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Abstract: For analyzing the dependence of face equipment failure on its length, two groups of elements are com-
monly considered. The first group includes all elements of shearer-loaders: conveyor drives, elements of pumping
stations of powered supports, supports of face junctions with strikes and others. The second group includes all ele-
ments of powered support sections, linear sections of pan lines and scrapers of face scraper conveyors, electric
cables of shearer-loaders, main pipelines of powered supports, etc. It is noted that the constancy of number of the
first group elements linear variability of number of the second group elements do not uniquely determine the con-
stancy or variability of the failure factor of the aggregate of the same type elements of the first or the second
groups [1]. The plot of mean-time-between-failures (MTBF) of SL-500S stoping complex as function of face length
is presented. Besides, the curve of the face (complex) length-dependence of average recovery) time (after failure of
the SL-500S stoping complex time is shown. Analyzing the dependence of availability factor of stoping complexes
on the face length showed that the length of stoping complexes is not a factor determining decrease in the MTBF
and increase in the average recovery time. The plot of recovery time (after failure) of the SL-500S stoping complex
as function of face length is shown. A formula is presented for assessing the cumulative effect, on the MTBF of SL-
500S stoping complex, of its length and potash ore cuttability. The plot of correlation between the MTBF of SL-
500S stoping complex and the face length/the potash ore cuttability is presented, which demonstrates that the com-
plex length followed by the thickness of the extracted layer produce the greatest effect on the MTBF. The plot of
the number of failures per day as a function of the maintenance factor of the SL-500C shearer-loader is presented.
The plot demonstrates that the average number of failures of the SL-500C shearer-loader per day reaches a mini-
mum and practically stabilize at values of the maintenance factor of 0.9-1.0, which correspond to three-shift pro-
duction with one 6-hour maintenance shift per day.
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Biansinue IKCINIYaTAIUOHHBIX (l)aKTOI)OB Ha HAACKHOCTDb OYUCTHBIX KOMIIJICKCOB
H OII€HKA HAJACKHOCTH HX JJICMEHTOB
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AHHoOTanus: B nensx aHanusa 3aBUCHMOCTH Ha OTKa3 3a00HHOT0 000pyI0BaHUS OT €ro JUIMHBI OOBIYHO paccMaT-
pHUBarOTCA ABE IPYMIIBl AIeMeHToB. K mepBoil rpymie oTHeCeHbl BCE 3JEMEHTHl OUHCTHBIX KOMOAHOB: MPUBOABI
KOHBEHWEPOB, AIEMEHTBl HACOCHBIX CTAaHLMH MEXaHU3UPOBAHHBIX KpEIel, Kperel CONPsHKEHUIM JIaBbl CO LITPEKaMu
u apyrue. Ko BTOpo#l rpyIie OTHOCATCA BCE AIEMEHTHI CEKLIMH MEXaHM3UPOBAHHON KpeNW, JUHEHHBIE CEKIIMU
PEIITavyHOrO CTaBa U CKPEeOKH 3a00MHBIX CKPEOKOBBIX KOHBEHEPOB, dIIEKTpUUecKue Kabenn KoMOaitHOB, MarucT-
payibHBIE TPYOOTIPOBOABI MEXaHU3UPOBAHHBIX Kperel u T.. OTMeueHO, YTO MOCTOSHCTBO YHCIA DIIEMEHTOB Iep-
BOH I'pYyMIIBI I U3MEHYUBOCTD 110 JINHEHHOMY 3aKOHY YMCJIA DJIEMEHTOB BTOPOW TPYIIIEI HE OIPEIENIAIOT OJIHO-
3HAYHO IOCTOSHCTBO MJIM M3MEHYMBOCTH BEIUYMHBI IIapaMETPa MOTOKA OTKA30B COBOKYITHOCTH OJHOTHUIIHBIX 3JIE-

