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1. This memorandum confirms our several discussions on this subject. It is
an attempt to ocutline the problems now expected to be emcountered in casting work
at "S" together with a brief summary of experimental work which may yleld some in-
formation on the more critical factors affecting future work. It is not intended
to be a final exposition of the subject but should be considered &s the first series
of work which will serve as a guide for further work tending to assist in the develop-
sont of a technique for esasting work and for the design of molds, risers, ete.

A

Captain Ackerman

Experimental Work at 8-3ite.

PUBLICLY = ..\ 2

2. Werk %o be performed at 3-site is unquestionably more complex than than en-
gountered in an industrial plant in that you will be required to pour many experi-
mental castings which will vary im size, shape, and requirements as to density,
erystal structure, ete. It will probably be impossible to pour such varied castings
satisfactorily unless a systematic attempt is made to learn in advance the effect
of each factor affecting mold design and casting procedure #o that the design and
sechnique for each pour can be laid out in advance with some expectation of success.

3. The contents of this memorandum are laid cut with the purpose of holding
the number of specimens and total volums of castings to a minisum, I == sure thet
m l:ﬂ’ and appiieatiom of it will lead to a somewhat more comprehensive series

%8,

4o Goed results and indiecations of future problems have been determined from
the exeellent experimental work which has been conducted to date. These tests
have, howver, served largely as indications of future problems and for the develop-
nent of some technique by the persomnel which has been assigned to this werk. Con-
sideration of the futurs work of the site indicates that a systematic colleetion of

= experimental data om the following is imperative:
&, Temperature-visecsity curves for all lots of Composition B now on hand.

4

b. Adequate preeedures for casting density determinations. Over-all
casting density as well as spet demsities are necessary.

v

¢, FProeedures for chemieal tests of Compositiom B.

d, Temperature distribution in casting room kettles and accuracy of
tenperature eontrol., lLess in temperature betweem kettle and mold must be
determined. All temperatures must be correlated with viscosity.

L < /7 7

®. Removal of air and dispersiom of RDI by long-time stirring in the
melting kettle.

f. Highest viscosity (lowest temperature) at which molds of different
shapes, materials, and surface strustures can be poured.

VERIFIED UNCLASSIFIED

g, BEffect of viscosity (or temperature) cm casting dﬁ,ﬁ.v.
h. Linear shrinkage ccefficieamt.
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i. Effeet of sisze, shape and insulation of risers,

§. BEffect of chill cooling of metal molds subsequent to casting.
k. Optimum insulation of tops of metal molds.

1. Study of RDX and TNT erystal sizes and dispersion.

n. Effect of eooling time on orystal growth,

n. Procedure for incremental pouring and effeet of ineremental pouring in
reducing internal temperaturses, large orystal growths, and segregation.

0. Effeet of pelleting.

P. Suitability of the last front mold as an apparatus for studying many
of the above affeats.

qe Problems attendant on bonding new pours of Composition B te previcusly
cast material.

5. It is obvious frem the above that the program for experimental work is
eertain to be rather pretentious. As a result, the tests must be conducted in a
systematic and progressive order planned %o produce specifie information limited to
the effects of ome of the wvariable factors. Care must be exercised to be sure that
twe factors are not varied simultanecusly im any ome test. Tests which yield in-
conclusive results must be repeated or condusted in amother manner which will yield
the desired informatiom. Because of the large volume of tests indicated, I believe
it desirable to conduct as much of the work as possible with laboratory sise molds,
progressing of course to casting room sise to determine the effect of larger molds
and to develop the fimal casting techmique. I carry no torch for the laboratory
other than it permits faster and easier collection of information om certain variables.
In all eases, results of laboratory tests must be confirmed by full-scale tests in

the casting reom.

6. A proposed scheduls for testing in accordance with the above list of items

is presented below., The laboeratory phases of the testing are listed first Wt
should not neeessarily be condusted first., A number of items for casting room

testa should be begun immediately.

ARQRATORY TESTS
a. lemperature-Viseccsity Curve.

1. 8inoce it is yewr intentiom to cast at optimm viseosities, temperature-
viscosity curve should be rum as soon as possible on materi
and on new material as soom as received.

