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@ The subject of this invention is production of permanent
metal moulds (1) with insert (2) of the gating system for cast-
ing mill balls and other crushing elements.

The known method for mill balls casting are those using
moulds of sand-binder mixture which moulds can serve for a
single use only. Disadvantage of such moulds is in their low-
er heat conductivity which affects the structure and proper-
ties of produced balls. To get the appropriate quality grade
of balls itis necessary, apart from the high content of alloying
elements, to apply very complex thermal treatment. Authors
of this invention have solved the problem in such a way that
one metal mould can serve for repetitive use of several
thousand times. With regard to thermo-physical properties of
the mould, cooling of cast balls can be very intensive owing
to which the casting process gives such structure and other
ball properties that balls of high quality can be produced
even from materials having a lower content of alloying ele-
ments. The problem of ball rising is solved by introducing an
insert made from sand-binder mixture in which way the issue
of controlled metal solidification in the mould has also been
solved.

To increase the operational life of tools (metal moulds),
and io make them easy replaceable, and to lower the costs
of mould amortization, authors have introduced ball crystal-
lizers (14) in the mould (1) as replaceable pari. in this way,

Permanent mould with insert for casting mill balls and other crushing elements.

after some time of mould operation, only the crystallizers (14)
are to be replaced and since all other mould parts (2-13) are
rather resistantto wear and tear their operational life will last
long.

Crystallizers (14) are made from alloyed steel, suitable
for water cooling, or are made from hard copper i.e. Cu-Cd;
Cu-Cr; Cu-Ag and Cu-Be to which the alloying elements are
added in small quantities which do not affect heat conductiv-
ity of copper but on the contrary increase its hardness.
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PERMANENT MOULD WITH INSERT FOR CASTING
MILL BALLS AND OTHER CRUSHING ELEMENTS

Technical field

This invention relates to the casting art and more parti-
cularly to desiygn and prcduction of permanent metal moulds
forr casting.According to the International Fatent Classi-
Tication the subject of this invention is classified and
coded as B22 C 5/06 and B22 C 9/22.

Technical problem

Technical problem solved by this invention is how to de-
sign and produce c¢astins tools i.e. the permanent metal
moulds for casting millvballs and other crushing elements
using casting technoiogy which ensures controlled solidifi-
cation ol poured metal. '

The objective of the present invention 1is to provide a
method for fast and economic production of permanent metul
moulds for mill balls and other crushing elements of high
quality grade without snrinkKage cavities and also to ensure
production of permansnt mstal moulds of long operational
life and consecuently at low cosi calculated per unit of
the finished prcduct.

State of art

The known casting meithodsz for production of mill talls aund

other crushing =lemen e moulds made [row a mixture

ct
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of sand and binder, znd such moulds are used for a single
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casting procedure only.

This method has numerous disadvantages i.e.:

For each casting run it is necessary to prepare a new
mould so when mass production of mill balis is concer-
ned such method requires extensive use of machines énd
equipment, high consumption of sand and binder and, of
course, lot of labour and availability of large foundry
{loor area including also the floor area for rinishing
process. '

Moulds made from sand and binder mixture have a lower
iteat conductivity, compared with metal used for permanent
moulds, and therefore wmill balils cast in suchh moulds
are of lower properiies and this is particularly true

for ball structure on which ball hardness depends and
consequently tear and wear of the ball itself.

To get the appropriate quality grade of balls cast in
moulds made of mixture of sand and binder, it is neces-
sary to provide alloying with a higher content of carbli-
dizing elements,using very complex tnermal treatment at
high temperatures.

-For production of moulds from the mixture of sand and

binder for casting mill balls and other ore crushing
elements, for grinding cement and other powdered materi-
als,it is normal to use dies and models made from wood,
light and non-ferrous metal allbys and steel. Which ma-
terial will be used for =sdels and dies depends on the
method of production of moulds from the mixtures of

sand and biunder.

Technical problem descrivntion

Permanent moulds which ars the subject of this inventiocn
csolve all the problems which normally appear in “he Known
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classic techmoicgies of casting such as:

The moulds which are the subjeci of this invention are per-
manent and serve for repetitive use (several thousands of
casting runs). In this way only limited numuer of machines
and equipment is used for itheir production requiring small
floor area in the foundry and small number of workers..

Material i.e. metal from which the permanent moulds are made
Is characterized by better heat conductivity compared to
3and moulds, owing to which mill balls produced in -such
moulds are of adequate properties, of ever lower content

of alloying elements without regard the complexity of ther-
mal treatment procedure.

The invention refers to metal mould with an insert of the
gating system which serves for casting mill balls and other
crushing elements. Mill vtalls and oiher crushing elements
are cast from alloyed ircen in metal moulds which provide
directed and controlled solidification of metal poured in
the mould by means of its gating system inserts.