MEHTOB TIepBoii () wim Bropoil (M) rpymn [1]. IIpeacTtaBnen rpaduk 3aBUCHMOCTH BPEMEHH HapaOOTKH Ha
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otka3 ounctHoro komiuiekca CJI-500C. B obOmiem Buje npecTaBicHa 3aBUCUMOCTh BETHYUHBI CPETHETO BPEMCHH
BOCCTAHOBJICHHSI KOMIUIEKCA OT €ro JIJIMHBI. AHaIN3 3aBUCUMOCTH K03((HIIMEeHTa TOTOBHOCTH OYHCTHBIX KOM-
TUIEKCOB OT JIJTMHBI JIaBbl TIOKA3aJI, YTO JJIMHA OYUCTHBIX KOMIUICGKCOB HE SBJSICTCS (DaKTOPOM, OIPEIEIISFOIINM
CTENeHb CHIKEHMSI HapaOOTKU Ha OTKa3 M YBEIMYCHHUSI CPETHET0 BPEMEHU BOCcTaHOBiIeHUs. [IpousmocTpupoBan
rpaduK 3aBUCUMOCTH BPEMEHH BOCCTAHOBJICHUS 0TKa30B ouncTHOTO Komiuiekca CJI-500C ot mmnb! naBbl. [pen-
cTaBieHa (popmyna JIsl OIIEHKA COBMECTHOTO BIUSHIS Ha HapaOOTKY Ha OTKa3 OYMCTHOTO KOMITIEKCA, €0 JITHHBI
Y CONPOTHUBIISIEMOCTH KaJIMIHHON pyaAbl pezanuio. [IpuBeneH rpaguk KOppEeNsIUOHHON CBS3H MEXIy HapaOOTKOU
Ha oTka3 komiuiekca CJI-500C oT IIHHBI JTaBBI M COMPOTHBISIEMOCTHIO KAJTMHHBIX Py Pe3aHHI0, U3 KOTOPOro BH/I-
HO, YTO HanOOJbIlIee BIUSIHNE HA BETMYNHY HApaOOTKH HA OTKa3 OYHCTHBIX KOMIUIEKCOB OKa3bIBaeT WX JIMHA, a
3aTeM W MOUIHOCTh BbIHMMaemoro Iuiacta. IlpeacraBmeH rpaguK U3MEHEHHS KOJIMYECTBA OTKA30B
B CYTKH B 3aBHCHMOCTH OT KO3 (PHUIMEHTa TEXHUYECKOTO 00CITyKUBaHusl ouncTHOro kombaiitna CJI-500C, u3 xo-
TOPOTO CIIEYET, YTO CPeAHEe KOIMYECTBO 0TKa30B 0uncTHOTO Komruiekca CJI-500C B cyTku AOCTHUTAeT MUHIMYyMa
Y TPaKTUYEeCKN CTAOMIN3NPYETCs MPHU 3HAUYEHUIX KoddduimenTa texandeckoro oodcayxuaans 0,9—-1,0, garo co-
OTBETCTBYET TPEXCMEHHOMY PEKUMY 110 100BIYE U OAHOM 6-4acOBOH PEMOHTHOM CMEHE B CYTKH.

KiioueBble c10Ba: 0O4MCTHOW 3200, OYMCTHOH KOMILIEKC, 3a001HOEe 000pynOBaHME, HApabOTKa, OTKAa3, BpeMs
BOCCTaHOBJICHHS, KO3()(OUIMEHT KOPPEISINH, JIHHA JaBbl, MOITHOCTh BRIHUMAEMOT0 ILIacTa.

Jas uurupoBanus: Tpoiiauda B. A., Jly6oBckwuii A. A., Beicorkas H. A. Biusiare sKcrryaTaliioHHBIX ()aKTOPOB
Ha HAJESKHOCTh OUYMCTHBIX KOMIUIEKCOB M OLIEHKAa HAJEKHOCTH MX 3JIEMEHTOB. [ OpHble HAaYKu U MexHOI0UU.

