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Abstract: The equipment in underground mines provides a continuous production flow, depending
on the way their quality is preserved during their operation. The TR-7A scraper conveyer subassem-
blies, which function in the Jiu Valley coal basin and are subjected to abrasion wear, showed a high
failure frequency (chains, chain elevators, and driving and turning drums), as well as the hydraulic
couplings and certain electric equipment of the same machinery. The data collected following the
TR-7A scraper conveyer at work allowed the parameters to be determined that characterise the
reliability and maintainability of the above-mentioned components, the failure modes, and their
effects. Using calculation methods, the interpretation of the results has been facilitated, with a view
to reducing maintenance costs and obtaining an 80% reliability for the components with the most
failures, in the case of the TR-7A scraper conveyer.
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1. Introduction

For all organizations and companies, a major disadvantage in terms of productivity
and production results is encountering various production equipment failures, which
automatically lead to lost production time and, implicitly, to increased expenses at the
organization level. In this sense, the development of a maintenance strategy for production
equipment is of primary interest. More and more companies worldwide are implementing
preventive maintenance systems, which is a proactive maintenance strategy that involves
the regular and routine maintenance planning of production equipment. By regularly
scheduling the cleaning, repairs, adjustments, and replacement of component parts, a
preventive approach increases the reliability over time and the productivity of work equip-
ment. For companies that have not implemented a preventive maintenance procedure, the
costs of operating production equipment can exceed up to 10 times the costs of a company
that has such a well-established preventive maintenance procedure.

The advantages of preventive maintenance include a significant increase in the level
of safety of work equipment and, thus, a drastic reduction in the risks of accidents, the
reduction of losses in the production process, fewer unexpected breakdowns of essen-
tial equipment for production, and reduced costs regarding possible emergency repairs.
However, preventive maintenance also involves a number of disadvantages, including
the possibility of excessive preventive maintenance, high implementation costs, and the
need for more resources in terms of time and personnel. Even in this case, weighing the
advantages and disadvantages of implementing a preventive maintenance system, it can be
concluded that, in terms of development and a long-term, safe operation, it can bring very
important benefits. A vitally important benefit that preventive maintenance can bring to an
organisation is that it helps to anticipate faults and intervene to remedy them before they
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reach the critical point when the handling and operation of the equipment could represent
a potential danger to the operator.

A particularly important problem in quality assessment is keeping the quality up
for as long as possible. The complexity of production systems and the optimization of
maintenance systems have become a topic that has begun to attract the attention of many
researchers [1–8]. In mining operations, the role of maintenance is to optimise the speed,
performance, and quality of the technological operations that are carried out in order
to extract useful mineral substances. The well-performed maintenance of any mining
equipment leads to the achievement of a minimum cost of their life cycle, to the reduction
of the long-term costs of the mining companies, but, above all, to the reduction of the
dangers that could arise due to the failure of the equipment, especially in the case of coal
mines [8]. As shown by Dhillon [9], the current requirements of the economy require the
creation of products used in engineering that are very reliable and easy to maintain. In the
studies conducted by Ruschel et al. [8], a series of information is presented on how to make
decisions regarding industrial maintenance, the proposed models, and the application of
methods and tools.

In the field of engineering, as with any production system, the most important ele-
ments are the production, maintenance, and quality of the operations and the products
obtained. Any production equipment must be designed to work for a long period of
time [10–15]. However, their performance is affected by progressive degradation or wear
until failure occurs.

The mining industry was and remains one of the most challenging work sectors.
The mining sector is the main source of national wealth for many countries. The mining
field is a competitive one, and the equipment used in this field of activity is subject to
difficult conditions and works in dangerous environments. Mining operations depend on
the efficient use of mining equipment. Any technological mining operation is focused on
production costs and on obtaining and maintaining a profit. In order to have productive
mining and operations that are carried out as easily as possible with maximum security and
safety, it is necessary to have mining equipment that is as reliable as possible. Reliability in
the mining industry is a particularly important issue because mining equipment operates
in dangerous working conditions, whether it is work carried out in quarries or, especially,
in the case of underground exploitation. The mining equipment must present safety and
efficiency and involve costs as low as possible. Maintenance of this equipment is more
efficient in terms of costs than replacing the entire equipment or some of its components,
which would be too expensive [16,17].

Maintenance in safe conditions is in the interest of employers. The appropriate man-
agement of safety and health at work is beneficial to society and a characteristic of efficient
organisations. Through maintenance, a link is established between the appropriate manage-
ment of safety and health at work and quality assurance procedures. The lack of equipment
maintenance or their improper maintenance can lead to some particularly dangerous
situations, work accidents, and even health problems [18–23].

Maintenance operations are divided into two categories, namely, repair operations
and maintenance operations [24–26]. As maintenance systems, they are divided as follows:

• Preventive maintenance (systematic, conditional, and predictive) represented by all
the systematic interventions, performed at regular time intervals, which aims to ensure
the correct functioning of the systems;

• Corrective maintenance (curative and palliative), representing interventions as a result
of minor, accidental breakdowns, which aims to restore the product’s functioning
capacity.

