4 GPL
o~ 350

. ~

HALIMOHAJIBHBI YICCNELOBATENLCKUN

: / TEVXHODGTZM YECKMW YHUBEPCUTET «M MCNC>
j MISIS =/ NATIONAL UNIVERSITY OF SEIENCE. 2 ) g
/ | AR TECHNOEOGY MISIS: V" "0 e

} " , ol ’ ‘
Z




MINING SCIENCE
AND TECHNOLOGY VOL. 4, N2 2 (2019) MISIS

FOPHbIE HAYKWU U TEXHO/I0IM MK !;Lmnmi University of
cience and Technology

CONTENTS

ORIGINAL PAPERS
MINING MACHINERY, TRANSPORT, AND MECHANICAL ENGINEERING

Effect of operating factors on reliability of stoping complexes and assessment of reliability of

TNEIE LML, . ..o s 79
V. A. Troinich, A. A. Dubovsky, N. A. Vysotskaya

Experimental studies of effect of shearer auger operating device effective width on

effectiveness Of 10adiNg PrOCESS. .....c.iuiir i e 90
O. E. Shabaev, P. P. Zinchenko, A. V. Meznikov

MINERAL DEPOSIT EXPLOITATION

Rock Burst and Actual Effectively Rock Burst Bolts SUPPOrt..........ccooviiiiiiiiiiiiiiiine, 103
Ngoc Minh Nguyen, Duc Thang Pham

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS

The study of regularities of changing melting enthalpy of intermetallides of magnesium—
lantanoids systems rich in Magnesium............ooiiii i 111

I. R Ismoilov, E. S. Dodkhoev, R. A. Ismoilov, S. Z. Nazhmudinov, A. B. Badalov

PROCESS SAFETY IN MINING AND PROCESSING INDUSTRY
AND ENVIRONMENTAL PROTECTION

Assessment of effectiveness of methods and techniques for degassing methane-containing coal
SBAIMIS. .. e ettt et et ettt 122
S. N. Shirjaev

MINING MACHINERY, TRANSPORT, AND MECHANICAL ENGINEERING

Selection of material for facing drive drum of belt conveyor..................ccooiiiiiiiiiiii 132
D. V. Hrydziushka, A. V. Bryzhevich, E. V. Piskun

Operating load of belt conveyor as a reflection of actual planogram of coal shearer operation

iNiNtegrated-POWEred FaCE. ... ..ot 144
V. M. Yurchenko

POWER ENGINEERING, AUTOMATION, AND ENERGY PERFORMANCE

Ways to Reduce Power Losses in Mining Power Supply Lines ............oooiiiiiiiiiiiiiinnnnn 150
N. S. Antsiferov




MINING SCIENCE
AND TECHNOLOGY VOL. 4, N2 2 (2019) MISIS

FOPHbIE HAYKWU U TEXHOJ1IOrMA ’;‘d““"d* University of
cience and Technology

COJIEPKAHUE

OPUT'MHAJIBHBIE CTATBH
TOPHBIE MAIIMHBI, TPAHCIIOPT U MAIIMHOCTPOEHUE

Bausinue IKCILTYaTAllUOHHBIX (l)aKTOPOB Ha HAACKHOCTHh OYHUCTHBIX KOMIUIEKCOB H OIICHKA

HATEIKHOCTH MX DJIEMEHTOB ......\outintintantant et et ane et et et eae et et easens et easeaeensensaseneeneanens 79
Tpoitana B. A., JlyboBckuit A. A., Beicorkas H. A.

JKcnepuMeHTATbHbIE HccJie10BaHusl BJIUSTHUS IIHPHHBI 3aXBaTAlIHEKOBOI0

HCTIOJTHUTELHOT0 Oprana KoMo0aiiHa Ha 3(p(peKTUBHOCTH Npolecca MOTPY3KH. .........ccceeeeeeeee. 90

[Ta6aes O. E., 3unyenko I1. I1., Me3uukos A. B.
PASBPABOTKA MECTOPOXKJIEHUM MOJE3HBIX HCKOITAEMBIX

IddexTUBHOE aHKEPHOE KPeIIeHNE [JI5l MPeJ0TBPAIIEHUSI TOPHOTO YAAPA.......o.eeuvanennnn... 103
Hryen Hrox Muns, ®am [Ipix TxaHb

OBOT'AIIEHHUE, TEPEPABOTKA MUHEPAJIBHOT'O
U TEXHOTEHHOI'O CbIPbA

MojeaupoBaHue 3aKOHOMEPHOCTH W3MEHEHUsl JHTAJILIHM IUJIABJEHUSI HHTEPMETAJLINI0B
CHCTEM MATHHI—JIAHTAHOU/bI, 00raThIX MATHHUEM. . et e e eare e e 111
Hcemounos U. P., Hoaxoes 3. C., Ucmounos P. A. Ha)KMyI[I/IHOBI_H 3., baganos A. b.

TEXHOJIO'HYECKAS BE3OITACHOCTb B MUHEPAJIBHO-CBIPBEBOM KOMILIEKCE U
OXPAHA OKPYXAIOLIEU CPEJbBI
Ouenka 3 (peKTHBHOCTH CIIOCOO0B M CPEICTB Jera3aliy YIIIeMeTAHOBBIX IUIACTOB. . ............. 122
IMupses C. H.

I'OPHBIE MALINUHBI, TPAHCIIOPT U MAIIMHOCTPOEHMUE

Bri10op MaTepuaJa st 00 IMIIOBKH NPUBOAHOTO O0apabana JICHTOYHOT 0

N1 1737 (<) 1 PSR 132
I'puntomiko . B., bpwxkesuu A. B., Iluckys E. B.

JKCILTyaTallHOHHASA Harpy3Ka JIEHTOYHOTO KOHBeiiepa KaK oTpaxkeHue

JAelCTBUTEJIbHOI IUIAHOTPaMMBbI padoThl KoMOaiiHa B KOMILJIEKCHO-

MEXAHUBHPOBAHHOM JIABE. ... ... \tuenttntt ettt et et et et et et et et et et et e e et et et et eneeneenas 144
IOpuenko B. M.

SHEPI'ETUKA, ABTOMATU3ALIUA U DHEPTO®O®EKTUBHOCTD

Iyt cHM:KeHUSs IOTePh IeKTPOIHEPTUM B MUTAIOLIUX FOPHbIE NPeANPUATHS JHHUSAX ......... 150
Amnmugepos H. C.




MINING SCIENCE
AND TECHNOLOGY VOL. 4, N2 2 (2019) MISIS

FOPHbIE HAYKU U TEXHONOMMK National University of

Science and Technology

ORIGINAL PAPERS
DOI: 10.17073/2500-0632-2019-2-79-89

Effect of Operating Factors on Reliability of Stoping Complexes and
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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.

Keywords: production face, stoping complex, face equipment, running hours, failure, recovery time, correlation
coefficient, face length, thickness of extracted layer.

For citation: Troinich V. A., Dubovsky A. A., Vysotskaya N. A. Effect of operating factors on reliability of stop-
ing complexes and assessment of reliability of their elements. Mining Science and Technology. 2019;4(2):79-89
(In Russ.). DOI: 10.17073/2500-0632-2019-2-79-89.

Biansinue IKCINIYaTAIUOHHBIX (l)aKTOI)OB Ha HAACKHOCTDb OYUCTHBIX KOMIIJICKCOB
H OII€HKA HAJACKHOCTH HX JJICMEHTOB

Tpoiinnu B. A., J/ly6oBcknuii A. A., Beiconkas H. A.

3akpbIToe akioHepHoe 061mecTBo «Conuropckuit MHCTUTYT pobiieM pecypcocoepexennst ¢ ONbITHBIM
npou3BoicTBoM», Conuropck, Munckas 001acts, Pecriyonuka benapycs,><lonti@sipr.by

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

MINING MACHINERY, TRANSPORT, AND MECHANICAL ENGINEERING




MINING SCIENCE
AND TECHNOLOGY

FOPHbIE HAYKU U TEXHONOMMK

VOL. 4, N2 2 (2019)

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.
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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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Experimental Studies of Effect of Shearer Auger Operating Device Effective Width
on Effectiveness of Loading Process
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'Donetsk National Technical University, Donetsk, Ukraine, < pawel.zindencko@yandex.ru;
?State Enterprise "Donuglemash”, Donetsk, Ukraine

Abstract: Intensification of coal mining from mine seams of 0.55-1.20 m thick requires increasing efficiency of
loose coal loading that may be achieved by selecting the optimal parameters of auger operating device of a shearer.
The most reliable way to determine effect of the auger parameters on the energy parameters of the shearer operation
is experimental research in actual operating conditions. As the subjects of the research, we selected up-to-date
UKD400 and UKD200-500 shearers, operating in representative conditions of the Krasny Partizan mine of SE
SVERDLOVANTRATSIT and Ternovskaya mine of DTEK PAVLOGRADUGOL PJSC. An adaptive method for
specific mining operating conditions is proposed for determining the specific energy consumption of the shearers on
material disruption and loading for thin seams in actual operating conditions based on fixing the values of currents
of the cutting drive motors. Based on processing of the experimental data, an indicative dependence of the power
for rock mass loading on the feed rate and the effective width of the operating device is determined. Increasing the
auger effective width results in increasing the loading power and specific energy consumption. At the same time,
the higher the shearer feed rate, the greater the growth of the loading power and specific energy consumption. This
is due to the beginning of the process of loose rock mass circulation, and the larger the auger effective width, the
more intensive the circulation process, and at the lower feed rate of the shearer the process starts. A method is pro-
posed for selecting the auger optimum effective width based on the criteria of minimum specific energy consump-
tion and maximum commercial productivity.

