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Purpose. To develop a methodology aimed at determination of the time between overhauls (TBO) for coal mining ma-
chines based on the energy intensity of the unworked coal crushing.

Methodology. For specific stopes, where durability indices for augers as function elements were known, the values of
specific power inputs for crushing of the unworked coal were calculated and then compared to the actual values as for the au-
ger overhaul life. Based on the data, the graphs of auger TBO were plotted as a function taking into account the power inputs
for crushing of the unworked coal in relation to different types of mining machines and augers. The energy resource for the
function element was determined as the product of its overhaul life and specific power inputs for crushing of the unworked
coal during the operation under specific conditions of resistance of the seam to cutting.

Findings. The research proved that, irrespective of operating parameters of a mining machine, the product of specific
power inputs for cutting of the unworked coal and the TBO for the augers of such a design of a function element is a constant
value. It is numerically equal to the total energy spent on crushing of coal volume equal to the auger TBO.

Originality. The forecasting of average reliability indices for newly designed and mass-produced function elements can
be made based on the established relationship of specific power inputs for cutting of the unworked coal and the TBO for au-
gers.

Practical value. The developed method for estimating the reliability of function elements based on the energy resource al-
lows calculating the TBO for function elements of mining machines in relation to any conditions of their operation as far as
coal seam resistance to cutting is concerned.

Keywords: coal seam, resistance to cutting, energy intensity, energy resource, operational safety, function element, coal

cutter-loader

Observations of work as for coal cutter-loaders during
their operation under equal conditions according to the
crushing characteristics of the coal-seams showed that the
higher (in 1,5+2,0 times) overhaul life value of the function
elements (augers) R, corresponds to the higher coal cutter-
loader feed rates. Such a striking variance in the operational
safety of the augers having the same configuration is ex-
plained by the difference in operating modes of the em-
ployed coal cutter-loaders (1K101, K500U, 2GSH68B,
4LS5, SL500, KGS and others). For example, the coal cut-
ter-loaders 2GSH68B crush the unworked coal with sub-
stantially low auger rotating speed as compared with
1K101U. The coal cutter-loaders with high per capita pow-
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er consumption, like K500U, SL500 and others provide be-
sides this the higher feed rates, combinations of which with
low, if compared to 1K101, rotating speed n,,. involve the
chip thickness # and the cuttings cross-section increase,
and consequently the decrease of the operating time in the
cutting path 77 per unit of mining. Thus the number of load-
ing cycles as for the units and elements of an executive de-
vice decreases, which positively influences their safety. The
decrease of the cutting path is pro rata to the increase of the
ratio V, / n,,. On the other hand, with the % increase, the ef-
forts, influencing on an executive device, and consequently
the power 7 , spent on the rock fragmentation, increase

either. However, it is known [1] that with the % increase, in
spite of the p,, increase power inouts per unit on cutting
H,, become lower. Hence, the physical interpretation of the

51




TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWNHOBYAYBAHHA

inequality of values R,, under different operational modes
of the cutter-loaders is given which implies the following:
the coal cutter-loaders being in operation, the part of ener-
gy, transmitted from electromotors to executive device's
cutters is spent on friction and deformation of the units and
components of the executive device which essentially de-
termines the operational safety level of the latter. The high-
er power consumption for cutting is, the larger part of ener-
gy per unit of production is dispersed within the elements
of the executive device and consequently, the lower its op-
erational safety is, being determined, in this case, by the in-
dices Ry,.. Since if compared with K500U, SL500 under
equal conditions of operation, the cuttings/chip thickness in
case of 1K101 coal cutter-loader operations is less and the
cutting energy-output ratio is, vice versa, higher, so the val-
ues R,,, in the first case are lower than in the second one.
With the overhaul life expressed not in the production
volumes Ry, (Q) but in the cutting path right until the exec-
utive device failure R,(L) and considered as the reliability
index, on the assumption of the fact that with the power
/seam thickness growth p, the depth of cuttings/chip

thickness increases, we can suggest that failures of the
similar design augers when employed in different types of
coal cutter-loaders are to take place after passing approxi-
mately the same cutting path only in case when the ratio of
the feed rate to the auger rotation speed V,/,,; is equal. The
given proposal is confirmed by the experimentally stated
dependence of the auger overhaul period Ry, on the indices
equivalent to coal resistance to cutting 4,,, given in fig. 1.
During pilot researches in mines, the criterion of the mar-
ginal state for an executive device on which its overhaul
period depends was the definite number of the cutter holder
failures (wear and tear of the slot cutter, break-off of the
body) and instantaneous failures in a hub.