In order to maintain the quality of production equipment, it is important that it is
always in a condition similar to that of the equipment at the time it was put into opera-
tion. Therefore, the equipment must be checked and subjected to planned maintenance,
which implies a close connection between production planning and that of preventive
maintenance, so that the downtime of the equipment is as low as possible [23–27].
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High-quality mining machinery should be reliable in operation, keeping their initial
performances for as long as possible. In this sense, the primordial role is played by
availability, which, in turn, is related to reliability and maintainability. The science of quality
evolution, by indicators of machinery reliability and maintainability, involves monitoring
those at work, noting the faults occurring in the functioning and remedy time, as well
as their interpretation [16–21]. It is important that the mining equipment is of superior
quality, which is particularly important in the case of technological operations carried out
underground at different depths and in difficult geological and mining conditions.

The conditions referring to the quality system, applied based on SR EN ISO series 9000
standards, can be called “Model for quality assurance in design, development, production,
assembly and service”, which includes all the stages of creation of a product or service,
from design and execution to the use by the beneficiary; one of the stages refer to corrective
and preventive actions that would be included in the quality management system that the
enterprises decide to apply [28].

The rapid development of science and technology and the restructuring of the extrac-
tive mining industry determine the profound changes in the structure and complexity of
the machinery used in mining. Mines should be equipped with machines and installa-
tions of high technicity, which would provide an advanced degree of mechanization and
automation, thus ensuring increased productivity.

In the conventional view, the unique quality co-ordinate is represented by functionality,
the capacity of a product to fulfill the function for which it had been created. In the mining
machine, machinery, and equipment industry, this functionality expresses, as a rule, those
quality elements that correspond to the requirements, standards, technical documentations,
or other normative documents [29–31].

The intensification of technological processes, increase of working speed, special
operating conditions, and high degree of strain imply, from a technical and economic point
of view, an increased responsibility in providing the functionality of mining machinery,
machines, and installations [32].

Modern technologies and their high degree of complexity, thus, impose the improve-
ment of activities, both in design and in manufacturing, and in maintenance and repair.
The wear parts of mining equipment are commonly replaced components [32].

Although studies have been performed regarding the quality of mining machinery,
those were very few and with rather scarce data collected. This is due to several factors:

• A great variety of mining machine and machinery types, on the one hand, and to
a larger extent, different operating conditions. It is quite difficult to appreciate the
quality of mining machinery, since, in order to do this, several observations should be
processed and interpreted;

• The lack of an informational system, of recording and keeping information of the
failures per mining machinery type. Moreover, some of the endeavours of collecting
data referring to the quality of the machinery are made difficult by those who are in
charge in this sense, due to not knowing the specific problems, the importance of these
studies, and the methods of analysis;

• Several causes that lead to failures of the mining machinery, which might include the
exploitation mode, which make the establishing of the type of fault repair function
difficult;

• The lack of references regarding the quality of the mining, which is the cause of why
certain methods applied and the results obtained might not be verified and compared.
In this sense, other traditional fields of expertise are chosen, which is an accumulated
experience, the particularities of the mining machinery not being excluded.

The design, choice, execution, exploitation, maintenance, and repair of mining equip-
ment are influenced by the general and specific conditions of their operation, namely that:

• The small assembling and transportation space imply smaller sizes;
• The inclined working position should not affect the greasing of the moving parts, and

seals should not allow lubricant leakage;
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• The atmosphere is dust-polluted and has high humidity;
• The working faces are in continuous movement, determining the machinery being

moved without being disassembled (scraper conveyers at the face);
• The short-term overload takeover, the overload occurring due to flow, which can

operate in variations and modifications in the conditions at the face.

2. Materials

Among the machinery that makes up underground flows, the TR 7A conveyer can
be found (Figure 1), which can operate together with miners of up to 400 kN and be used
in faces (with an inclination in the range of +35◦ and −35◦) equipped with individual
supports. The machinery operates in faces found on floors with a minimum admitted
specific resistance to compression of 50 N/cm2.
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Figure 1. TR-7A scraper conveyer: 1—driving station made up of an electric motor, hydraulic
gear, guriflex gear, and reduction gear; 2—intermediary trough; 3—trough column; 4—chain star;
5—conveyer scrapers and chains.

Table 1 shows the main technical characteristics of TR-7A scraper conveyer.
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Table 1. Technical characteristics of TR-7A scraper conveyer.

Technical Characteristic of TR-7A Scraper Conveyer 1 UM Value

Transport capacity t/h 450
Transport length m 60; 120

Chain speed m/s 0.7; 0.9
Installed power kW 2 × 125

Electric supply voltage V 660
Number of chain branches pcs 2

Scraper pace mm 920
Trough height mm 220

Total height mm 1210
Total width mm 3914
Total weight t 66

1 TR-7A scraper conveyer from Lonea Mine—Jiu Valley coal basin.

Mechanical defects noticed during operation of the conveyer were:

• At the driving stations: leaks at the covers of the reduction gear housing bearings,
hydraulic gears with no hydraulic oil, blocked by rigid elements, serious wear at the
teeth of the driving star (in the areas of contact with the chain);

• Alongside with the conveyer: serious wear of chain, bent, out of shape or missing
scrapers, as well as worn troughs;

• In the electric conveyer driving installation: blocking of switches and cables with
damaged insulation, unsealed electric switchgear boxes.