Keywords: shearer, auger operating device, productivity, shearer feed rate, specific energy consumption, loading
power, effective width.

For citation: Shabaev O. E., Zinchenko P. P., Meznikov A. V. Experimental studies of effect of shearer auger op-
erating device effective width on effectiveness of loading process. Mining Science and Technology. 2019;4(2):90-
102 (In Russ.). DOI: 10.17073/2500-0632-2019-2-90-102.

JKCNepUMEHTAIbHbIE HCCIEA0BAHNS BJINSIHUA IIMPUHBI 32aXBaTa
IIHEKOBOI'0 MCIOJTHUTEIHLHOI0 Opraia komoaiina
Ha 3 (PEeKTHUBHOCTH MPOLIECCA MOTPY3KH
llagaes O. E.', 3unuenxo II. I.!, Me3nukos A. B.2

'roy Bro «/loHelkuii HalMOHAIBHBIA TEXHUYECKUN YHUBEpCUTETY, JlOHENK, YKpaunHa,
><pawel.zindencko@yandex.ru;

I «/lonyrnemamy», Jlonenk, Ykpanna

AnHoranusi: Untencudukamnms g00b1YM yIiig U3 MIaXTOIIAcTOB MOIIHOCTRIO 0,55-1,20 M TpeOyeT MOBBIICHHUS
3¢ ekTUBHOCTH TIpoliecca MOTPY3KH Pa3pyIIEHHOTO YIJisl, YTO MOXET OBITh 00ECIeYeHO MyTeM BBIOOpA OITH-
MaJIBHBIX ITAPaMETPOB IITHEKOBOTO MCIIOJIHUTEIBHOTO OPTaHa OYHCTHOTO KoMOaiiHa. Hanbomnee 10CTOBEpHBIM CIIO-
co0OM YCTaHOBJICHUS BIIMSHUS [MapaMETPOB IIIHEKA Ha SHEPreTHUYECKUE MapaMeTpbl paboThl OYMCTHOTO KOMOaliHa
SIBTISIFOTCS DKCIIEPUMEHTAIIbHBIE UCCIICIOBAHUS B PEAUTHHBIX YCIOBHSIX dKCIuTyaTanud. OOBeKTaMU UCCIIeIOBaHUS
BEIOpaHBl OYMCTHBIE KOMOAHHBI HOBOrO TexHmueckoro ypoBHs YK1400 u YKI200-500, skcrmyaTupyrommecs B
TIPEACTaBUTENLHBIX yenoBusx maxT «Kpacusid naptuzam» ['TI «CBEPJIJIOBAHTPALIUT» u «TeproBckas» [TAO
«ITOK ITABJIOIPAJIYT OJIb» cootBeTcTBeHHO. IIpemnoxkena aganTuBHas MO TOPHOTEXHUIECKHAE YCIOBHS pa-
0OTBHI METOJIUKA OTIPEACICHUS yIIEIbHBIX YHEPro3aTpar pa3pylIeHUs U MOTPY3KU OYHCTHBIX KOMOAWHOB JUISl TOH-
KHX TUIACTOB B PEAJLHBIX YCIOBUSX AKCIUTyaTalliM HA OCHOBE (PUIKCAIMM 3HAYCHWN TOKOB JIBUTATENCH MPUBOIOB
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pe3anus. [locne 0OpabOTKM IKCIEPUMEHTAIBHBIX JAHHBIX YCTAaHOBJICHA 3aBUCUMOCTh MOIIHOCTH Ha TOTPY3KY
TOPHOW Macchl OT CKOPOCTH TMOAAaYH W HMIMPUHBI 3aXBaTa MCIONMHATEIBHOTO OpraHa rmokasarenbHoro sunaa. C yBe-
JUYCHUEM IIMPUHBI 3aXBaTa IIHEKa MOUTHOCTh U YJENbHBIC YHEPro3aTpaThl Ha MOTPY3KY BO3PACTAIOT TEM UHTEH-
CUBHEE, Y€M BBIIIIC CKOPOCTh IMOJaYU OYMUCTHOrO KOMOaitHa. DTO OOYCIIOBJICHO HAYaJIOM IPOLEcca IUPKYIISIIUN
pa3pyIIeHHON TOPHON MacChl, IIPH ATOM, YeM OOJbIe IIMPHUHA 3aXBaTa IIHEKa, TEM MPOIecC MUPKYIAINN HHTEH-
CHBHEE W HACTYIAeT MPU MEHBIINX 3HAYCHHUIX CKOPOCTH IMOAadu OYMCTHOTO KoMOaitHa. [Ipensoxen meTox BEIOO-
pa palMoHaILHOM IMIMPUHEI 3aXBaTa ITHEKA MO KPUTEPUSIM MUHUMAIBHBIX YIEIbHBIX SHEPro3aTpaT U MaKCUMAallb-
HOM TEXHUYECKON MPOU3BOIUTEIHHOCTH.

Kiw4yeBble cji0Ba: OYHNCTHOW KOMOAifH, ITHEKOBBIM HCIOJHUTEIBHBIA OpraH, MPOHU3BOAUTEIBLHOCTH, CKOPOCTH
nmosiayn KoMOaifHa, yIellbHbIe YHEPTro3aTPaThl, MOITHOCTh Ha MOTPY3KY, IIMPHHA 3aXBaTa.

s uurupoanus: Illa6aes O. E., 3unuenko II. I1., Me3nukoB A. B. DkcriepuMeHTaNnbHbBIC UCCIEIOBAHUS BIHS-
HUSI [IUPUHBI 3aXBaTa IIHEKOBOI'O MCIIOJIHUTEIBHOTO OpraHa komOaiHa Ha 3((EKTUBHOCTDH IIpoIecca HOrPY3KH.

Topnvle nayku u mexnonozuu. 2019;4(2):90-102. DOI: 10.17073/2500-0632-2019-2-90-102.

Articulation of issue

The main energy resource of the Donetsk
region is coal, whose reserves, according to the
DonUGI, are about 6.84 billion tons. The bulk of
these reserves (about 83.2 %) is concentrated in
seams 0.55-1.2 m thick [1].

Almost all of the Donbass coal seams have
adverse mining & geological and geotechnical
conditions and mode of occurrence. They are
characterized by variable hypsometry, the pres-
ence of rock partings and solid inclusions in a
coal mass [1]. These factors almost completely
exclude the possibility of coal extraction using
plow and modular complexes that leads to wide-
spread use of shearers with auger operating de-
vices as parts of powered complexes [1-5]. All
of the above suggests the need for researches in
the field of design and construction of shearers
of a new generation, capable of working effec-
tively in conditions of thin shallow seams.

The process of coal mining from seams
0.55-1.2 m thick by shearers can be described as
highly energy-intensive [2-3]. This is due to the
low loading capacity of the auger operating de-

vices, which limits the shearer axis velocity

within 2-5 m/min and as a result leads to low
productivity of the shearer [2-3]. Intensification
of coal mining from mine seams 0.55-1.2 m
thick requires increasing efficiency of loosened
coal loading that may be achieved by selecting
the optimal parameters of auger operating device
of a shearer.

Review of researches and publications

The issue of creating highly efficient stop-
ing equipment was studied by many scientists
[2-22]. The issues considered in [2, 3] relate to
the design of narrow-web shearers operating in
conditions of thin shallow seams extraction. In
[4], the principles of designing the shearer travel-
ing mechanisms are described. In work [5], the
general tasks and principles of designing and
engineering of mining machines and complexes
of a new technical level are given. It was found
[6-13] that auger operating devices, used in
shearers for extracting thin and very thin seams,
have greater breaking-down productivity than
loosened rock mass loading productivity. The
authors of works [14—-22] were engaged in solv-
ing the problem of optimizing the loading

process with auger operating devices based on
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determining the rational values of the geometric
parameters of the augers and operating parame-
ters of the shearer. The works [23-26] are aimed
at solving the problems of automation of coal
mining by shearers. In [27-36], an experience
was described in the use of pulsed jets of a work-
ing fluid for breaking-down of a rock mass.
However, there is no reliable data on the regular-
ities of changing the energy parameters of a
shearer operation when extracting thin shallow
seams depending on the auger operating device
width. The most reliable way to obtain the actual
values of the energy parameters of the stoping
equipment operation is experimental study in
actual operating conditions.