2019;4(2):79-89. DOI: 10.17073/2500-0632-2019-2-79-89.

Introduction

Stoping mechanical equipment at potash
mines has undergone significant quantitative and
qualitative changes in recent years. Their devel-
opment expanded from mechanization of certain
basic operations of mineral extraction process in
a face to complex mechanization and automation
of the entire technical process. Integrated me-
chanization and automation of all processes of
potash ore mining provides for the interaction
and simultaneous operation of various machines
and mechanisms united in a single technological
process. Due to availability of many components
and sequence of the equipment operation, insuf-
ficient reliability of individual machines and me-
chanisms leads to decreasing the useful (ma-
chine) operating time of the entire longwall set
of equipment (LSE) [2]. The failure of any of the
mechanisms of the LSE leads, as a rule, to com-
plete stop of stoping in the face, therefore, the
requirements for the reliability of each mechan-
ism of the LSE are significantly increased.

Failures of stoping equipment (stoping ma-
chines, powered support, scraper conveyors) for

the most part occurs during short-term single
static and dynamic loading or long-term static
loading. Fatigue failures caused by prolonged
action of alternating-sign loads occur less fre-
quently. This is due to the fact that stoping
equipment is subject to high loads, which leads
to the destruction of parts under stresses exceed-
ing their endurance limit.

The main function of stoping facilities is
the production of potash ore with the required
productivity, determined based on the condition
of ensuring a given load on ta production face
and labor productivity of workers.

The effect of longwall face length on the
level of reliability of longwall sets of equipment.
Improving the mining sector and increasing the
economic performance of potash mines is con-
nected with permanent increasing length of the
production faces, and, consequently, the length
of longwall sets of equipment. As changing the
length of the stoping equipment leads to chang-
ing length of the scraper chains of conveyors, the
number of linear sections of their pan lines and
sections of powered supports, as well as the op-
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eration mode of various elements, the reliability
indicators of the same type face equipment will
not remain constant [3].

For analyzing the dependence of face
equipment mean-time-between-failures (MTBF)
T on its length L, two or three groups of elements
are usually considered [4], namely: elements
whose number changes stepwise with significant
change in the length of longwall sets of equip-
ment, and elements whose number and length
change in direct proportion to L.

The first group includes all elements of
shearers (with the exception of electric cables),
conveyor drives, elements of pumping stations
for powered support, support for longwall face
junction with drifts and other.

Total number of the first group elements:

N,(L):iNi = const, (1)
i=1

where N; — is the number of elements of

the i-th type; 4, — the number of types of ele-
ments quantity of which is independent of L.

The second group includes all elements of
powered support sections, linear sections of pan
lines and scrapers of face scraper conveyors,
electric cables of shearers, main pipelines of po-
wered support, etc. [5].

The number of second group elements is
dependent on the face equipment length by ex-
pression:

Tl

NII(L):Z;KJ.L, )
=

where K; =AN; is coefficient of proportionality
of changing total number of elements of the j-th
type (for linear elements K;=1); 4, — the
number of types of elements, quantity and length
of which varies proportionally to L.

It should be noted that the constancy of
number of the first group elements, or the linear

variability of number of the second group ele-
ments do not uniquely determine the constancy
or variability of the failure factor for the assem-

bly of the same type elements of the first (®,,)or
second (o,) groups [1]. The condition
o, =o;N; =const will be met if o; =const,

which in turn is also determined by the mode of
operation of the elements, which may deteri-
orate, improve, or remain unchanged with the
growth of L [6].

The loading modes of the elements of
shearers, with neglect of certain change in the
their work dynamics can be considered practical-
ly independent of L, that is, in this case the con-
dition o, =o,N; =const is met. The value of

the sudden failure factor of shearer electric
cables normalized to 1 linear meter is also inde-
pendent of L [7]. But due to the fact that the
length of such elements varies in direct propor-
tion to L, the failure factor for a combination of
such elements is function of L, that is o, = o;L

. The magnitude of the load of traction chains
and drives of face scraper conveyors increases
with growth of L, therefore, for the former,
o, =o,(L), and for the latter, o, =w,(L)N;.
With growth of L, the duration of the load on the
elements of the powered support sections, which
ensures operation of the roof-supporting sec-
tions, will increase. For this case,
oy, =o;(L)AN,L.