All these defects are due to poor maintenance leading to: frequent breaking of the
chain; burning out of the motor; oil loss in the reduction gear (or visiting); failure of strike
pinion in stage I of the reduction gear; teeth breaking in the reduction gear due to overload;
chain coming out of troughs and stopping of the conveyer; destroying the discharge plate
at the driving station; breaking the electric cable; electric faults in the coupling–interruption
switchgear boxes.

Certain works of specialty analyze production losses, most often statistically, due to
failures, without indicating adequate solutions for solving the problems.

Although considerable improvements have been made, in the sense of increasing
the operating time of the subassemblies and of the spare parts of the mining equipment,
the equivalent increase of service time of the equipment of which they are a part did not
correspondingly increase, so that there have been cases in which the latter’s life span was
shorter than that of their components. Consequently, an analysis of the “lifestyle” in time
of the equipment and their component parts is required, in specific operating conditions,
in order to determine ways of increasing their reliability. Currently, it is necessary to
find materials and methods for reconditioning spare parts and subassemblies that most
frequently become damaged, in view of reducing production costs in coal mines.

The principal physical–mechanical characteristics that the respective materials of
which the subassemblies for the mining equipment are made should possess are: high
mechanical resistance (hardness associated with tenacity), alongside with resistance to
abrasion wear; these characteristics are usually in inverse proportional ratio.

The paper analyzes the failure times and remedy times in the case of the benchmarks
of the TR-7A scraper conveyer, with the intention of making TR-7A conveyer maintenance
efficient.

3. Methods

The methodology on which the reliability and maintainability analysis was based has
the following stages [17]:

1. Identification and analysis of factors influencing the wear of the TR-7A conveyer
components by using a cause–effect diagram;



Appl. Sci. 2023, 13, 3740 6 of 22

2. Analysis of the reliability and maintainability indicators with a view to determining
solutions for making maintenance efficient.

3.1. Cause–Effect Diagram (Ishikawa)

An Ishikawa diagram (Figure 2) is a type of analysis that uses a graphological, causal,
and suggestive method with the aim of optimising the quality of a product, allowing
efficient and economic action on the technological parameters of the process. The first
cause-and-effect diagram was built by Kaoru Ishikawa from the University of Tokyo in
1953, which is why it is called the Ishikawa diagram [33–35]. Similarly, it is also known as a
“fishbone diagram, due to its graphic representation resembling a fish skeleton.
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Figure 2. Cause–effect diagram (Ishikawa).

The proposed methodology for the building of the diagrams structured on the compo-
nents of the process implies the following basic stages to be covered:

1. Establishing quality characteristics that are wished to be improved or kept under
control;

2. The quality characteristic is written on the right side of the format in which we wish
to build the diagram, and it is framed in a rectangle;

3. The principal line (arrow) is drawn from the left side to the right; the arrow can be
represented by a double line.

4. Establishing the principal causes influencing the quality characteristic. The principal
causes are also framed in rectangles. From these causes, arrows are directed that make
ramifications and branches. It is recommended to group as great a number as possible
of possible causes of the noticed dispersion (represented as branches). On each of
these branches, in the stages that follow, the causes and factors determining them are
described in greater detail, forming branchlets. Identification of the variation causes
of the quality characteristic dispersion can be more easily made if successive questions
are asked and answered, including “Why?” and “How is dispersion influenced by
these groups of causes?” If the diagram is made by the members of a circle of quality,
for individualization of causes, brainstorming can be used. The possible causes of
dispersion of the quality characteristic should thus be pointed out in the diagram, so
that every mutual relation would be clear;

5. Establishing secondary causes that influence the principal ones based on the analy-
sis of the quality characteristic variation (function of the principal causes) and are
represented as medium ramifications;
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6. Establishing tertiary causes that influence secondary causes based on the analysis
of the quality characteristic variation and function of the secondary causes and are
represented by small branches;

7. Establishing factors influencing tertiary causes;
8. Verification of the inclusion of all the possible causes of the quality characteristic

dispersion;
9. Marking the important particular causes, which have a significant effect on the quality

characteristic.

The domains of use for this diagram are practically unlimited, being able to be applied
in solving any problems based on the in-depth study of cause–effect interaction. Cause–
effect diagram can be developed for:

• Identify the causes of the increase of the number of failures within a technological
process;

• Discover the causes of failure to achieve quality of conformity;
• Establish the causes of the increase of the number of defects in machinery;
• Establish the causes of decrease of productivity;
• Establish the causes of decrease of sales and profit margins;
• Establish the causes of occurrence of unsalable stocks;
• Establish the causes of increase of complaints, with negative impact on the image of

the company.

3.2. Fundamental Indicators of Reliability and Maintainability

Fundamental indicators of reliability, as magnitudes that quantitatively express relia-
bility, are expressed by:

• Probability of good operation—reliability function R(t);
• Probability of failure—unreliability function F(t);
• Failure probability density f (t);
• Failure intensity or rate λ(t);
• Mean time between failures MTBF;
• Mean time to repair MTR;
• Repair rate µ.

From quantitative point of view, reliability was defined as being the probability for a
product (technical system) to fulfill its mission (fundamental function), for a pre-established
period of time, in certain given conditions [36–39].