“::\H on hand
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&+ For the present, at least, tests should be made with the Bruceton-
type viscosimeter.

3. These tests should be correlated with gasting room procedure if
possible by conducting supplementary tests in the casting rcom during a
casting operatich,

b. Ghemicel Tests,

4. Chemical tests will be necessary not only for the purpose of checking
quality of nmew shipments of Composition B but also for study of umiformity
of ocastings by spot tests, The procedures available to the laboratory
to date do not appear to be satisfastory. I am under the impression that
Sgt. Carlson will secure more adequate procedures whem at Bruoéton next week.

e. Depsity Determination.

4+ Density determinatioms ars intended to be ths key contrel method for
determining wmniformity and adequacy of castings. Over-all densities should
be taken for every cast after the removal of risers,

2. Spet determinations will be made for those portions of test and
control castings that necessitate the additiomal work.

3. lLaboratory equipment suitable for density tests by immersion in
water cr Nersury, where the latter is desirahle, shojld be set up immediately.

™ Reeord forms for datas should be furnished te the laboratory persomnel at
P Onoe,

< d. Effeet of Viseosity (or Tempersture) op Demsity.

)

4+ The demsity of the cast as well as its crystal structure appear
to be dependent om the temperature and viscoeity at which the pour is made.
A series of tests should be made in the laboratory to determine this effect.
Information on several other effects can be collested from the sane
specimens as will be noted belows

(a) Pour two small cylinders or rectangular molds at each of the
following temperatures: 200, 195, 190, 18§, 180, 175, and 170° P,
The lot of material used for this test should be tested for viseosity
prior %o the pour. The same molds should be used throughocut and ashould
be at the same initial room temperature at the start of each pour. MNalds
should be poured with insulated tops and insulated risers. Castings
should remain in the mold same length of time. Pouring from one bateh,
starting at highest temperature, letting the mass ocol gradually is
suggested. If inoonsistent results are secured, tests should be re-
poated starting with the lowest temperature and pouring at successive

higher temperatures. If possible, heat and stir the melt for at lesast
one hour before pouring .plo’:huu fo avoid visgosity problems r:lult.:l.ng
from lask of dispersion of RDX. w wgos
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&+ The failure to secure filling of the mold at right angle cormer
or sharper corners should be observed, TWhen the temperature and viscosity
which do not yield a full mold with sharp corners is determined, additional
pours should be made at this temperature and five and ten degrees lower,
In these cases, however, the mold should be heated, prior to pouring, to
the temperature of the melt at the time of pouring to determine whether
£41ling of the mold cormers can be secured at the lower temperature and uﬂi-w
viscosity.

3. After removal of risers, castings should be checked for over-all
density. Specimens will then be sectioned to determine extent of scavita-
tion and spot demsities, Specimens used for spot demsities will also be
used for chemisal tests. (Extension of present system for sectioning to
include a core from upper ome-third of east is suggested). Other portions
of easting should be kept for orystal studies described later in this
nemorandum,

¢. [Puddling.

i+ A pair of molds shculd be poured umder conditions identical to those
for paragraph 6d, above, with the pour puddled throughout the casting period.
The mold should be poured with insulated top and riser. Packing of the cc.trn.l
erystal cavity should be attempted.

2. Investigation of densities ete. should follow same patiern as for

f. Linear Shrinkage.

4. Shrinkage om eastings will be of significance in desige of molds
for preeision easts. It #ill be desirable, therefore, to determine the
coefficient of the linear expansion for the material at an early date.

8+« Vor the present, I believe that sufficient data can be oltained by
acourstely ecalipering interiors of molds prior to casting and messuring
the outside diameters of the fully coeled sast. Special tests of
mr':::m of expansion may be necessary later but cam be deferred for the
pre .