For elements of cyclic action, when
the number of working cycles per unit time of
effective operation of the longwall set of equip-
ment [8] is inversely proportional to L, and the
total number of elements increases in direct pro-
portion to L, the failure factor of the aggregate of
the same type elements remains unchanged. For

example, the value o, for back-flow valves of
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the support valve of a hydraulic prop, u_— the number of types of elements for
the sections of which move after the shearer pas-
sage, does not depend on L and is equal to ex-

which o, =const;

o, — the number of types of elements for

pression
vV which o = ¢(L).
o, = Vo ANL, @3) j
Moy L In this case, it is understood that the o
where V, is the shearer axis velocity, m/min; and o values are constant in time t
cj :

L — face length, m;

The task of determining quantitative de-
N, — MTBF of back-flow valve, meas-

pendencies T(L) for different types of face
ured by the number of movements of the support

sections;

AN — the number of elements per 1 linear
meter of the longwall set of equipment length.

In the general case, one can imagine

equipment systems was solved using correlation
analysis. The obtained empirical dependences for
longwall sets of equipment with narrow-web
shearers for layer-by-layer and bulk (Fig. 1) ex-
traction are described by the hyperbole equation

T(L)= 1 , (4) of the form [9], min,
Za:mci +Za:('oc'(|‘) _ o
i=1 = : T(L)— L_C +B. (5)
wherew; and o, are the values of the failure The values of indicators a, B and C (Ta-
factors for the assembly of elements of the i-th or ble 1) were obtained by the algorithm and the
jth structural types; computer program.
T, min ‘ |
7o B0 e
20 L-118
T~ F=073% u=104

40 R\R'——-——-—-____

0

115 1320 150 170 150 210 230 L,m

Fig. 1. Mean-time-between-failures of SL-500S stoping complex as function of face length

Table 1
Parameters of formula (5) and the correlation coefficient reliability indicators
) Measurement Parameter value : . Reliability of cor-
Face equipment - Correlation ratio r . .
limitsL, m o B C relation ratio p
SL-500S 150...250 1070 28 118 0.73 10.4
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The values of the obtained correlation ra-
tios given in Table 1 indicate good correlation
between T and L.

According to Lyapunov's theorem [3, 4], if
u>3, it can be argued that the relationship be-

tween the studied quantities is reliable and the
T(L) dependence is objective.

To establish the nature of the dependence
of the average recovery time of a longwall set of
equipment on its length, it is also advisable to
consider two types of failures, the duration of the
elimination of which does not depend on L. The
time for eliminating failures of the end elements
of longwall set of equipment on the side of the
stoping face, where the repairman (duty wire-
man) is usually located, does not depend on the
length [10, 11]. The time for eliminating failures
of the longwall set of equipment elements, when
no spare parts or special tools are required, also
practically does not depend on L. This may in-
clude failures such as "a shearer — conveyor mi-
salignment”, "tilt" and "skew" of a support sec-
tion. Such failures are usually eliminated by the
stoping face workers, or they are liquidated
without waiting for the repairman to arrive.

In general terms, the dependence of the av-
erage recovery time of a longwall set of equip-
ment on its length is given by

ZtBi + ZtBjITOCT + ZtBj (L)
T(L)==—F B (6

ni+nj

where t,;— is the time of eliminating the i-th fail-

ure, when the time is independent of L;

t. ..— a constant component of the failure

BjIIOCT
eliminating time, when the time depends on L;
t,;(L)— the variable component of the j-th

failure eliminating time;

n;, n;— the total number of failures of the

i-th and j-th types.
The constant component of the j- th failure

eliminating time t includes the time of repair

sinoc
or replacement of an element, as well as the time
spent on testing equipment after the repair and
downtime for organizational reasons.