The research aim (tasks)

Thus, the aim of this study is to determine

regularities of effect of the auger operating de-

a) %

vice parameters on coal loading energy perfor-
mance when extracting thin shallow seams.

The experiment description and findings

As the subjects of the study, up-to-date
drum shearers UKD400 and UKD200-500 were
selected, operating in representative conditions
of the Krasny Partizan mine of the SE SVER-
DLOVANTRATSIT (Dolzhansky k's seam) and
Ternovskaya mine of DTEK PAVLOGRADU-
GOL PJSC (C®s seam). Summary on technical
specifications of the considered shearers are giv-
enin Table 1.

In Fig. 1, breaking-down schematics and
seam structures in conditions of the experimental
studies of UKD400 and UKD200-500 shearers

operation are shown.

Rock mass
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Fig. 1. Schematics of rock mass loosening by UKD400 (a) and UKD200-500 (b) shearers
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Table 1
Technical specifications of the considered shearers
Shearer type
Parameter UKD400 UKD200-500

Type of motor of operating device drive EKV4-200V SG7W490L-4

Rated power of cutting drives P,,,,, kW 2x200 2x250

Motor rated current 1,,,, A 129 155

Power factor cos o, relative units 0.837 0.880

Operating device diameter D,,,, m 0.9

Cut (web) width B,, m 0.7 0.8

Auger blade angle of lead (by blade) o,, degrees 15°38' 13°54'

Auger angular rate o, sec ! 8.17 8.31

300 T T T T T
Lo o d Ionep_
- IOTcT
<
_ 150
0 1 1 1 1 1
6 8 10 12 14
t, sec
Fig. 2. A fragment of recording the values of motor currents of leading (lonep) and 1agging (lorer)
behind drives of UKD400 shearer operating devices
Table 2
Data of the experimental studies of UKD400 and UKD200-500 shearers operation
Parameter Shearer type
UKD400 UKD200-500

Discretization interval At, sec 0.05 0.2
Number of sections n 3 4
Measured section length I, m 15 6.0 75
Time of passing a measured section length tj, min 0.400 |0.330 |0.283 |1.500 |1.800 |1.700 |1.180
Axis velocity V,,, m/min 3.75 4.50 5.30 4.00 4.20 4.40 6.40

The value of the electric motor off-load current according to
the experimental data lyo;xon A

The average value (for the measuring period) of the current
of the leading operating device motor g, guep, A

The average value (for the measuring period) of the current
of the lagging operating device motor I, gy A

45 65

73.6 |1295 |114.2 |166.1 |190.1 |183.2 |190.9

50.1 64.0 57.9 7.9 10.1 9.3 7.3
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According to [41], the load on the shearer
operating devices is determined taking into ac-
count the coal cuttability. Therefore, hardness
factors of a rock mass to be broken down (cut)

were brought to Kp value based on the data pre-

sented in [1, 37].

The weighted average value of coal cutta-
bility when cutting by each k-th operating de-
vice, KN/m,

_ 2AH
A= ':|1_| 1

k.mo

where A;, H; — coal cuttability and thickness of

the i-th member of rock mass cut by the k-th au-
ger operating device;

H — the extracted thickness of rock

k.no

mass cut by the k-th auger;
my — the number of members cut by the k-

th auger operating device.

In the course of experimental studies of the
shearer operation, the average current values of
the electric motors of each shearer cutting drive
in increments At were recorded using a multi-
channel energy quality recorder-analyzer [38].
The face was conditionally divided into n sec-
tions differing in length Im. At the same time,
the time of the passage of each section t j was

recorded, sec ( j=1..n).

As an example, Figure 2 shows a fragment
of recording the values of the UKD400 shearer
auger operating device drive currents when pass-
ing a face section 1.5 m long at a speed
of 4.5 m/min.

The results of preliminary processing of
the experimental research data are given
in Table 2.

Shearers of a new technical level have an
individual motor for each operating device drive.

Then, according to the methodology proposed
in [39], the actual value of the power of cutting
and loading of rock mass on each k-th operating
device drive motor can be determined from the
expression, kKW:

- IX Xi
Pk — P cpk OJI.XOJT COS(D

HOM

According to the operating conditions of
shearers with auger operating device for thin
shallow seams, the leading auger cuts a coal
member adjacent to the seam bottom and loads
the broken-down mass, while the lagging auger
performs mainly the function of cutting the re-
maining coal member (Fig. 1). With this in mind,
the value of the cutting power on the leading au-
ger P

pes.onep

can be determined based on the pow-

er values on the lagging auger P, ., taking into

account cutting the coal mass of different aver-
age coal cuttability, the factors of coverage of
auger face and decreasing stability of the coal
mass, KW:

POTCT.A).OTCT,I/IO

pes.omep
kocnky.oxs A).onepno

where k., — factor of decreasing stability of coal

mass; k. — factor of coverage of auger face.

Y.0XB

Then the value of the loading power on the

leading operating device P, can be found

Horp.onep
from the expression, kW:
Pnorp.onep = Ponep _Ppe3.0nep’

Determining the value of specific energy
consumption requires determining the actual
productivity on the extraction for the period un-
der consideration. The performance of the k-th
operating device can be determined from the ex-

pression, t/min:
Qk = Hk.uoBSVnp '
where B, — cut width of the shearer operating

device, m;
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— axis velocity of the shearer, m/min;
p — coal density, t/m°,

With this in mind, the value of specific
energy consumption at the k-th auger can be de-
termined as, KWh/t:

Pros (Lepk = Nonno)COSQ

GOIHOMHk.u0B3Vnp
Based on the above-mentioned features of

the modern shearer operation flow sheet for ex-
tracting thin seams, the cutting specific energy
consumption at the lagging auger can be deter-
mined as, KWh(t,

W, =

WOTCTAJ.DTCT.HO

y.oxskocn%.onep.no
and the cutting specific energy consumption at

pasp - k

the leading auger W
KWht,

can be determined as,

norp

Wiy W = 52255
The performance parameters
UKD400 and UKD200-500 shearers
based on processing of the experimental study
data are given in Table 3.
Based on the data presented in Table 3 re-
gression equations were obtained for determin-

W

norp

of the
obtained

ing the power for loading (R?p.. =0.91) of the
studied shearers, kW:

P (V,,B,)=3612Be""""

A plot of power and specific energy con-
sumption for loading as function of operating
device effective width and axis velocity of the
shearers under consideration is presented in
Fig. 3.

The analysis of the given dependences
(Fig. 3) shows that the loading power and specif-
iC energy consumption increase with increasing
the auger effective width in line with increasing
the shearer axis velocity: the higher the velocity,
the higher the power and specific energy con-
sumption. For instance, at V,, =4 m/min, in-

creasing the auger effective width of the execu-
tive body from 0.7 to 0.8 m leads to increasing
the power from 14 to 21 kW, i.e. 1.5 times, and
the loading specific energy consumption from
0.07 to 0.09 kwh/ t, i.e. 1.3 times. Achieving the
axis velocity of V,, =6 m/min leads to increasing

the power from 34 to 56 kW, i.e. 1.7 times, and
the loading specific energy consumption from
0.11 to 0.16 kWh/t, i.e. 1.5 times. This is due to
the beginning of the process of loose rock mass
circulation, and the larger the auger effective
width, the more intensive the circulation process,
and at the lower axis velocity of the shearer the
process starts.