The graph is plotted for the coal cutter-loaders 1K101
and 2GSH68B which, working in equal conditions under
indices At,,, provide approximately equal values for the ra-
tion V,/n,,. As seen in fig. 1, the plotted points for both
types of coal cutter-loaders are aggregated in the neighbor-
hood of one average curve.

Thus, the performed analysis allows us to draw an im-
portant in practical sense conclusion, proving that to in-
crease the auger overhaul period, it is expedient to work,
whenever possible, with the operating parameters that pro-
vide higher values of the thickness of the cutting (ratio
Vg, ) and consequently, lower energy intensity of cut-
ting.

The obtained experimental data on the nature and phys-
ical essence of auger failures as well as the influence of the
modes of the rock fragmentation on the auger overhaul life
contribute to the estimates of their operational safety indi-
ces based on energy approaches in a new way.

Analyzing the results of our researches, we hypothe-
sized interactions between an overhaul period of the execu-
tive device and energy consumption for cutting. The fol-
lowing aspects were the prerequisites for putting forward
the given hypothesis. Regarding auger executive devices
that directly take the load from the coalface, the voltage
level in hubs and elements per se depends on the voltage
and consequently, on the energy consumption in the crush-
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er zone. As for the crushing/breaking elements, it can be
supposed that with other things being equal, the energy lost
in elements of the device is proportional, to the total energy
consumption required for fragmentation (5, ), which can be
calculated [1]. In this case, the characteristics of operational
safety for crushing/breaking elements (in particular, their
overhaul resource Ry,) must be the explicit energy con-

sumption functions, i.e. Ry, = Or). Since the value of
power inputs required for fragmentation of the unworked
coal depends on the parameters of the schemes for ar-
rangement of the instrument on the executive device and on
the modes of operation of a cutter-loader (along with the
properties of the seam), with the assumption in mind that

Ry,=f Or ), it is possible to state that the latter influence
on the operational safety of executive devices as well.
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Fig. 1. The graph of the auger overhaul period, in units of
the cutting path R, (L) depending on indices A,
where: o — 1K101 coal cutter-loaders; ¥r — 2GSH68B
coal cutter-loaders

The proof of the offered hypothesis was realized in the
following way. For the specific stopes, where the safety in-
dices of auger executive devices were known, according to
the methods OST12.44.258-84, the values of power inputs
necessary for the unworked coal fragmentation H,, were
determined. The feed rate of coal cutter-loaders, parame-
ters of the scheme for the cutting tool and the index A, ap-
plied in the calculation were taken into account according
to the actual data. Practically all typical conditions for ap-
plication of cutter-loader executive devices were consi-
dered.

The obtained calculated data of the specific energy con-
sumption H,,, were compared with the actual values of the
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auger overhaul resources Ry,, on the basis of which the
graphs R,= f(ﬁwp ) were plotted. The dependence R,=
f(Hy,) for the augers SHR with the diameter of 0,8 m for
the cutter-loader 1K101U is shown in fig. 2.

In table 1, the data are given against which the depend-
ence Ry, = f{H,,,) was plotted in fig. 2. In the graph, it is
clear that with the energy consumption increase required
for the fragmentation H,,, the auger overhaul resource R,,,
decreases hyperbolically. This means that the lower specif-
ic power inputs for fragmentation of the unworked coal are
during the operation of the executive device, the less ener-
gy is spent on the production unit (or time unit), though
failures in hubs or components still occur, their operational
safety is higher.

The analysis showed with high enough exactitude (the
variation coefficient 0,104) the total energy spent on the
production volume and relevant to the overhaul life for the
executive device of the given design is the approximate
constant value, i.e.

Y =H,,-R,, ~const. 1)

Ml

In the considered case, the value 5 =7520 kw-h. (the
variation coefficient is 0,106).