The variable component t, (L) takes into

account the time spent on failure detection, con-

sisting of the time the repairman moves along the

face and the failure search, and the time for the

necessary spare part delivery. Changing the vari-

able component of the j-type failure elimination

time is described by the following expression:
t,(L)= Vi L+At, (L), @)

pa6

where V  — the average repairman velocity of

travel along the face;
At,; (L) — additional time for the spare part

delivery, not combined with the repairman trav-
eling;

a — coefficient taking into account the
most probable way of the repairman traveling.

For existing longwall sets of equipment,
for the face equipment element failure elimina-
tion, the value o can be taken equal to 0.5.

Experimental studies have shown that for
longwall set of equipment the dependence of the
average recovery time on the longwall face
length is rectilinear (Fig. 2), min,

T, =a+eL. (8)

The values of a and e parameters in formu-
la (8) for the investigated types of the face
equipment, as well as the obtained values of the
correlation coefficients r and reliability indica-
tors of the correlation coefficients p are shown in
Table 2.

MINING MACHINERY, TRANSPORT, AND MECHANICAL ENGINEERING




MINING SCIENCE
AND TECHNOLOGY

FOPHbIE HAYKU U TEXHONOMMK

VOL. 4, N2 2 (2019)

Table 2
Parameters of formula (8) and the correlation coefficient reliability indicators
Parameter value . Correlation
Face equipment Measurement Correlation coefficient reliabilit
auip limits L, m a e coefficient r " Y
SL-500S 150...250 -22 0.31 0.53 3.7
T,, min
50 ]

/

30 ]

0

» T=0310-22,
=053, 4=37
| |
110 120 130 170 150 210 L,m

Fig. 2. SL-500S stoping complex recovery time (T,) (after failure) as function of face length (L)

Decreasing the MTBF and an increasing
the average recovery time with growth of L re-
sults in decreasing the availability factor (9), as

R IO, ©)
T(L)+T,(L)

An analysis of the dependence of the avail-
ability factor of longwall sets of equipment on
the face length showed that the LSE length is not
a factor that uniquely determines the degree de-
creasing the MTBF and increasing the average
recovery time.

Influence of potash ore cuttability and
layer thickness on the face equipment reliability.

When extracting potash ore by longwall set
of equipment, the main factor restraining
the production development is rock cuttability
A, kKN/m [13].

Using the pair correlation method allowed
determining a relationship between the MTBF
and the average recovery time of face equipment
on the one hand, and individual mining, geo-

technical, and geological factors on the other
hand.

To determine the joint effect of a number
of factors on one dependent variable, the mul-
tiple correlation method was used, which makes
it possible to identify the joint effect of a combi-
nation of the listed factors on face equipment
reliability, to separate the major factors from the
minor ones, and to determine the contribution of
different factors in the formation of reliability
indicators.

The SL-500S longwall set of equipment
factors variation limits, their average values, and
standard deviations are given in Table 3.

The joint effect of a longwall set of equip-
ment length and potash ore cuttability on the
MTBF is estimated by formula, min,

17100 2200 .o 10)
L  A-T75

at Ry, ,=065+0065 R , ,= 0,650,065

d =042, n=96.
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Table 3

Determination of the SL-500S stoping complex factors variation limits

Factor description UoM Average factor value Factorra\:%r;atlon
Face length L,, m 150 126-250 33
Potash ore cuttability 4, KN/m 265 128-196 20

T, min

100 \

T(L,m) SL-500S

!
50 N

&0

~—

40

110 130 150

170

130 210 230 L, m

Fig. 3. Correlation between the mean-time-between-failures of SL-500S stoping complex and the face length/the potash
ore cuttability

The high values of the multiple correlation
coefficients R and the determination coefficients
d in the equations indicate that the major factors
that influence the MTBF of the considered types
of face equipment are taken into account and the
relationship T with mining, geotechnical, and
geological conditions of LSE operation are effec-
tively reflected [14].

