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Abstract: The rapid development of science and technology, and the restructuring of the mining
extraction industry, bring about profound changes in the structure and complexity of technological
equipment used in mining. In this paper, the Reliability Centered Maintenance (RCM) method has been
applied to analyze the components of the KSW-460NE shearer machine, which fails quite frequently.
The cutter drums do not match from a constructive point of view, and the concrete operation conditions,
alongside the picks (being in direct contact with coal and hard inclusions) and guides are submitted to
intense abrasion wear, showing a great number of failures. The data collected following the machine’s
exploitation allowed parameter determination characterizing the reliability of the components mentioned,
the manner of failure, and the effects. Using calculation methods, it has been possible to facilitate the
interpretation of the result in view of establishing measures required to improve maintenance of the
dominant components of the machine, determining replacement intervals, in accordance with an
imposed reliability and maintainability. The results of the study assist in the choice of suitable hardening
materials for the reconditioning of cutter drums and guides that are necessary for practical trials, by
which their operating times, and replacement intervals, respectively, might be additionally improved.

Keywords: maintenance; reliability; wear; shearer machine; repair planning; spare parts

1. Introduction

Reliability-based maintenance starts from the idea that it is absurd to fix, without
knowing the seriousness of the consequences of the failure of the components that you
intend to repair. Reliability-based maintenance involves the use of preventive, predic-
tive [1,2], and proactive technologies, in an integrated manner, in view of improving the
installations” performances of the installations from a reliability point of view [3-5].

The elements and systems’ reliability is the probability of their operation without
failure for a given time, in imposed conditions, therefore it represents a necessary but
insufficient condition since at the same time, activities should be carried out to make their
maintenance and repair efficient.

The above-listed considerations have been applied in the study of the behavior of one
of the mining technological pieces of equipment, used for coal displacement, namely the
KSW-460NE shearer machine, intended for underground coal exploitation.

Longwall-powered exploitation is an underground extraction method where the shearer
cuts the coal that falls on the conveyer on which it travels. Maintenance activities for the
mining machine depend on the effects of the strain to which its subassemblies are submitted.
The cutter drums and the shearer picks come into contact with the coal and the hard sterile
inclusions, being subject to cutter forces [6] that have variable values, depending on the
physical-mechanical properties of the displaced mass. Rock and coal displacement by
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chipping with mining machines in underground workings, as well as with excavators in
quarries [7] are difficult to be directly studied in situ, given the exploitation conditions.

Data collection regarding the behavior of the technological mining equipment in
exploitation, necessary to start a reliability-centered maintenance analysis, relies on coop-
eration with the staff involved in ensuring the continuous operation of all the machines
present in a production flow.

The Reliability Centered Maintenance method [8,9] does not consider only the pa-
rameters characterizing each component of the equipment (failure rate, reliability, mean
time between failures, availability, etc.), but it studies the mode of failing as well, and its
effects [10-15] (fault tree analysis, analysis of the behavior in case of failure, cause-effect
diagram, Pareto diagram, etc.).

Some researchers consider Reliability-Centered Maintenance as the final stage of
the complex maintenance program, integrating all the maintenance types, with all the
responsibilities generated in each stage in part. The result of RCM implementation should
be a completely integrated maintenance system implying a different approach to problem-
solving and allowing a significant increase in equipment reliability. The principal objective
of Reliability-Centered Maintenance is to reduce maintenance costs, by focusing on the
most important functions of the system and annulling or moving the maintenance actions
that are not strictly necessary.

At the same time, maintainability [16] can be considered the maintenance policy
(maintenance and repair) of a product, since it represents the capacity of reestablishing
the operating status of a product/system with maximum urgency, re-finding the initial
reliability. The maintainability concept can be studied in two aspects: qualitatively and
quantitatively. From a qualitative point of view, maintainability expresses the capacity of
a product/system to be maintained or reestablished in a state in which it is able to fulfill
the specified function, and from a quantitative point of view, it expresses the probability
for a product/system to be maintained or reestablished in a state in which it can fulfill the
specified function in a given time span, in given conditions.

