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EXAMINING THE BUCKET WHEEL EXCAVATOR’S
BUCKET AFTER RENEWAL

GABOR LADANYI!, ZOLTAN VIRAG?

Abstract: The Department of Geotechnical Equipment is involved since two decades
in research and development of teeth, buckets and other active parts of different kinds of mining
excavators. The actual study is devoted to reveal new difficulties arising when excavating in the
sandstone as overburden rock, mainly regarding the buckets of Bucket Wheel Excavators. As a
consequence of the increased cutting forces, the buckets suffer deformations. In case of the
change of cutting geometry, as a result of renewal (strengthening) of buckets, the winning
becomes no-optimal and there will be more breakdowns. The investigations made and reported
in the actual paper led to provide guidelines for a better renewal method of buckets.
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1. FOREWORD

At the Matrai Erémi Zrt. open pit lignite mine, the overburden removal is
made using Bucket Wheel excavators. (Fig. 1) The efficient excavation imposes
difficult tasks, among other elements of excavating system, on the buckets, which
during operation are first to be in contact with the rock to be excavated. Their main
tasks are to loosening the rock from overburden and transform it in proper state to be
conveyed. To reduce the specific energy consumption at the lowest possible level,
which implies also reduction of excavating costs, it is absolutely necessary to maintain
the operating condition of the bucket at maximal possible efficiency. That means that
the time between two renewals must be as long as possible. One of ways to realize this
outcome if the shape, construction of the bucket is compliant, optimally adapted to the
excavator’s operating technology. In this respect, the specialists from Matrai Erémi
Zrt. have designed and developed new buckets in the past years (Fig. 2), [1], which
improvement necessity has been observed also in other countries. [2].
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Fig. 1. SRs2000 Bucket Wheel Excavator Fig. 2. 3D model of the new bucket

The operating experience with these new buckets were favorable. That means
that in constant productivity, the energy consumption has been reduced and the amount
of excavated rock until allowable wear of teeth has increased. But, the same buckets
after renewal has not exposed such favorable parameters as it has been experienced
with new ones. The operating responsible specialists were confronted with the
guestion: what is the difference between the state of renewed and the new buckets? In
order to find out an answer to this question, the staff of the Department of Geotechnical
Equipment from Miskolc University have performed a series of examination
measurements on a set of renewed buckets.

The task has two components:

» The comparison between the state of new and renewed buckets, based on
measurements, indicating the observed differences causes.

« Design of a manufacturing supporting pattern for the renewal process. The
result of using such a pattern is the reduction of angle errors when mounting thee teeth.

The actual paper deals only with the results obtained relative to the first point
of the task.

2. THE AFTER-OPERATION STATE OF THE BUCKETS

Before the measurements
we made visual observations
regarding the renewed buckets,
which led to the following
observations:

» A general deficiency,

— present at ~95% of teeth — the
g tooth is located in the teeth
Fig. 3. The deficiency of the relative position of the support (adapter) in such a
tooth on cutting blade at the renewed buckets manner that it is not fitted on the

cutting blade of the bucket.
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(Figure 3).

The main load carrying element of the bucket is the cutting blade together with
the tooth support. Since analyzing the case of opened cutting buckets, it is obvious that
even this kind of bucket is capable to support the nominal loads. For this reason, during
the design process, we considered as a preliminary condition that a part of the cutting
forces acting on the tooth to be transferred to the cutting blade. If this condition is not
fulfilled, i.e. the tooth is not supported by the cutting blade, the tooth adapter, by its
welded joint to the blade is enforced to transfer all the forces acting on the tooth
towards the cutting blade. The welded joint is only partially capable to do this. It is
dimensioned in such a manner, that if the forces acting on the tooth exceed the nominal
value, it is better to fail the welded joint protecting in this way the damage of the
bucket. Or, in the working environment in which the analyzed BWE and buckets
operates, due to the hard sandstone inclusions, it is very frequent the case in which the
cutting forces exceeds more times the nominal value. Previously performed tests in
order to find out the values of cutting forces, on samples collected at Visonta and
Biikkabrany mines, [3] indicated that the ratio of cutting forces in clay to cutting forces
in sandstone is about 1:14, which means that peak forces may increase with more than
1 order of magnitude.

