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_ 64,238. Divided

" .ber 21,

_This invention relates to composite- metal ob-
jects or objects which, for the sake of render-
ing them highly wear-resistant without impair-
‘ing their capacity to withstand shocks and other

5 physical stresses, are formed by casting a rela-
tively strong and tough metal body around a de-

sired number of preformed, highly wear-resistant -

and suitably spaced inserts.

The invention resides in a new article of man-
ufacture characterized by the selection for the
body member and inserts, respectively, of metals,
alloys or classes of metal having physical proper-

. ties which cause them, when assembled in ac-

»

10

cooperative relationship productive of service,
efficiency and lasting qualities superior to those
of' previously known composite wear-resisting
objects. : .
" Another object of the present invention is to
g0 Dprovide a novel article of manufacture also char-

. acterized by a novel distribution of areas be-.
‘tween the inserts and the body in which they
are embedded, or a novel selection of the shapes
and proportioning of the masses of the individual
inserts to the mass of the body metal surround-
ing and spacing them apart so that with the re-

" sultant capacity of heat transfer between these -

members of the composite object in the original
casting of the body about the inserts, the physi-
cal properties of sald object are superior to those
of known structure.

Still & further object of the present invention

is to provide a novel article of manufacture em- -

‘bodying the principles of proper Aproportioning
g5 of the masses of the individual inserts to the mass,
of the body metal surrounding and spacing the
same apart to provide for the proper transfer of
heat between these members of the composite

_ object in the original casting of the body about
4o the inserts to secure the superior physical prop-
erties hereinbefore mentioned, and which may

" be further characterized by an additional heat
treatment consisting of subjecting both of the
_metals, alloys or classes of metsal, respectively,
45 constituent of' the inserts and the body, after

their assembly -and therefore ‘simultaneously,
which affects them differently and brings out in’.

them those physical properties which enable
them to enter into the novel cooperative rela-
tion aforesaid. o : :
This application is a divisiondof my copending
application Serial No. 64,238, filed February 17,
1936. : : ‘ o :
Other ‘objects, features, capabilities and ad-

v

cordance with the invention, to enter into a new,

vantages are comprehehded by the invention. as .

and this application. Septem-
1937, Serial No. 165,797

2 Claims. (CL 148—31)

will later appear and as are
thereby. - o

Referring to the drawing: _

Figure 1 is a plan view of an abrasion-resist-
ant body produced in accordance with the pres-. §
ent invention; /- ‘ »

Figure 2 is a section on the line 2—2 of Fig-
ure 1; . . '

Figure 3 is
ure'l; and .

Figure 4 is a chrono-thermographic chart of
temperatures developed in the h_erem-described
alloy inserts when submerged in molteh manga-

inherently possessed

a section on the line 3—3 of Fig-
o 10

‘nese steel poured into a mold in accordance with

the present invention. - . 13
| represents a composite body designed to
serve as & crushing member and rendered highly

resistant to abrasion and of great _structural in-
tegrity by. application of the. principles of the
present invention. In said body, 2, 3, represent g9
inserts made of the herein-described alloy hav- -
ing a high coefficiency of resistance to abrasion.

- These inserts are of two different designs, namely,

of circular and quadrilateral section, respectively,
alternated in positions in a manner to render 25
substantially symmetrical the intervening em-
pracing walls 4 of the body metal, which condi-
tion is enhanced by concaving the sides of the
quadrilateral inserts. o o .
As shown in Figures 2 and 3, inserts 2, 3, in- 30
crease in traverse dimension inwardly in order :
that they may be countersunk in the body 1, and
with the result that the intervening walls 4 in-
crease in thickness outwardly, thereby materi-
ally strengthening the sustention of the ends of 38
the inserts where they merge with the working

“ surface of the body and at the same: time, by
_the high contractile force, the separating walls

* portion of the metal

_will .generally limit the
. the inserts to a range containing

i

& are given a large inward moment which, ex-

" erted upon the pyramidal sides of the inserts, 4o

presses the latter firmly to a seating upon that
body which underlies the
In producing objects
vention, the material of
serts, 2, 3, is of ‘such nature that the inserts can -
be best formed by casting. The high degree of
wear-resistance required of them and their es-
sentially lower coefficient of thermal contraction
alloy or composition-of gg
, at least 1%2% . .
and preferably 3% carbon; at least-.50% and not
greater than 10% of a metal of the chromium
group, preferably 2% chromium; with or with-

under the present in- -
the wear-resistant in-

.out nickel; the nickel, if used, being in a propor- gg
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tion of at least 1% and not greater than 7%,

and preferably 4% ; and the remainder being es-*

sentially iron. Other constitugnts such as
manganese, silicon, sulphur, phosphorus and the
5 like, ordinarily found in castings, may be present,
in minor percentages without adding to or de-
tracting substantially from the quality of the al-
loy employed for the inserts; and these constitu-
ents when present may be regarded as non-es-
10 sentials.
only be tough and shock resistant but have a
greater -coefficient of thermal contraction than
the inserts, is preferably made of iron with about
1% carbon and about 13% manganese, al-
-’15 though low carbon steel may be used with a
measurable_ proportion of the advantages here-

in set forth. -
An alloy falling within the ranges above out-
lined for the inserts does not possess its maxi-