Since the value 5, for the specific configuration of the
executive device, regardless of the maintenance conditions,

is an approximate constant value, it is possible to assume
that

_ 9% @)

It is stated that there exists the value 4, , lower of which
the failure intervals for executive devices are constant and
the greatest. Taking into account that H,,,, are the specific
power inputs for fragmentation at 4, < 4,,, it is possible to
suppose that there exists the auger overhaul resource limit
Ry iim. for the given auger congiguration.
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Fig. 2. Dependence of auger overhaul resource (Ry,,)
for the SHR coal cutter-loader IKIO1U on specific
power inputs aimed at seam fragmentation (H.,,)

Table 1
Data for plotting of the dependence Ry, = f(ﬁwp )

Indices of the equiva- | Coal cutter- Specific energy con- Auger overhaul re- Total energy, spent on coal volume
lent seam resistance loader feed sumption during coal source R, thous.t. fragmentation, equal to overhaul re-
to cutting A.,,, H/mm rate mining H,,, kw-h.\t source 5 , kw-h

V,, m/min
164 3,50 0,24 352 8448
230 3,00 0,42 17,9 7818
320 1,70 1,12 6,5 7280
237 1,73 0,64 13,8 8851
239 1,91 0,93 7.4 6885
183 1,96 0,26 32,2 8557
167 2,04 0,69 10,7 7389
203 1,85 0,47 14,6 6828
294 1,50 1,62 4,2 6802
324 1,80 0,93 7,5 6922
211 2,80 0,32 22,7 7264
313 1,50 0,93 7,8 7254

In order to test the dependence (2), the other data group,
obtained under different conditions for the index A, was
used. In calculations, the results of which are presented in

table 2, the assumed value is 3, = 7520 kWh, and the value

Ry, 1is calculated by the expression (2).

As follows from table 2, the error of the calculated val-
ues for R, does not exceed 9,7%, , which testifies the high
exactitude of the presented method aimed at operational
safety evaluation of executive devices.

The similar analysis was performed for the serial au-
ger type SHR, applied in coal cutter-loaders 2K52MU,
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1GSH68 and KSH3M, different in their operating parame-
ters. The aggregate data are given in table 3. The data on
the specific energy consumption for the seam fragmenta-
tion were determined experimentally on the basis of ob-
servation of the energy consumed by the coal cutter-
loader and its subsequent division by the value of the
mined coal volume during the experiment period under
the concrete operation conditions. In order to broaden the
range of researches, the feed rates of coal cutter-loaders
were set by an operator forcibly, in terms of the condi-
tions of the mine experiment.
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Table 2
The comparison of the actual and calculated values of the auger overhaul resource
Indices of the equivalent re- Coal cutter- The specific energy | Augers overhaul resource thous. Error
sistance of the seam to cutting loader feed rate | consumption during t. E,%
Aeq , H/mm V., m/min the coal mining H,,, calculated actual
kWh./t Ryor.cal. Roract
215 2,5 0,42 17,9 16,8 6,0
211 1,6 0,51 14,7 14,2 2,8
312 1,7 1,30 5,8 5,5 3,6
183 2,9 0,26 28,8 27,8 3,6
338 1,0 0,97 7,7 8,3 7,2
231 2,1 0,59 12,7 12,0 5,8
335 1,2 0,78 9,6 9,3 3,2
154 2,3 0,46 16,3 17,6 9,7
300 1,1 1,58 4,8 53 9,4

Analyzing the data given in table 3, it is clear that the re-
sults obtained with satisfactory accuracy confirm the deter-
minacy of the expressions (1) and (2) for the other coal cutter-
loader types as well (the variation coefficient 0,106-0,170)

If compared, the data presented in table 3 show that au-
ger application of the type SHR approximately of the simi-
lar configuration for the coal cutter-loader1K101U, on the
one hand, and 1GSH68, on the other hand, fundamentally
different in their operating parameters and specific energy
consumption H,, , does not influence on the value D, '

though the value R, for these augers differs in compared
conditions at 4,

This fact is caused by the energy nature of executive
device failures: the higher the energy intensity for frag-
mentation is, the less is Ry, and vice versa, a longer
overhaul life in mining corresponds to less energy con-
sumption for cutting. In other words, the equality of val-

ues O retains in this case at the expense of the com-

pensation of the increase (decrease) H,,
(increase) Ry,,..

Thus, in such a way the overhaul resource of the ex-
ecutive device of such configuration is explicitly deter-
mined by the values of the total and specific power inputs
required for the coal fragmentation.

by the decrease

Table 3

The results of energy assessment for the auger operational safety

The coal The auger The The rangeability The average The specific The variation
cutter- marking obser- YT 7 o value of the to- power inputs coefficient 7,
loader vation o H/mm " Ryor thou- | ) energy for for coal frag-

type num- m/min sand tons fragmentation mentation
bers IR wih H,, kWhir

1K101U SH88R 24 1541-338 | 3,5-1,0 35,2-4,2 7520 0,23-1,62 0,106
1GSH68 SHI16R, 16 145-387 5,0-1,0 79,4-4,9 7266 0,13-1,9 0,120

SH126R
KSH3M SH166K 12 150-290 2,5-2,1 40,6-19 12218 0,38-0,47 0,130
KAH3M SH186K 22 106-263 2,5-1,8 | 38,0-20,1 13651 0,34-0,63 0,170
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Mera. Po3poOka METOJMKH BU3HAYEHHS MIXKPEMOHT-
HOTO pecypcy BHKOHABUMX OpPTaHiB BYIJIEZI00YBHHX Ma-
IIMH Ha OCHOBI €HEPrOEMHOCTI pyHHYBaHHS BYTLIHHOTO
MacHBy.