Table 3
The findings of processing of the experimental data on UKD400 and UKD200-500 shearers operation
Shearer type
Parameter UK D400 UKD200-500

Axis velocity, m/min 3.75 45 5.3 4.0 4.2 4.4 6.4
Productivity, t/min:

leading auger 3.307 3.969 4.675 4.032 4.234 4.435 6.451

lagging auger 1.139 1.367 1.61 0.672 0.706 0.739 1.075
Specific energy consumption, KWh/t:

leading auger 0.187 0.461 0.320 0.593 0.699 0.63 0.462

lagging auger 0.125 0.390 0.227 0.506 0.613 0.537 0.290

for rock mass loading 0.062 0.071 0.093 0.087 0.086 0.093 0.172
Power for loading, kW 12.28 16.73 26.19 21.14 21.92 24.77 66.39
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4. P if B,=0.8m;
5. Puorif B;=0.7 m;
6. P if B.=0.6 m;

1. Wy if B, = 0.8 m;
2. Wyor if B, = 0.7 m;
011 s Wi if B, = 0.6 m;
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Fig. 3. Plot of power and specific energy consumption for loading as function of operating device effective width
and feed rate

To assess the effect of the auger operating
device effective width on the efficiency of the
shearer operation in thin seams, a nomogram was
built based on the proposed methodology [39]
(Fig. 4). The nomogram was built for the follow-
ing mining & geological and geotechnical condi-
tions: the average thickness of the extracted
seam of 1.0 m; the longwall face 200 m long;
density of the coal to be cut of 1.41 t/m*; coal
cuttability in an uncompressed mass of 220
KN/m; the seam brittleness factor when cutting
of 1.65. Arrangement of the cutter set of
UKD200-500 shearer was adopted and adjusted
taking into account the effective width.

Figure 4 presents the graphs of following
dependencies: cutting and loading power of the
leading auger operating device P, obtained us-
ing the regression dependencies for loading
and [40] for cutting, versus the axis veloci-
ty (Vy); the specific energy consumption for cut-
ting and loading at the leading auger operating
device W, defined as the ratio of the cutting and

loading power on the leading auger to its theoret-
ical productivity, versus the axis velocity (Vp);
versus the axis

TEX

the technical performance Q

velocity (V).

Based on the analysis of a new-level shear-
er fleet designed for coal extraction from thin
gently sloping seams, the cutting drive power is
at the level of 200 kW, that, taking into account
the efficiency of the auger operating device drive
gear unit, means about 160 kW at the auger.

Based on the adopted power value at the
shearer auger operating device, using the nomo-
gram enabled determining the optimal values
of the auger effective width, which are in the
range of 0.6-0.7 m, providing maximum perfor-
mance with minimal specific energy consump-
tion (compared to larger effective values, de-
creasing the specific energy consumption is
about 15-30 %).
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Fig. 4. The findings of processing of the experimental data on UKD400 and UKD200-500 shearers operation
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Thus, it seems expedient to determine the
optimal values of the auger effective width based
on the criterion of the minimum energy parame-
ters of a shearer operation for specific mining &
geological and geotechnical conditions, that will
significantly improve the efficiency of shearer
with the auger operating device operation for
extracting thin gently sloping seams, taking into
account possible limiting factors for shearer tra-
vel speed.

Conclusions and direction of further re-
search

1. An adaptive method for specific mining
and geological operating conditions is proposed
for determining the specific energy consumption
of shearers on cutting and loading for thin seams
in actual operating conditions based on fixing the
values of currents of the cutting drive motors.

2. Processing of the experimental study
data on the operation of UKD400 and
UKD200-500 shearers in representative condi-
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Abstract: Rock burst represents a very dangerous phenomenon in deep underground mining, as well as for under-
ground structures in unfavourable conditions (great depth, high horizontal stress, proximity of major tectonic struc-
tures, etc.). The rock burst problem relates to the natural and mining conditions of the rock mass. The evaluation of
rock burst is becoming increasingly important as mining activities reach greater depths. In the literature, rock burst
assessment challenge was tackled by many researchers using various methods. However, no study providing review
and comparison of different rock burst assessment methods is available. In this paper, rock burst classification is
briefly summarized. This includes a classification based on rock burst type, and another classification based on
rock burst severity. As an important method for rock burst prevention, some novel energy-absorbing bolts were
developed. These bolts demonstrate constant resistance under both static and shock loads and large elongation
ability enabling them to withstand large deformations of rock masses under rock burst-prone conditions. Among
the novel energy absorbing bolts, Modified Cone Bolt (MCB) and Constant Resistance at Large Deformation
(CRLD) Bolt are selected to be presented in this paper.
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JpdeKTUBHOE AHKEPHOE KpeIlIeHne AJIsl NPeI0TBPALlleHUsI TOPHOT0 yaapa

Hryen Hrok Muns', ®am AbIK Txanp’
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AunHoTauus: ['opHBII yaap mpencraBisier coOOH OYEHB ONMACHOE SBJIEHHE NMPU MOA3EMHBIX TOPHBIX paboTax Ha
OoNBIIMX TIyOWHAX, a TAKKe JUIS MOA3EMHBIX COOPY)KEHHH B HEOJIAarompHATHBIX YCIOBHAX (OOJibIIME TITyOWHBI,
BBICOKHE TOPU3OHTAIIBHBIE HANIPSDKEHHS, OTM30CTh KPYIHBIX Pa3ioMOB | T. 1.). [IpobieMa ropHoro yaapa cBs3aHa
C IPUPOAHBIMU U TOPHOTEXHUYECKUMHU YCIIOBUSIMH TOpHOTO MaccuBa. OLeHKa TOPHOTO yiapa CTaHOBUTCA Bce 00-
Jiee BaXXHOH, IMOCKOJIbKY TOpHBIE paOOThl TOCTUTaloT BCE OONMBIIMX M OONBLIMX TIyOMH. B nurepaType mombITKH
peleHust MpoOJIeMbl OIEHKH TOPHBIX yJIapOB MPeINpPUHIMAIHC, MHOTMMH UCCIIEOBATENSIMHI C HCIOJIh30BAHHEM
Pa3IMYHBIX METO0B. TeM He MeHee O CHX MOp He HPEJCTAaBIEHO HMCCIe0BaHUE, KOTOPOE paccMaTpuBaio Obl U
CPaBHHUBAJIO PA3JIMYHBIE METOJBI OLIEHKM TOPHBIX yIapoB. B 3TO# cTraThe KpaTKo M3JI0KeHa KiaccuuKaus rop-
HBIX yAapoB. [IpeanaraeMelii moaxoa BKIIOYAET KIaCCU(PHUKALMIO, OCHOBAaHHYIO Ha TUIIAX TOPHBIX yIapOB, a TAaKXKe
YVUUTHIBAIOILYIO CTETNICHb TSDKECTH TIOCIIEICTBUI TOPHOTO yapa. B kauecTBe BaXKHOTO MMOJIX0/1a K PEIOTBPAIIEHHIO
TOPHOTO ynapa ObUTH pa3paOoTaHbl HOBBIE SHEPTONOTIIOMIAIONINE aHKEPhl, KOTOPbIE JEMOHCTPUPYIOT IMOCTOSIHHOE
COIIPOTHBIICHHE KaK MPU CTATUYECKUX, TaK U MPH yJAPHBIX HAarpy3Kax, U 00JaaloT O0JBIION clTOCOOHOCTHIO K Y-
JMHEHUIO, MTO3BOJISIONICH BBIIEPKUBATH 3HAUYUTENBHBIE JIeOpPMaIlii MACCHBOB TOPHBIX mopo. s mpejcrasiie-
HUSI B 3TOW CTaThbe BHIOPAHBI JIBA TAKHX HOBBIX SHEPTOMOTIIONMAIINX aHKEPa, a IMEHHO: MOJIM(HUITMPOBAHHBINA KO-
HycHbIH ankep (MKA) 1 aHKep ¢ MOCTOSIHHBIM conpoTuBieHueM npu Oomnbinoit aedopmarmu (IICBI).

KuroueBble cjioBa: TOpHBIN yaap, aHKEpHask Kpellb, IPeJOTBPalleHue TOPHOTO yaapa, riyOoKue pyIHHUKH, yAap-
HBIe Harpy3KH, 1edopManus/MexaHHIecKoe HallpsHKeHHE TTOPO/I.

Js murupoBanus: Munb Hryen Hrok, @am [Ipik Txanr. DddexkTurHOe aHKepHOES KPEIUICHUE TS TPEA0TBPAILCHUS
ropHoro ynapa. [ opuwie nayxku u mexnonocuu. 2019;4(2):103-110. DOI: 10.17073/2500-0632-2019-2-103-110.
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1. Introduction

Rock burst is an unstable rock failure and
one of the most hazardous problems in deep
mines and civil tunnels. It is a sudden failure of
rock in the form of rapid ejection of failed rocks,
accompanied by the release of a large amount of
energy [1]. Rock burst frequently occurs at exca-
vation faces or in a working panel of an under-
ground excavation at great depth. It can cause
mechanical damage, delays of projects, and eco-
nomic losses. As an example, hundreds of rock
bursts occurred during the construction of the
extra-long seven tunnels at the Jinping Il hydro-
power station in China. On 28 November 2009,
an extremely severe rock burst caused seven
deaths and one injury, as well as total destruction
of a tunnel boring machine
(TBM) [2].

