnH..Hl[ul”mwa T e ee—— 8
e —ra—— ]
s Srpe——— S —— —— .
I 0DINND — 2 —2
S1INSVA TOHINOD o———e
S1INOVAN Q3LVIQVHY] @O

2'¢

(S3S8NVO0TIN) *™°g

33




. (OWOg) uotionpur
3TnoaIy or3sudey usdg wo sjusAagy uOIIBINWTY
sanjexadwe] zZ030BIYy pU® UCIIBIPRII] JO

§309y3g :uCil] BUig gs3 nUHmSOUIGO.HH Uty gsa Y1 m..HSbO..nr.H
WNINQYDidT *
LLAN ,01XE INIAT ouE€ L LAN 40IXE IN3AZ w2 LAN ,OIXE IN3AT 1l
¥3ldv 340438 y3Lldv 340438 y3ILdv 340438
0
r 2062 V1 ! ! D001€ Vv L i ' D008 1 !
TINY “37d N IOVH0LS NI INY 372 N 3OV HOLS NI ING ‘3714 NI
NOILYHOILNISIA
IVOISAHd 4
0
< / NOdi 3INI4 QST
I.I \ .l/./
€] . —
o . 4z
i3 & ———————— — ——® WNINGYD aVv3T
= .
S o N ~ NI NOYI 3NI3
z N © e O
N ———— _—-—"—§ ¢
N\ o
o N 17v800 NOd! 3NId aS3 —o
~ , o XI4LVW Qv3T
~o " / N NI NOWi 3Nid 1Y
Ne— ———— —a_
/
"~ SLINOVW TOMINOD e—— —e
SIINOVW GILVIQvH¥l O——©
49

{(338SNvo01N) "°g

34




" 45

NOLTR 6!

(OWOg) uotadnpur

u.ﬁﬂou,.nu.oa.umcwm.z uda L0 SUIAY UOTIBTNWTG

samaexadma] JIOJOB9Y puB UOTIRIPERII] JO
g200333 :3]EQOp WNUTITT ‘I993§ ITBGOD 9¢ ‘GT MBIy

WNINOYDId3 *
*;z-_o_xm AIN3AJau€ x1AN 4,01X2 LN3A3 gne »LAN 01X E LN3A3 gs!
314V 340438 Y3L4v 340438 H314Y NiG4 38
M o0sz~v1 ! T oo~y ] 0006 VL
Y 34 NI 39vH0LS NI INY C37NHG N 39¥1=0LS NI NG ‘3Td N
~—— e ———— — 7]
~
o— —
» — —-——
1WB0D WNNILLWY 14
|A
6;/
/. ' —
N. 1331s 17v80D 9¢

N SO
///o@/’ /W.lllllllo -

T o ©

SLINOVAN TOHINOD e ——®

SLINOVA 43LvIgvyyl &—9

{535SNY501IM) 2MOg

35




NOLTR 61-45

DISTRIBUTION -

Chief, Bureau of Naval Weapons
Code RRMA (N, E, Promicgel)
Code RRMA.2 (T, Kearns)

Code RRMA.24
Code RRMA.23

Code RAAV.342
Library (DL1)

Chief, Bureau of Ships
Code 337 (G, Sorkin)
Code 691B2 (J, Kerr, Jr.)
Code 634B (F, Early)
Code 362B (L, Sieffert)
Electronics Res, & Dev, Div.
Technical Library

Office of Naval Material -
Washington 25, D, C,

Chief of'Naval Operations
Washington 25, D, C,
Library
New Developments & Op, Eval,

Office of Nagval Research
Code 423 (E, T, Salkovitz)
Field Projects Branch (W, J,

Dffice of Naval Research
Branch Office, London
Navy 100
Box 39 .
Fleet Post Office, New York,