Metoauka. /Iyl KOHKpETHHUX OYMCHUX BHOOIB, B
SKUX Oy BiZIOMI MOKAa3HMKH HaIIHHOCTI IIHEKOBHX
BUKOHABYMX OPraHiB, PO3paxOBYBAJIUCS 3HAUYCHHS IH-
TOMHUX €HEpProBHTPAT Ha PYHHYBaHHs BYTUIBHOTO Ma-
CHBY, SIKi 3ICTaB/ISUIACSA 3 (PAKTHYHHMHU 3HAYCHHIMHU
MDKPEMOHTHOTO pecypcy IHekiB. [ToTiM Ha migcTaBi
IUX JaHUX OyayBajucsi rpadikd 3aleXHOCTI MiXpe-
MOHTHOTO pecypcy IIHEKiB Y (pYHKIII BiJf CHEPTOBUT-
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pat Ha pyiiHyBaHHS MAaCUBY JUIS Pi3HUX THUITIB KOMOaM-
HiB Ta IIHEKiB. Bu3HayaBcs eHepropecypc BUKOHABYO-
ro Opray sk J100yTOK HOro MDKPEMOHTHOTO pecypcy
1 TUTOMHUX EHEpProBUTPAT Ha PYyWHYBAHHS BYTLIEHOTO
MacHBY IiJ] yac eKCIUTyaTalii B KOHKPETHUX YMOBax 3a
MMOKa3HUKOM OIIPHOCTI IIacTa pi3aHHIoO.

Pesyabrarn. BeranosneHo, 110, He3aJeXHO Bija pe-
KMMHUX TIapaMeTpiB BYIVIeJOOYBHOTO KOMOaiHy, 100y-
TOK TINTOMHUX CHEPTOBUTPAT HA Pi3aHHSA BYT1JIBHOTO MacH-
By Ta MDKPEMOHTHOTO peCypCy Ul IIHEKIB ITi€i KOHC-
TPYKIIii BUKOHABYOTO OpTaHy € He3MIHHUM, YUCEITBHO JI0-
PIBHIOE TIOBHiH eHeprii, BUTpadeHiii Ha pyHHyBaHHS 00'e-
MYy BYTUJIISI, PIBHOTO M>KPEMOHTHOMY PeCypCy ITHEKa.

HaykoBa HoBu3Ha. HaykoBa HOBU3HA 3aIIpOIIOHO-
BAHOTO B POOOTI METO/Y — INPOTHO3YBAaHHS CEPEIHIX
MOKa3HUKIB HaJiHHOCTI HOBOIPOEKTOBAHMX Ta BHITY-
IIEHUX CEPIHO BUKOHABYMX OpPraHiB MOXHA 3JiCHIO-
BaTH Ha OCHOBI BCTAHOBJEHOI'O B3a€MO3B'S3KY IHUTO-
MHX €HEpProBUTpaT Ha Pi3aHHS BYTUILHOTO MacUBY Ta
MDKPEMOHTHOTO PECypCy IIHEKIB.

IpakTuyHa 3HaYMMicTh. Po3pobiennii MeTon oIin-
K{ HaJIHOCTI BUKOHABYHMX OPTaHiB Ha OCHOBI €Heprope-
Cypcy I03BOJISIE PO3PAxOBYBAaTH MDKPEMOHTHHI pecypc
BHUKOHABYMX OpraHiB KOMOAiHIB CTOCOBHO OyIb-SKHX
YMOB X €KCILTyaTaIlii ITo OIpPHOCTI IIacTa pizaHHIo.