According to this definition, the probability of good operation p(t), that is reliability
R(t), is expressed by the equation:

p(t) = R(t) = P(t > ti), (1)

where t—random time variable (time of mission) and ti—specified limit of the duration of
good operation.

In an experimental determination, in order to obtain an analytical form of function,
it is supposed that a behavior mode in time of a statistic population made up of N0 new
identical products is followed, which perform in the same work conditions and which
have been manufactured based on the same technology, with the same imposed conditions.
Considering that, at the moment t = 0, all the other N0 products are in a state of operation,
then at moment ti, found in the range of [t, t + ∆t], there are only N products in a state of
operation. Thus, along ∆t time, it is considered that ∆N = N0 − N flawed products.

The proportion of products in state of operation at moment ti, that is, reliability R̂(t),
is given by the ratio:

R̂(t) =
N
N0

, (2)
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The analytical form of the empirical function of reliability is expressed in this form:

R̂(ti) =
Nti

N0
, (3)

where Nti —the number of products (elements) being in operation at moment ti.
The non-reliability function expresses the failure probability of a product that should

perform well for an established period of time ti, under certain given conditions. It is
expressed by the equation:

F(t) = P(t < ti), (4)

Between the reliability and non-reliability functions, the following relationship exists:

F(t) = 1− R(t), (5)

The analytical form of the empirical function of non-reliability is expressed in the
form:

F̂(ti) =
N0 − Nti

N0
, (6)

By deriving the non-reliability function in time, a new function is obtained, called
the density of probability of failures f (t), which is the function of frequency or density of
distribution and which expresses the relative frequency of failures in a time interval dt:

f (t) =
dF(t)

dt
= −dR(t)

dt
, (7)

The analytical form of the empirical function which expresses density of probability is:

f̂ (ti) =
∆Ni

N0·∆ti
, (8)

where ∆Ni = Nti−1 − Nti , Nti , and Nti−1—number of elements in operation at moment ti,
respectively; ti−1; ∆ti—duration of the interval considered.

The proportionality factor λ(t) represents one of the most important parameters of
reliability and is called failure rate (failure rate or intensity of failure).

The formula λ(t)dt is the probability that an equipment, in good condition at time t,
would fail in the interval (t, t + dt). By definition, λ(t)dt is a density of conditioned failure
probability. The failure rate or intensity is determined with the equation:

λ(t) =
f (t)
R(t)

=
− dR(t)

dt
R(t)

, (9)

By solving the differential Equation (9), taking into consideration the limit condition,
the general expression of reliability is finally obtained:

R(t) = e−
∫ t

0 λ(t)dt, (10)

The limit condition means that at moment t = 0, that is, at the moment in which the
reliability study starts, the products are in a state of operation, which means that R(0) = 1.
Experimental determination of the failure intensity for a time ∆ti, a function of the absolute
frequency of failures in the time interval considered, is performed with the equation:

λ̂(ti) =
f̂ (ti)

R̂(ti)
=

∆Ni
Nti ·∆ti

, (11)
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The average time of good operation expresses the average operation time until failure
occurs, in case of un-reparable components or between two consecutive failures, in the case
of reparable failures.

The value of the parameter is given by the average of operation times, which, for a
continuous distribution, at limit, can be written as:

m = MTBF =
∫ ∞

0
R(t)dt =

∫ ∞

0
[1− F(t)]dt =

∫ ∞

0
e−

∫ t
0 λ(t)dt, (12)

where MTBF—mean time between failures.
In the case of a batch of N0 products, each of them has a certain duration of operation,

t fi
. The average of a good operating time is determined, in this case, based on the discrete

values in effect, as the arithmetic average of a good operating time t f1 , t f2 , . . . , tN0 :

M̂TBF =
∑N0

i=1 t fi

N0
, (13)

The mean time of repair MTR gives information regarding the number of hours
referring to a reparation. Most often, it is expressed in hours/reparation and is calculated
with the equation:

M̂TR =
∑n

i=1 ti

n
, (14)

where ti—time required to perform maintenance and n—total number of maintenance
action.

Reparation rate represents the reparation intensity of a product, that is, the density of
the conditioned probability of finishing a reparation in a timespan (t, t + ∆t), starting from
the hypothesis that the product was in repair in the interval (0, t). It is usually expressed in
reparations/hour and is defined as being the inverse of the average repair time:

µ̂ =
1
ˆMTR

, (15)

4. Results and Discussion
4.1. Maintenance Improvement of TR-7A Scraper Conveyer Using Cause–Effect Diagrams (Ishikawa)

Figures 3–6 show Ishikawa diagrams that point out the causes leading to the failure of
the following elements of the TR-7A type conveyer: conveyer chain, hydraulic coupling,
electric actuating installation, and the actuating motor (burnout).

The diagram in Figure 3 highlights that the interruptions in operation due to the
chain have the following causes: operating personnel (negligent, unresponsive, and poorly
trained); the conveyor has inadequate technical characteristics, especially gauge dimensions;
materials and manufacturing technologies are inadequate (the material heats up by friction
against the conveyor chute, has inclusions, and has a defective heat treatment); and the
maintenance and repair methodology is inadequate (without adequate equipment).