20 mum potential resistance against wear if left in

the condition in which it i3 cast, but requires a
heat treatment comprising a secondary heating

of the said alloy to a temperature above its criti-

. cal point’ from which it may be cooled fairly
25 rapidly. Surprisingly, treatment of the formed
inserts, such, for instance, as-heating them to
1850°'F. followed by quenching in water, some-
what softens the high carbon alloy from which
they are formed but renders it somewhat tougher

30 than it was in the condition as cast, and ‘at the

same time very materially increases its resist-

ance to wear. It has also been found that if the
inserts made of an alloy'such as above indicated

- be subjected to what is commonly termed “draw- -

35_ing,” that is to say, reheated to a relatively lower
temperature ‘varying from 400° to 1200° F, or at
least a temperature under the critical tempera-.

' ture of the alloy, for a period of from one to .

three hours depending on the drawing tempera-

40 ture, the hardness is increased materially and-the
. Tesistance to wear is sometimes more than dou-

"'bled and even tripled.

‘When an alloy of the above-described composi-,

* tion, obviously too fragile to permit of its use in
45 Producing the body of an object subjected to
~~ shock or impact in use, is to be subdivided into
the relatively small inserts or units such as in-
dicated at 2, 3, of Figures 1, 2 and 3 of the ac-
companying drawing, and these units are. .to be
50 Mounted in a body member | made of the herein-
identified tough, ductile manganese steel, the
hard, brittle, wear-resistant alloy is first cast in
the form of inserts; these inserts are then plaeed

in a mold spaced one from another in a manner

" g5 to insure between them masses of body material. .

bearing a desired relationship to the mass of the
“inserts; the molten body material is then poured
under conditions that will insure its flowing
around and filling the spaces between the inserts
¢0 and thereby-developing heat transfer of a capac-

ity determined by the volume of molten metal in

- sald spaces,” and which said volume, by prede-
. termination of said spaces, is that which will

raise the temperature of the inserts to a degree
. 65 appropriate to the quenching in the heat treat-

ment of the present invention before the poured,

. metal has cooled below. the temperature appro-
.priate to its own quenching. "Hence, when both
components are subjected. to one and, the, same

70 quench, this quench will affect the two different
alloys differently and cause them to enter into a
"new physical relationship which wﬂl lend supenor
qualities to the finished object. ' 'The quench will
~preferably be that conventionally used in the
5 production of objects of manganse steel, It will

The_body member | which must not

be from an appropriate degree of heat remalning
after the cast, for instance, about 1850° F., which
temperature will have been imparted to the in-
serts by the poured enveloping steel and will also®
be approximately the temperature to which the 8§
poured metal has cooled after a tew minutes of
ftanmng

The advantageous eﬂect of this simultaneous
quenching from an appropriate heat of two dif-
‘ferent materials herein identified as entering 10
into the composite structure, is that it bestows
upon the respective materials physical properties
that are quite distinct one from the other. It
renders the body-forming material tough and |
ductile at the same time that it renders the in- 1t
serts hard and brittle; the brittleness, however,

" belng counterbalanced by the embrace of the in-

-Serts by the tough ductile material, which em-
brace is of a higher order than in previously
known cast composite objects. 'This heat treat- 20
ment will be still more effective if the composite
object receives -the further heat treatment of
drawing from & temperature of 400° to 1200°—

say, 600°—through a period of from one to three -
hours. The quenching is economical because it 38
is from ‘the casting heat and serves as well to
produce the quenching -indispensable to cast -
manganese steel. More than this, quenching
from the heat supplied by the casting operation
conditions the enveloping body metal for con-
tracting upon the inserts and firmly gripping

_them without developing checks or cracks in the - -

cooled casting; the high coefficient of thermal
cdntraction in the embracing hody metal, in
cooling from its pouring heat and the high L
stresses of compression which it imposes upon
the inserts renders impossible the loosening of
‘the inserts in the enveloping body, greatly en-’
hances the -sustention -of the inserts against
spalling under forces encountered in use, and 40
makes it possible to use for the inserts an alloy
the brittlen of which, in the absence of such

