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Description

[0001] The present invention relates to apparatus for
automatically feeding grinding bodies, such as grinding
balls, to a grinding mill so that the feeding of grinding
bodies is carried out from the feed apparatus to the grind-
ing mill without any particular intermediate storage.
[0002] Mining industry uses balls, usually steel balls,
for crushing ore in concentrating mills. The balls are
transported and fed to grinding mills. In order to carry out
said transporting and feeding operations, belt conveyors,
trucks or elevators have conventionally been used, or
the balls have even been transported and fed manually.
With these methods, the problems have been how to
achieve sufficient safety and reliability, as well as how to
feed the correct number of balls to the grinding mill with
good timing. These problems result in unwanted variation
in the concentration process, as well as safety hazards
in the form of falling balls. In current systems, the required
number of balls must be added separately to each mill,
which also is often carried out manually.
[0003] Generally mills are run according to power
measurements, and grinding bodies are fed in order to
maintain the desired power settings. In addition to power
measurements, in semi-autonomous grinding mills (SAG
mills), there are fairly commonly applied other comple-
mentary measurements, such as measuring the degree
of fullness of the mill (for example power sensor/strain
gauge in a lifter bar), acoustic measurement, weighing
and measurement of lubricating oil pressure (or pressure
fluctuation) in the mill bearing. Said measurements can
be utilized either directly or indirectly for estimating the
state of a mill. On the basis of the obtained state infor-
mation, the settings of the grinding process can be ad-
justed, either by adjusting the feed and/or by adjusting
the power settings parameters. When calculating the
power settings parameters, the employed variables are
time and within certain limits the feed. Unfortunately
grinding bodies cannot be removed from the mill, which
means that generally a mill is operated well within safety
margins, with settings that remain slightly under the pow-
er peak.
[0004] In order to achieve a favorable grinding result,
semi-autonomous grinding mills, where grinding is partly
carried out by means of self-ground bodies, as well as
ball mills, need a large number of grinding bodies, such
as grinding balls. Owing to the wearing of grinding bodies,
more grinding bodies must be fed in the grinding mill in
the course of the grinding process. The required quantity
is hundreds of grams of grinding bodies per ton of mate-
rial to be ground, when said material is for example a
material containing valuable metals and classified as ore.
Grinding bodies must be added continuously as the
grinding process continues and the mill is in operation.
Often the grinding bodies are fed along with the material
to be ground, for example onto a belt conveyor or a ma-
terial hoisting device, from which they are further con-
veyed into the grinding mill.