Naval Research Laboratory
Attn: G, T, Rado
A, Schindler

. Lucke (Code 5231)
. Steele (Code 6310)
. R, Hawthorme

. I. Nowstrup
echnical Library

[

5

L

T
[}
Al
I
m

L

Copies

prt et e e

N RN D

-

O




NOLTR 61.45

David Taylor Model Basin
Washington 25, D, C,
Library

Navy Electronics Laboratory
San Diego, California
Library :

Naval Air Materials Laboratory
Philadelphia, Pennsylvania
Attn: J, H, Bowen, Air Materials Laboratory

Naval Air Missile Test Center
Point Mugu, California
Library

Naval Ordnance Test Station
China lLake, California
Library :

Naval Nuclear Ordnance Fvaluaticn Unit
Kirtland Air Force Base
Albuquerque, New Mexico
Attn: Vulnerability Res, & Dev, Dept.

Naval Air Development Center
Johnsville, Pennsylvania
Attn: J, Martin

Library

Naval Ordnance Laboratory
Corona, California
Attn: W, Davis
Fred C, Eggig
Technical Library

Naval Ordnance Plant
Indianapolis, Indiana
Attn: C, Ferguson
Library

Naval Proving Ground
Dahlgren, Virginia
Library

Naval Radiological Defense Laﬁoratory
San Francisco, California

3

Library

Copies

ekt




NOLTR 61-45

Naval Torpedo Station
Keyport, Washington
Library , 1

Naval Weapons Plant
Washington 25, D, C,
Library 1

Navy Electronic Liaison Office
Army Signal Research & Development Laboratory
Fort Monmouth, New Jersey
Attn: Senior Navy Liaison Officer 1

New York Naval Shipyard 1
Materials Laboratory
Brooklyn, New York

Chief of Ordnance, Research & Development
Department of the Army
Washington 25, D, C,
Attn: Guided Missile Branch
Research & Materials Branch
Nuclear & Special Components Branch
Library

b et et

Office of the Chief Signal Officer
Research & Development Division
Department of the Army
.Washington 25, D, C,

Attn: Physical Sciences Branch
SIGRD.BAS

e

Chief of Engineers
Research & Development Division
Department of the Ar
Washington 25, D, C,

Commanding Officer
Engineering Research & Development Labs,
Fort Belvoir, Virginia
Attn: Chandler Stewart 1
Miss Dunbar, Tech, Ref, & Anal, Br, 2




Army Signal Research & Development Labs,
Fort Monmouth, New Jersey
Attn: Fberhard Both .
. D, Bedrosiarn, Tomp, & Mats, Braih
. Kaiilsh
. P. Lascaro
. L. Long
. Schlosser
ibrary

P OLPT

Commanding Officer
Frankford Arsenal
Philadelphia, Pennsylvania
Library

Commanding Officer
Watertown Arsenal
Watertown, assachusetts
Attn: Ordnance Mats, Res, Office (L,S,Fost—er)
Ordnance Mats, Reés, Office (J,J,Ant=l)
Library

Commanding Officer
Diamond Ordnance Fuze Laboratory
Washingion 25, D, C,
Attn: P. H, Haas, CRDTL 33,1

P, J, Franklin

P, W, Griffin, 51,3
Charles Porter, 53.1
J. R

SléraL Curps Lizison Office
dnance Missile Laboratories
Redstene Arsenal
Huntsville, Alabama

Department of the Air Force
Washingten 25, D, C,
Office of the Chief Scientist
Director of Research & Development
Technical Library

Copies

e el el el o

[

i et et

e il e e e

P




NOLTR 61-45

Copies
Air Research & Development Command
Andrews Air Force Base
Washington 25, D, C,
Attn: Col, J, H, DeRussy (RDZN) il
Library 1

Air Force Office of Scientific Research
Washington 25, D, C,
Attn: Material Sciences
Physical Sciences
Library

et = PO

Air Force Cambridge Research Center
Lawrence G, Hanscom Field
Dedham, Massachusetts
Attn: C, A, Pitha (CRR-.CSM-4)
Library :

o

Commander, Rome Air Development Center
Rome, New York .
Attn: Lt,Col, R, I, Berge (RCCSC) 1
Tech, Library 1