Next to diagnosis activities, the use of Reliability-Centered Maintenance pursues the
optimization of maintenance strategies [4,17-22] in given technical-economic conditions.
Reliability-centered maintenance is based on the hypothesis that the reliability inherent to the
equipment depends on the design and execution of quality, but it should not be a substitute
for a bad design, an inadequate quality of the construction, or poor maintenance practice.

The sub-assemblies of the KSW-460NE shearer that comes into contact with coal or
hard inclusions are subject to wear by dry friction [23-25] and shock-generated strain.

In principle, all systems can benefit from a maintenance analysis based on reliability,
so the presumption was that it is necessary to prioritize the important functional elements
of the KSW-460NE shearer, based on direct information obtained during the operation of
this machine.

The data required for the reliability analysis of the KSW-460NE shearer subassemblies
have been collected for two years, which allowed us to determine the mean operating
time between failures (MTBF) [26,27], and the mean time to repair (MTR) [27,28] and
failure rate. Many of the preventive maintenance [29-35] work should be conducted at
regular intervals. It is difficult to establish an optimum duration and it should be based
on information regarding the function of failure rate, probable consequences, and costs
of the preventive maintenance work, which should prevent failure, cost, and risk of the
preventive maintenance work, etc. A general problem in most of the models is the fact that
the necessary input data are rarely available, especially in the case of mining technological
pieces of equipment.

The shearer picks of the cutter drums in most of the models, by the specific consump-
tions determined by those (lumps/ton of displaced mass) significantly contribute to the
value of production costs. This perspective has been taken into consideration by establishing
the necessary spare parts for the three items: cutter drum, shearer picks, and guidings.
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In this paper, calculation methods have been used for data processing concerning the
constant failures occurring in the KSW-460NE shearer, and to facilitate results interpretation
in view of improving the machine’s dominant components maintenance, by determining
their replacement intervals in accordance with the reliability imposed by the beneficiary.

2. Materials and Methods

The reliability study became a problem of major interest both for the builder of the
mining machinery and for their user. Due to the increase in time of the usage coefficient of
the mining machinery and installations, a theoretical and applicative approach is necessary
for the problems regarding the improvement of their reliability and maintenance.

The analysis of the efficiency of the maintenance program presented in the paper
refers to the KSW-460NE machine (Figure 1), which has been monitored in exploitation for
two years, in an underground mine in Jiu Valley.

Figure 1. KSW-460NE shearer machine.

The mining machine travels on a face conveyer, having an Eicotrack-type traction
system and two arms for the cutter drums (Figure 2), provided with shearer picks (Figure 3).

=

Figure 2. Cutter drum of the shearer machine.
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Figure 3. Shearer pick.

The methodology on which the analysis presented in the paper (RMC) [3] has been
based has the following stages:

- summary of the data collected on the detected failures;

- analysis of the operational failures, which allow the manner in which the system
might not function (cause-effect diagram) to be identified;

- establish possibilities for making maintenance more efficient;

- establish the necessary stock of spare parts;

- establish the repair cycle specific to the technical revision system and planned preven-
tive repairs.

We shall further show and give examples of how we approached the problem area.

2.1. Summary of the Data Collected on the Detected Failures

In general, to assess the reliability of the mining machines, tools, and installations, a
method based on collected data processing is used (Table 1), following up on their behavior.

Table 1. Summary of failures and repair time.

Number of Failure Repair Time  Repair Time MTR

Part Failures Freql(l(;ar)lcy e (min) Share p; (%) (min)
(]

2.2. Analysis of Operational Failures Using Cause-Effect Diagram (Ishikawa)

Work speed increase, difficult operating conditions, and the high degree of strain
involve a higher responsibility from a technical and economic point of view, in ensuring
the functionality of the mining machinery, machines, and installations. Modern exploitation
technologies and the high degree of complexity imply optimization of activities, both in
respect of concept and manufacturing and in respect of exploitation, maintenance, and repair.

The procedure frequently used in the assessment of the causes of faults (failures)
that occur during the operation of machines and machineries is the Fault Tree Analysis
(FTA) [11,12].