[0005] US patent 4,056,230 discloses a method of
crushing particles of material in a ball mill, in which meth-
od a mixture composed of balls, particles to be crushed,
solvent and lubricant is fed to a ball mill that already con-
tains balls. The balls used as grinding bodies are recycled
in the grinding process by separating the balls from the
material to be removed from the mill and by returning the
balls back to the mill along with the feed mixture to be
ground. According to said US patent 4,056,230, an es-
sentially continuous grinding is achieved by using solvent
and lubricant along with the feed. However, said patent
publication does not disclose adjusting the feed quanti-
ties of balls used in the grinding process with respect to
the wearing of the balls.
[0006] The US patent 4,062,497 describes a grinding
mill system, where the quantity of the material to be
ground is optimized by recycling part of the material back
to the mill. Neither does the patent referred to herein dis-
close that the quantity of balls serving as grinding bodies
should be adjusted, nor that replacements for worn-out
balls should be added. Moreover, the US patent
5,873,532 describes a ball mill where the feeding of the
material to be ground into the mill for worn-out balls
should be added. Moreover, the US patent 5,873,532
describes a ball mill where the feeding of the material to
be ground into the mill is adjusted. Likewise, the text of
this patent referred to does not include any disclosure of
balls to be fed as replacements for worn-out balls.
[0007] The US patent 5,224,659 describes an appara-
tus for feeding balls to a grinding mill. The apparatus
includes a feed chute connected to a hopper or a dis-
charge chute, and an arrangement for feeding grinding
balls to a mill sequentially one at a time. The feed appa-
ratus comprises a number of levers operated by hydraulic
actuators. A problem with this type of apparatus is the
reliability of the hydraulic actuators and particularly any
kind of actuators based on an auxiliary medium or trans-
mission in conditions where mills and grinding circuits
operate.
[0008] The Chinese utility model CN 2801293 Y de-
scribes a ball feeding apparatus for feeding balls in a mill.
A ball lift in an endless chain lifts balls from a feed chute
one at a time to a track, where a supply device further
transfers the ball to the conveyor serving as the feeder.
The device can be used for feeding only one ball at a
time, and in addition, the problem of a possible blocking
of the feed chute is still not solved.
[0009] The Chinese patent application CN 101532670
A describes a conveyor where steel balls are fed from a
discharging device one at a time to clean the walls of a
boiler and to remove ash from the boiler walls. Only one
ball at a time can be fed by said device.
[0010] US patent US 4,715,546 discloses an appara-
tus for feeding grinding balls to a grinding mill correspond-
ing to the preamble of claim 1.
[0011] The object of the present invention is to elimi-
nate drawbacks of the prior art and to realize a new and
safer automatic feed apparatus and feed system of grind-
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ing bodies to be used in a grinding mill, by which appa-
ratus and system a desired quantity of grinding bodies
can be fed to a grinding mill essentially automatically,
without any separate intermediate transport. The essen-
tial characterizing features of the invention are defined
in the appended claims.
[0012] In a feed apparatus of grinding bodies for a
grinding mill according to the invention, the employed
feed element is the grinding bodies supply tank, into
which grinding bodies are charged in a way known as
such, for instance from a ball hopper or a ball storage.
Moreover, in connection with the supply tank, there is
provided a grinding bodies discharge element, by means
of which the grinding bodies are conducted first to a duct
serving as a feed chute and leading to the grinding mill,
and via said duct, to the grinding mill. According to the
invention, the motion generated by the conveyor is used
for opening and closing the supply tank. In between the
loading and unloading points, the supply tank is kept
closed by means of locking elements provided at the ends
thereof. The opening and closing of the supply tank is
carried out by external, opposing control elements that
turn the drum element of the supply tank in relation to its
frame. For opening, the supply tank is provided with nec-
essary control elements. The feeding of balls to the sup-
ply device is advantageously carried out by means of a
mechanical feed device, in which case it is possible to
feed one ball at a time, so that a correct number of balls
can be inserted.
[0013] The supply tank proceeds along a track serving
as the conveyor, supported by an endless conveyor chain
and by intermediation thereof. The conveyor chain is
placed in connection with the conveyor beam, either in-
side or outside. The conveyor beam is bent and support-
ed by a support frame to form a three-dimensional struc-
ture, which also supports the actuator unit. The actuator
unit is formed of an actuator part and a transmission part,
which are arranged, in a way known as such, to move
the conveyor chain. Essentially for facilitating the auto-
matic feeding of grinding bodies, the operation of the feed
apparatus of grinding bodies is advantageously control-
led for example by means of the control system of the
grinding mill, or, as an alternative, by means of a separate
control system, by utilizing the obtained values regarding
the wearing of the grinding bodies with each material to
be ground, with respect to power intake, for example.
The feed apparatus can be automated by connecting it
for instance to an ore grain size measuring system, in
which case a required quantity of balls can be fed to a
desired mill. By way of example, automation can be re-
alized by motion-sensitive switches placed at the loading
and unloading points for observing the location of the
transport wagon.
[0014] The supply tank according to the invention,
used in a grinding body feed apparatus for a grinding mill,
is advantageously a cylindrical element that can be ro-
tated around its longitudinal axis. The supply tank is pro-
vided with a rotary drum element that can be opened and

