




















liquid must traverse a long network of dendrites to fill
the cavities. Since the cavities are not formed as a
result of precipitated or entrapped gases, only one other
possibllity esists to which their formation can'be attri-
buted, namely contraction.

10. The amount of intercrystalline shrinkage porosity
can be controlled by controlling the rate of solidification,
l.e. 1f the casting temperature is above normal, the con-
traction during solidification wi 1l be greater than if cast
at a normal temperature. Tin bronzes produce the fewest
intercrystalline shrinkage cavities when they a re poured
at temperatures as low as it is practicable to insure good
mold reproduction and to avoid cold shuts. However, the
tin bronze sand castings cannot be produced entirely free
from contraction cavities even when the most favorable
casting temperatures are employed which is evidenced by the
fact that maximum densities for given compositions are not
obtained. (Compare Plates land 2), It maybe thdt the
higheat density obtainable at normal pouring temperatures
1s sufficient to produce pressure-tight castings but it is
possible to obtain thls density within a limited pouring
range only; too low a pouring tempe rature results in such
defects as cold shuts, inclusions and poor mold reprocuc-
tion while too higha pouring temperature results in many
internal cavities. Complicated castings are poured at
temperatures which are determined by the thinnest section.
The pouring temperature may be much too high for the
heavy sections and sn excessive cavity formation will re-
sult in the heavy sections. Chilling the heavy section
will help, but the pouring temperature of these alloys must
be held within narrow limits. When 6 percent tin is re-
placed by 6 percent nickel in composition G, maximum cast
density may be obtained over a wide pouring range., Thus,

a sensitive casting alloy is converted to a more flexible
foundry composition. Two distinct advantages are

immediately gained: (1) pouring temperature is no longer
critical, and (2) the rate of solldification 1in castings

having both heavy and light sections is also less critical
so longas the principles of dlirectional solidification
are followed. : :

(c) Repraducibility of results

11. The many variables encountered in the foundry
mak e results difficult to reproduce. In producing large
numbers of castihgs a certain percentage is always rejefted
due to porosity, low mechanical properties, cold shuts,
poor mold reproduction, leakage, or other defects. Even
if tae molding practice, melting technique and alloy content
are carefully controlled from one heat to another, varia-
tions in density and mechanical properties occur, By
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Five different pouring temperatures between 1100°C (2012°
F) and 1300°C (2372°F) were selected, and e nough different
heats (a minimum of four) were run to establish an average
curve for each composition. Fluidity spirals were poured
when the desired pouring temperatures were reached on
cooling,

Density determination:

19. "As cast" density of both rough tensile speci-
mens from each mold was determined by the conventional
displacement of water method and standard 0.505 inch
threaded end tensile specimens were used. Maximum den-
sity values (Table I, Plate I) were determined by x-ray
diffraction with a back reflection camera. To insure
internal soundness and homogenelty one inch cubes of the
"as cast" alloys were reduced 75 percent by cold con=-
pressing and annealing. These specimens were then
trimmed to 1/4 inch by 1 inch by 1 inch coupons, polished
and etched bvefore exposure.

Compllation of data:

20. In order to determine the effect of pouring
temperature on density, tensile strength and elongation,
several heats were run for each c?mposition (Tables II
and III). Standard deviations (4) were calculated after
the mean values had been computed. The cross-~hatched aresas
in Plates 2, 3, 4 and 5, within which 68 percent of the
observations fall, show the standard deviation from the
mean curve which is the heavy line drawn through the center
of each area.

(¢) Resistance to Corrosion

21, Compositions G and M and red brass are well
known for thelr excellent resistance to sea water cor-
rosion. Therefore, when a change in composition to im-
prove internal soundness is considered, it is necessary
to determine what effect the changes will have on sea
water corrosion resistance as well as on mechanical
properties,

22. Accordingly,a series of alloys was tested for
resistance tocorrosion in the brackish water of the
Severn River, at the U. S. Naval Engineering Experiment
Station, Annapolis, Maryland.

23. The composition of a one-gallon sample of
water taken during the summer months is given in Table IV,
and except for temporary dilution due to unusually heavy
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rainfall or spring thaw, can be accepted as typical.