In the latest years, rock burst phenomena
have been investigated by many researchers
through theoretical, numerical, and experimental
approaches [3]. Due to the complex nature of
rock burst phenomenon, precise rock burst pre-
diction is rather difficult. Since Cook et al.
(1966) first proposed the method for evaluating
the rock burst in mining conditions, a variety of
methods, either elaborated or simplified, ranging
from empirical to theoretical and mathematical
approaches for predicting rock burst potential
have been developed in the past few decades.
However, due to the complexity of rock burst
assessment systems, including multivariable and
strong interference, there is no universally ac-
cepted method to predict the moment of rock
burst, and the best we can achieve today
is to identify rock burst hazard areas using em-
pirical criteria, numerical models or personal ex-
perience [4].

In addition to understanding rock burst
mechanisms, controlling rock burst damage is
important for providing safety of mining opera-
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tions and underground structures. Rock support
using bolts and anchors, providing fractured rock
reinforcement and retaining, is an efficient
measure for rock burst control in underground
mining [5]. Researchers worldwide have devel-
oped some dynamic rockbolts [6, 7]. The MCB
conebolt developed in Canada has been success-
fully used in Canadian hard rock mines and in
some other countries. The “constant resistance at
large deformation (CRLD)" bolt, developed by
the State Key Laboratory for Geo-mechanics and
Deep Underground Engineering at China Uni-
versity of Mining and Technology, Beijing
(GDUE), is successfully tested in a coalmine in
China to demonstrate the effectiveness of the
CRLD cable [3].

This paper focuses on providing the reader
with a complete review of rock burst classifica-
tion and some dynamic rockbolts to control rock
burst.

2. Rock burst classification

2.1. Classification based on rock burst
type

A classification system was developed and
applied worldwide to record and report rock
bursts using the terms of induced bursts, residual
bursts, inherent bursts, and combination bursts
were adapted by Colson (1950) [8] based on the
origin of the burst. Later scientists have been
recognized and developed some new methods of
rock burst classifications such as:

+ Ortlepp (1997) [9] made a distinction be-
tween the seismic source mechanism and the
rock burst crushing mechanism, while Kaiser et
al. (1992) [10] used the term "modes of failure”,
to describe the same cases, and a rock burst may
be further classified by Kaiser et al. (1996) [11]
as bulking, ejection, and seismically-induced
caving ground based on the damage mechanism
(See Fig. 1a);
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Fig. 1. Rock burst type classification: (a) by rock burst damage mechanism and damage severity; (b) by rock burst me-
chanism; (c) by rock burst triggering mechanism; (d) by rock burst potential and confinement effect

+ Rock burst mechanisms are grouped by pact-induced burst can be divided into three sub-
Tang (2000) [12] into three broad categories: types, i.e. the rock burst induced by blasting or
strainbursts, slip fault bursts and combined me- excavation, by roof collapse, and by slip fault.
chanism bursts (see Fig. 1b), and he pointed out + Based on the analysis of classification of
that the majority of rock bursts are of the strain- the rock burst mechanisms conducted by Kaiser
burst type in deep hard rock mines; et al. (1996) [11] the manifestations of potential

+ Based on stress paths and using experi- rock burst phenomena with high levels of strain
mental methods, He et al. (2012) [13] classified energy, which are usually classified as strain-
rock bursts into two major types: strainbursts and burst, pillar burst or slip fault bursts (Castro et
impact-induced bursts as shown in Fig. 1c. al., 2012 [14]), are illustrated in Fig. 1d.
Strainburst: frequently encountered in tunnelling 2.2. Classification based on rock burst
and mining environment; they are associated severity
with pillar and room mining cavities. In relation Numerous research works concerning the
to different stress paths and failure locations, potential of rock burst have been performed. For
strainbursts can be divided into three sub-types: example, Russnes’s method (Russenes, 1974)
instantaneous burst, delayed burst, and pillar [15], which classifies the rock burst intensity into
burst. The impact-induced burst: after excava- four levels (none, weak, moderate, and severe
tion, the surfaces of the cavities and the pillars based on noise, shape, and features of failure af-
may also suffer rock burst due to the impact ter rock burst); Tan’s method [16] which classi-
waves generated by mining-induced distur- fies rock burst into four groups based on the
bances. Based on generation mechanism, the im- large number of laboratory tests and investiga-
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tions in situ, and considers mechanical characte-
ristics, type and shape of the failure, intensity of
breakdown failure, and the sound of the rock
burst; Brauner’s method [17], which classifies
rock burst into three groups based on the intensi-
ty of breakdown failure of the surrounding rock
mass; the Canadian Rock burst Research Pro-
gram’s (CRRP) [18] method, which classifies the
severity of rock burst damage into minor, mod-
erate, and major damage, and estimates the se-
verity of rock burst damage based on observa-
tions and empirical evidences, the depth of the
damage zone in the rock mass and geometric
considerations. Recently a new rock burst classi-
fication method was introduced by Chen et al.
(2013) [19] for gquantitative evaluating rock burst
intensity on the basis of the released energy of
the rock burst, monitored by micro-seismic tech-
nique, and surrounding rock damage severity.

3. Rock burst support

Rock support in burst-prone rock mass dif-
fers from conventional rock support in shallow
rock mass where controlling gravity-induced
rock caving is the main concern. Rock support in
burst-prone rock mass needs to resist dynamic
loading and large rock dilation due to rock fail-
ure. Manystudies have been performed to ad-
dress the rock burst problem [20]. These studies
recommend and provide design of rock burst
support to mitigate rock burst damage. MCB
conebolt and CRLD bolt are proposed to control
rock burst problem.

3.1. MCB conebolt

The concept of conebolt was firstly devel-
oped in South Africa. The conebolts were grout-
able yielding tendons developed by the Chamber
of Mines Research Organization (COMRO) in
1987 [21] for use in cement grouted holes.

The South African conebolts were first
tested in Canada in 1994 [22] using cement grout
and polyester resin (injected with quick-setting
resin grout). The cement grouted conebolt had a
maximum displacement of 240 mm and the load-
displacement curve similar to that of steel stret-
ching curve, indicating that there was insignifi-
cant cone movement during pull-out test. In resin
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grout testing, the conebolt could not shear
through the resin and failed after about 100 mm
of displacement only. But no mine in Canada
systematically used the South African conebolts
in its operation. The main reason was that the
resin injection was not practical for use that time,
and cement grouting was time consuming and
required a third pass to screw in the bolts once
the grout was cured.

The increase in quantity of violent ejection
failures in 1999/2000 at Brunswick Mine in
Canada led to the urgent development of com-
plete yielding support system [23]. The South
African conebolts were modified to satisfy resin-
grouting applications in Canada. Norand Inc.
modified the conebolt head and added a blade for
the purpose of resin mixing, and the new bolt
was called Modified Cone Bolt (MCB). This
new tendon can shear through the surrounding
column of polyester resin grout. It is a smooth
bar threaded at its outer end, with a forged cone
and mixing blade at another end.

A close-up view of the rock burst support
system installed at Brunswick Mine can be seen
in Fig. 2. There was a distinct boundary in one
drift (tunnel) that defined stable and unstable
rock masses in Fig. 2. This boundary was called
the "extreme edge" at the mine site. Beyond the
extreme edge, there were only standard rock
support systems installed. A series of rock burst
events that occurred between October 13 and 17,
2000 severely damaged the rock mass where
standard supports were installed, but the section
which was supported by the rock burst support
system suffered no damage.

The excellent performance of the MCB
supported tunnel section allowed many people to
speculate that the rock might not be prone to
burst as the rest of the area. However, close on-
site examination revealed that the MCB had ful-
filled specific role in dissipating dynamic energy
as some conebolts displaced as much as 180 mm
[23]. Subsequent use of MCBs based rock sup-
port system at the mine site showed its excellent
performance.
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Fig. 4. Working principles of CRLD bolt
After the success at Brunswick Mine, 3.2. CRLD bolt

MCBs have enjoyed slow but gradual acceptance Bolts provide a major method used in rock
by some Canadian mines having rock burst prob- support in many practical situations. However, in
lems, and have been successfully applied in rock high stressed rock masses and for large
burst support systems. strain/deformation situations, bolts may be bro-
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ken if they are not able to adapt to the induced
large deformations [24, 25]. So, a new constant-
resistance and large-deformation (CRLD) bolt
was developed by GDUE to mitigate and control
rock burst damage.

Fig. 3 shows schematically the structure of
the CRLD bolt which consists of the following
components: a piston-like cone installed on a
bolt shank (rebar), sleeve pipe with its inner di-
ameter slightly smaller than the large-end diame-
ter of the cone, face plate and nut functioned as
the retention device. The fixed length of the
shank bar is bonded by grout.