. high compression, might render their use im-

practicable.
By way of illustration of the advantage of con- 45
trolling heat transfer through the relative masses :
of the insert alloy and the enveloping body alloy
ot the composite article, to-wit, by selecting the
spacing of properly shaped inserts in the mold,

_assume the introduction into a riold of one hun- 50

dred ‘pounds of alloy inserts so spaced as to admit

‘between and around them two hundred pounds

ot molten steel at 3000 F., and that the mold be
poured and permitted to stand until the heat has
become equalized between the body and the in- 85
serts, the mean temperature of the composite
‘mass will be found to stand at a point between

‘1800 and 1900° ¥. which may be just right for the

quenching ‘incident to the first heat treatment

which the body and the inserts, jointly, are to 60
receive.. The proportion of body metal to insert
metal should be such as, on the one hand, to
prevent excessive heating of the inserts.and, on

‘the other hand, to insure sufficient heating as a

Preliminary -to the quehching step .in the heat 65 .

“treatment. In other words, the heat transfer

from the molten metal to the inserts should be
such as to leave a final temperature above the
critical for the insert but below the fusion tem-

"perature theréof. Subject to these conditions, 70

the percentage of insert mass may be varied be-

‘tween 25% and 75% of the entlre mass of the
. composite object.

By way of further explanation. reference may

 be had to the chart appearing on the accompany- 75
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ing drawing ang consisting of a time-temperature
curve secured by inserting a thermo-couple in
an insert while in position in the mold and then
taking the temperature readings at’ periods com-

mencing immediately after molten manganese

steel had been poured into the mold. This chart

-shows that the temperature was rapidly raised to

10

.- impart to the insert

15

then more slowly to 1850°; that it
remained above 1700° for a period of around
fifteen minutes; and that this proved ample to
alloy the qualities required
the first heat treatment of

around 1700°,

before quenching in
the inserts. . : _
~ From the foregoing, it will be seen that the
present invention also contemplates the determin-

“ing of the masses of the insert and body metals

‘ permit utilizing the heat
the initially cold inserts toa

20

25

30

. softened by heat treatment,

35

- such a unit will be substantially superior to that

. apparatus subjected in use

- 66

. would be

entering into the composite structure so that the
ratio of the one mass to the other is such as will
of the poured body
metal for bringing
temperature appropriate for quenching purposes
and without cooling the poured metal to a tem-
perature below that appropriate
quenching; also, as coroliary to this, the increas-
ing or decreasing of the'percentage’of body metal
to insert metal until the final temperature ob-
tained in the mold is increased or “decreased to
the degree desired. ' '

A simple and relatively inexpensive procedure
within the broadest aspect of the invention,

which is not substantially
then cast around
these inserts & body mass of plain low carbon
steel, then place the composite unit in. service
without - heat . treatment. The performance’ of

high chromium alloy

of known structures—a plain mass of manga-
nese steel, for instance. ‘ '

Among the particular
which the invention is

ﬁelds‘of application to
highly appropriate and

‘which will serve to illustrate its. uses, are ore
‘and other mineral
bers, such as liners for ball mills or rod mills, .

grinding and crushing mem-

wearing plates for jaw crushers, wearing portions
of crushing rolls, skid plates, chutes and other
to abrasive action of
non-metallic materials. -~ ’

In addition to the very superior performance

_characteristics of an object produced in accord-
~ ance with the present invention,

for instance, &
rock crushing member, the invention also affords
a number of production advantages.
production of cast manganese steel liner plates,
for instance, the casting yield is usually not-over
60% of -the miolten metal, due to the high shrink-
age of heavy sections which must be fed as a

" solid body, whereas with this insert method of
‘casting, especially when, as is preferred, the sec-

o5

.. When the cost of melting

10

_ing and cutting of the moid

({2

tional areas of the inserts and of the interven-
ing body metal are about equal, the chilling ef-
fect of the inserts and the :’il}‘:iodlng' up of the
body mietal into thin walls unding the in-
serts produces the equivalent of relatively thin
chilled-cast plates or

ceptable metal bodies enveloping the new wear-
resisting members will usually be as high as 90%.
» wastage and the like
is considered, the saving afforded by the present
invention becomes quite evident., Due to the
cooling effect of the inserts also, there is no fus-
material as always
occurs when these units are cast in one
piece; hence, cleaning costs are substantially re-
duced. ‘ : -

to its own-

to make the inserts of a high- carbon,:

" In the -

bars, and the yield of ac- .

heavy .

