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The following memorandum contains a number .
and ideas on the subjeet of gquality control of castings on
S Site. .
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(1) I understand that you plan to install viscosixzeters
for use on tne kettles, as is tne custozary proceuure in many
ordnance plants, It seems to me that this procedure suffers
from the disadvantage that, unless the mezsurecents are uzade
in a highly controlled fashion and very carefully by exper-
ienced personnel, they may give misleading resuits, For in-
stance, witndrawing a sample near the edge of the kettle rather
than the center will give & slightly different temperature and
hence different viscosity. Simply decause of different working
conditions, the withdrawal of a sample from a nearly empty
kettle may give you a different reacding than & sample taken
from a full kettle, even though the viscosity of the material
in the kettle is actually the same. This is nard to correct
uniess the viscosimeters are provided with very elaborate devices
to keep the temperature constant from the zoment of withdrawgl
to the time of measurement, I would l1ike to propose, thersafore,
a metnod which will simplify the operations in the casting house
and, at the same time, probably give a better control of wvis-
cosity. The method i3 as follows:

When the first let of Comp. B hes been scheduled for
use, a representative sample wilil be taken and its viscosity
deterazined in the ladoratory under easily controlled conditions.
In view of the availability of viscosity data on Comp. B from
Bruceton, it will be necessary only to datcrmigo the viscosity
at two tezpornturcsz for instance, 100° and 85° C. These two
points, together with the Bruceton data, will zake it possible
to draw the entire viscosity-temperature curve,

The eaating house should be provided with accurate
thermometers (probably elither a2 meter attached to the present
fixed thermocouples or a portable unit, such, for instance,
as the Leeds & Northrup portable thermocouple potentiometer,
which will read the temperature sasily to 1/10th of one degree).
Substantially by the method of trisl and error, the casting
house, with the aid of the Control Laboratory staff, deteraines
the temperature, as read on the above thermocouple, at which
the best quality of casting with a given mold 1s obtained., MHav
ing already obtained in the laboratory,as mentioned before, the
viscosity temperaturs chart, one then reads off the viscosity
of the melt corresponding to the temperature of the best cast-
ing. Now, when & new lot of Comp. B is delivered, the labor-
atory determines its viscosity at two temperatures and obtains,
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in general, different values than with the previous lot. These
points are used to construct & new viscosity temperature curve
on the plot on which the standard lot data have been recorded.
One then reads off the temperature of the new lot at which

it has the same viscosity as the one which was found best for
casting previously. The casting nouse i1s then sim;ly instruct-
ed that pouring should be macde when the thermocoujle reads a
specified temperature, By this general procedure we transfer
the more delicate viscosity measurements from the casting nhouse
to the laborstory where they can be made consicderably more
accurately, and introduce instesd into the casting house the
mueh more simpler technique of temperature measurements. Natur-
2lly, instructions will have to be issued as to where in the
kettle to put the thermocouple, how long to keep it there,
etc., 80 that the temperature measurements are relisble.

(2) The three major sources of imperfect castings in
Comp. B are:r (a) perositys (b) segregation; and (c) cavitation.
In addition, there is the leas serious matter of getting TNT
cerystallized in very coarse crystalsg a phenomenon which is of
no great importance for ordinary she.l and bomb charges, but
may be objectionable in our case,

(3) These three main sources of poor castings require
2rocedures which are somewhat contradictory and one will have
to find by the method of trial and error com;romise conditions
for best results. To eliminate porosity as far as possible, one
has got to get rid of the small air bubbles, which are present
in every freshly melited batch. 8ince we are not pressed for
tine, I wonider whether it may not be advantageous to stop stir-
ring the kettle for definite intervals of time after the material
has been all melted, 30 as to give the small air bubbles a bet-
ter chance to rise tc the surface., If that 1s impracticable
because of too much-segregation, it may be that slowing down
the stirring to an adsolute minimum would accomplish this better
than vigereus stirring, which prevents the bubbles from reaching
the surface so long as they are small and rise slowly in the
liquid. Of course, the reduction of viscasity of the melt 1s
very favorable to the elimination of air bulbles and, in that
connection, I would like to mention that Holston Ordnance Vorks
and Bruceton Laboratory have both found that Comp. B can be
kept at a temperature as high as 1109 C. for long intervals of
time (tests have been continued for two weeks at Bruceton) with-
out decomposition, Such 2 high temperature will give & melt of
quite low viscosity, and should be very effective in clearing
the material from air bubbles. It will have the further advantage
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that 1t will dry the material well, Comp. B, as it comes here,
containrs about .2 - .4 per cent of water, While this is not
harmful for experimental charges, I would much rather see tne
water content of the charges used for the real thing reduced
quite consideradbly because the explosive will be in contact with
delicate parts which may be damaged by moisture.

