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Abstract

The bucket wheel excavators (BWE), when operating in faces with hard intrusions (rock structures with
increased cutting resistance) are submitted to loads exceeding those arising during the operation in normal
conditions. The most vulnerable structural element of the BWE from the point of view of these loads is the
boom. The unexpected occurrence of hard formations produces shocks and vibrations, their unwanted effect
being sudden failures of the constitutive elements and, in long term, fatigue, which increases the vulnerabil-
ity of the mentioned structural element. In the paper we present the results obtained regarding the fatigue
and remaining lifetime assessment using a new method, issued from the researches performed in the frame

of BEWEXMIN project.
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1. Introduction

Using surface hardness measurements on struc-
tural elements with a long history of cyclical
loading as an indicator of the fatigue state, is rela-
tively new in the analysis of structures.

The representative structures of this approach
are mainly metallic bridges, cranes, load-carrying
structures of buildings (mainly subjected to seis-
mic loads), pipelines and other mechanical parts,
such as gears.

In the past, the load carrying structures of huge
earth-moving machines, such as bucket wheel ex-
cavators (BWE) became a subject of this approach
[1].

It was determined that the fatigue resistance co-
efficient decrease can be correlated with Brinell
Hardness (HB) increase in the case of steel.

Despite the different opinions of specialists re-
garding the so called cyclic softening-hardening
of steels, the hardening process in the vicinity of

zones suffering plastic strain has been confirmed.
The remnant lifetime estimation of a crane’s me-
tallic structure using nondestructive methods is
treated in [2]. The paper [3] deals with the rem-
nant lifetime determination of mining equipment
parts based on hardness increase. Underwater
structures, such as steel pipes fatigue correlation
with surface hardness change is presented in [4],
while in [5] a hardness based method is present-
ed for the lifetime evaluation of metallic bridges.
There are many published theoretical approach-
es, not all showing the direct correlation of harde-
ning with the number of loading cycles. Such a
correlation between the fatigue resistance coef-
ficient (fatigue ratio) and Brinell Hardness has
been statistically determined as in Figure 1. [6]
The increase in hardness discussed in this paper,
depending on the number of repetitive load cycles
(determined on the basis of operating time), was
found to have compared the increase in hardness
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Figure 1. Brinell hardness increase with fatigue resistance coefficient decrease, according to [6].

measured on samples collected from the critical
points of the excavator’s boom structure, with
original steel samples of the same brand, which
were subjected to near the breaking tensile stress,

The average Brinell Hardness variation of sam-
ples collected from BWE boom elements related
to samples made from the same kind of steel, in
the original state, has been plotted, according to
Figure 2.

The hardness relative increase is significant,
leading to the conclusion that the hardness can be
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Figure 2. Brinell hardness relative increase as a func-
tion of operating hours.

considered as an indicator of fatigue resistance,
i.e. for the assessment of the remaining lifetime
of the structure in case.

2. Material and method

In our approach, three types of measurements
were considered, as follows:

— Joint hardness and tensile strength measure-
ments on samples made by the same kind of
steel as the BWE boom elements, revealing an
increase of surface hardness increase in the
proximity of breakage relative to the hardness
in the body of the sample;

— Hardness and strength measurements on sam-
ples obtained from the BWE boom members,
which where replaced during renewal of the
respective structural element after failure;

— In situ hardness measurements on selected
points of constituent elements of the boom,
using a portable non-destructive Krautkramer
MIC 20 hardness measurement device, the
points being selected on the basis of FEM analy-
ses and fault history of the given BWE.

We extended the hardness measurement on a
batch of 7 machines - type ERc1400-30/7 - from
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different open pits from the Oltenia coal basin,
on the same subassembly, and the bucketwheel
boom.

In Figure 3 the average hardness has been plot-
ted in correlation with the age of service of dif-
ferent BWE -s from which the samples were col-
lected.

It can be observed that the general trend of HB
is increasing, the last point value is due to the
fact that the steel is of another kind than the rest
of the BWE-s, other deviations are due to the ave-
raging and different load history (less operating
hours at same age).

¥ =0,0002x + 126,64

Average hardness, HB

100 -
40000 50000 60000 70000 80000 90000 100000 110000 120000

Operating time, hours

Figure 3. Evolution of average hardness according to
operating time.

Nevertheless, the differences of hardness bet-
ween different elements of the boom structure
can provide useful information about the fatigue
level of different structural parts, for the identifi-
cation of those in which the probability of expect-
ed failures is greater.

We performed the hardness measurement on
two machines type E 1400-307, 07 and 08, from
the same open pit, under approximate tempe-
rature and excavation conditions to assess the
hardness for which the structural properties of
the materials are close.

From Figure 4 we can find that on average the
decay of properties is not affected by the operat-
ing time between excavators, but there is a clear
difference between left and right wall (girder).

Also, the graphs indicates a difference between the
joints (nodes) which shows an asymmetry between
left and right and a concentration of hardening at
the extremities of the boom relative to middle seg-
ment.

This fact, along with correlation with other analy-
ses can be useful for deriving a complex, multifac-
torial discrimination method for detecting the most
vulnerable parts of the boom.
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Figure 4. Distribution of the measured hardness on boom nodes.
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3. Influence of the age of BWE on
faults frequency

The carrying structure of the BWE suffers in
time degradation by fatigue that affects the func-
tionality of these machines, degradations that can
be generated mainly by decrease of fatigue resis-
tance of materials.

The degradations that may occur over time on
mobile heavy-duty machinery may be disposed of
in the form of punctual charts of type defects for
these machines. These charts have been drawn
up after conducting the technical expertise of 25
machines used in lignite open pits

In Figures 5 and 6 different correlations be-
tween operating hours, failures occurred,
throughput, rate of failure and production rate
are presented.

By correlating the fault intensity with hardness
growth, we can forecast the expected faults num-
ber dependence in terms of the average hardness,
as in Figure 7.

4. Conclusion

Hardness based mechanical properties decay
analysis is a useful method of investigating the
change in structural features of mining machi-
nery, and it can provide some information on the
properties that evolve over time in the compo-
nents of the load-carrying structure of the ma-
chine.

The hardness relative increase with the duration
of service is significant , leading to the conclusion
that the hardness can be considered as an indica-
tor of fatigue resistance, i.e. for the assessment of
remaining lifetime of the structure in case.

Different correlations between operating hours,
failures occurred, throughput, rate of failure, pro-
duction rate were derived, which are useful for
state monitoring of the BWE carrying structure.

By correlating the fault intensity with hardness
growth, it is possible to forecast the expected
faults number dependence on the average hard-
ness.

The differences of hardness between different
elements of the boom structure can provide use-
ful information about the fatigue level of different
structural parts, for the identification of those
in which the probability of expected failures is
greater, which is useful for deciding the sensor
placement location for state monitoring.

The results, in correlation with other analyses
can be useful for deriving a complex, multifacto-
rial discrimination method of detecting the most
vulnerable parts of the boom.

The method presented is a new way to assess the
state of the BWE-s and to forecast the remaining
lifetime reserve.
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Figure 5. The number of failures according to the ex-
tracted lignite and overburden rock.
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Figure 6. The number of failures according to operat-
ing hours.
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Figure 7. Correlation between fault intensity and
hardness.
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