To determine the degree of influence of
each of the considered factors on the MTBF of
the SL-500S longwall set of equipment based on
correlation equations (10), specific correlation
equations of the relationship between the studied
attributes were found [15]. At average values of
the arguments (attributes) listed in Table 3, the
specific equations for the SL-500S LSE are as
follows, min,

3050

T(L):L_—%+10, (11)
( )=%+12 (12)

The graphs constructed based on equations
(11), (12) are shown in Fig. 3.

The graph obviously demonstrates that the
LSE length followed by the thickness of the ex-
tracted layer produce the greatest effect on the
MTBF.

The joint influence of the considered fac-
tors on the average recovery time for
the SL-500S LSE is characterized by correlation
equations, min,

T, =0,3L—-23m-1,
at R=0,65..014; un=6,2; d =0,42.

From equation (13), specific correlation
equations can be obtained, which have the fol-
lowing form for the SL-500S LSE, min,

T.(L)=0,3L-16, (14)
T (m)=66 —23m. (15)

An analysis of equations (14), (15) shows
that, same to the case of MTBF, the face length
is the factor that has the most significant effect

(13)
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on the average recovery time of the face equip-
ment.

Influence of a stoping face operation con-
dition on reliability of the face equipment.

It was found that the probability of failure-
free operation of a LSE decreases with increas-
ing intermaintenance period. In [16], it is indi-
cated that the number of gradual failures of the
face equipment is significantly affected by the
intermaintenance period and the labor input of a
maintenance team (man-hour). The probability
of wear-out failures at different maintenance
team man-hour values and maintenance frequen-
cy for the SL-500S longwall set of equipment
can be assessed using the data given in Table 4.

Processing of statistical data for
the SL-500S LSE made it possible to obtain a

maintenance factor K., and determine the num-
ber of failures [17] that occur for a day, the anal-
ysis of which showed that the stoping face opera-
tion condition/mode significantly affects the LSE
reliability.

The correlation equation for the relation-
ship between the number of failures per day ney,
and the factor K,, value is given by:

oo 51
“T K, +05
at K., =0-122; r=0,74;1=8,3 and mainten-

ance labor input equal to 18-24 man-hour.

The number of failures per day as function
of maintenance factor of SL-500S longwall set
of equipment is shown in Fig. 4.

0,6, (16)

Table 4

Probability of wear-out failures at different maintenance man-hour values and maintenance frequency for the
SL-500S stoping complex

Maintenance team Probability of wear-out failures during intermaintenance period t,,;,, h
labour input, man-
hours 18 42 66 144
18 0.030 0.080 0.145 0.495
30 0.010 0.035 0.095 0.245
42 0.001 0.010 0.020 0.115
n, days
5,1
9 ™ L
\ K +05
5 ,ﬁ_\ rp=0", u=53
3 —
0
0,2 0.4 0,6 0,8 1,0 Kro

Fig. 4. Number of failures per day as function of maintenance factor of SL-500S stoping complex
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The graph in Fig. 4 demonstrates that the aver-
age number of failures of the SL-500S LSE per day
reaches a minimum and practically stabilizes at values
of the maintenance factor K,,=0.9—1.0 that corres-
pond to three-shift production mode with one 6-hour
maintenance shift per day. The studies allowed estab-
lishing that for different types of face equipment there
exist a limit of increasing the average intermainten-
ance period at the expense of increasing the mainten-
ance team labor input (man-hour). This limit depends
on complexity of the equipment used [18, 19].

Conclusion

Among the mining and geological factors,
the most significant impact on LSE shearer fault-
less performance is produced by the potash ore
cuttability, and on reliability of the LSE as a
whole, by the thickness. Increasing these para-
meters results in decreasing the face equipment
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