The diagram in Figure 4 highlights that the interruptions in operation due to the
coupling have the following causes: operating personnel who are careless, unresponsive,
or poorly trained; the conveyer’s technical characteristics, in particular, its insufficient
transport capacity; the materials, especially the oil used in the coupling, are inadequate;
and there is no appropriate equipment and a plan for revisions and repairs.
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The diagram in Figure 5 highlights that the interruptions in operation due to the
electrical components have the following causes: the measurement and monitoring of the
control elements are defective; the operating staff is poorly trained; the conveyer has many
interruptions in operation due to the operating conditions with humidity and dust; and the
electrical materials and components (cables and switches) do not work properly.
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The diagram in Figure 6 highlights that the interruptions in operation due to the
combustion of the electric motor have the following causes: operating conditions in hu-
midity and dust; operating personnel who are negligent, unresponsive, or poorly trained;
the conveyer’s insufficient transport capacity; the measurement and monitoring of the
electrical parameters are deficient; and the insulating varnish is inadequate.
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4.2. Possibilities of Streamlining TR-7A Conveyer Maintenance

The data obtained for the scraper conveyer TR-7A, regarding the number of failures,
their frequency, and their remedial times (Table 2), were collected from one of Jiu Valley’s
mining exploitation sites, over a period of two years. The main defect found was in the
conveyor chain (21.28%), for which the reliability and maintainability analysis presented
below were carried out.

Table 2. Centralizer of the failures and repair times for the TR-7A conveyer.

Part Number of
Failures

Failure Frequency
fc (%)

Repair Time
(min)

Repair Time
Share pr (%)

MTR
(min)

Chain 10 21.28 530 16.56 53
Failure of coupling 9 19.15 580 18.13 6.44

Electric failure 7 14.89 290 9.06 41.43
Born out motor 6 12.77 390 12.19 65

Switch PVI 6 12.77 380 11.88 63.33
Chain lifter 4 8.51 420 13.12 105

Gear assembly 2 4.25 240 7.50 120
Return drum 2 4.25 230 7.19 115
Drive drum 1 2.13 140 4.37 140

TOTAL 47 100 3200 100

The operating times between two faults and the repair times for the conveyor chain
are specified in Table 3.
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Table 3. Values of operating time between failures and time to repair.

Time Value 1

Operating times between two failures (hours) 385 126 343 175 28 322 378 357 756 336

Repair times (minutes) 50 60 55 60 55 65 65 45 35 40
1 values collected from Jiu Valley coal basin.

The data thus obtained have been analyzed using Weibull++ soft (ReliaSoft 2022,
produced by ReliaSoft Company, Tucson, AZ, USA) with a view to obtaining the indicators
and parameters of reliability and maintainability [37].

The stages followed in the analysis of reliability and maintainability are:

1. Establishing the acceptance ranking of the distribution law suitable for the respective
fault—in this example, it is the conveyer chain (Table 4)—and the remedy times,
respectively (Table 5), the individual study of each repartition law no longer being
necessary. Depending on the practical experience of the user, the first or one of the
first laws of this classification can be used. In the present case, we chose the first laws
(Tables 6 and 7).

2. Determination of the reliability (Table 6) and maintainability (Table 7) indicators of
the adopted law;

Table 4. Classification of the distribution law acceptance for the chain failure.

Current Results Matrix
Matrix Order:
Distribution 1

Ranking LKV BIC AIC

Normal 1 −66.45 137.5 136.9
2P-Weibull 2 −66.48 137.6 137

Gamma 3 −66.61 137.8 137.2
1P-Exponential 3 −67.75 137.8 137.5
2P-Exponential 4 −66.81 138.2 137.6

3P-Weibull 5 −66.34 139.6 138.7
Loglogistic 5 −67.47 139.5 138.9
Lognormal 6 −67.81 140.2 139.6

Gumbel 7 −70.19 145 144.4
G-Gamma 8 −1 × 1099 2 × 1099 2 × 1099

1 using Weibull++ soft.

Table 5. Classification of the distribution law acceptance for the chain repair.

Current Results Matrix
Matrix Order:
Distribution 1

Ranking LKV BIC AIC

2P-Weibull 1 −37 78.51 77.91
Normal 2 −37.1 78.86 78.25
Logistic 3 −37.4 79.49 78.89

G-Gamma 3 −36.4 79.64 78.74
Gamma 4 −37.5 79.68 79.08

Lognormal 5 −37.6 79.87 79.27
Loglogistic 6 −37.9 80.39 79.78
3P-Weibull 7 −37.2 81.3 80.39

2P-Exponential 8 −39 82.6 81.99
1P-Exponential 9 −50.4 103 102.7

1 using Weibull++ soft.
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Table 6. Adopted exponential repartition law parameters for the chain failure.

Results Reports 1

Report Type Weibull++ Results

User Info
Name Vlad Alexandru Florea

Company University of Petrosani
Date 06.04.2022

Parameters
Distribution Normal 2P

Analysis RRX
CB Method FM

Ranking MED
Mean (hr) 320.600028

Std (hr) 196.819109
LK Value −66.449307

Rho 0.924127
Fail\Susp 10\0

LOCAL VAR/COV MATRIX
Var-Mu = 3873.776177 CoVar = 0.000671

CoVar = 0.000671 Var-Sigma = 2330.451737
1 using Weibull++ soft.

Table 7. Adopted exponential repartition law parameters for the chain repair.