24, The ratio, epm. Mg *%epm. ca++, 1s 4.83 for the
Severn River water and 4.60 for sea water, indicating that

these waters differ in concentration rather than constit-
uents.

25. The test specimens were rectangular plates and
hollow cylinders with finely machined surfaces and were
completely submerged in water in wooden tanks or earthen-
ware crocks of large capaclty during the tests. Water
pumped directly from the river to a large gravity tamk
flowed continuously to these containers. An auxiliary
source of supply was available to avoid shut-downs due to
pump fallure or necessary overhaul, A semi-automatic,
thermostatically controlled steam heater maintained the
temperature of the water between 75 and 85 degrees F,

26. The rectangular specimens were tested at zero
velocity and at 30 ft. per second; the cylindrical speci-
mens were tested at 15 ft. per second. A veloclity of 30
ft. per secgpd is higher than normally encountered. The
modified composition G alloy containing 6 percent nickel
was tested in the "as cast", the "aged" and t he "annealed"
conditions. The heat treatments were as follows: the
"aged" samples were water quenched after 6 hours at 1400°F
and aged 6 days at 7000F; the "annealed" samples were
furnace cooled after 6 hours at 1400°F. All other alloys
were in the "as cast" condition.

Preparation 6f Test Specimens:

27. The specimens for the tests were cut from plates
and hollow cylinders cast in green sand molds. The plates
were 6 inches long by 4 inches wide by 1 inch thick, and
the cylinders were 20 inChgi lo:g by g;z{e incge?routiige
diameter by 1 inch inside ame ter. rips cu om
pLates werz machined to 1/4 inch thick by 15/ 16 inch wide,
Three specimens of each alley were r epared from t he
plates; two were 6 inches long and one was 4 inches long,
Holes were drilled at one end of these specimens for
fastening in the coyprosjonspparatus. Spegimens from the
cylinders were machined te 2-6/1& inches outsids diemeter,-l=
1/2 inches inside diameter,}-l/4 inches long,

Method of Test:

28, Two specimens, 6 inches long by 15/16 inch wide,
of each alloy, spaced Q/& inch apart, were suspended from
glass rods in a large weoden tank of slowly moving Severn
River water. The test pjeces, which were motlonless
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during the test,were removed from the tank after 40, 80
and 125 days, scruybbed with a bristle brush under tap
water, dried and welghed. '

29. Specimens, 4 inches long by 15/16 inch wide, were
bolted at 30 degree intervals on both sides of a micarta
wheel 12 inches in diameter by 1/2 inch thick. The speci-
mens on one side of the wheel were directly opposite those
on the other side and projected 2 inches beyond the cir-
cumference of the wheel. . The test pleces were held in
place with 1/4 inch bolts and pins, one bolt and pin hold-
ing two specimens. The pins were made of hard rubber and
the bolts were positively insulated from thespecimens
with a combined bushing and washer of micarta for each
specimen.

30. The wheel was securely fastened to the center
section of a horizontal monel metal 1line shaft which
passed through a covered wooden tank fitted with stuffing-
boxes. The section of shaft holding the wheel and '
specimens could be removed by means of flange couplings.

31l. The shaft was revolved between 385 and 420 rpm.
At this speed, the velocity of the projecting ends of the
specimens was between 28 and 31 ft. per second. Only one
specimen of each alloy was tested,ams space was not avallable
for duplicate samples. '

32. The specimens were removed from the wheel after
28 and 69 days, scrubbed with a bristle brush in tap
water, dried and weighed.

33. Four c¢cylindrical specimens were assembled into
plpes with a micarta ring vetween adjacent s pecimens and
at each end of the column. ZXach column of specimens was
held concentrically on the reduced section of a monel
metal shaft 1-1/4 inches in diameter by 12 inches long.
Pressure from a nut at one end of the shaft forced the
column a gainst a shoulder and held the specimens tightly
together. The micarta rings insulated the specimens from
one another and from the shaft. Ordinary rubber bands
were successfully used between the specimens and rings to

‘obtain a water-tight joint.

34, Each shaft of four specimens was screwed onto
the shaft of a vertically mounted motor and revolved at
1500 rpm. At thls speed, the surflace velocity of the
specimens was approximately 15 ft. per second. After
28 days the specimens were removed, washed off under tap
water, dried and welghed.
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