Commander

Wright Air Development Center

Wright Patterson Air Force Base, Ohio

Attn: WCLOD.?2
WWRNEM-1 (Capt, J, B, Carmichael, Jr.)
WCILKC-1
WCLCT (D, V., Stockma
WCOSI.3 (ANP)
Library

(o]
193

e T

Radiation Effects Information Center
Battelle Memorial Institute
505 King Avenue
Columbus 1, Ohio
Attn: R, E, Bowman
F. J. Reid and J, W, Moody

Office of the Secretary of Defense
Director of Research and Engineering
Washington 25, D, C,

N Do O

Office of Assistant Secretary of Defense
Washington 25, D, C,
Attn: AGREE




NOLTR 61..45

Copies

Advanced Research Projects Agency
Washington, D, G,

)

Director 1
Naticnal Security Agency
Waghington 25, D, C

Armed Services Technical Information Agency
Arlington Hall
Arlington, Virginia 10

Defense Atomic Support Agency
Research & Development
Weapons Effects and Tests 1
Weapon Data Index i

—

White Sands Proving Group
Las Cruces, New Mexico
Library 1

U, S, Atomic Energy Commission ' 1
Division of Resesarch
Washington 25, D, C,

Technical Tnformation Service 1
Atomic Ener Commi.ssion
P, O, Box 6
Oak Ridge, Tennessee

Director, National Bureau of Standards
Washington, D, C,
Attn: I, t. Cooter
Library

b=

Library of Congress 1
Navy Research Section
Washington 25, D, C,

Office of Technical Services 160
Department of Commerce
Washington 25, D, C,
Attn: Dorothy W, Graf (Chief, Tech. Reports Sec,) 10

Naticnal Aeronautics & Space Agency
Washington 25, D, C,
Attn: V, Williams
Tech. Library

PO =




NOLTR 51-45

National Aeronautics & Space Agency
Lewis Flight Propulsion Laboratory
21000 Brook Park Road
Clevelignd 11, Ohio
Attn: George Mandel, Chief, Library

Minerals & Metals Advisory Board
National Research Council
National Academy of Sciences
2101 Constitution Avenue
Washington, D, C,

National Science Foundation
Washington, D, C,
Library

Secretariat, AGEP, OASD
Moore School of Engineering
University of Pennsylvania
Philadelphia, Pennsylvanig

Chairman, CIT, AGEP, OASD
General Electric Research Labor
The Knolls
Schenectady, New York
Attn: Mr, H, W, Lord

Industrial Representative, CIT, AGEP, OASD
Raytheon Manufacturing Company
Waltham, Massachusetts
Attn: F, Kelham - Transformer Division

Chairman, ELM, AGEP_ OASD
Sprague Electric éompany
North Adams, Massachusetts
Attn: Dr, Praston Robinson

Director, Cak Ridge National Laboratory
Oak Ridge, Tennessee
Attn: . S. Billington
M, Wechsler
R, H, Kernohan
J. Cleland
Library

Copies

= e e




Directer, Brookhaven National Laboratory
Upton, Long Tsland, New York
Attn: G, J, Dienes

G, H, Vineyard

FPaul Colsmann

John J, loyd

D, Keating

Paul Levy

Library

Director, Argonne National Laboratory
9700 South Cass Avene
Argonne, Illinois
Atn: A, D, Rossin
W, H, McCorkle
e Jo Armani
T, L, Kettles
J. Condeolos
W, Doe
Lagal Department
Technical Information Center
Library

Los Alamos Scientific Laboratory of the
University of California
Los Alamos, New MMexico

Livermore Research Laboratory
Al S T
valifornia Researcih 4 Developm
Livermore, California