Results Reports 1

Report Type Weibull++ Results

User Info
Name Vlad Alexandru Florea

Company University of Petrosani
Date 06.04.2022

Parameters
Distribution Weibull 2P

Analysis RRX
CB Method FM

Ranking MED
Beta 5.411076

Eta (hr) 57.303281
LK Value −36.954764

Rho 0.986964
Fail\Susp 10\0

LOCAL VAR/COV MATRIX
Var-Beta = 2.130158 CV Eta Beta = 0.418039

CV Eta Beta = 0.418039 Var-Eta = 12.663176
1 using Weibull++ soft.

4.3. The Analysis of the Fundamental Reliability and Maintainability Indicators

Figures 7–11 show the functions: of failure probability (Figure 7), unreliability (Figure 8),
density of probability (Figure 9), failure rate (Figure 10), and repair rate, respectively
(Figure 11).
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The great number of the results obtained allowed graphs to be developed regarding
the chain reliability evolution in time (Figures 12 and 13).
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From these graphs, we see low values of the conveyer chain reliability result, so that
the probability for it not to fail after 371 h of operation in effect is as low as 40% (Figure 12).
This shows that for a 40% confidence level (a 60% risk margin being very high), we should
expect the replacement of the chain after approximately 15 days of operation (the conveyer
operates 5 h a day for 5 days a week).

If an 80% reliability is imposed (Figure 13), which is a value imposed by the beneficia-
ries of the underground mining equipment, only 156 h of operation will result in no failure,
which means that after approximately 7 days of operation in effect, it will be necessary to
replace the chain.

From the analysis of the maintainability of the conveyer chain, it is noticed that in order
to replace the chain in approximately 47 min, the maintainability is only 30% (Figure 14),
with an increase of approximately one hour for a maintainability of 80% (Figure 15).
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5. Conclusions

Maintenance means keeping the workplace, structures, equipment, and machines
in working order and in complete safety, as well as ensuring that their condition does
not deteriorate. Maintenance is a process that touches all areas of occupational safety
and health, covers every job, and concerns personnel at all levels, not only maintenance
workers.

The correct choice of the machinery type with the technical characteristic correlated
with the exploitation conditions is a prime necessary condition to be fulfilled with a view
to obtaining an optimum availability.

It would fall upon the mines and mining machine, machinery, and equipment building
plants, as a permanent obligation, to pay attention to the following aspects: following
and analyzing the modifications of technical–operational parameters, discovering the
causes that lead to the lessening of certain characteristics, and pinpointing the causes of
accidental failures.

The graphical–logical, causal, and suggestive analysese, performed in this paper, using
Ishikawa diagrams, allow efficient and economical action on the technological parameters
of the machinery’s exploitation process.

By means of the Ishikawa diagrams, we highlighted the causes leading to the failure
of the TR-7A conveyer components (with the higher share of faults), as resulted from the
analysis of the machinery’s reliability and maintainability.

The results obtained regarding the reliability of the chain of the TR-7A scraper conveyer
have shown the necessity of improvement of the performances of the conveyer chain, in
order to increase its operating life.

The physical–mechanical properties, wear resistance, and granulometry of the rocks
influence the intensity of the wear phenomenon that they cause on the components of
the mining equipment, including the conveyor. It was found that, in mining works, the
rocks have an inhomogeneous structure, which means that the initial assessment of their
influence on the wear and reliability of the conveyer chain is necessary through laboratory
studies (on rock samples).
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During the technical inspection of the chain, areas with deformations and reductions
in its dimensions can be found. The wear of the chain leads to its frequent breakage and
the need to replace some sectors in the area where the breakage occurred.

Rigorously executed maintenance activities, with skilled staff, can lead to a short-
ening of the timelapse required for not only the chain replacement, but also for other
subassemblies that undergo frequent failures, as well as to lower exploitation expenses.

The obtained results from the analysis of the maintainability of the four components
with the highest number of defects allowed for the improvement and efficiency of the
system of technical revisions and preventive-planned repairs used in the case of the TR-7A
conveyer.

Chain breakage is due to both the material and its manufacturing technology. Taking
into account the fact that the elements of the chain form frictional couplings with the inner
surface of the conveyor chutes, an increase in wear resistance can be achieved by increasing
the content of chromium, manganese, or tungsten in the composition of the materials of
both components, which can lead to a considerable increase in manufacturing costs.

The maintenance process is at the heart of good work practices in safety and health
conditions. While the specific details of the activities carried out by the maintenance
staff vary at the level of industrial sectors, depending on the work equipment used, there
are a series of principles common to the actual maintenance in all workplaces. These
include the need for maintenance to start with proper planning, covering health and safety
issues, and following a structured approach based on risk assessment, with clear roles,
guidelines, and responsibilities for field workers, appropriate training and equipment,
and periodic checks to ensure the good performance of the activity and the fact that no
new risks are created. It is essential that maintenance be seen as a process that must
be managed systematically and not as a simple single obligation. Workplaces need an
integrated approach to maintenance, based on a risk assessment that takes into account the
safety and health aspects at every stage of the maintenance process, and directly involves
workers in the maintenance management process.

