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To all whom it may concern: 
Be it known that I, EDGAR A. CUSTER, a citizen of the United States, residing at 

Philadelphia, in the county, of Philadelphia 
and State of Pennsylvania, have invented 
certain new and useful Improvements in 

R 

5 

2. 

Manganese-Steel Castings and the Process 
of Producing the Same, of which the fol 
lowing is a specification. . . . 
The prinary object of this invention is to 

produce castings from manganese steel with: 
out reheating or subsequent treatment of 
any kind, which will have a uniformly fine, 
even and closely knit crystalline structure 
and, besides possessing the usual hardness 

p0S of manganese steel castings, will also 
Sess, though in a non-annealed and no 
quenched condition, the toughness and duc 
tility which are usually characteristic only 
of manganese steel castings which have been 
reheated and quenched in the usual manner. 
The invention consists in the novel prod 

uct itself and in the process by which that 
product is produced, 

23 it is well known that manganese steel, when 
cast in the ordinary manner, tends to develop 
shrink holes and that it is necessary to em 
ploy large sink heads to compensate for this 
tendency. It is also well known that manga 
nese steel castings, when allowed to cool in 
the ordinary manner, are not only very hard 
but very brittle and possess little or no 
toughness or ductility, the crystalline struc 
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ture or molecular arrangement, disclosed by 
the microscope, being relatively large and 
loosely knit before the castings are reheated 
and quenched or annealed. To increase the 
toughness and ductility of the castings it 
has been customary heretofore to reheat the 
castings to a relatively high temperature 
and then to quench the same by plunging. 
them in water or by other suitable means. 
This reheating of the castings, which is con 
tinued until the metal is in a somewhat soft 
and plastic condition, permits a molecular 
readjustment of the metal and removes the 
internal stresses, which result from slow 
cooling, and the effect produced by the 
quenching is to retain the desirable condi 
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tion developed by the reheating, so that the 
castings, after being quenched are hard, 
tough, and somewhat ductile instead of be 
ing hard and brittle. Microscopical exami 
'nation of such casings, after reheating and 
quenching, shows some improvement in the 
crystalline structure, although it is not 

marked. The production of manganese steel 
castings which possess a desirable degree of 
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toughness and ductility therefore requires 
thi?ee main operations, namely, the casting 
of the metal, the reheating of the casting 
and the quenching of the casting after re 
heating. - 
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It has been discovered that by the pres 
ent invention it is possible to produce in one 
Operation a manganese steel casting, non 
annealed and non-quenched, which is char 
acterized by great toughness, great ductility 
and a uniformly fine and closely knit crys 
talline structure, these desirable character 
istics being possessed in an even greater de 
gree than they are possessed by manganese 
steel castings produced by the processes 
heretofore employed. - 

In accordance with this invention the 
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75 
casting is made in a permanent mold with a 
matrix which yields the desired form, so 
that only a minimum of grinding or fin 
ishing is required. The matrix of the mold 
is first filled with molten metal of such tem 
perature that substantially all of the metal 
in the matrix will be at or above the melting 
point of the metal when the pouring is fin 
ished. Then the metal is cooled swiftly and 
uniformly so that the temperatures of at 
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least the outer portions of the casting, that 
is, of all portions of the casting in contact 
with the mold, will be practically the same 
at any given instant. The swift cooling is 
continued past the various critical points 
until the temperatures of all portions of the 
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Surface of the casting in contact with the 
mold pass simultaneously below the crystal 
lizing point of the metal, that is, about 700 
C. After the temperature, has passed the 
crystallizing point of the metal, as de 
scribed, the casting can be removed from the 
mold and allowed to cool normally, but it 
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is preferable to allow the casting to remain 
in the mold until the temperature of all por 
tions of the surface thereof is well below the 
crystallizing point, in order that the crea 
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tion of internal strains or stresses may be 
prevented absolutely, and that the crystal 
line structure obtained when the cooling 
passed through the upper critical point may 

cooled swiftly to a point below the crystal 
lizing point in order to prevent segregation. 
of the various constituents of the metal and 
the formation of secondary or weakening 
structures and is cooled uniformly with re 
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be permanently fixed. The molten metal is . 
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tions. 
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spect {{ {i. s it. 