Cause-effect diagram (Figure 4) is also called the Ishikawa diagram (after the name of
the Japanese researcher Kaouru Ishikawa) or the fishbone diagram [36-38]. This diagram is
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devised in view of establishing the existing relationships between an effect (objective) and
the causes to which it is linked.

Principal cause Principal cause

Objective and / ' Objective and

subjective factors ;  / L [ / subjective factors
/[ / Objective and | Subcause 4 ’

subjective factors

»/

Subcause > “,4—'— Subcause

Objective and

A 14 v Subcause subjective factors /

Subcause —

Subcause »—»

Ll Subcause

» EFFECT

e
¥

Objective and
\ subjective factors \
« \

‘e Subcause Objective and

subjective factors

Subcause |\ \  Objective and
v\ Subcause '—‘—’ subjective factors
\ \«—— Subcause I
\ \ - \«¢—— Subcause
Objective and \ \ _
subjective factors

Principal cause ’ lPrincipal cause I

Figure 4. Cause-effect diagram model.

Establishing the priorities for solving the failure causes, depending on which the
measures for their removal are outlined, aside from the determination of the necessary
number of certain spare parts, represents how the analysis regarding the improvement of
the machine maintenance possibilities should be approached.

2.3. Working Section Regarding Data Processing Mode Exemplified for Captive Guides

The reliability and maintainability analysis [39-42] has been based on processing
the collected data, namely, the operation time from one failure to another has been used,
and their remedy times, respectively, regarding the machine functioning (for example:
for captive guides, the times for the 13 failures recorded) using Weibull++ application
(produced by ReliaSoft Company, Tucson, AZ, USA). The stages of the analysis include:

e  determining the probability of acceptance of a fault distribution law (Table 2);
e adopting one of the laws, depending on the resulting hierarchy (Table 3);

e results interpretation regarding the reliability and maintainability evolution of the
studied item.

Table 2. Classification of the distribution law acceptance for the captive guide.

Current Results Matrix

Matrix Order Ranking LKV BIC AIC
Distribution
1P—Exponential 1 —100.8 204.2 203.6
2P—Exponential 2 —99.88 204.9 203.8
Lognormal 3 —99.9 204.9 203.8
Gamma 4 —100 205.2 204
2P—Weibull 5 —100.1 205.4 204.3
Loglogistic 6 —100.2 205.4 204.3
3P—Weibull 7 —99.64 207 205.3
G—Gamma 8 —99.83 207 .4 205.7
Logistic 9 —103.5 212 210.9
Normal 10 —103.6 2124 211.2
Gumbel 11 —114.5 234.1 233
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Table 3. Adopted exponential repartition law parameters for the captive guide.

Results Report
Report Type Weibull++ Results
User Info
Name Vlad Alexandru Florea
Company University of Petrosani
Date 25.03.2022
Parameters
Distribution Exponential 1P
Analysis RRX
CB Method M
Ranking MED
Mean Time (h) 882.954507
LK Value —100.80835
Rho —0.967453
Fail\Susp 13\0
Local VAR/COV MATRIX

Var — Theta = 63633.294645
[Note: Theta = 1/Lambda]

Table 3 shows the values of the adopted repartition law parameters (for example for
the captive guiding MTBF = 882.954507 h).

2.4. Establishing the Necessary Number of Spare Parts

A correct estimate of the maintenance activity budget should be obtained by establish-
ing the necessary number of spare parts (in this case for captive guidings, cutter drums,
and their shearer picks) [43].

The value of the necessary number of spare parts N, for a T time span, is determined by a
calculation (or tables are used regarding the standard normal distribution), using the formula:

2
d-Cv d-cv\? T
N = 2 +\/( 2 ) +MTBF ! M)
where CV is the distribution variation coefficient, which is calculated with the formula:
cve YD _ o @)

MTBF MTBF’

where D is dispersion and ¢ mean standard deviation of the random variable or it is taken
from tables [43] depending on the coefficient (3 (for exponential and lognormal distribution
laws CV = 1); d is the parameter expressed with the help of the inverse Laplace function
®~1(y) for various confidence levels y [43]:

d=o (y); ©)

MTBE is the mean time between failures and is calculated with the formula:
1 n
MTBF = —~ ; t;, 4)

where n is the number of faults, and t; is the operating time between two faults of the
same type.