Author Contributions: Literature review and analysis, V.A.F. and M.T.; methodology, V.A.F. and
R.-B.I.; writing, M.T. and V.A.F.; experiments, R.-B.I.; results analysis, V.A.F. and M.T. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hwang, J.Q.; Samat, H.A. A Review on Joint Optimization of Maintenance with Production Planning and Spare Part Inventory

Management. IOP Conference Series: Materials Science and Engineering. In Proceedings of the International Conference on
Recent Advances in Industrial Engineering and Manufacturing, Penang, Malaysia, 12–13 December 2018; Volume 530.

2. Ben-Daya, M.; Duffuaa, S.O.; Raouf, A. Maintenance, Modeling and Optimization; Springer Science & Business Media: Berlin,
Germany, 2012.

3. Cheng, G.Q.; Zhou, B.H.; Li, L. Integrated production, quality control and condition-based maintenance for imperfect production
systems. Reliab. Eng. Syst. Saf. 2018, 175, 251–264. [CrossRef]

4. Barros, A.; Bérengur, C.; Grall, A. Optimization of replacement times using imperfect monitoring information. IEEE Trans. Reliab.
2003, R52, 523–533. [CrossRef]

5. Jaturonnatee, J.; Murthy, D.N.P.; Boondiskulchok, R. Optimal preventive maintenance of leased equipment with corrective
minimal repairs. Eur. J. Oper. Res. 2006, 174, 201–215. [CrossRef]

6. Jiang, S.T.; Landers, T.L.; Rhoads, T.R. Assessment of repairable-system reliability using proportional intensity models: A review.
IEEE Trans. Reliab. 2006, R55, 328–336. [CrossRef]

7. Liao, H.; Elsayed, E.A.; Chan, L.Y. Maintenance of continuously monitored degrading systems. Eur. J. Oper. Res. 2006, 175,
821–835. [CrossRef]

http://doi.org/10.1016/j.ress.2018.03.025
http://doi.org/10.1109/TR.2003.821944
http://doi.org/10.1016/j.ejor.2005.01.049
http://doi.org/10.1109/TR.2006.874938
http://doi.org/10.1016/j.ejor.2005.05.017


Appl. Sci. 2023, 13, 3740 21 of 22

8. Ruschel, E.; Alves, E.; Santos, P.; De Freitas, E.; Loures, R. Industrial maintenance decision-making: A systematic literature review.
J. Manuf. Syst. 2017, 45, 180–194. [CrossRef]

9. Dhillon, B.S. Maintainability, Maintenance, and Reliability for Engineers, 1st ed.; CRC Press: Boca Raton, FL, USA, 2006. [CrossRef]
10. Fakher, H.B.; Nourelfath, M.; Gendreau, M. Integrating production, maintenance and quality: A multi-period multi-product

profit-maximization model. Reliab. Eng. Syst. Saf. 2018, 170, 191–201. [CrossRef]
11. Kenné, J.P.; Gharbi, A.; Beit, M. Age-dependent production planning and maintenance strategies in unreliable manufacturing

systems with lost sale. Eur. J. Oper. Res. 2007, 178, 408–420. [CrossRef]
12. Chen, Y.C. An optimal production and inspection strategy with preventive maintenance error and rework. J. Manuf. Syst. 2013,

32, 99–106. [CrossRef]
13. Salvietti, L.; Smith, N.R. A profit-maximizing economic lot scheduling problem with price optimization. Eur. J. Oper. Res. 2008,

184, 900–914. [CrossRef]
14. Bouslah, B.; Gharbi, A.; Pellerin, R. Joint optimal lot sizing and production control policy in an unreliable and imperfect

manufacturing system. Int. J. Prod. Econ. 2013, 144, 143–156. [CrossRef]
15. Wei, S.; Nourelfath, M.; Nahas, N. Analysis of a production line subject to degradation and preventive maintenance. Reliab. Eng.

Syst. Saf. 2023, 230, 108906. [CrossRef]
16. Ungar, R.L.; Conway, K. Impact of maintainability design on injury rates and maintenance costs for underground mining

equipment. In Improving Safety at Small Underground Mines; Peters, R.H., Ed.; Special Publication Report No. 19-94; US Bureau of
Mines: Washington, DC, USA, 1994; pp. 140–167.

17. Florea, V.A. Mentenant,a Echipamentelor Industrial; Universitas Publishing House: Petros, ani, România, 2020. (In Romanian)
18. Dhillon, B.S. Mining Equipment Reliability, Maintainability and Safety; Springer/Verlag London Limited: London, UK, 2008; ISBN

978-1-84800-287-6.
19. Pasculescu, D.; Pana, L.; Pasculescu, V.M.; Deliu, F. Economic criteria for optimizing the number and load factor of mining

transformers. Min. Miner. Depos. 2019, 13, 1–16. [CrossRef]
20. Birolini, A. Reliability Engineering. In Theory and Practice; Springer: Heidelberg, Germania, 2010.
21. Dhillon, B.S. Reliability, Quality and Safety for Engineers; CRC Press LLC: Boca Raton, FL, USA, 2005; ISBN 0-8493-3068-8.
22. Renyan, J. Introduction to Quality and Reliability Engineering; Springer Series in Reliability Engineering; Springer: Berlin/Heidelberg,

Germany, 2015.
23. Sugiyanto; Darmawan. The Failure Mode and Effect Analysis of Tender for Construction Companies in Indonesia. Qual. Access

Success 2023, 24, 44–52.
24. Jimenez-Cortadi, A.; Irigoien, I.; Boto, F.; Sierra, B.; Rodriguez, G. Predictive maintenance on the machining process and machine

tool. Appl. Sci. 2020, 19, 224. [CrossRef]
25. Paraszczak, J.; Vachon, J.; Grammond, L. Benefits of studies on LHD reliability and availability for mines’. In Mine Planning

and Equipment Selection; Farana, R., Kebo, V., Smutny, L., Strakos, V., Eds.; Czech Republic: Ostrava, The Czech Republic, 1997;
pp. 469–475.