Fig. 4 illustrates the supporting principle of
the CRLD bolt over three different stages:

- Elastic deformation stage: at this stage,
the deformation energy of the surrounding rocks
impacts on the bolt rod in the bolt assembly
through the baffle plate and inner anchorage
segment. In the case of relative deformation of
the surrounding rock where the axial force
caused by the rock deformation is less than the
rated constant resistance of the CRLD bolt, the
bolt will not elongate. Instead, the bolt will resist
the deformation and failure of the rock by solely
relying on the elastic deformation of the con-
stant-resistance element or bolt rod itself
(Fig. 4a). In the figure, Py is generated by the
cone-sleeve relative sliding and is the resistance
of the bolt, pre-designed as function of elasticity
of the sleeve and the structure of the cone.

P & Traditional bolt

CRLDB

»--.-.-.-.-.-.-.--..------’

\J

150 mm U

(a) Idealized constitutive relationship.

— Structural deformation stage: at this
stage, the axial force on the rod increases and
may be equal to or greater than the rated constant
resistance of the CRLD bolt. This leads to fric-
tional-sliding displacement of the constant-
resistant body along the sleeve track, i.e., the
CRLD bolt elongates. While elongating, the bolt
keeps the constant-resistant characteristics and
the deformation and failure of the rock mass is
contained by its elongation, i.e. structural defor-
mation of the constant-resistant element occurs
(Fig. 4b).

Ultimate deformation stage: at this stage,
the deformation energy of the rock mass in the
abutment to the stope is fully released. The ex-
ternal loads will be lower than the rated constant
resistance, and the constant-resistant body will
stop sliding due to frictional drag. By this way,
the surrounding rock mass is stabilized once
again (Fig. 4c).

During development, the CRLD bolt has
been tested both in situ and in laboratory condi-
tions. The maximum extension of the CRLD
rockbolt is about 1000 mm which should be able
to accommodate the displacement of the rock
mass adjacent to the deep underground excava-
tions. Compared to existing large-deformation
bolts and anchors, the CRLD bolt (CRLDB) has
much longer extension length under the same
external pulling forces, while its maximum load-
carrying capacity is much higher.

250 [ Traditional bolt

P (kN)

0 200 400 600 S(M) 1 000 1 200
U (mm)

(b) Experimental constitutive curve.

Fig. 5. Behavior of traditional bolt and CRLD bolt in tension tests
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That is why the CRLDB is suitable for
rocks and soils with large deformation. The
built-in drag-adaptive regulator in the CRLDB
can be adaptive to the external loading by pre-
venting itself from being broken off in the case
where the external load exceeds the allowable
value. CRLDB demonstrates ideally elastoplastic
behavior (Fig. 5a), and the behavior of the tradi-
tional bolt is also plotted herein for comparison.
For detailed assessment of this new type of bolt,
tension tests were carried out on a traditional bolt
and CRLDB (Fig. 5b). At the same tensile load-
ing level, the traditional bolt was broken with
limited deformation length, whereas CRLDB
showed much longer extensile length. CRLDB
can bear shock for many times keeping good
supporting performance. It is suitable for sup-
porting in the burst-prone roadways [26].

4. Conclusion

This short review presents rock burst re-
search status in the world, and highlights some
of rock burst classification methods and novel
energy-absorbing bolts for controlling rock burst.
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Abstract: Providing a reasonable forecast of the required properties of intermetallic compounds (hereinafter also
referred as intermetallides or IM) is an important scientific and commercial problem, which may be solved by fo-
cusing scientific researches and permanent generation of knowledge in this field. To date, researches in chemistry
and physics of IM have been developing empirically for a simple reason, due to the complexity of describing the
relationship between the crystal structure and chemical bonds, and, therefore, between all the properties of IM. IM
is mainly characterized by metal type of chemical bond, as well as specific metallic properties. At the same time,
among IM, there are also salt-like compounds with ionic bond, i.e. valency compounds formed from elements of
different chemical nature, being stoichiometric compounds. The examples of such compounds are compounds with
intermediate bond type, i.e. ion-metal and covalently-metal, as well as covalent bond types (e.g., NaAu). In the se-
ries of compounds of Mg with elements of the IV subgroup, along with decreasing the difference in the electro-
chemical characteristics of the components, the change in the IM properties is observed, from those peculiar to io-
nic compounds (for example, Mg,Si, Mg,Ge) to the properties typical of metals (Mg,Pb), etc. Due to the fact that
lanthanides form the largest group of elements of the periodic system occurring in nature, and Mg is a relatively
active chemical element in terms of IM formation (for example, it forms three IM with cadmium - Mgs;Cd, MgCd
and MgCdsy), its oxides in slag provide decreasing average silicon content and increasing the stability of the silicon
content in iron, being an important process indicator in the course of physicochemical reactions occurring in a blast
furnace (for example, in the process of iron production). The presence of Si impurity (along with O, Au, Ti, V, Zr)
produces the greatest effect on efficiency of solar cells, etc. [1-3]. Based on the foregoing, it is very important to
study the state function, i.e. enthalpy of magnesium-lanthanide systems, rich in magnesium, and, based on the re-
sults of computer simulation, taking into account molecular dynamics method and other similar studies [4-8], to
model regularities of changes in melting enthalpy of IM of the mentioned systems. The issue of modeling the pat-
tern of change in melting enthalpy of IM of magnesium-lanthanide (Mg-Ln) magnesium-rich systems is considered
based on systematic analyzing melting enthalpy of IM of Mg-Ln magnesium-rich system, including Mg,Ln, MgsLn
and equimolar compound MgLn, implemented using semi-empirical method developed by N.S. Poluektov.

Keywords: regularity, intermetallides, correlation, lanthanides, magnesium, lanthanide composition, enthalpy of
melting, electronic structure, semi-empirical method.
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MOIICJIHpOBaHHe 3aKOHOMEPHOCTH UIBMCHCHHUA JHTAJBIINA IJIABJICHUA
HHTEPMETAINI0B CUCTEM MaFHHﬁ-HaHTaHOHHbI, 0orarbIX MarnmeM
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Annoramusi: O0ecrieyeHrne 00OCHOBAHHOTO MPOTHO3a HEOOXOIUMBIX CBOMCTB mMHTEepMeTauaoB (M), sBisto-
HIErOCsl BaYKHBIM HATpaBICHHEM HAayKH W OMNPEACICHHBIX OTpaciiedl MPOMBIIUICHHOCTH, JTOCTUTAeTCs HaydHO-
MCCIIeIOBATEIHCKUME Pa00TaMU W TIOCTOSIHHOM TeHepanuell 3HaHWid B 3TOM HampasieHud. [IpoBoaumelie 10 cero-
THSIITHETO THS UCCIIE0BAaHMS 10 XUMHHU U (uznuke M pa3zBUBarOTCS SMIMPUYECKH IO MPOCTON NMPUYHUHE — B CBSI-
31 CO CJIO’)KHOCTBIO OMMCaHMsI B3aUMOCBS3H MEXY KPUCTAIMUECKIM CTPOCHHUEM U XUMHUYECKHMU CBSI3SIMHU, a Clie-
JIOBaTENbHO, U Mexay BceMu cBoictBamMu M. Jlng UM B OCHOBHOM XapaKTEPHbl METAUIMYECKUA TUI XUMHUYE-
CKOH CBSI3H, a TakXKe crenupuaeckue MeTaJUTMIecKue CBocTBa. B To ke BpeMs cpenu UM uMeroTcst Takxke colie-
o0pa3HbIe COeIMHEHUSI C HIOHHOM CBS3bIO, T.€. BAJICHTHBIC COCITMHEHUS, 00pa3yroluecs U3 SIEMEHTOB Pa3IuaHON
XUMHYECKOI PUPOIBI, PEACTABISIONINE COO0I CTEXHOMETPHUYECKHE COeANHEHNUs. [I[puMepoM Takux coeTnHEHHI
ABJSIFOTCA COEIUHEHHUS C MPOMEXYTOUYHBIM XapaKTepOM CBS3HM, T.€. HOHHO-METAJUIMYECKOHM M KOBaJCHTHO-
METaJUTMIECKOM, a TakKe ¢ KoBaleHTHOH (Hampumep, NaAu). B psany coenunennit Mg ¢ anementamu IV noarpyn-
bl BMECTE C YMEHBIICHHEM Pa3JIniisl B AIEKTPOXUMHUUECKUX XapaKTEPUCTUKAX KOMIIOHEHTOB HAOMIOAAeTCs U U3-
MeHeHHe CBOUCTB IM — OT XapaKTEpHBIX JJIsi HOHHBIX coenuHenuii (Hanpumep, Mg,Si, Mg,Ge) mo cBoiicTs, TH-
nUYHEIX 11 MeTamtoB (MQ,Pb), u T.1. B cBsi3u ¢ TeM 9TO TaHTaHOMIBI 00PA3yIOT CaMyr0 OOJIBIIYIO TPYIITY 3jIe-
MEHTOB MEPHOAMYECCKON CHCTEMBI, HAXOISAIIMXCA B MPHUPOJE, a dyeMeHT Mg sBisieTcss OTHOCUTENFHO aKTHBHBIM
XHUMHYECKHM DJIEMEHTOM 10 obOpaszoBanuio M (Hampumep, ¢ kaamuem obpasyer tpu UM — MgsCd, MgCd u
MgCds;), — ero okcuabl B IU1ake OOECTIECUMBAIOT CHIKEHHUE CPEHEr0 3HAUCHHUSI M MOBBIIICHUE YCTOWYUBOCTH CO-
JiepKaHusl KpEMHHS B UyT'YHE, — & 9TO Ba)KHBII TEXHOJIOTUYECKUH MMOKa3aTelb B X0Je (hPU3NKO-XMMHUYECKUX Peak-
LU, TPOUCXOASALINX B TOPHE JOMEHHOM Ieuun (Hampumep, NpH BhIIJIaBKe yyryHa). Hanmuuue ero npumecu (Hapsiny
¢ O, Au, Ti, V, Zr) oka3siBaeT HanOoOJIbIIIEe BIUSHAE HA 3P ()EKTHBHOCTH COJIHEUYHBIX 3JIeMeHTOB | T.1. [1-3]. Uc-
XOJIsl M3 U3JI0KEHHOTO BEChMa Ba)KHBIM SIBJISIETCSl UCCIIeJOBaHUE (PYHKIIMU COCTOSHUS, T.€. DHTAIBITUKN CUCTEM Mar-
HU—JIaHTaHOMIbI, OOTATHIX MarHUEM, ¥ Ha OCHOBE MOJIYYEHHBIX ITyTeM KOMIBIOTEPHOTO MOJICIHUPOBAHUS Pe3yib-
TAaTOB, C YYETOM METOJa MOJICKYJISIPHOI JUHAMUKH M IPYrHX MOAOOHBIX HMccienoBanuii [4-8], MonenupoBaHue
3aKOHOMEPHOCTH U3MEHEHHS SHTAJIbINKU IuiaBieHus: UM ynoMmsHyThIX cucteM. PaccmarpuBaeTcst BOpoC MOJIENH-
pOBaHUS 3aKOHOMEPHOCTH U3MEHEHUS SHTanbnuu ruiaBienus UM cucrem marHuid—nanranoussl (Mg—Ln), Gora-
TBIX MarHueM, IyTeM CUCTEMHOI'0 aHaJIn3a SHTaJIbINU uiaBneHus MM cucrem Mg-Ln, 6orateix MarHuem cocra-
BOB Mg,Ln, MgsLn u skBumonsipHoro coctaa Mgln, mpoBeieHHOTO ¢ IOMOLIBIO MOIYSMIMPHYECKOTO METOJa,
paspaboranaoro H.C.ITomysKTOBEIM.