3+ To eliminate casting special molds for this purpose, the d* nay
be eollected from specimens cast under paragraph 6d above, i
?\ C (LS

¢. Qutimwm Insulation of Mold Tops. CLASS \“Cm | Jiid
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4+ Tests to date have indicated almost ooneMwl: that with the use
of metal molds, a tendency to pinch off the flow of molten metal to the
interior of the casting occurs dus to dispersiom of heat by the mold at
the upper corners of the casting. Some results have been secured by
insulating this part of the meold,

~ELLED
1913
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2. 3pecimens should be poured with the upper one-fifth, one-third,
and one-half of the mold insulated with a reasonably thick layer of
insulating material. If posaible, the test series should include
specimens gast in gardboard, sheet metal, and thick metal molds to
determine effeect of variable conduction beneath insulatiomn. The tests
should be combined with the tests of réser shape listed below, to the extent
possible.

3+ Records should be kept of insulation thicknesa of mold and the
ratio of mold weight to casting weight. Specimens should be sectioned
to determine extent of cavitation.

h. Effest of Size, Shave and Insulation of Riser.

4+ The small mumber of tests made 10 date indicates that a riser
will be effeetive in minimisging cavitation. A series of oylinders or
prisms should be cast with varying riser siss, shape and insulation. The
sketch attached hereto is a suggested layout for the test., Indications
to date are that insulatiom of the riser, both sides, and junetions with
the mold, as well as the top of the riser after completiom of pour, cam
appreciably reduce the sise of riser necessary to provide the liquid
material neeessary to feed the interior of the mold during erystallisation.
8inee redustiom in the sise of the riser will reduce the amount of work
necessary to dress the finished casting, these tests should be conducted
ia such a mamner that ratios of sise of riser to top surface area of
casting and volume of casting cam be established for each shape and ocom-
dition of insulatica.

2. Preliminary tests in the laboratory using the reetangular mold are
recommended, This series of tests must be rum independently of other
tests exflept paragraph 6g, and will probably involve as a checking methed,
only the sawing opem or breaking of the finished meld te see whether the
riser eliminated cavitation, The use of insulite er other thick materials
of considerahle insulating value is recommended for the test.

1. The use of chemical analysis as the sole method of determining
the equitable distributiom of RDX probably will be too laborious for
ordinary ocentrol metheds. Gonsequently, an attempt should be made to
develop a more rapid physical test [rocedure. The following two pro-
cedures are suggestions.

4. Break opem cast specimens, particularly those involving more
porous cores and exsmine them under direstional light to determine whether
the following can be observed quantitatively: Vi

2- Distribution of RDX. G\.F{i 4 RCIE
b) Relative size of TNT crystals. PER DOU b
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3. Another suggested procedure is to mill the face of a broken
spescimen to secure a plane surface. Following this, the finished surface
of the specimen should be immersed in heated Bemzene (saturdted with RDX
at the given temperature) to dissolve TNT, leaving the RDX in relief.

This specimen should be exsmined under a microscope or sulteble glass with
side elimination to determine whether the distribution of the RDX can be
observed.

&+ IV would be particularly desirable to make the above tests on
fragaents from a casting room mold of large dimensions and slow cooling
time 50 that the maximum effect of the rate of cooling on erystal dis~
persicn cam be observed,

J. Effective Cooling Time on Crystal Growih.

de This effect can probably not be determined until specimens of
large molds from the casting room are available. For the immediate [resent,
howaver, a rough check should be made as indicated below.

8« Gast one specimen im a small cylinder or rectangular mold with
top of mold and riser insulated and allow to coel rapidly in the air,

3. Cast seeond specimen in same mold with riser, but in this case,
cmpletely insulate the mold: side, bottom and top of riser, with the
equivalent of at least twe inches of imsulite and allow to remain insulated
for several hours wntil fully cocled to room tempsrature.

4 Examine erystal growihs in the interior of the two specimens Wy
the method indisated im paragraph €4 above. Also make chemical snalyses
ctmmpmm.

k. Seoling of Netal Nelds.

3. The effect of coocling time on the size of TNT erystal growth
1 recognized as one of the factors leading to the lack of umifermity
throughout large melds. It is suggested that am attempt be made te
deternine whether the coeling time and consequently the sise of crystal
growths cam be reduced by artifisial occoling of metal molds after com-

pletion of the pouring.

8+ Gast one specimen in large rectangular mold with insulated top and
riser permitting specimen to ecocel im air.

3. Cast second specimen exastly same temperature in same mold with
insulated top and riser. Immediately following ocompletion of pour, cool
the bottom half of the mold by means of wet rags or by immersion in water.