26. Paraszczak, J. Standard reliability and maintainability measures as means to improve equipment performance assessment. SME
Trans. 2001, 310, 204–208.

27. Teera-achariyakul, N.; Rerkpreedapong, D. Optimal Preventive Maintenance Planning for Electric Power Distribution Systems
Using Failure Rates and Game Theory. Energies 2022, 15, 5172. [CrossRef]

28. ISO 9001: 2015. Quality Management Systems-Requirements. Available online: https://www.iso.org/obp/ui/#iso:std:iso:9001:
ed-5:v1:en (accessed on 22 November 2022).

29. Titisari, P.; Susanto, A.B.; Permatasari, Y.I. The Role of Internal Communication, Work Discipline, And Employee Loyalty on
Employee Performance. Qual. Acces Succes 2021, 22, 166–170.

30. Hall, R.A.; Daneshmend, L.K. Reliability Modelling of Surface Mining Equipment, Data Gathering. Int. J. Surf. Min. Reclam.
Environ. 2003, 17, 139–155. [CrossRef]

31. Irfan, A.; Umar Muhammad, M.; Omer, A.; Mohd, A. Optimization and estimation in system reliability allocation problem. Reliab.
Eng. Syst. Saf. 2021, 212, 107620. [CrossRef]

32. Dumitrescu, I.; Cozma, B.Z.; Urdea, G.B. Study of coal transportation flow from the face to the ground in Lonea Mine. In
Proceedings of the 15th GeoConference on Science and Technologies in Geology, Exploration and Mining, Albena, Bulgaria, 18–24
June 2015; Volume III, pp. 603–610.

33. Pacana, A.; Siwiec, D. Method of Determining Sequence Actions of Products Improvement. Materials 2022, 15, 6321. [CrossRef]
[PubMed]

34. Ishikawa, K. Introduction to Quality Control, 1st ed.; Chapman and Hall 3A Corporation: London, UK, 2012.
35. Chokkalingram, B.; Raja, V.; Anburaj, J.; Immanual, R.; Dhineshkumar, M. Investigation of Shrinkage Defect in Castings by

Quantitative Ishikawa Diagram. Arch. Foundry Eng. 2017, 17, 174–178. [CrossRef]
36. Khalil, J.; Saad, S.M.; Gindy, N. An integrated cost optimisation maintenance model for industrial equipment. J. Qual. Maint. Eng.

2009, 15, 106–118. [CrossRef]
37. Weibull, W. A Statistical Theory of the Strength of Materials; The Royal Swedish Institute for Engineering Research: Stockholm,

Sweden, 1939; p. 151.

http://doi.org/10.1016/j.jmsy.2017.09.003
http://doi.org/10.1201/9781420006780
http://doi.org/10.1016/j.ress.2017.10.024
http://doi.org/10.1016/j.ejor.2006.01.029
http://doi.org/10.1016/j.jmsy.2012.07.010
http://doi.org/10.1016/j.ejor.2006.11.031
http://doi.org/10.1016/j.ijpe.2013.01.031
http://doi.org/10.1016/j.ress.2022.108906
http://doi.org/10.33271/mining13.02.001
http://doi.org/10.3390/app10010224
http://doi.org/10.3390/en15145172
https://www.iso.org/obp/ui/#iso:std:iso:9001:ed-5:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:9001:ed-5:v1:en
http://doi.org/10.1076/ijsm.17.3.139.14773
http://doi.org/10.1016/j.ress.2021.107620
http://doi.org/10.3390/ma15186321
http://www.ncbi.nlm.nih.gov/pubmed/36143634
http://doi.org/10.1515/afe-2017-0032
http://doi.org/10.1108/13552510910943912


Appl. Sci. 2023, 13, 3740 22 of 22

38. Samanta, B.; Sarkar, B.; Mukherjee, S.K. Reliability Analysis of Shovel Machines Used in an Open Cast Coal Mine. Miner. Resour.
Eng. 2001, 10, 219–231. [CrossRef]

39. Băjenescu, I.T. Reliability of technical systems; Matrix Rom Publishing House: Bucharest, Romania, 2003. (In Romanian)

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1142/S0950609801000610

	Introduction 
	Materials 
	Methods 
	Cause–Effect Diagram (Ishikawa) 
	Fundamental Indicators of Reliability and Maintainability 

	Results and Discussion 
	Maintenance Improvement of TR-7A Scraper Conveyer Using Cause–Effect Diagrams (Ishikawa) 
	Possibilities of Streamlining TR-7A Conveyer Maintenance 
	The Analysis of the Fundamental Reliability and Maintainability Indicators 

	Conclusions 
	References

