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INVESTIGATION AND DESIGN TESTING OF THE
CENTRIFUGAL GYRATORY MILL OF A COULISSE TYPE

Abstract. Every year in the world it is milled billions of tons of mineral raw materials. The process of crushing
demands a huge amount of energy. The mining enterprises generally use mills of spherical type, the history of use of
such mills contains more than 200 years.

Now the situation has changed, the energy efficiency becomes the most important indicator of work of a mill as
energy rises in price, the status of environmental problems was considerably raised, the content of minerals in ore
decreases. The question of a to create of energy efficient mills becomes very relevant.

Centrifugal gyratory mills are intended for a grinding of various mineral raw materials. Mills of this kind
known already for a long time have also shown quite good results in work, lowered consumption the electric power
is one of the main advantages of these mills.

In this work, the design of a centrifugal gyratory mill on the basis of the rocker mechanism is investigated. The
mill has a number of advantages over analogs: simplification of a design, high dynamic stability, expenses of energy
are reduced twice, ctc.

For the first time, practical tests of mills were carried out on the ground of Scientific research institute of
mineral processing of the National center for processing of mineral resources of the Republic of Kazakhstan. The
principle of work of a mill which consists in plainly - a parallel movement of cylindrical grinding cameras — pipes in
the plane of their perpendicular axis, at which each point of the grinding camera moves on a circle with a radius r of
the mechanism of a mill equal to length of a crank [4] is investigated. The centrifugal force of counterbalances,
unbalanced dynamic force and the moments are calculated, the power analysis is carried out.

Results: From indicators of a research it is visible that the offered mills have an indicator of specific
productivity of equal 140 kg/kW or 8 kW on production ton. The offered mills surpass spherical mills in this
indicator twice. In this scheme, theoretical steadiness of the mechanism is received. There are essential constructive
achievements: there is one crank shaft, there is no excess communication, application of cogwheels isn't required
that has considerably simplified a design.

The mill differs in the low level of metal consumption. For comparison we will tell that the spherical mill with
a productivity of 10 tons/hour weighs 30 tons, the weight of the offered mill with the same productivity will be at the
level of 8-10 tons. The mill has the low level of complexity of a design. Simplification of a design of a mill and
reduction of its metal consumption has allowed to reduce mill cost in comparison with spherical approximately by 3
times, in comparison with the existing centrifugal mills by 1.5 times. The mill has high maintainability.

Results of the presented work are perspective for introduction at the enterprises of the mining and concentrating
industry of Kazakhstan and can be used in is mountain - concentrating plants.

Scientific novelty. The novelty of the received results consists in the creation and the research of designs of
centrifugal - gyratory mill at which optimum process of a grinding, power consumption, metal consumption and
productivity of the mill is provided.

Practical importance is on the basis of calculations and experimental data and also in determination of its
rational design and technological data. It is revealed that in the process of the experimental-industrial period, the mill
on the ground of the State scientific production association of industrial ecology Kazmekhanobr (Almaty), which is a
part of the National center for complex processing of mineral raw materials of the Republic of Kazakhstan, differs in
the low level of metal consumption, has the low level of complexity of a design, mill cost in comparison with
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spherical approximately by 3 times, in comparison with the existing centrifugal mills by 1.5 times thereby decreases.
The mill has high maintainability. Tests of mills have shown their profitability in energy consumption that is the
most important indicator. And also an indicator of specific productivity of 140 kg/kW or 8 kW on production ton (in
the course of test different types of raw materials have been used).

Key words: centrifugal - gyratory mill, crushing of mineral resources, metal consumption, energy
consumption, a design, productivity.

1. INTRODUCTION

Every year billions of tons of mineral raw materials are ground in the world;

600 million tons of ore undergo milling in Kazakhstan. One of the main engineering procedures of
the mineral processing is the process of grinding. Grinding is carried out in mills that is meant to be a
greatly power-consuming process.

It should be noted that for the last 100 years the structural engineers have not made any significant
changes to the conceptual design of the mills. Ball mills are mainly employed in the ore mining industry,
roller mills and disintegrators are used in the construction engineering.

Ball-type tumbling mills have got widespread use, the history of their usage goes back for more than
150 years. The grinding bodies in ball mills are spherical balls, the force of grinding is the force of
gravity. The grinding process takes place in special barrels with mixing balls. Ball mills are slow, simple
in design, durable, reliable, nevertheless, the grinding process is inefficient; most of the energy of falling
balls is spent on impacts against each other, resulting in high power consumption. The ball mill consumes
approximately 15 ... 20 kW of energy (the main fraction of grinding is less than 74 um) for the grinding of
1 ton of ore.

In the ball mill, balls move chaotically at the fall colliding with each other, contact of balls occurs
along the point; the contact area is very small. As a result, the energy of the ball interference basically
falls on the other ball. A fairly small amount of energy is spent for grinding raw materials.

The ball mill consists of a gear reduction with several stages. Reductor increases the cost of the mill,
requires high maintenance, protection from abrasive dust that is very much in the conditions of grinding
mineral raw materials in the mines.

The main element of the ball mill is a cylindrical drum having a measurable diameter from 2.5 to 5 m
and length of 5 to 15 m. The given overall and expensive part requires protection against abrasive wear, it
is usually armour plate made of manganese steel or rubber coating. The presence of such armour also
increases the cost of the mill [2].

In many countries with a developed mining industry, including Kazakhstan, grinding ore and other
mineral resources is one of the primary energy consumers. Previously, little attention was drawn to this
indicator as energy was cheap, and there was a lot. At present, the situation has changed, energy
efficiency is becoming an important indicator of the mill operation as energy is rising in price, the status
of environmental problems has significantly grown, energy needs to be saved and preserved.

It is necessary to develop and implement mills with low energy consumption.

2. METHODS AND RESULTS. CENTRIFUGAL GYRATORY MILLS - OPERATION
PRINCIPLE

Centrifugal gyratory mills are designed for grinding various mineral raw materials. Mills of this type
have been known for quite some time (since the beginning of the 70s of the last century), they showed
good results in the work, one of the main advantages of these mills is a reduced consumption of
electricity.

The operation principle of such mill resides in a plane-parallel movement of cylindrical grinding
chambers — tubes in plane perpendicular to their axes, where each point of the grinding chamber moves
along a circle with a radius equal to the length of the crank  of the mill mechanism.

The plane-parallel movement of the grinding chamber enables the charging hopper to be at the top all
the time, and the discharging nozzle to be at the bottom, which creates a great convenience for filling raw
materials and unloading the end product from the grinding chamber [4].
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