4+ If practical, make above test cm molds of 1% diffdrent thicimesses:
sheet metal and thicker. | }
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5. Check over-all densities and spot demsities. Break specimens
open at center to determine whether cavitation is observable and
vhether the difference in corystalline sise can be observed by methods
outlined elsewhere. This effect should be determined more fully at a
later date in the sasting room.

1. Pelleting.

l. GCcnduet if possible a test of pelleting in the large sise rectangular
mold in the laboratory using insulated top and riser. Pour a prisa cast
in the same mold with same insulation and riser.

2. Out demsity specimens at normal locations as well as determine
over-all density of the mold portiom of the sasting,

3. If this cannot be advantageously dome in the laboratory, defer
the test to full seale operation im the casting room. However, if the
work is dome im the casting room, it should be done om a mold with
insulated top amd riser.

In pouring large molds the quality of the central portion of the

is defflitely reduced by the lengthy cocling time which permits

~ the development of large orystals, Little can be dome to accelsrate the
rate of ceeling other than %o pour in ingrements. Past attempts at

—_— ineremsntal pouring hawve not been very satisfastory because of the tendenay
for the formation of plames ia the casting where liquid material is poured

< against material which has previcusly hardened. Since this type of

o presedure may b necessary te improve the quality of the casting, the

following testa are suggested for the laboratery.
S+ Using a large rectangular mold, pour the mold in four increments

N of equal depth, During the proeess of pouring the outside of the mold
should be imsulated to a depth of one inch below the liquid level and at
~ least ome inch sbove that level. The purpese of this insulatiom is
N to reduse the rate of cooling at the surface of the liquid adjacent to the
mold., The surfaee of the liquid inside the mold should be insulated with
N a flosting material sush as iasulite. It is probable that a hold should
be out out of the esnter of the floating insulator se that sclidified
level iz the mold can be located and the second increment poured before
the surfaee hardems.
3. Pour in increments same as before exeept that imstead of insulating
the

surfaee, insulate the entire sides of the mold above and at least orf
below the eurreat liquid level,. Iha tgp opening of the mold should
CLASS'LRC_'L' """'dhwl]Y;;
PER DOC Rchimnt w2
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also be covered with insulating material. At the completion of the
ineremental pouring, attach a riser and pour the riser.

4+ Sinoe the procedure for incrementel pouring is a doubtful one,
additional molds should be cast with different procedures developed from
above two to see if maximum eooling can be secured with adequate bond
between increments.

5. If difficulty is encountered in the laboratory, move this test
to the casting room.

n. Glass Front Nold.

4+ The glass front mold has been found to be wmsatisfactory unless
it is adapted se that the space between the two glasses can be filled
with hot water to preveat initial chilling of the liquid by the glass.
Reeconstruaot the ghass frame of mold %o permit use of hot water. Then
conduet tests to study the effects of methods cutlined above such as
ingremental pouring and riser sise by means of the glass fromt mold, as
this may give the benefits of visual observation to density tests in
deternining the effeets of the varicus methods.

7. The fellowing tests should be made at full seale in the casting room.
Nany of these, especially those near the top of the list, should be performed as
soen as possible. As im laberatory work, careful reeords should be kept of ajl
work performed.

CABTING ROON TESTS
a. Ismperature Distribution in Kettles.

4+ The casting room ketilss unquestionably permit differences in
temperature between the cutside and the esnter of the kettle. Temperature

surveys should be made to determine this temperature distribution. If
standard thermometers are not effestive, attempt to secure from elsewhere
in the Technical Area, a leeds and Northrup portable thermocouple potentio-
mster,

2. While comndusting the above test, determine the agcuracy of the
present temperature control devices now installed om the kettles.

3. AV time of next pour, determine the tempsrature loss between the
kettle, the busket, and the meld and correlate with visecosity results om
same material. The pouring precedure used at the tipe of tests should
hwﬂdﬁuummhwummmw.

o Y X
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b. Viseosity. L
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4+ GCorrelate laboratory viseosity-temperature relationships with those
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in the easting floor by viscosity tests in the cesting room if this is
practical, This should be dome as a possible forerunner of installing
such equipment in the easting room.

