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Abstract. The article deals with the issues related to the definition of the construction of roll
crusher’s disk mills for processing metal chips. The constructional parameters of the cutters are
selected according to the calculation of loads on the cutter inserts at work and selection of their
optimal geometry using the finite element method of Autodesk Inventor software environment.
Recommendations on the choice of constructional parameters of cutter inserts are given
according to the results of calculations.

1. Introduction

The actual task for machine-building enterprises and other industries, in the technological processes of
which the machiningis carried out by cutting, is processing of metal chips. This type of waste as a
valuable secondary raw material can be effectively used for melting in metallurgical furnaces in the
form of briquettes, which significantly reduces the loss of metal in heat of melting. The processing is
implemented on production lines, including metal chips removal and collecting devices, devices for
crushing chips into small pieces to loose state, for separation of metalworking fluids and subsequent
cold or hot briquetting [1].

To cut drainage chips which are an indicator of cutting stability, especially for high-speed
machining of cutting ceramics [1, 2, 3, 4, 5], a knife, a rotor, a hammer and other types of crushing
plants are used. Roller chipbreakers were widely used for grinding metal chips. They can be single-
stage and multi-step: two-, three- and four-cylinder depending on the required capacity [1]. There are
fixed and movable knives, which are performed in the form of disc cutters mounted on the rotating
rolls and are used in the construction of roller crushers (Fig. 1).

Figure 1. Construction of roller crushers: a — single-roller crusher; b — multi-roller crusher.
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2. Materials and methods

During the construction development of mills for roller crushing plants, there are problems of
choosing the material for their production and determining the optimal geometry of the cutting teeth
appear. The material must have high wear resistance and hardness, which allows processing chips
from the basic structural materials (cast iron, carbon and alloy steels, non-ferrous metals) with
sufficient resources.

The problem of material selection is complicated by the high physical and mechanical properties of
the chip, as its hardness with a slope of the surface layer of the contact side of the chip can be 2.5...4
times greater than the original hardness of the work piece material [1, 3, 7, 17, 19].

In addition, the chips may have embedded particles of the growth, the hardness of which according
to the steel processing is HRC 60...65 that corresponds to the hardness of high-speed tool steels [1, 7].
Therefore, chip material and growth particles have an intense abrasive effect on the crushing working
tool, significantly reducing its service life [1, 8].

It is advisable to use the tool material only for the cutter inserts, which are mechanically mounted
on the cutter disc, made of cheaper structural steel. It allows reducing the tool material consumption.
The increased service life of the cutting blades of the inserts and the possibility of using the mills for
processing chips of different alloys are achieved by selecting the optimal geometry of the instrument
[1,8,9].

3. Results and Discussion
In order to calculate the stresses during the work of cutting inserts of disk mills and to choose the
optimal geometry, an integrated CAD/CAE system Autodesk Inventor was used.

To calculate the load using the finite element method, the parametric 3D-model of the cutting insert
and assembled disk cutter were projected (Fig. 2).
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Figure 2. Solid-state 3D-models created in the software environment: a — 3D-model of the cutter
insert; b — 3D-model of the assembled roller crusher disk mill.

Tool alloy steel was considered as a material for cutting inserts [1, 10, 11]. In the software
environment, Autodesk Inventor carried out the calculation and analysis of stresses on the cutting
insert of the disk cutter. Stresses under the action of cutting force on the front and rear surfaces of the
tool are determined [1, 12, 13, 14, 18], as well as deformation (displacement) of surfaces and safety
factor (Fig. 3).
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Figure 3. Results of stress analysis of cutter inserts by the finite element method in Autodesk
Inventor software environment: a, b — stresses by Mises; ¢ — the first main stress, d — the second
main stress; e — displacement on the front surface; f — factor of safety.

To optimize the geometrical parameters of the cutting inserts [1, 15, 16] depending on the
processed material (carbon structural, alloyed, stainless steel and cast iron), simulation was carried out

in the Autodesk Inventor software environment with varying of the following parameters (Fig. 4):
- radius on the front surface (r),

- the size of the edge (h),

- the rear corner of the cutting insert (o).

The optimal values of the parameters within the limits are:

r=20...22mm; h=5...9,5 mm; a = 25...45° for specified materials (Table 1).

Modeling of chip grinding process by milling cutters with optimized geometry of cutting inserts
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showed that the service life of roller crushers can be increased 1.5...2 times [1].
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Figure 4. Determination of the geometric elements of the contruction of roller chipbreaker disk
mills cutting inserts.

Table 1. Optimal parameters of constructional geometric elements of the cutting inserts
depending on the grounded material

Type of chips Rear angle a, Size of the edge  Radius on the front
(®) h, mm surface r, mm
Cast iron shavings 32.7 95 20
Structural steel shavings 25 9.5 20
Stainless steel shavings 45 5 22

4. Conclusion

After the study, it can be concluded that during the construction of mills for the roller crushing
machine, there are problems not only with the choice of material for their manufacture, but also to
determine the optimal geometry of the cutting inserts. Such problems can be solved by modeling the
loads on the cutter inserts at work and the selection of their optimal geometry.

The software environment of the integrated CAD/CAE system Autodesk Inventor allowed creating
parametric 3D models of the cutting insert and assembling the disk cutter for load calculation using the
finite element method. The software environment made it possible to calculate and analyze the stresses
on the cutting insert of the disk cutter, to determine the stresses under the action of the cutting force on
the front and rear surfaces of the tool, as well as the deformation (displacement) of the surfaces and
the factor of safety.

The variation of the geometrical parameters of the cutting inserts allowed one to determine their
optimal geometry according to the grounded material, which led to an increase in the service life of the
roll crushing machine.
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