The ball as a geometric body has the smallest developed
surface and volume as compared to all other geometric bodies
owing to which it 1s extremely difficult to produce econo-
mically a sound ball without shrinkage caviities when both
the ball and the gating systein solidify in the mould of

same physical-thermal properties. The principle which has

to be satisfied in casting technology is that tlie part

roie is to "rise" tLh

as

which 1is cast musi 501 'aify [first then the riser whose
e cast as to prevent occuring of
-

i

rhrinkage icles. When casting vpalls are coacerned the gating

il both pouring cvhe matal ,- i.e. for filling

t balls

or
of mould cavity with metal,and "rising"” the cas
wring of chirnkage holes in the balis.

TO przvent occ:

This invention solvsr the problem of making metal moulids

~ £ T~ - —~ - 3 i - S R . 3 e - “q - .
cfoicng opsraticnal Titz with resaiated metul nouring,
-
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Variants presented and figures enclcsed.

Variant I, permanent mould with insert having oblique
ingates and crystallizer for ball forming, in which

" -

crystallizers made from steel or copper alloy are instal-
led.

Fig.1l represents the face side of one half of the mould
with gating system insert with oblique ingates and crystal-
lizers for casting mill balls and other crushing elements,
in which the following mould parts are numerically marked:
1. mould body; 2. shell insert for gating system inserting;
3. pouring cup; 4. sprue; 5. obligque ingate; 6. cavity in
which ball is formed; 6°.gating system cavity for inserting
the insert; 7. cooling chamber; 8. connection for filling the
chamber with water; 9. connection for draining water from
the chamber; 10. plate for cooling chamber closing and for
installing the mould on the machine; 1l1. canals for gas
escape from mould cavity; 12. centering pieces.

Fig.2 represents the cross-section of closed mould with
gating system insert, with oblique ingates and crystallizers
for mill balls and other crushing elements casting, in
which the following mould parts are numerically marked:

. mould body; 2. shell insert for gating system inserting;
. sprue; 5. oblique ingates; 6. cavity in which the ball
s formed; 6°. gating system cavity for inserting the insert;

=

~

. cooling chamber; 8. connecticn for filling the chamber
with water; 10. plate for closing the cooling chamber

and installing the mould on the machine; 12. centering
pieces; 13. cooling chamber seal ring; 14. btall crystal-

1

-
copper. 142 cavity in

-

lizer made from allioyed steel
N

[
O
3

which crystallizer ic inztalled.

1 . - . - ’ . S A . [ ~

Crystallizers in which b2lls are ormed are made “rom alloyed

< 3 LR - - L = R 3

steel or covpper, i.o. from copper alley with silver, cadmium
. tre - .- P A Fryp e Sepd - 3

or chrcmlum. With respact "2 sood heat fonductivicy and



10

15

20

25

30

35

0178296

_5_

increases the operational life of the moulds and consequently
effects the quality of balls in the pcsitive sense. Increase
of the operational 1life in this variant of the mculd by
several tents more compared to the variant I, is reflected
through the cost of the mould and econcmy of mill balls
production.

Variant IT, permanent mould with gating system insert, with

‘horizontal ingates and crystallizers,as shown in Figs.

3 and 4, is made from grey or nodular cast and in which
moulds crystallizers of alloyed steel or copper, 1.e. copper
alloy with silver, cadmium or chromium are installed.

Fig.? represents the face side of one half of the mould with
gating system insert with horizontal ingates and crystalli-
zers designed for casting mill balls and other crushing

€5
—
()]

elements, and in which figure the following mould parts
numerically marked:

1. mould body; 2. shell insert for gating system inserting;
5. pouring cup; 4. sprue; 5. horizontal ingate; 6. cavity in
which ball is formd; 6’ gating system cavity for inserting
the insert; 7. cooling chamber; 8. connection for draining
water from cooling chamber; 10. plate for closing the cooling
chamber and installing the mould on the machine; 11. canals
for gas escape from the mould cavity; 12. centering pieces.

Fig. .l represents the cross-section of closed mould with gating

ystem insert, with horizontal ingates and crystallizers

U

or casting mill balls and other crushing elements, in which

Y

igure the following parts of the mould are numerically marked:
1. mould body; 2. shell insert for gating system inzser

L. sprues; 9. horizontal ingate; 2. cavity in which ball i1
ity for inserting the insert:
i tion feor fillinc the chamber
with water; 10. plate for coollns chamber closing and for
incw2lling the meould on the mochine; 12, canterings nicces;

zy 1. ervarnazalli:
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alloyed steel or copper; 14°. cavity in which the crystal=>
lizer 1is installed.