]
o]
T
@
Q
=}
3

Copies

b=t b b ped e

e e e e e




1097 0ag

*S 3JI9qoy
Sfaeg

RTITL

19918 31205
$91TI07]
mtaeg

: TRUeR]1g
~ srgunp
19918

@n oy )
sotun)

m eoguTY
§309357%
wotretpey

w sieuficy
TRUTLIS
‘saoufen

3

——e

1o’ 0cag

*S 3I8Qcy
fL1eg
Tt
19938 378405
$RTILR ]
mTdeg
Teuedm{re
ajruny
19938

L TIoJdg )
ostun )
0oTUTY
§3109J 1%
uC13RILRY
~ syeudepn
ITIWEWIRG
‘sqauguy

m, PRTJISSBIURN 8 patn 3BI3EQY _ PR JTESRTOUN ST JIBO 10®ISCY
“38eRT @YY $93TIXI] ! "3SBRY dUY BaiTaiey
T, ‘3aM2ISYTENT UDTAEIPRA 44 9jeUf PasCTS m WNTLBQ ‘S0UBLETEIL I0TIRIPBI 28232o0F DOmLTs
*ITT $20TUTY  waamgmtodway wES 9yq 4T sjeuSuva wafoxg "ITY SOOTUTY  *sodniewddwey smes 242 ¢ sqaufewm
PRITTPRLITUN FUT1893 AQ £R1B(4USLI7ITD odom m vS 148QOoY PRl eTpeIITUN FUT4883 £Q DPI1ETIUSISIITD adea
X1 | S10933s UCTIEIPBA [uUT Sauededmay, " 0,006 0% fAx8g  "IT | s31093)9 UOILRIpBI pue sangeasdmey "OAS o
T ] 3,09 Woxy pdfusd UGTIeETDBRILT [0 seanyelodway PT3TL "I} 0,0¢ WOy DPRFURI UOTLEBTPBAIT [0 §9In]BIodma
"€ THWOS WY FUTLINGSO UOT3RZTrvUTemID 219495 _ 1999s :TEGOs ‘g TRWCS UT FUTLITID0 UOTREZIAZ'IVErsy sdad
T4 PTCUSSIYY 9FwmED 9Ol 901 7Opeedxs §I9g4o S TuauE M3 Ta PTCYSAANY afeWey 0T 0Us L4
g FU® 13338 37eqOC 9f ‘suUcay auyg ‘8PLTIIS] mTI g °g8 PU® 19218 17eqO00 G ‘sUOIL L
tL watIeg  CA1UET1z pesckdury Tesys £o 2/1-¢ _ LB LS ‘L wmyreg TSR RIILA
"¢ PUe T azyuny < (efuwg. PTOYSAIYY | 0T = ddom a;puny o | pue T eytun STOYSUdY
s9jueys T ootuny ¢ U0 /U peOlda 501 X ¢ 04 13918 SPEURYD I OLIUM v U UOTLw
g EOﬂPmmvmhkﬂ I833e sdFUTYO mmﬂvhcmaba OT1elUl v i S [0S O *G UOTRIRTIPRALT Jsh.e 5T uryL [
*tr S19I2TTHOU PIMOYS IIX PU¥ A ‘IT sOSTUTY _ ontury  ‘p PTRILITIaU poamoUs -
‘8 CILITSSVIONG " TQC—T0-£C0Y, T2T2/ 20070~ W10y outuly ‘¢ JETALSS VTN e i
Fofexy  'saTqe; ‘syaeun (8T 'TG6T LW $309339 109l oy rsorqe. ¢
4T "8a8q20 puw Axag 5ty Aq () SIansva ~ uoLyELPRY a1 "sx3qsc
Tl ININVIEA ¥ STIOESIMHL IV NOILYI v = SARUFTH ol ININVINHES o o g O
L {SP—1p 220dax yeviugoay 10N) JURUTWIS | Jsrely RE043d Tw.1un