:1 I assume that you will shortly start work on two
essentieally independent programs. One to meke charges for
immediate experimentsl use, mainly by E-5 group, and these will
be made according to procecures which are considered hbest at the
time of casting. The other program, in which I am particularly
concernsd at the moment, is research and development of a pro-
cess for making the best possible castings wnich will eventually
be used in the real thing. The results of tnis work, naturaliy,
you will epply to the making of experimental charges mentioned
above, 3ince we are not certain exactly what size and shape

of charge segments will be wanted eventualliy, I bellieve that

the experimental part of the work should be rade with two types
of molds, in view of the fect that the pouring conditions and
cooiing conditions, to give the best rasults, depend on the

size and snape of the casting. If the deslign of proper molds

is delayed, you could accomplish the development program by
using sinpia square molds, one of which zight be in the form

of a cube to give a charge weighing about 30 lbs.; the other,
also of square cross section, but, for instance, only 3% on the
side and, say, 12" tall. I beileve that such two molds will
represent adequately the most extreme verlations in the actual
molds, which we may want later, Several units of each mold size
should be made.

(5) The actual tests could be executed as follows: Upon
selecting a certain temperature of pouring and allowing acequate
time for the air to escape from the melt, the explosive 1s pour-
ed into a series of identical molds, and is ailowed to cool
under controlled and varied conditions., For instance, two molds
of each size may be pre-heated and one allowed to cool fast,
the other slowly (this being accomplished, for instance, by

wregpping the mold in a blanket). Several molds will be left
cold to start with and again allowed to cool fast or slow or
very fast as by immersion in cold water. Also we may try in-
crement pouring, in which case it may be desirable not only to
puddle the charge but sctually to prevent a crust formation

on the surface by putting heat insulated pad over tne molten
explosive, so that the charge cools mainly from the bottom and
the sides. The next increment would then be poured befcr% ons
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prececing one has solidified 1004, so 2s to avoid boundaries
and planes of mechanical weaknesses between the increnents,
Identical tests of this type will have to be made with the melt
poured at different temperatures, so thet we shall eventually
nave a complete set of data on tue effect upon the quality of
the casts of such variables as viscosity (temperature) of the
melt, duration of heating preilminery to pouring, hot or ccld
molds, rate of cooling of the melt, and airection of cooling
of the melt. If we nave these data for the two types of molcs
mentioned above, it will be possible to preaict fairly sccur-
ately what are the best conditlons to use for a new mold,

(6) I suppose that after the castings have cooled, they
will be taken from the molds and given to the Test Laboratory
for inspection and evaluation, As it occurs to me at present,
the following tests may be useful in the programs

(a) Inspection of the appearance of the surface
of the casting to see whether the explosive filled out the corners
in the molds, which it may not do i1f 1t was too viscous, or if
the mold chiiled the melt too quickly.

(b) Determination of over-all density by weigh-
ing the casting &nd measuring its dimensions,

?c) Determination of the density of the casting
at various points by coring samples (I believe that Mr, MacDougall
has already discussec with you the need for making coring tools).

(d) Using the same cored out samples to determine
the composition in order to find whether any segregation has
taken place. For this purpose, only two samples need be used,
one taken from the bottom, and the other from tne top of the
cast. For the density determination, however, samp.es taken
also near the center and near the side surface of the cast ought
to be measured

e} The cast should be sectioned to determine
whether any cavitation has taken place,

(f) It may be possible that we will develop suc~-
cessfully a physical method (supersonic, X-ray, or ultra short
radio wave) for determining rapidly the inhomogeneousness in
the material. When and if this method is developed, 1t should
elso be used in the development program end, of course, it will
be practically the only method possible to use for the casts
intended for the use in the real thing,

(g) If the physical methods turn out to be im-
practicable, then we shall have to limit our studles of charges
intended for the real thing essentially to two operations. One
of them is the determination of the over-all density by the
displacement method, it being probably more accuraste than the
one involving the measurewent ,of dimensions. The other is the
determination of theé center of gravity oéﬁghe charge,,SQﬁEtﬂeter-
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mination giving us a good indication of whether the casting is
uniform and homogeneous or not, There are several relatively
simple methods by which the center of gravity can be determined

with adequate accuracy,

G, B. Kistiakowsky

GBKithe
cc to Mejor Stevens

K. T. Bainbridge
5. 4. Neddermeysr

CLASSIFICATION CAw
Anit,
PER ‘DQC REVIEW JAIV.tI;;;’

G