Permanent moulds according to variants I and II differ in res-
pect of the ingate positicn in relation to sprue. In variant I
the ingates are positioned at acute angle in relation to the
sprue, and in variant II ingates are positioned at 900 angle
in relation to the sprue.

In both variants the cavities in which balls are formed

are connected through .the ingate with the sprue and the

sprue is connected with the pouring cup. Between the poring
cup and the sprue a choke can be provided in form of ingate
"bottleneck". At the end of the ingate which can be positioned
at an acute or right angle, for horizontal pouring, at the
contact of ingate and ball a tocoth will be formed, tangenti-
al to the ball, whose role is to form a notch on ing
notch creates stresses and conseguently initiate
of balls from the gating system.

n
2
(OB
- 3
-
]
3
3

C

The gating system which is formed in the insert has the role
tc introduce metal to the mould cavity in which balls are
formed,and at the same time it serves as a "riser". Material
used for the gating system insert must be of lower heat con-
ductivity compared tc metal from which mould is prcduced. Because
of that the gating system inserts are made from mouldinz sand
i.e. from the mixture of sand and binder which mayv be of
organic or inorganic nature. The gating system insert is > to
5 mm thick.

BECT MODE FOR CARRYING CUT THE INIVENTICH

ror casting mill balls and other crushing elemants in nermanent
tem insert it 1c necessary o d2simn and
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which uses a mixture of resins of organic nature as the tinder.
The most app*uQPl te is Shell prccess rfor which coated sand is
used.

The metal mould 1s most appropriately made in three parts:
5 couoling chamber, mould body and crystaliizers.

The cooling chamber can be of welded or cast structure, with
suitable holes forr connecting the mould to the cooling chamber
and with connections for water inlet and outlet.

10 ] -
The mculd body is to be cast from grey or nodular cast. In the

mould cavities for gating system inserts and 2ristallizers
should be provided. For connecting the mould bedy to the cooling
chamber a flange 1s provided with eyelets for centering nieces

mount ing.

15
Crystallizerse are the most sensitive and most leoaded rarts of
the permanent mould. Because of that thsy are made Trom such
material which has gocd heat conductivity and which allows co-
oling with water or with some other fluid.

20
At the contact crystallizer-mould body a seal based on asbestos
and grapihiite is used. The crystallizer is connected to thsa
moculd tody vy means of bolts or special nuts.
The operational iife of such a permanent mould will depend

25 to a large extent on the operational conditions. The conditicns
for proper operation of a permanent mould are:

- before operation with the permanent mould it must be
nreheated at a temperature of 40 to 5OOC..
30 ~ AfTor hsating the mould to the above temperature, the
monuild cuvities chould be coated with acetylonic s5o2t. This

sout cocatins procedure should be repeated witer every

oo JEI L SR . — =~ 3 R % . 3 o 3 ST N IR
Bcflere canting, the cooling chamber muct e J11led with

Toerm A g Thrm T AaAant Ty mriAanAa e "1’1 et T il 3o e by s s e
35 LU=l LA INnD COGTLINYT Drocsis Thae mould iU L2 Jnlenlove Ll
~ TR ~ At P S
- 2L, gl ae e Ut n
vy - = ryva
APPONS § RV
— Ly —.;*r*r\“ S s r\«] o
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CLAIMS:

SN

. What 1is claimed is PERMANENT MOULD WITH INSERT FOR CASTIN

MILL BALLS secured on plates for cooling chamber closing
whereby centering pieces are provided for prorver closing,
which mould consists of the body (1) characterized by a
chamber (7) connected from outside to the body, or characte-
rized by ecooling pipes serving for cooling the body from
inside, in which body (1) cavity (6) is provided for forming
balls and which cavity is connected with cavities (6°) in
which cavities insert (2) is provided made frome core
mixture for inserting, with pouring cup (3) on top of

the insert (2) and oblique or straight ingates (5) con-
necting cavities (6) for forming balls to the sprue (%)
which is provided in the middle of the insecrt (2) and

which connects the pouring cup (3) with ingates (5).

Permanent mould with insert for casting mill balls and
other crushing elements according to Variant I and

Claim 1, which mould consists of the body (1) characte-
rized by a cavity(14’ )in which crystallizer (1%)is
installed having a cavity (6) for forming balls which
cavity (6) is connected with cavity (6’) whereby insert (2)
is provided in cavity (6°) for inserting, and in which
insert the insert ingates.(5) are positioned at an acute
angle in relation to sprue (4).

Permanent mould with insert for casting mill balls and

other crushing elements according to Variant II and

Claim(?) whereby ingates (5) are positioned at right anglie in
relation to sprue (4).
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