closed and is advantageously rotary with respect to its
longitudinal axis, and by means of said drum element,
the supply tank is filled and emptied of grinding bodies,
and with a lid element that is stationary with respect to
the drum element. The drum element of the supply tank
is provided with guides, and respectively the loading and
unloading stations of the conveyor are provided with
guide pairs corresponding to said guides for opening and
closing the supply tank without other external help. In
addition, the drum element is provided with a guide, ad-
vantageously a guide strip, for opening it at a desired,
optional unloading point. Further, the supply tank is fas-
tened or geared at the ends so that it can be rotated to
loading and unloading positions around its longitudinal
axis at the loading and unloading stations. The end parts
of the supply tank are provided with actuator-aided lock-
ing members for preventing an unwanted rotation there-
of.
[0015] For feeding grinding bodies essentially auto-
matically, both the feed and discharge elements of the
feed apparatus are electrically connected to the grinding
mill, and on the basis of the values obtained from the
grinding mill, the operation of the feed element and re-
spectively the discharge element is adjusted so that the
grinding mill is essentially continuously filled with a quan-
tity of grinding bodies that is advantageous for the grind-
ing result. The feeding of the grinding bodies is adjusted
according to the power measured from the grinding mill,
or according to the measured feed, in which case the
input setting is a certain number of balls per ton of material
to be ground, because the wearing of the grinding bodies
affects the power consumption of the grinding mill. Thus
the adjusting of the grinding mill, for example as regards
power consumption, is made more accurate by means
of the essentially automatic feeding of grinding bodies
according to the invention. Consequently, the grinding
mill can advantageously be run with desired power set-
tings. The apparatus according to the invention can be
used for feeding grinding bodies to a grinding mill either
essentially continuously or sequentially continuously or
even one at a time, to the extent required by the power
consumption measurements of the grinding mill.
[0016] A grinding body feed apparatus according to
the invention for a grinding mill is advantageously oper-
ated so that when grinding bodies should be fed to the
grinding mill, the supply tank is placed at the location of
the unloading duct of the ball hopper or storage of the
loading station. The drum element provided in the supply
tank rotates, with respect to the lid element, by means
of the forward pushing motion of the chain and the guide,
and renders the supply tank in the open position, in which
the grinding bodies contained in the unloading duct and
corresponding to a certain quantity can roll from the un-
loading duct further to the supply tank. When the unload-
ing duct is empty and all grinding bodies have rolled into
the feed device, the system detects that the feed device
is filled and starts the feed device, and as a result, the
drum element rotates, in a direction that is opposite to
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the opening direction, by an angle of rotation correspond-
ing to the opening angle, and the supply tank is closed
as the guide provided therein hits the corresponding
guide that is arranged in connection with the loading sta-
tion. The conveyor system transports the filled feed de-
vice along with the chain further to the unloading station
serving as the mill feed station. At the unloading station,
the unloading of the feed device takes place so that when
the feed device arrives at the unloading station, the cor-
responding guide arranged in connection with the un-
loading station hits the guide provided in the drum ele-
ment of the feed device, and the drum element rotates
with respect to the lid element by means of the forward
pushing motion of the chain and the guide, and renders
the feed device in the open position as the conveyor chain
transfers the feed device forward. When the drum ele-
ment of the feed device is completely open, the grinding
bodies contained therein drop, through a feed chute pro-
vided in connection with the mill, to the mill housing, into
the grinding process.
[0017] When the feed device is emptied, the system
detects that the feed device is empty and starts the feed
device, and as a result, the drum element rotates, in a
direction that is opposite to the opening direction, by an
angle of rotation corresponding to the opening angle, and
the supply tank is closed as the guide provided therein
hits the corresponding guide that is arranged in connec-
tion with the unloading station. The conveyor system
shifts the empty feed device along the chain further to
the loading station serving as the filling station of the feed
device.
[0018] The description hereinbefore describes how the
feed device is filled and discharged into the mill, when
there is one single mill in the grinding circuit. The situation
is somewhat changed, when the grinding circuit includes
several mills. In that case the control system of the grind-
ing mill guides the feed device to the unloading station
above the chute placed at the correct mill and turns the
corresponding guide arranged in connection with the un-
loading station to unloading position, in which case the
feed device collides with it and turns the drum element
open, as the conveyor chain shifts the feed device for-
ward. When the drum element of the feed device is com-
pletely open, the grinding bodies contained therein drop,
through a feed chute provided in connection with the mill,
to the mill housing, into the grinding process.
[0019] The invention is described in more detail below,
with reference to the appended drawings, where