The problem of determination arises, with a given probability, v (level of confidence)
of N number of spare parts that should be on standby, so that all necessities might be
covered for a time span T.
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Table 4 shows the d parameter values, obtained with the inverse Laplace function
®~1(y), for common values of y level of confidence.

Table 4. Values of d parameter for various levels of confidence y (for example for captive guiding).

v 0.99 0.95 0.90 0.75 0.50
d=o"1(y) 2.33 1.64 1.28 0.67 0.00

2.5. Determining Cycles of Repairs Specific to the System of Planned Technical Revisions and
Preventive Repairs

The reasoning required to determine the repair cycles elements [43,44] is based on the
following considerations: capital repair (RK) is carried out once in a cycle, after a time span
T, as it results from Figure 5, which is a multiple of time C,; current second-grade repair is
not carried out anymore at the end of the capital repair, in order to determine the number
of current second-grade interventions, the following formula is used:

T
ng, = ——1, (5)
2 C 5
where C; is the time between two current second-grade repairs.

0 RK

T timespan between two repairs RK

RC2 RC2

timespan between two repairs RC2
Cy

RC1 RC1 RC1 RC1 RC1 RC1

Cy timespan between two repairs RC1

Ry Ry R¢ RCI RC1
RC2

t timespan between two technical revisions Ry

repair cycle nc,: 0c,: n¢

intermediary values n‘clg n}

Figure 5. Scheme of the principle of the repair cycle for the technical revision system and planned
periodic repairs.

The time related to the RC1 cycle, noted Cy, is a factor of C; time. RC1 interventions
are evenly distributed in the RC2 cycle, therefore in an RC2 cycle there will be the following
number of interventions:

G
or for a RK cycle, with ncp + 1 cycles of RC2, one gets:
T
ng, = (ncz + 1)’n/C1 = C, - (ncz + 1)' @)

where nc is the total number of RC1 interventions in an RK cycle.
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Technical revisions R; are also evenly distributed in an RC1 cycle. The number of
interventions R; in an RC1 cycle will be:

I'l; = %ilr (8)

where t is the time span between two technical revisions R;.
The total number of technical revisions n; in an RK cycle is given by the formula:

n; = (ng, +nc, +1)ny,

or
C T
ny = (HC2+HC1+1)'<;_ > = I_(ncz'f'ncl"—l) ©)

The interventions sequence scheme results from Figure 5, namely: 3Ry — RC1 — 3R; —
RC1 — 3Rt — RC2 — 3Rt — RC1 — 3Rt — RC1 — 3R; — RC2 — 3Ry — RC1 — 3R; — RC1 —
3Rt — RK.

3. Results

3.1. Centralization for the Collected Data on the Failures Detected in KSW-460NE
Shearer Machine

Table 5 shows the selection and processing of data collected by observing the exploita-
tion, for two years of the KSW-460NE machine.

Table 5. The centralizer of the failures and repair times for the KSW-460NE shearer machine.

Part Number Failure Repair Time  Repair Time MTR
of Failures  Frequency f. (%) (min) Share p; (%) (min)
Shearer pick 47 54.65 3170 18.80 67.45
Captive guiding 13 15.12 4620 27.40 355.38
Cutter drum 6 6.98 2340 13.88 390
Driving wheel left 6 6.98 2300 13.64 383.3
feed mechanism ’ ’ ’
Feed mechanism safety 6 6.98 550 3.26 91.67
Driving wheel.rlght 3 3.49 900 534 300
feed mechanism
Satellite gear group in the 1 116 2400 1404 2400
right arm
Feed oil retainer assembly 1 1.16 300 1.78 300
Hydraulic pump 1 1.16 120 0.71 120
Qil filter 1 1.16 60 0.36 60
Machine skid 1 1.16 100 0.59 100
TOTAL 86 100 16,860 100

Table 5 shows that the greatest problems in the operation of the KSW-460NE machine
are generated by the items that have a great number of failures, namely the captive guidings
and the cutter drums (including the shearer picks).