KuarwoueBble cjioBa: 3aKOHOMEPHOCTb, UHTEPMETAIINIbI, KOPPEALA, JJAHTAHOUIbl, MArHUNA, COCTAB JIAHTAHUJIOB,
SHTAIBIUS TUIABJICHUS, SIEKTPOHHOE CTPOCHUE, TOIYIMIUPUIECKUN METO/.

Jdasa  ourupoBanmsi: HcemouwnoB W.P., [Homxoes 3.C., HWcmounoB P.A., Haxmymunor 1. 3.,
bananos A. b. MoaenupoBaHue 3aKOHOMEPHOCTH U3MEHEHUA SHTAJILIINHU IJIaBJICHUS

WHTEPMETAIIIMIOB CUCTEM MarHUi-ITaHTaAHOMIBI, OOTaThIX MaruueM. I opusie nayku u mexnono2uu. 2019;4(2):111-
121. DOI: 10.17073/2500-0632-2019-2-111-121.

Introduction Intermetallides (IM), the chemical bonds, as well as intermediate cases,

most important minerals of rare-earth metals
(elements) in nature, are characterized by pre-
dominantly metallic bonding between atoms in
the lattice, but at the same time, there are inter-
metallic compounds with ionic and covalent

i.e. ion-metallic and covalent-metallic bonding.
This rather diverse bonding between atoms in the
IM lattice provides them with: low to high hard-
ness, chemical resistance, as well as an active
chemical reactivity (for example, the reaction of

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS




MINING SCIENCE
AND TECHNOLOGY

FOPHbIE HAYKW U TEXHOJIOM'MK

VOL. 4, N2 2 (2019)

zinc and nickel at a temperature above 1000 ° C
is of explosive nature); higher melting point than
the that of the source metals in a range from 804
°C for cerium and 1700 °C for lutetium); the
formation of an eutectic alloy (based on the
smallest crystals of two metals, each of which
has an independent crystal lattice), which melts
at lower temperature than these pure metals (for
example, an eutectic alloy consisting of 24.4
atomic % Pb (melting point of 327 °C) and 75.6
atomic % Sn (melting point of 232 °C), melts at
181 °C); relatively lower plasticity than the
source metals, but appropriate ductility; in-
creased brittleness of the alloys in the structure
of which the elements are included; semiconduc-
tor properties; shape memory (after hardening,
the product can be deformed mechanically, but
will take its original shape after heating a little);
weakening the contact mechanical strength and
deterioration of electrical characteristics (for ex-
ample, in soldered joints); division into two
groups based on their density (light, below 8
glem®, and heavy, from 8.272 to 9.482 cm®), etc.
[9-15].

Thematic justification Despite the fact
that the term lanthanides appeared about a cen-
tury ago (in 1925 it was first used by V. Gold-
schmidt), the importance and relevance of the
use of lanthanides (Ln) are still required expan-
sion and deepening of studies to identify their
thermomechanical and thermodynamic characte-
ristics, and also prospecting and exploration of
deposits to produce Ln concentrates. Lanthanides
find growing application in modern industries,
actively developing over the past 40 years, espe-
cially in Japan, China, and other industrialized
countries. The published data show that the de-
mand for rare earth elements (REE) from 1980 to
the present has grown from 30,000 tons to
120,000 tons and the annual average rate of their

consumption growth is projected at 4%, which in
turn justifies the relevance of further research in
this direction.

Review of the historical studies shows that
light alloys based on magnesium, alloyed with
rare-earth metals, in particular lanthanides, have
important application characteristics. In turn, re-
liable information on the physicochemical and
thermal characteristics of these alloys contribute
to their widespread use in modern branches of
science,  engineering and  technological
processes. Phase equilibrium diagrams of mag-
nesium-based systems (silicate systems), as well
as Mg — Ln systems, have been studied by many
researchers [16-30]. The findings of these and
other studies, summarized in [31], indicate that
MgLn, MgyLn, MgsLn, Mgi.Ln, and Mgaslns
intermetallides (IM) are formed in Mg — Ln sys-
tems. Currently, there is no published informa-
tion on an important indicator of the system in-
ternal energy (state function) — melting enthalpy
(EP) of these IM, which characterizes the ther-
mal effect of the process proceeding at constant
pressure.

This paper presents the findings of a sys-
tematic analysis of melting enthalpy of the IM of
Mg — Ln systems, magnesium-rich compounds
Mg,Ln, MgsLn, and the equimolar MgLn. The
analysis was carried out using the semi-empirical
method developed by N. S. Poluektov and
et. al. [32, 33]. The calculation (hereinafter cal-
culation 1) is produced using the following cor-
relation equation:

Amg xtny) = Amg xtay) + aNf +
+BS +v'Lcern(¥"Lavvpy), (1)
where coefficient a — takes into account the
share effect of 4f electrons, B-spin (S) - and y-
orbital (L) moments of Ln atom motion (y' for
Ln-cerium and y" for Ln-yttrium subgroups) on
the values of the IM melting enthalpy (AHmert ).
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The mentioned method is widely used, and we
have also successfully applied it for many Ln
compounds [34-36].

Determined and/or refined values of the
melting temperature of Mg-Ln system IM made
it possible to determine melting enthalpy of IM
of the above-mentioned compositions (hereinaf-
ter referred as Calculation 2) using the following
equation [37, 38]:

AH M. Ln, =T ™ (NAH g, /T +
+ MAH,, M9/ T, MO in+m. (2)

The values of the coefficients of the correla-

tion equation (1) given in Table 1 allow to deter-

mine the share effect of each component of the equ-
ation on the values of melting enthalpy of Mg-Ln
system IM.

The most complete data obtained on
melting enthalpy of intermetallides of the studied
compositions are given in Table 2.