Figure 1 illustrates a preferred embodiment of the
invention, when the feed hatch is in the open position,
Figure 2 illustrates an embodiment according to Fig-
ure 1, when the feed hatch is closed,
Figure 3 a illustrates another conveyor arrangement
used when transporting a feed device according to
the invention,
Figure 3b illustrates a detail of the conveyor arrange-
ment when the feed device is at the loading station,

Figure 4 a illustrates a conveyor arrangement cor-
responding to the one illustrated in Figure 3a, used
for transporting a feed device according to the inven-
tion, also showing the grinding apparatus, and
Figure 4b illustrates a detail of the conveyor arrange-
ment, when the feed device is at the unloading sta-
tion.

[0020] Figure 1 illustrates a feed device according to
the invention for feeding grinding bodies to a grinding
mill. The supply tank includes means 2 for suspending
or fastening it at the ends from a conveyor chain (not
illustrated). The supply tank 1 is formed of a cylindrical
drum element 5 that is rotary around its central axis A -
A, closed at the ends by a first end 3 and a second end
4 and partially open at the housing, as well as of a sta-
tionary lid element 6 that is attached to the means 2 and
essentially corresponds to the open housing element.
The drum element 5 is geared or supported by means of
the means 2 and rotation elements 19 to be rotary around
its longitudinal central axis A - A. The drum element 5
can be rotated with respect to the stationary lid element
6 for opening and closing the supply tank 1 in loading
and unloading situations. To the lid element 6, there are
fastened guide members that are outwardly protruding
from its outer surface, i.e. a first guide member 7 and a
second guide member 8 (illustrated in Figure 2). Both
ends of the supply tank 1 are provided with actuator-
aided locking members 9 and 10, by means of which the
drum element of the supply tank is locked, so that any
rotation around the longitudinal central axis A - A does
not take place. In Figure 1, the supply tank is illustrated
in the open position.
[0021] Figure 2 illustrates a supply tank 1 according to
the invention, corresponding to Figure 1, for feeding
grinding bodies to a grinding mill. Now the supply tank is
illustrated from a view angle where the guide members
7 and 8 are better visible than in Figure 1. In Figure 2,
the supply tank is illustrated in the closed position, so
that the locking members 9 and 10 lock its drum element
5 in the closed position.
[0022] Figure 3 shows, by way of example, a conveyor
system 11 that is bent of hollow beam 12 (in Figure 3 b)
to form an advantageously three-dimensional structure.
The chain or other member conveying the supply tank 1
is not illustrated, but it is located, by way of example,
inside the beam. In connection with the conveyor system
11, there is realized a loading station 13, and an exem-
plary arrangement thereof is illustrated in Figure 3 b. The
loading station includes an unloading duct 14 of a ball
hopper or storage (not illustrated). A grinding body feed
apparatus according to the invention for a grinding mill
is advantageously operated so that when grinding bodies
should be fed to the grinding mill, the supply tank 1 is
placed at the location of the unloading duct 14 of the ball
hopper or storage of the loading station 13. The drum
element 5 provided in the supply tank 1 rotates, by means
of the forward pushing motion of the chain and the guide
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member 7, and the supply tank is opened in the open
position, where the grinding bodies (not illustrated) con-
tained in the unloading duct 14 and corresponding to a
certain quantity can roll or be otherwise shifted from the
unloading duct 14 further to the supply tank 1. When the
unloading duct 14 is emptied and all grinding bodies have
rolled into the supply tank 1, the system detects that the
supply tank 1 is filled and starts the conveyor, and as a
result, the drum element 5 rotates in a direction opposite
to the opening situation by a corresponding angle of ro-
tation, and the supply tank 1 is closed as the guide mem-
ber 7 provided therein hits the corresponding guide ar-
ranged in connection with the loading station. The con-
veyor system 11 transports the filled feed device further
to the unloading station 15 serving as the mill feed station
(illustrated in more detail in Figures 4 a and 4 b).
[0023] Figure 4 a is an exemplary illustration of the
unloading station 15 and of an advantageous location of
the drive equipment 16. At the unloading station 15, the
unloading of the feed device takes place so that as the
feed device arrives at the unloading station, a corre-
sponding guide (not illustrated) arranged in connection
with the unloading station hits a second guide member
8 provided in the drum element 5 of the feed device, and
the drum element 5 provided in the supply tank 1 rotates
by means of the forward pushing motion of the chain and
the guide member 8, and the supply tank is opened to
the open position. When the drum element 5 of the feed
device is completely open, the grinding bodies contained
therein drop, through a feed chute 18 provided in con-
nection with the mill 17, to the mill housing, into the grind-
ing process.
[0024] The invention is by no means restricted to the
preceding description only, but it may vary within the
scope of the claims set forth below.

