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Abstract: This paper briefly outlines the design of replaceable cutting teeth of bucket chain excavator, which
are attached to a holder with a detachable joint. The description of the rock cutting process is very complex,
so the investigation of the effect of lateral forces is complicated through cutting tests. We use accordingly
numerical analysis to examine some segments of the cutting process. Our main objective is to present the finite
element analysis of cutting teeth in which the linear increase of the lateral force is taken into consideration.
The finite element analysis is a powerful technique, which is enabled to compute the stress and displacement
distribution in cutting teeth. The simulation results have shown that the maximum stresses decrease if the
lateral force increases. The geometry of the optimized cutting teeth will be safe under the given loading
conditions.

1. Introduction

Bucket wheel and bucket chain excavators are used in open pit coal mining are subjected to excessive
loads during cutting because of the interaction between the working face and the excavation components. High
loads and unexpected shocks produce numerous damages to the excavator components leading to increased
energy consumption and lower production rate. Radu et al. [1] performed a study of the forces acting on the
shaft of the bucket wheel was conducted to reduce the mentioned issues and improve the quality of the
excavation process.

An important and complex issue in mining is also rock cutting mechanization. The high cutting tooth wear
and the high specific power demand are the long-standing problems of mining techniques. The new cutting
tooth was designed to eliminate problems. Rock cutting tests were carried out, where winning experiments on
the large sample from the mine were made using chisels modelling the in-plant winning chisels (cutting teeth),
with cutting parameters close to reality [2].

To determine the geometric configuration of the cutting teeth and the cutting edges the knowledge of the
mining technology is inevitable. The measurement data of cutting is collected and registered by a computer
aided measurement system. On rock samples, we recorded 165 measurement cycles. In each measurement
cycle, the following data and cutting characteristics were recorded: cutting direction, form, depth, average chip
area, average cutting force Fv, average pressing force Fr and average lateral force Fo. As a result of the
measurements, a new cutting geometry was developed [2]. The experiments prove that it should pay attention
to the wears and the geometry of cutting teeth because of the increasing of the cutting, pressing and lateral
force. Considering the laboratory cutting test results the FEA was created for further investigations for
replaceable cutting teeth of bucket chain excavators. The results lead to determine the most critical point of
the cutting tool, which help us to select the proper high strength steel that tolerates the extreme loads.
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2. Model geometry and loading

To investigate the distribution of the main stresses in the cutting tooth, we set up a finite element model.
Consider the solid model shown in Figure 1, consisting of a holder, apart from the cutting edge and an
optimized cutting tooth. The cutting tooth is jointed into the holder as a removable piece. The tooth holder is
a steel rectangular structural tube and of course, it is possible the remaining parts of the structure are made of
different grades of steel.

Fig. 1. Assembly of solid models (3 parts) 1 - cutting tooth, 2 - cutting edge, 3 — holder

The geometrical model of the tooth is illustrated in Figure 2. The material is assumed to be isotropic
elastic: the material properties are Young’s modulus of E = 2.1x10° MPa and Poisson’s ratio of v = 0.3. The
finite element method, which is a very popular numerical technique, is used to numerically solve differential
equations arising in engineering problems. The main concept of the technique is that the geometry of structure
subdivides into non-overlapping small parts, so-called finite elements, which are implemented by the
construction of a mesh. The conventional element types possess simple shaped geometry with well-defined
stress displacement relationships. Thus, the sufficiently refined meshes need to ensure that the results from
simulations are adequate. Accordingly, the cutting tooth is meshed into finite elements, which are 10-node
tetrahedral elements.

Fig. 2. FE model of cutting tooth

The aim of previous work [3] is to simulate the cutting load from real cutting conditions on the surface,
which is painted with red colour in Figure 3. The resultant force from the pressure on the surface consists of
three components: cutting force Fv, lateral force Fo and a pressing force Fr.

Fig.3. Cutting, lateral and pressing force

29



Revista Minelor — Mining Revue vol. 27, issue 4 / 2021
ISSN-L 1220-2053 / ISSN 2247-8590 pp. 28-32

The force components were determined by means of laboratory cutting experiments [2]. We assume that
now the values of the resultant of cutting and lateral forces are 100 kN, and the pressing force is always 100
kN. To investigate the rock cutting action for cutting forces in different directions, various direction angles are
defined. The direction angle a, which is measured in degrees positive clockwise between the direction of
cutting force and the y-axis of the global coordinate system, specifies the magnitudes of lateral and cutting
forces. Thus

Fr=F =100 kN 1)
Fv=Fcosa 2
Fo=Fsina 3)

are imposed on the appropriate surface as specified loads.

Because of the detachable contact joint, we should describe five contact pairs between the appropriate
surfaces of the tooth and holder in the finite element analysis. The contact pair consists of the two contact
surfaces. One of them in the pair is selected to be the contactor surface on the tooth and the other contact
surface to be the target surface on the holder. For simplicity, the contact surfaces of the holder are regarded as
stationary, rigid surfaces. It follows that these surfaces are used in our model to simplify the contact searching
instead of modelling the holder as a solid structure. We assume that the coefficient of friction is equal to zero
between the contact surfaces. Under these conditions, we should solve this contact problem by using the finite
element method. Further details of contact problems are presented in [4], [5].

3. Analysis results

To preserve the integrity of the teeth, the maximum stresses should be kept under the proportional limit
of the material. The finite element analysis helps accordingly to qualify the strength of the new cutting tooth.
As appeared from the numerical simulation the maximum effective stress is about 900 MPa and it occurs in
front of the tooth (see Figure 4a-d). However, the stresses decrease quickly below 60 MPa in the remaining
part and so in the shank of the tooth.

(b)

(© (d)
Fig. 4. Effective stress (von Mises) in the tooth: (a) o =0°; (b) = 10"; (¢c) 0 =20°; (d) o =30°

Figure 5a-d shows the magnitude of displacement, colour-coded at each point in the structure, to visualize
the calculated deformation. The maximum displacement occurs also in front of the tooth, where the loading
condition is imposed. The maximum value of deformation is 0.532 mm (see Figure 5d). In the remaining part,
displacements decrease also quickly.
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Fig. 5. Magnitude of displacement in the tooth: (a) o = 0°; (b) a = 10°; (¢c) a=20°; (d) a =30°

The corresponding results after changing direction angle are tabulated in Table 1, which contains the
maximum effective stress omax and the maximum displacement Umax. As mentioned previously, angle a is
measured in degrees, and according to Table 1, four different values are employed, namely 0, 10, 20 and 30.

Table 1. Maximum values of numerical results

o omax [MPa] Umax [Mm]
0° 933.3 0.426
10° 884.9 0.389
20° 850.3 0.422
30° 829.3 0.532

The simulation results show differences in the values of displacements. However, the stresses decrease if
the angle increases. We remark that these results show good analogy with those obtained in the previous study
[3], where the whole structure is modelled as a solid structure. Finally, the theoretical optimized cutting tooth
for the bucket chain excavator is realized.

4, Conclusions

It is established that the development of cutting teeth improves by using finite element analysis that is
applicable to compare easily different types of teeth. It leads to an assessment of the effect of the main
parameters on the behavior of the geometric configuration of the cutting teeth. Consequently, the results of
finite element analysis show that the head of the cutting tooth is the most critical point and so we can draw that
high strength steel will be adequate because of the extreme loads. The FEA results can be useful in practice.
Therefore, it is important to know that the cutting teeth are properly designed, made from proper materials,
and constructed considering loading during their lifespan.
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