» The tooth adapters are not well positioned (located) in many cases. The
incorrect setting of tooth adapters in the positions near to the connecting edges of the
cutting blade can be observed even visually without any measuring device. In the
figures 4-5 we can easily observe the wrong distance between two adapters located in
the vicinity of the connecting edge between front plate and lateral plate of cutting
blade.

Fig. 4-5. Wrong positioning of the tooth adapters on the renewed buckets

The intervals between adapters of the cutting blade, during renewal are
burdened with weld, so they lose the “cutting edge” character, as it can be seen in
figure 6. It is recommended that, during renewal to maintain the initially — prescribed
in the design- chamfered edge.
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Fig. 6. Renewed cutting blade with adapters Fig. 7. Failure of teeth

» Also, we have had suspicions about the constant character of the teeth’s
material. The experience revealed that after different renewal cycles, teeth made from
different quality of material were mounted on buckets. The figure 7. illustrates the
evidence of such a situation. We can see on the same bucket bent teeth together with
broken ones. That indicates that the quality of teeth’s material varies in a very large
range.

3. EXAMINATION MEASUREMENTS

In most of cases the deformations of the blade, which affect the overall
structure of the bucket’s body, can be observed visually, without measurement. If we
look at the bucket from teeth side, we can observe that the polygonal shape of the blade
is modified in respect with the designed one. This fact is obviously demonstrated by
the results of our measurements.

In this respect, the
examination  measurements  were
focused on the verification of the
bucket’s and connected part’s. This
task has been performed by
measuring the diagonal point to point
distances between the numbered
points as in figure 8 (from point C to
2...8 and from point D to 7...1).
Accordingly, we measured for each
bucket 14 distances, which is an
overall amount of 238 measurements
on 17 buckets, which is enough to
have a statistical population. The
measured  distances selected for
verification of the shape (geometry)

Fig.8. Measure points of blade geometry
verification
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modifications are connected to the cutting blade, because it is the main load carrying
element of the bucket. Any distortion on its shape is responsible for any modification
on excavation capability of the bucket.

In selecting measurement points and distances we considered those which are
accessible and usable even in case of worn buckets. That is the reason for which we
selected the points as in figure 8, and the diagonal distances between each bucket
connecting pin center (C and D) and the center points of teeth lips supporting cavities
on the blade. For reasons of comparison possibility, we calculated the relative
deviation of each measured value related to the average. The corresponding data were
drawn out for each bucket, as an example the diagram for the bucket no. 14 is
presented in figure 9.
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Fig. 9. Relative deviations diagram for the bucket no. 14

As it can be seen, the average value of the relative deformations (red line with
value above) is not very high, being under 2%. But if we analyze individual values, we
find greater deviations, as the D3 value on figure 9 is 92,8% of the average value, so
the deviation is 7,2%, the highest among 14 records of 17 buckets.

The extent of the present paper does not allow to present the diagrams of each
of 17 buckets, but analyzing them together it is evident that distances from C are above
the average, and those from D are located below the average, which is better illustrated
by the location of corresponding partial averages marked on diagrams with green lines
above each group of measured distances. 71% of buckets were deformed in such of
manner that C values increased while D values decreased. By our opinion, this is due
to the general overload during excavation and the intrinsic characteristic of
asymmetrical shape of the bucket.
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In the figure 10 we modeled
the bucket with a triangular shape
frame, taking into account the load
carrying aspect. The asymmetric
character has been represented by
the non-equilateral shape of the
triangle. The figure illustrates that
in case of slewing direction marked
e D with 2 the structure exposes a lower
rigidity than in case of opposed
slewing direction, marked with 1. In
this last case, it can be seen that the
CO element is able to support the resultant forces acting on DO element. In the
opposite case, the DO capability to balance the forces acting on CO segment is lower
than previous. So, in case of overload, the structure is more exposed to be deformed in
case of 2 slewing direction.

This assumption is confirmed by the fact that in reality the DO segment is
more frequently damaged (bending, failure, rupture). When slewing in direction 2, the
bucket avoids the increased load, by deformation, the rigid support in case of slewing
in direction 1 the DO side is more exposed to failure.

Fig. 10. Triangular shape modell of the bucket

4. CONCLUSION

The performed measurements and analyzes have demonstrated dearly that the
renewed buckets which are currently used have a different geometry relative to the
initial one, obtained by manufacturing. The first cause of this is the increased cutting
resistance of sandstone containing rock. As result, the buckets suffer such a
deformation, which the remediation requires an improved procedure, being necessary
the use of a pattern in the renewal process.
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