9. Density Detersinations,

4+ Since over-all and spot densities will be the key to control of
easting room specimens, equipment should be set up as scon as possible for
immersion tests of all specimens poured in the casting room. In cases
where the finished casting will incorporate a aylinder or other metal item,
the air and immersed weights of these metal items should be secured before
the pour and shown on the data sheet used in the final density tests.

2. Where possible for each pour, a full sised ppecimen of the shape
and type poured during the day should be sast solely for control tests.
This specimen will be out up for porosity and density tests.

d. Rifegts of Visgoeiilr,

4« The laboratory work ocutlined under paragraph éd should be expanded
%0 show the effect of viscosity cn density secured in molds of different
sises, shapes, and materials, At least two molds sueh as a ¢ylinder and
a oube should be poured at three different viscosities ineluding the
extremss found satisfastery im the laboratory tests.

2. Tl density and chemical analyses should be made on these specimens.

o. Effegh of Nelting Time.

i« Laboratory tests of viseosities conducted at Brueetom show a
gradual deervase in visessity on comtinued tests over a two-hour period.
The deereass in viseosity probably results from removal of air and dis-~
persion of KDX,

2. The specimen should be sast immediately upon heating to the givem
temperature and correlated with exmetly similar specimens cast at the same
temperature after a contimued period of two hours of stirring.

3. Specimens from the two conditioms should be compared om the basis
of over-all and spet demsities as wll as chemical tests to determine

whether segregatien has oesurred.

f. Bffect of Viseosity (and Temperature) om Depsity. (LASCi-i- ' /
:R Ukb l\L\Iiﬁ-Ii JiriiNe j.?)
Ae ﬂnmﬂmh“&‘hwu
possible extended to lower viscosities im the casting ‘6 fute
optimum densities for larger molds, Series should inelude molds varying

in sise and shape from small sharp angle molds to large cnes with few
Corners or angles. GComparable mumber of specimens of same type and same
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sonditions of risers should be used.

€. Linear Shrinkage Coefficient.

4o Laboratory results should be supplemented by comparable specimens
in sscurately measured molds poured im the casting room.

. Qeiisum Inswlhtion of Tope of Metal Molds.
4« Based on results seoured from laboratory tests, verification tests
and extensions of testing to the more compligated casting room molds should

be made. Betal molds of several thicknesses should be tasted, Comparable
mmber of speaimens will be necessary.

i. Effeqt of Sise, Shane snd Insulstion of Risers.
4« Same as paragraph 7h sbove,

d. Effeah of Gooling Tine on Grywial Growih.
d: Same as paragraph 7h above.

k. Siady of ROX and THX Grvstal Sises sad Ristribution.
4+ Same as paragraph Th above,

1. geeling of Netal Nelds,
de Same a paragresph 7Th above.

=. Rflssta of Insremsutal Powring,
A+ Same as parsgreph 7h above.

4+ Attempt should be made to apply data eclleeted above in the design
of molds, risers, and insulation for these molds which are oomplicated
because of the wmusual oooling surfaces and ecmplicated shapes. Om the
basis of kmowm results, tests should be conducted to determine the most
effective locations, sizes, and types of risers and locations at whieh
insulation or coeling of molds yislds most satisfastory results, The
warping of specimens should be measured,

Cl_.ﬂSSfF:’CF.T!G."} CANCELLED
PER [ RiVichd Jan, 1973
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1. Thermocouple and potentiometer equipment should be located for
use in measuring temperatures inside of castings during oooling period.
S8chedule of tests can be set up later.

8. Procedure for keeping systematic records for the above tests should be
developed, All specimens should be properly numbered and stored in a vacant
magasine until the completion of the tests, If particularly useful results are
secured, photographs of specimens showing effects should be made. All data should
be recorded in a systematic manner,

9. I shall appreciate any comments you may have om the above together with
an indicatiom of the order in which you can sonduct the tests both in the laboratory
and the casting roem. This experimental work should progress with as few inter-
uptions as the sechedule for work in S-4 will perait.

J. O, ACKERMAN,
Capt., CE,

CLASSIFICATION CANCELLED
PER DOC REViEw JaN. 1973
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