Claims

1. An apparatus for feeding grinding bodies to a grind-
ing mill, so that the grinding bodies are transported
from storage to the grinding mill, said apparatus in-
cluding a grinding bodies supply tank and members
for conveying grinding bodies from a reception tank
to the grinding mill, characterized in that the supply
tank (1) is provided with guide members (7, 8) for
opening and closing the supply tank (1) at the loading
and unloading stations (13, 15) of grinding bodies,
so that the supply tank is opened and closed as a
result of the translatory motion of the supply tank (1)
as well as corresponding guide members provided
for the guide elements (7, 8) at the loading and un-
loading stations (13, 15).

2. An apparatus according to claim 1, characterized
in that the supply tank (1) or part thereof is made
rotary with respect to its longitudinal axis.

3. An apparatus according to claim 1 or 2, character-
ized in that the supply tank (1) is provided with lock-
ing members (9, 10) for locking it with respect to the
rotation taking place around the longitudinal axis.

4. An apparatus according to any of the preceding
claims, characterized in that it includes a plurality
of feed apparatus that are moved supported by a
conveyor or transmission system (11).

5. An apparatus according to any of the preceding
claims, characterized in that it includes a plurality
of grinding apparatus (17), into which a number of
feed apparatus feeds grinding bodies according to
given control commands.

6. An apparatus according to any of the preceding
claims, characterized in that both the feed appara-
tus, the loading and unloading stations (13, 15) and
the grinding apparatus (17) are electrically connect-
ed to a control unit for controlling the feeding of grind-
ing bodies to the grinding apparatus (17).

Patentansprüche

1. Vorrichtung zum Zuführen von Mahlkörpern zu einer
Zerkleinerungsmühle, so dass die Mahlkörper von
einer Lagerung in die Zerkleinerungsmühle beför-
dert werden, wobei die Vorrichtung einen Vorrats-
behälter für Mahlkörper und Glieder zum Fördern
von Mahlkörpern von einem Aufnahmebehälter in
die Zerkleinerungsmühle umfasst,
dadurch gekennzeichnet, dass
der Vorratsbehälter (1) mit Führungsgliedern (7, 8)
zum Öffnen und Schließen des Vorratsbehälters (1)
an den Belade- und Entladestationen (13, 15) der
Mahlkörper bereitgestellt ist, so dass der Vorratsbe-
hälter infolge einer translatorischen Bewegung des
Vorratsbehälters (1) und der entsprechenden für die
Führungselemente (7, 8) bereitgestellten Führungs-
glieder an den Belade- und Entladestationen (13,
15) geöffnet und geschlossen wird.