3.2. Ishikawa Diagram for KSW-460NE Shearer Machine

The results included in Table 1 allowed us to establish the relationships existing
between effects and causes with which they are related, drawing up an Ishikawa diagram
(Figure 6) referring to the KSW-460NE shearer machine behavior. To this end, two aspects
have been considered: establishing the main causes or the main factors influencing the
occurrence of the designated fault; assessment of the principal causes that might have
several secondary causes, each being able to be influenced by objective or subjective causes.

The cutter drums and their shearer picks should fit the structure and size of the coal
layer being worked. If not, as has been seen in the case of the KSW-460 shearer machine,
rapid wear of the picks and the entire cutter drum thereof as well as its guidings occurs.
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The profile of the conveyer fender on which the machine travels does not form a correct
friction coupling with its guiding, which leads to an important cause of the guiding wear.

Pick Captive guiding Cutter drum ‘

/

Delaying replacement /130000 ; : |/ Wrong reconditionin, /
» Inadequate ‘ [});fﬂcp(l; travel of L% g € The lslye:'hl?als\ / Nor correlated with the
Use of picks with ,f / / J Begmding / Repair REUERISIENG mlss / exploitation method
; el /< v v _f epairs 13 ’
e ,/ Use Convever geometry ,/“/ Inadequate thermal Cutting height 4 /‘/ ,/l
n . / 1 1 / /
Faulty manufacturing / ) Hard inclusions / treatment 4 / PR
technolo / present / / / / .
gy | /47‘ Notsorelited: o/ /,’ Not correlated with / Material at the face
/ / Material at the face / / v the layer height
/ / .
v / / [ »/  Unsuitable
— / / / Material Maintenance 4 / /
' Material | 4 v > / Maintenance [/ /
/ / Mounting ] " 5 / / / / ¥
/ / / Conditions of use  / / ! /
Teid / / Poor / Repairs
nadequate '/ Inadequate ) Inadequate v
X X
\ Lacl \
\ ack of \ \  Delayed
\monitoring \ Shortage Womn 1\ |
X > Unsuitable \ \ O\
; . \ ‘ ¢ \ \ ‘\ < Repairs
Technical assistance \ \ < < \————
\ : Tools used \ .
: \ \ \\43'”7 \ \\\ Unsuitable
Tired \  Nervous \ \ Organizing \ methods
\ \ @ s \ "
\ Yy Inadequately Lack of information ~\ Measuring and control apparatus
—_ \ trained \ i
X ) i \ \ \ \* > »
\  Physical condition \ v \ \ \
\ L | o \ \
X \  Trainin, .< . \
Unsatisfactory \ e Effects of wear  \ Shortage Faults
\ \
Machine operator Maintenance management

Figure 6. Ishikawa diagram regarding KSW-460NE shearer machine behavior.

In addition, one can also mention the poor maintenance management, and the delayed
replacement of the worn picks, which in its turn results in the wear of the pick holders and
the propeller on which they are placed.

3.3. Possibilities by Which the Maintenance of the KSW-460NE Shearer Machine Can Be Made
More Efficient

To establish the measures required given the increasing operation time between fail-
ures, and to decrease the operation time without replacing the cutter drums, shearer picks
and guidings, duration of replacement for KSW-460NE shearer machine, and make the
existing maintenance program more efficient, an analysis of reliability and maintainability
has been devised, using Weibull++ application.

3.3.1. Captive Guiding

If an approximately 80% reliability is imposed (Figure 7), the value imposed by the
beneficiary of the mining technological equipment for underground (shearer machines,
scraper conveyors, etc.), an effective operation time of 196 h results between failures.
Knowing that the KSW-460NE shearer machine operates from Monday to Friday, in two
five-hour shifts, the possibility exists for the captive guiding to fail after approximately
four calendar weeks.