t{ }, Order a) hardness in dif 
fei'eat portions, viiich would result from 
different rates of cooling in different por 

it is Wei known that manganese 
steel gives up its ii eat, with 'g 
while it is molten, but gives up its heat reluctantly. Consequently 
it is necessary, after the setting has taken 
place, to accelerate the radiation of heat 

the casting in the melting paint of 

eat rapidity 
that after it sets it 

from the casting beyond the normal rate so 
. . . . . . . . - . . . . . -- - - - as to accomplish the desired cooling as 

Swiftly as possilie. This resuit is secured 
by employing a sold which possesses not 
only heat condictivity but a heat storage 
capacity greater than tilat, usually possessed 
by a mold as let'etofore employed. ..., 

in the pract 
able to employ a mid of cast iron which 
in as a consid kody ai. 33ss, so that the 

. . - - -t-. . ..- r i.e3 G bsorbed quickly, 
but it is stilt a noid of any other 
natei'i: iiation of materials which 
possesses quired condictivity and heat 
storage c 
and tear of p 

By the term “manganese steel,” as en 
ployed herein, reference is had particularly 
to a steel, which contains from 11 per cent. 
to 15 per cent. of manganese, but these 
imits inay be varied if desired within the 
ranges which are permissible for the pro 
duction of a commercial product and the in: 
vention therefoxe is not inited to manga 
nese steel gif any particiliar analysis. . . . 
The product of the improved process not 

only possesses the gharacteristics above re 
ferred to but, is free from the various, detri 
mental structures and strains, which often 
axistia castings piodit:eed in the usual naili 
ner because of the difi 
of removing or clf 
to a feinerature which is 

tly or impossibility 

3rissible with. 
casting, wine: Out, permanently init: Firig 

such defects have once been distreiopei fur 
l'ocess is of: ther ore, the product 

homage:neous hetai 
Segregations of any 
withos; t is holes 

k heads or 

.. y it), estion:- 1. A of producing castings ii's 
nianganese steel, which consists in cooling 

ce of the process it is prefer 

ity and will resist the wear 
ctical use 'nay be employed. 

Saline by reheating 

the metal of the outer portions of the cast. 
ing swiftly from a temperature at or above 

to normal atmospheric 

structures by swif 

| imanganese 
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the metal to a tempera 
ture below the crystallizing point of the 
metal, and then allowing the casting to cooi. 

temperature. . . . . 
2. A process of producing castings fron: 

manganese steel, which consists in pouring 
the metal into a mold, which has relatively large heat conducting capacity, whereby the 
metal of the outer portions of the casting is 
brought swiftly from a temperature, at or 
above the melting point to a temperature 
below the crystallizing point without per 
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mitting segregation to occur, and then al- . 
lowing the casting to cool to normal atmos 
pheric temperature. 

3. A process of producing castings from 
manganese 'steel, which consists in crystal 
lizing the metal of the casting without the 
formation of secondary and weakening. 

tly drawing the heat from 
the outer portions of the casting until the 
temperature thereof is at or below the crys 
tallizing point, and then allowing the cast 
ing to cool to atmospheric temperature. 

4. A process of producing castings from 
manganese steel without quenching, such 
castings having a uniformly fine crystalline 
structure throughout, which consists in cool 
ing the metal of the outer portions of the 
casting swiftly from a temperature at or 
above the melting point of the metal, by 
pouring the metail into a mold which has it thigh conducting and heat-storing capacity, 
causing the casting to remain in the mold until the temperature of the outer portion 
thereof is at or below the crystallizing point 
of the metal, and then removing the casting 
from the mold and allowing the same to cool 
to normal atmospheric temperature. 

5. A non-annealed and non-quenched 
manganese steel casting which possesses 
toughness and duct ity and has a uniformly 

nit crystalline structure. 
led and non-quenched 

ng which possesses 
has a uniformly 

fine and closely k 
6. All IGI-8ili 

steel Cas 
toughness and disciili 
fine and closely knit crystalline structure 
and is free, from secondary structures and 
from internal strains. This specification signed and witnessed 

ary, A. D. 1911. day of Febru 
ED3AR. A. CUSTER. 

Signed in the preseree of - 
Jos::PEI 81. HUGHES. 
JoHN i. PTSEY. 
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