3
Another advantage of using inserts in manga-
_nese steel in accordance with the present inven-
tion relates to their effect upon overall pattern
shrinkage. In the production of some articles—
rod mill liners,
straight manganese steel is about sths of an
- jnch per foot, whereas in the insert construction
the overall shrinkage is only about %ths of an
inch per foot. : :
In the making of heavy liner plates, jaw crush-
er parts, and the like, it is standard practice to
employ dry sand molds, that is, molds of rela-
tively expensive composition,
an additional cost in ovens until they are thor-
oughly dry and hard. With this insert practice,
ordinary green sand molds can be used with ad-
ditional saving in time and money. Further-

for instance—shrinkage of

which are baked at -

10

15

more, when any metal or alloy is made into cast- .

heavy massive
harmful segre-
grain size and

ings of large. cross section and
areas, there is quite a series and
.gation of constituents, with large

general interior metallographic orientation of the’

metal which militates, against the highest serv-
ice. By filling the mold partly full of cold
metal bodies and then casting the body metal

into thin chilled layers approximating in thick- .

ness that of the inserts, the metal of the support-
ing body becomes very fine grained; tough in
condition, and generally superior to the same
metal poured with heavy cross section.

80

In these several applications of the invention, ~

the inserts should be practically surrounded on

all but the working surface and with a minimum

_ thickness of tough body metal behind the in-
serts, so that when the inserts are practically
- worn away there will be no breaking up of the
object as & whole. It is desirable to avoid sharp
corners so as not to weaken the body metal more
- than necessary, and while & section through the
‘wearing plate parallel to the working, surface

might present. almost any mosaic arrangement

of the insert and body metal, it is desirable to
stagger the confines of the inserts, for instance,
by selecting designs such as fllustrated on the

- drawing, to prevent continuity of planes of
weakness, In this connection, it will be noted
that the designs_of inserts are such that their
masses are symmetreally dstributed about their
centers rather than forming elongated polygons
or the like.

The use of corrosion resistant alloy for the in-
-1 have found that

.. serts has special advantages.
& Iarge portion of the loss on wearing surfaces
_ordinarily ascribed to wear is due -to corrosion.
Ordinary steels, for instance, rust very rapidly,
and particularly when the surface film is in very
" unstable condition due to severe cold working
of the surface itself, by the ore being ground, or
by grinding elements—balls, for instance. - Dur-
ing the actual operation of wet crushing, for ex-
ample, the surfaces of wear-resisting members
“rapidly rusted and progressively and repeatedly
wiped off by the abrasives, may, because of their
continued bright appearance, seem not to cor-
rode, but the fact is that the losses through cor-
. rosion are large.
ing the same degree of hardness or wearing re-
sistance, the one possessing the greatest re-
sistance to corrosion -will ‘bestow longer operat-
- ing life. The composite body of the present
invention affords: the advantage that the high
‘carbon chromium .containing alloy has greater
resistance to corrosion than low carbon steeel or
. manganese steel, and for this reason gives longer

N : .‘ 2

50

55

Therefore, of two metals hav-

70

%
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4 .
life under conditions where progressive rust or
corrosion is a factor. .

‘While I have herein described and upon the
drawing shown an illustrative embodiment of the
invention, it is to be understood that the inven-
tion is not limited thereto but may comprehend
other constructions, arrangements of parts, de-
tails and features without depsarting from the
‘spirit of the invention. : oo

I claim: o ;

1. A new article of manufacture, consisting of
& composite, highly wear-resistant metal object
comprising insert components and a body com-
ponent in which the insert components are em-
bedded, the body component being formed of an
iron alloy containing about 1%4% carbon and

~13% manganese, and the balance substantially

_ all iron, and the insert components _comprising

an alloy consisting of iron together with abott

3% carbon, 2% chromium and 4% nickel, and

2,310,357

said metal of sald body component having a
materially greater thermal contraction than the
metal of the insert components.

2. A new article of manufacture, consisting of

- & composite, highly wear-resistant metal object
- comprising insert components and a body.com-

ponent.in which the insert components are em- -
" bedded, the body component being formed of an

iron alloy containing about 1%4%. carbon and

13% manganese, and the balance substantially 10

all iron, and the insert components comprising
an alloy consisting of iron, a metal of the chro-
mium group in a proportion of from 5% to 10%,
nickel in a proportion of from 1% to 7%, and
carbon-in a proportion of from 1% to 3%, and
£aid metal of-said body component having a ma-
erially greater thermal contraction than-the
metal of the insert components. ‘ o

15
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