To analyze the maintainability of captive guiding, the same reasoning is used (Table 6).
Statistical parameters of tri-parametric distribution Weibull law (Table 7) are form parameter
(B =0.432721), scale parameter (8 = 31.376896), and localization parameter (y = 298).
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ReliaSoft Weibull++ - www.reliasoft.com
Reliability vs. Time
Reliability
Datal
B
"< Bita points
— Reliability Line
z [
g |
A University of Petrosani
1 g
5 1800 3600 5400 7200 9000
Hour (hr)
. Captive guiding
Mean Time=882.954507, Rho=-0.967453
Figure 7. Cleat reliability values for an 80.2% confidence level for the captive guide.
Table 6. Classification of the distribution law acceptance for the captive guide.
Current Results Matrix
Matrix Order Ranking LKV BIC AIC
Distribution
3P—Weibull 1 —57.94 123.6 1219
G—Gamma 2 —68.68 145.1 143.4
Loglogistic 3 —74.32 153.8 152.6
2P—Exponential 4 —74.49 154.1 153
Lognormal 5 —76.06 157.2 156.1
Logistic 6 —77.57 160.3 159.1
Normal 7 —80.48 166.1 165
Gamma 8 —80.79 166.7 165.6
1P—Exponential 9 —89.95 182.5 181.9
2P—Weibull 10 —160.4 325.9 324.8
Gumbel 11 —273.2 551.5 550.4

Table 7. Adopted normalized tri-parametric Weibull repartition law parameters for the captive guide.

Results Report
Report Type Weibull++ Results
User Info
Name Vlad Alexandru Florea
Company University of Petrosani
Date 27 March 2022
Parameters
Distribution Weibull 3P
Analysis NLRR
CB Method FM
Ranking MED
Beta 0.432721
Eta (h) 31.376896
Gamma (h) 298
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Table 7. Cont.

Results Report
Report Type Weibull++ Results
LK Value —57.936501
Rho 0.973971
Fail\Susp 13\0
Local VAR/COV MATRIX

Var — Beta = 0.008858 CV Eta Beta = 0.227608
CV Eta Beta = 0.227608 Var — Beta = 707.256231

If an approximately 80% maintainability is imposed (Figure 8), there is a probability
for the repair and re-establishment time to be 397 min, which is a high value, considering
the configuration and the size of the respective guiding.

ReliaSoft Weibull++ - www.reliasoft.com

Maintainability vs. Time

Maintainability
Datal
3p-Weibull
RRX SRM FM MED
F=13/5=0
® Data Points
— Maintainability Line
b
06 :
z o
5 :
2 '
£ o
B i
E :
= H
o
= 04 :
LH
[ N
0.2 L 8
E Viad Alexandru Florea
. University of Petrosani
] 02.04.2022
0 o) 11:25:14
1397

1200 2400 3600 4800 6000
Time to Repair (min)

ke Captive guiding
- Beta=0,432721, Eta=31,376896, Gamma=258,000000, Rho=0,779762

Figure 8. Cleat maintainability values for a 79,9% confidence level for the captive guide.

The solution of reconditioning the worn guides, applied after the verification of the
margins imposed between the guiding surface and the rack fixed on the conveyor (when
the admitted limits have been exceeded), is one applicable in the specific workshops of the
mining units.

3.3.2. Shearer Picks

From the collected data, 47 faults of the shearer picks have been registered.

The position and the number of picks found on the cutter drum influence the wear
of the hard insertion, of Tungsten carbide, which is the cutting edge itself. In situations in
which the picks meet hard inclusions, in the coal layer, the insertion can break or detach
itself, which leads to subsequent deterioration of the pick body (if it is not replaced).

The results obtained using Weibull++ software resulted in lognormal distribution for
the mentioned faults (Table 8).

To obtain approximately 80% reliability (Figure 9), an uninterrupted operation of 20 h
is required.
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Table 8. Adopted normalized lognormal repartition law parameters for the shearer picks.