T ‘PA ‘Xe0 #31qm ‘Axozesoqey FOUBULLD [eamy u ‘syoufey 1 TP MEQ 9554y *A2osedoqe; BUURLIAL TeATY
DOTITSSE[OUN §] DLuied 30RIISQY _ PETITSSBTOUR ST DITO 30BILEQY
*31§TIT Gyy §81TIIRg T}SEST AUy S@pTLILg
WNTLEQ T9UUTIFTSIL UOTIRTDEL 38T TILH pamoys m wnTAEq f20URIITERI WOIIEIPRA 459380uF pamoys
11T SOOTUTY  *SeMietsdmey Smes sW1 v $a0ulew 3o0f0dg *IIT §0OTUTY  “vaJnjeredmel smes ay; 3e sieufem
PRITIPRILTUN FUT3853 AQ PR4RTIUGISIFT) Atam 8 3degoy PRleTpRIITIN HuT182y AQ PIjBTIURISJITy agex
‘IT | $409138 UWOTRTPEL DUT 330 RINAWR],  *H,.00C 97 h A4og  *IT | $309779 WOYIEIPES PUR sanjeIecmor TCol0g 9%
21| 2,09 WOIJ PIFURL UOTLTIPRIAT 10 soingessdwsy SIFTL "I 3,09 WOJJ DPIflies WOTLRIPBAIY 10 sadnsesadmsy
‘g TeWOS UT PUTLANDOO WOTHBZTLAUFTNSD #I9485 19938 31Rq0) g ! THWOS UY FUTLINOOO UOT4EZTAIUFLWRD 2I94R6
1TH DICUSAIQ3 SFEWED 90T U3 PIFs9nxs 5I9Y3O w EELR G ALY g 1a DICYSRIYY FEWED 40T UL pOLerlXe 19 e
-5 FUT 9838 27eQ05 gf ‘suoxr suy; “$917a39; onyIeyg gy FU® TORYE 1TEQOD Qf ‘swoay sumyy fasataasy
.n wnTdeg  CATIGEILS peacadwy [e43s 49 p/l-¢ iraTwrie vy IR CATIQEIIS peaoldwr (w83s 0 z/T~¢
"G | DUT T oyiuny (aBuvgo progseuys) op L sdes _ SIFMG  tg ! PUT I 3JYUND *(AZUTYD DOQS@T3) 0T G eJoa
S8FULYO T OOTURD *,Wo/U DESTE® min] X p - 07 [Sedbd sofuego T oortmy - mo/u peotde .oof
*G UCTIRTPRILT Js3]E mmmmunu se1y-adlad o19sul vw ERIWOLGD  °G UOTEILBIAT Jeguv $IFURYD saTqusd
‘v STQIs ITFaU pemoys TIY puw ;4 “ir sooLuTY _ odTuN 4 QU £3Aa0YE IIY pus 4
"€ GILLISSYTINA " TOC-TO-.CON/ 1202, 50020~ vinny ootuly ¢ MGG OG- TO-L0ON/TETZ, 50020~ VIE
A0y tS3[qes ‘s3dTUD  EET  *T9ET Awy 3308379 TBETQES ‘SIaETTO AT CrgsT A%
AT *813YR0 pUE L13g t5ty g ta) SIINSwK — oY, eIpRY 31 84830 puw AIag "5y Ag {1} BIaNSVA
c2] INONVIVEE] %O SUFICHSTMI, Uvited NGILVIIYY TSRRUITA vz | INGNVRMEC MG SOTCHSTHMI GOYWAT NCILTITYY
{Gr—19 Indsa TRuTLYI94 ‘(o) JUIUEDID J {st~19 dxodsx ywotuysas TOK)
"1 ‘PR M0 93%uM ‘AI03va0QB] SVUeUp) [vary ‘syeufey -y PR "NeQ 93Tny ‘AaoredoqeT esusti {BaABN

——v—