KuarouoBi ciioBa: gyzinenuii niacm, onipuicms pizam-
HIO, EeHeP2OEMHICb, €eHEpeopecypPC, HAOIUMICb, BUKO-
Hasuull opeat, 8y2nedodysHUL KOMOALH

Hean. Pa3paboTka METONMKH OMpEETICHUS] MEXpPe-
MOHTHOTO pecypca HCIHOJHUTEIbHBIX OpPraHOB YIJEJO-
OBIBAIOIINX MAITFH HA OCHOBE YHEPTOEMKOCTH Pa3pyIlie-
HUS YTOJBHOTO MacCHBa.

Metomuka. J[jisi KOHKPETHBIX OYHCTHBIX 3a00CB, B
KOTOPBIX OBLTM W3BECTHBI TIOKA3aTENN HAICKHOCTH IITHE-
KOBBIX MCIIOJHUTEIHHBIX OPraHOB, PACCYUTHIBAINCH 3HA-
YeHUs! yIeTbHBIX YHEPro3aTpar Ha pa3pylieHne yroiabHO-
TO MAacCHBa, KOTOPBIE COTIOCTABISIINCH C (haKTHUCCKAMHU
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3HAUCHUSIMU MEKPEMOHTHOTO pecypca IITHEKOB. 3aTeM Ha
OCHOBaHHUHM 3THX JIAHHBIX CTPOMIIUCH rpadKK 3aBUCHMO-
CTH MEXPEMOHTHOTO pecypca IIHEKOB B (PYHKIMH OT
SHEpro3arpaT Ha pa3pylICHUE MAcCHBa AJISl Pa3JIMUHBIX
TUIOB KOMOAWHOB W TIHEKOB. Ompenernsics dHeprope-
CypC HCIOJHUTEIBHOIO OpraHa KakK MpPOM3BEICHUE €ro
MEXPEMOHTHOI'O pecypca U YAEIbHBIX SHEprozarpar Ha
paspylleHre YrojbHOTO0 MacchBa MpH AKCIUTyaTalMd B
KOHKPETHBIX YCJIOBHAX IO TTOKA3aTETI0 COMPOTHUBIAEMO-
CTHU IIACTA PE3aHUIO.

Pesyabrarbl. YcTaHOBJIEHO, YTO, HE3ABUCUMO OT pe-
JKIMHBIX TTapaMeTpoB  yIIeAoOBIBaroIero KomobaiiHa,
[IPOM3BEICHUE YIEIbHBIX YHEPro3arpar Ha pe3aHue yro-
JIbHOTO MacCuBa U MEXPEMOHTHOIO pecypca AJIsl IHEKOB
JIAHHOM KOHCTPYKIIMU UCTIOJHUTENBHOIO OpraHa ecTh Be-
JMYHHA MOCTOSIHHAS, YUCTIEHHO PaBHAsl TIOJTHOM SHEpruy,
3aTpadeHHOM Ha paspylleHHe o0beMa YLV, PaBHOTO
MEKPEMOHTHOMY PECypCy IIHEKa.

Hayunas HoBu3Ha. Hayunas HOBH3HA NpEATIOXKEH-
HOro B paboTe MeTosia — MPOrHO3UPOBAHHUE CPEHUX II0-
KazareJiell Ha/IeXKHOCTH BHOBb IIPOEKTUPYEMBIX U BBIITYC-
KAaeMbIX CEpUITHO MCIOJHUTEIBHBIX OPIraHOB MOYKHO IPO-
WU3BOJIUTh HA OCHOBE YCTaHOBJICHHOM B3aMMOCBS3U YAE-
JIbHBIX SHEPro3arpaT Ha PE3aHUE YrojbHOIO MAaccHBa U
MEXPEMOHTHOI'O PECYpCa ILIHEKOB.

IIpakTHyeckast 3HAYMMOCTb. Pa3paboTaHHBII Me-
TOJ OLEHKU HAJIeKHOCTH HCIIOJIHUTENILHBIX OPraHOB Ha
OCHOBE 3HEpropecypca IO3BOJIAET PACCUUTHIBATL MEXK-
PEMOHTHBIN PECYpC HCIOJIHUTEIIBHBIX OPraHOB KOMOaii-
HOB IIPUMEHHUTEIIBHO K JTIOOBIM YCIIOBHSAM HX JKCILTyaTa-
11U TI0 CONIPOTUBILIEMOCTH IUIACTA PE3AHULO.

KiroueBble c10Ba: y2onbubill niacm, conpomusise-
MOCHb PE3aHUI0, IHEP2OeMKOCHIb, IHEPLOPECYPC, HAOEHC-
HOCTb, UCHOTHUMENbHDILL OP2aH, Yenedo0bl8aruwull Koy-
oain
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