Results Report
Report Type Weibull++ Results
User Info
Name Vlad Alexandru Florea
Company University of Petrosani
Date 24.03.2022
Parameters
Distribution Lognormal 2P
Analysis RRx
CB Method FM
Ranking MED
Log-Mean (h) 3.869924
Log-Std (h) 1.029981
LK Value —248.643002
Rho 0.991382
Fail\Susp 47\0
Local VAR/COV MATRIX
Var — LnMu = 0.022572 LnCoVar = —9.158562 x 10710
LnCoVar = —9.158562 x 10710 Var — LnSigma = 0.012326

RediaSoft Weibull++ - www.reliasoft.com

Reliability vs. Time

» Reliability
4 Datal
Log‘nnrmal
RRX SRM FM MED
=47/5=0
* Data Points
— Reliability Line
4
b:3
0107_ 1]
0.6
Z .
= e
K=]
4
2 ‘
U
o >
»
0.4

0.24:

Viad Alexandru Florea

University of Petrosani
27.03.2022

{28 - 16:41:23
F 600 1200 1800 2400 3000

Hour (hr)

;\ Shearer pick
™ Log-Mean=3.869924, Log-Std=1.029981, Rho=0.991382

Figure 9. Cleat reliability values for a 78.4% confidence level for the shearer picks.

In respect of maintainability, approximately 80 min (Figure 10) are necessary to replace
a pick (according to 80% maintainability), in conditions in which fixing times verify a normal
distribution law. It is obvious (mandatory) in the future for this fixing time to be able to be
improved by reconditioning the picks, and by replacing the worn or lost hard insertion.
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ReliaSoft Weibull++ - www.reliasoft.com
Maintainability vs. Time
Datal
Normal
RRX SRM FM MED
F=47/S=0
* Data Points
— Maintainability Line
LT R e e e
0.6
2
=)
©
£
8
=
©
= 04
0.2
Viad Alexandru Florea
University of Petrosani
02.04.2022
0 ° 10:54:18
120 160 200
Time to Repair (min)
s, Shearer pick
‘\Mean=67.446808, Std=15.715480, Rho=0.951456

LOAD DIRECTION

Vi
Vi
Vi

Figure 10. Cleat maintainability values for a 79,8% confidence level for the shearer picks.

3.3.3. Cutter Drum

KSW-460NE shearer machine has two propeller-shaped cutter drums, and its tapered
picks are fixed in supports placed on those.

The position of the picks should correspond to a number of cutting lines (Figure 11)
according to the formula:

d = gotanlb, (10)

where d-distance between cutting lines; h-width of the cut coal chip being cut; {- inclination
angle of the coal chip.

DIRECTION OF ROTATION
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Figure 11. Scheme of principle for placing the shearer picks on the cutter drum: (D) outside diameter
of the cutter drum; (B) width of the stripe being cut.

The distance between the cutting lines has an optimum value when the pick-holders
are mounted according to h chip width, and an imposed cutting speed and feed speed of
the machine based on laboratory test results on coal samples.
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The mentioned design elements [7,45] depend on the coal cutting resistance, which in
its turn is determined on specific stands (per coal samples).
For the cutter drum, six faults have been identified, which complied with an exponen-

tial distribution law (Table 9).

In order to obtain a reliability (Figure 12) and maintainability (Figure 13), respectively, of
approximately 80%, 265 h of operation are required without failure, namely 414 min to replace
the cutter drum. The solution of reconditioning the cutter drums, applied at the moment of
noticing the propeller wear, is an applicable solution in specific workshops at mines.

Table 9. Adopted exponential repartition law parameters for the cutter drum.
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Figure 12. Cleat reliability values for an 80.2% confidence level for the cutter drum.
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Figure 13. Cleat maintainability values for a 79,9% confidence level for the cutter drum.

Reconditioning solution of the cutter drums, applied when the propeller is noticed to
have been worn, is applicable in specific workshops within mining units.

3.4. Necessary Number of Spare Parts

Using the formula (1), the necessary number of spare parts has been determined
(captive guidings, cutter drums, shearer picks) for various levels of confidence (Table 10).

Table 10. The necessary number of spare parts depending on various levels of confidence.

Confidence Level y 0.99 0.95 0.90 0.75 0.50
Nece?ssary captive 15 1 10 8 6
guidances (pc)
Necessary cutter drums (pc) 15 11 10 8 6
Necessary shearer picks (pc) 88 81 77 72 66

The proposed values for the necessary number of spare parts are established for 5000 h
operation time, which coincides with the time span between two capital repairs.