2. Vorrichtung gemäß Anspruch 1, dadurch gekenn-
zeichnet, dass der Vorratsbehälter (1) oder ein Teil
davon bezüglich seiner Längsachse drehbar ausge-
bildet ist.

3. Vorrichtung gemäß Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass der Vorratsbehälter (1) mit Ver-
riegelungselementen (9, 10) zum Verriegeln des
Vorratsbehälters (1) in Bezug auf die um die Längs-
achse erfolgende Rotation bereitgestellt ist.

4. Vorrichtung gemäß einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass die Vor-
richtung eine Vielzahl von Fördervorrichtungen, wel-
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che unterstützt von einem Förderer oder einem
Übertragungssystem (11) bewegt werden, umfasst.

5. Vorrichtung gemäß einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass die Vor-
richtung eine Vielzahl von Mahlvorrichtungen (17)
umfasst, in welche eine Anzahl von Fördervorrich-
tungen gemäß gegebenen Steuerungs-/Regelungs-
befehlen Mahlkörper zuführt.

6. Vorrichtung gemäß einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass sowohl
die Fördervorrichtung, die Belade- und Entladesta-
tionen (13, 15) und die Mahlvorrichtung (17) mit einer
Steuer-/Regeleinheit zum Steuern/Regeln des Zu-
führens von Mahlkörpern zu der Mahlvorrichtung
(17) elektrisch verbunden sind.

Revendications

1. Dispositif destiné à alimenter un broyeur en corps
de broyage en transportant les corps de broyage de-
puis un stock au broyeur, ledit dispositif comportant
un réservoir d’approvisionnement en corps de
broyage et des éléments pour transporter des corps
de broyage depuis un réservoir de réception au
broyeur, caractérisé en ce que le réservoir d’ap-
provisionnement (1) est équipé de dispositifs de gui-
dage (7,8) pour l’ouvrir et le fermer aux stations de
chargement et déchargement (13, 15) de corps de
broyage, de manière que le réservoir d’approvision-
nement (1) est ouvert et fermé par son mouvement
translatoire, ainsi que des éléments de guidage cor-
respondants prévus pour les dispositifs de guidage
(7,8) aux stations de chargement et déchargement
(13, 15).

2. Dispositif suivant la revendication 1, caractérisé en
ce que le réservoir d’approvisionnement (1) ou une
partie de celui-ci est conçu rotatif par rapport à son
axe longitudinal.

3. Dispositif suivant la revendication 1 ou 2, caracté-
risé en ce que le réservoir d’approvisionnement (1)
est équipé d’éléments de verrouillage (9, 10) pour le
verrouiller par rapport à la rotation ayant lieu autour
de l’axe longitudinal.

4. Dispositif suivant une quelconque des revendica-
tions précédentes caractérisé en ce qu’il comporte
une pluralité de dispositifs alimentateurs qui sont
supportés et déplacés par un convoyeur ou un sys-
tème de transmission (11).

5. Dispositif suivant une des revendications précéden-
tes, caractérisé en ce qu’il comporte une pluralité
de dispositifs de broyage (17) qui sont alimentés en

corps de broyage par plusieurs dispositifs alimenta-
teurs suivant des ordres de commande donnés.

6. Dispositif suivant une quelconque des revendica-
tions précédentes, caractérisé en ce qu’aussi bien
le dispositif d’alimentation que les stations de char-
gement et déchargement (13, 15) et les dispositifs
de broyage (17) sont reliés électriquement à une uni-
té de commande pour commander l’alimentation du
dispositif de broyage (17) en corps de broyage.
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