Guaranteeing the systems’ availability implies the permanent existence of N necessary
spare parts.

3.5. Repair Cycle Required for 80% Maintainability of Shearer Components

Maintenance intervals have been obtained by using the correction times calculated by
the simulations carried out with the help of the Weibull++ application, for 80% maintain-
ability, namely:

- captive guide of the machine and the cutter drum, with high replacement complexity,
can fall in a 2nd-degree current repair category (RC2). Considering the close values
of faultless operating time of 196 h for the captive guide, and 265 h for the cutter
drum, respectively, C; = 200 h interval can be proposed required to carry out current
2nd-degree repairs (RC2). Current 1st degree repairs (RC1) are no longer required;
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- using Equations (5) and (9), and considering that there are no current 1st-degree
repairs, it results that in a capital repair cycle there will be 225 technical revisions (Ry),
24 current 2nd-degree raparations (RC2), and one capital repair (RK);

- starting from the premise that one shearer pick can operate for approximately 20 h
without being worn (for 80% reliability), it results that the necessary interval for a
technical revision for the machine, Ry = 20 ore.

4. Discussion

Reconditioning, as part of maintenance, for the three items analyzed, can contribute to
ensuring the necessary supply of spare parts and to reducing the machine’s disruption times.

Improving the operation times between failures of captive guidings can be accom-
plished by reconditioning the worn surfaces (Figure 14), namely by overlaying welding,
with the help of hardening electrodes. Captive guiding is a component of the feed mech-
anism of the machine, and reconditioning is applied when the values of the clearances
between the guiding surface (Figure 15) and the rack fixed on the conveyer are over the
admitted limits (Table 11). The dry friction coupling formed by the guiding and the con-
veyer frame should provide, after reconditioning, the wear margins recommended by
the manufacturer, to avoid the destruction of the bearings of the actuating wheels, the
destruction of the indexed axis, or even the breaking of the captive guiding.

The correct reconditioning activity of the guides is based on periodic verifications of
the margins with templates, to avoid exceeding the limits specified in Table 11, and on
using suitably selected materials because of overlaying welding of the worn surfaces, and
hardening electrodes, respectively.

Figure 14. Reconditioned captive guiding.

-

Figure 15. Clearing between the rack and the guiding surface.
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Table 11. Values of the maximum clearances of the guiding.

Clearance Nominal Values (mm) Maximum Admitted Values (mm)
A 12 18
B 8 15

When the auger helix, as well as the body of the KSW-460NE shearer pick holder, are
found to have been worn, it shows the lack of correlations regarding the size of the cutter
drum and the placement of its pick-holders in relation to the coal properties in which they
have worked; this aspect has been obvious especially due to the variable thickness of the
coal layer, along the face, but especially by the presence of inclusions and sterile rocks from
the roof to the floor.

Reconditioning method applied to guides and cutter drums can be overlayed by
welding with hardening materials; welding electrodes should include Cobalt and Tung-
sten carbide-based alloys. The choice of suitable hardening material composition for the
cutter drums and the guides will require trials to determine operating times as well, after
reconditioning, which can be conducted directly during exploitation. Consequently, estab-
lished maintenance intervals and reliability of the above-mentioned components, can be
additionally improved, as applicable.

5. Conclusions

The analysis of the causes that led to the occurrence of failures in the KSW-460N
shearer machine allowed the assessment of the impact on the operation of the cutter drums,
shearer picks, and guidings in the light of maintenance activity and of the time span
required to carry on those. Thus, the aim proposed of establishing replacement intervals
for the dominant components of the machine, in accordance with an imposed reliability
and maintainability, has been reached.

The use of the cutter drums and the picks according to the configuration of the coal
layer structure in work, would contribute to reducing the failures and interruptions in
the machine operation. At the same time, suitable templates are required for periodic
verifications of the wear of the captive guiding, the shearer picks, and the propeller of the
cutter drum. If the maximum margins of the wear of the mentioned elements are not met,
and their reconditioning is not carried out, inevitably higher production costs are incurred.
Reconditioning of the three analyzed components is an applicable solution if the activities
regarding the correct and timely determination of their wear are respected.
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