The data given in Table 2 show satisfac-
tory coincidence of the melting enthalpy values
obtained by the two methods. This indicates the
validity of the applied semi-empirical methods
and the reliability of the obtained results. The
only exception is data for few MI. Perhaps this is
due to some experimental conditions and insuffi-
ciently pure reagents.

Table 1
The values of the coefficients of equation (1) for the determination of melting enthalpy of intermetallides
IM Parameter o B Y "
MgLn AHC,, —0.096 0.02 -0.127 0.410
Mg,Ln AHC,, —-0.26 0.43 —-0.09 0.005
MgsLn AHC,, -0.018 —0.365 0.1652 0.062
Table 2

The most complete information obtained on melting enthalpy of intermetallides of the studied compositions

MgsLn Mg,Ln MgLn
IM AHE. Discrg/poancy, AHE. Discr(e]ﬁancy, AH®, Discrg/f))ancy,
Ln (Calculation |Calculation Calculation |Calculation Calculation |Calculation

1 2 1 2 1 2

La 10190 10190 — 9950 9950 — 10610 10610 —
Ce 10670 10410 2.4 9550 9370 1.9 9000 9560 5.8
Pr 10290 10520 2.1 8530 9130 6.6 8779 8910 1.47
Nd 9870 10560 6.5 8530 9000 5.2 8466 8530 0.75
Pm 9954 10360 3.91 9270 8590 7.3 9010 8440 6.3
Sm 9080 9990 9.1 9420 9000 4.4 8333 8640 3.55
Eu 7800 8110 3.8 9520 9520 - 7080 7140 0.8
Gd 9040 9040 - 9650 9650 - 10010 10010 -
Th 9024 9120 1.0 8150 8900 8.4 11140 11140 -
Dy 9073 9400 3.4 9330 8410 9.8 11220 11750 4.5
Ho 9260 9630 3.8 8020 7930 1.1 11170 12050 7.5
Er 10190 9800 3.9 8260 7450 9.8 10906 11950 8.37
m 9260 9900 6.46 6820 6980 2.2 10767 11430 5.80
Yb 8156 8420 3.13 8980 8980 - 6790 7020 3.27
Lu 9940 9940 - 6530 6530 - 9270 9270 -
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The obtained most complete values of
melting enthalpy of the studied IM compounds
made it possible to determine the regularities of
changing the melting enthalpy depending on the
nature of Ln. As seen from Fig. 1-3, the depen-
dencies are complex in nature within the entire
group and are divided into the Ln subgroups, ce-
rium and yttrium, with the manifestation of the
"tetrad effect”. The following features should be
noted:

—for IM of MgLn and Mg,Ln composi-
tions (cerium subgroup), the similar curves are
observed. Increasing Ln atomic number within
the subgroups leads to decreasing the IM melting
enthalpy, with a minimum for the Pm compound.

12500

For the IM of the composition Mg,Ln (yt-
trium subgroup), increasing Ln atomic number
leads to practically linear decreasing the IM
melting enthalpy, with the exception of the ytter-
bium compound,;

—the similar curve character is observed for
IM of MgLn (yttrium subgroup) and MgsLn
(both subgroups) compositions. The curves have
a bulge up with a maximum in the middle of the
subgroups;

—the deviation of the characteristics of eu-
ropium and ytterbium IM from the found regu-
larities is due to the partial and complete filling
by electrons of the 4f orbitals of these elements
atoms.

11500
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Fig. 1. Plot of melting enthalpy of intermetallides of MgLn composition as function of Ln sequence number.
Hereinafter e — calculation 1, A — calculation 2
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Fig. 2. Plot of melting enthalpy of intermetallides of Mg,L.n composition as function of Ln sequence number
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Fig. 3. Plot of melting enthalpy of intermetallides of MgsLn composition as function of Ln sequence number

Table 3
The equations describing change of thermal characteristics of intermetallides depending on nature of lanthanides
IM composition Parameter Equation R”

MaLn AR (a) y = 0.1516x" — 1.4495x + 11.889 0.9994

g "l () y =—0.2726x> + 2.1367x + 7.9771 0.9412

0 (a) y = 0.0763x* — 0.74x + 10.607 0.9211

MgoLn A ) y = 0.019x’ — 0.6581x + 10.23 0.998

0 (a) y =—0.0748x* + 0.492x + 9.751 0.9806

MgsLn AW ) Y= 0.0145¢ + 0.2826x + 8.7071 0.9782

Notes: (a) — cerium; (b) — yttrium subgroups; R? is the degree of confidence; x is atomic number of a metal;
y is melting enthalpy of an IM.
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°
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Fig. 4. Plot of melting enthalpy of intermetallides as function of the nature of lanthanides: — trend line
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Table 4
The equations describing change of AHCer Of intermetallides depending on their composition
Lanthanide Trend equation Lanthanide Trend equation

La y = 450%° — 2010x + 12170 Gd y =—125x" + 15x + 10120
Ce y = 285x” — 305x + 9020 Tb y = 740x° — 5210x + 15610
Pr y = 325x° + 135x + 6960 Dy y =—230x" — 1200x + 12650
Nd y = 1255x? — 4935x + 13380 Ho y = 2195x? — 9735x + 18710
Pm y =—340x° + 1280x + 8070 Er y = 2095x% — 8545x + 16970
Sm y =—75x% + 35x + 9650 Tm y = 2715x* — 11575x + 19110
Eu y =—2080x* + 8680x + 480 Yb y =—2250%° + 8940x + 100

Lu y = 3075x" — 11965x + 18160

*Notes to Table 4: R” = 1 for all the IM; x =m : n and is determined based on MgyLn, composition of IM; y — IM melting

enthalpy AHOmeh
14000
< 12000
=
™ 10000 N
T /‘
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6000
0.5 1 L5 2 2,5 3 3,5
(@) Intermetallides composition
12000 :\
£ 10000
;__r \\ A
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3 \
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(¢) Intermetallides composition
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(b) Intermetallides composition
12000
10000
8000 / \
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0.5 1 L5 2 2,5 3 3,5

(d) Intermetallides composition

Fig. 5. Plot of melting enthalpy (AHy;) of intermetallides of MgmyLNn system as function of their composition
(m/n): — trend line

Mathematical modeling of the IM melting
enthalpy for the studied compositions of Mg-Ln
system was carried out using the standard Micro-
soft Excel program. The calculation results are
given in Table 3. The data processing was per-
formed separately for cerium and yttrium Ln
subgroups. The calculations did not take into ac-

count the melting enthalpy values for europium
and ytterbium 1M.

Fig. 4 shows the characteristic curves of
the IM melting enthalpy depending on the nature
of Ln for the subgroups: 4 (a) — cerium, 4 (b) —
yttrium.
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Equations of the IM AH%e; dependence
on the IM composition and the characteristic
curves reflecting the IM melting enthalpy in Mg-
Ln system depending on their composition are
given in Table 4 and in Fig. 5, respectively.

The graphs present the melting enthalpy
curves for the lanthanide IM of: 5 (a) — yttrium
subgroups, 5 (b) — Ce, Pr, and Nd; 5 (¢c) — Pm,
Sm, and Eu; 5 (d) — La, Gd, and Lu. The changes
in the properties of the IM of La, Gd, and Lu are
mainly due to the linear nature of electron reple-
nishment of 4f orbitals (N; Eqg. (1)), the similarity
of the electronic structure, and the possibility of
4f electron transfer to 5d orbitals in these atoms.
In other subgroups, spin (S)-orbital (L) interac-
tions have a decisive effect.

Conclusion

Analytical and graphical interpretations of
the study results using the above methods and
mathematical modeling of the IM compounds
melting enthalpy allowed drawing the following
conclusions:

1. Based on the use of the semi-empirical
method, the values of the correlation equation
coefficients were determined, enabling determin-
ing the share effect of each component on melt-
ing enthalpy of the Mg-Ln system IM.

2. The most complete data have been ob-
tained on the melting enthalpy of the Mg — Ln
system IM of the studied compositions, showing
a fairly satisfactory convergence of the melting
enthalpy values obtained by two methods, indi-
cating the validity of the applied semi-empirical
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Introduction

Coal deposits in Russia and abroad, as a
rule, are highly methane-bearing, and during
their development, an average of 18.6 m*/t
of methane is produced per tonne of coal
mined [1-3] that is a limitation of the productivi-
ty of modern highly productive equipment. The
abundant release of methane into mine workings
at a certain combination of geological, mining,
and organizational factors leads to incidents and
dangerous production gas-dynamic situations in
the form of gas pollution of mine workings, ex-
plosions of methane-air mixtures.

Effective management of the interacting
technological, geomechanical and gas-dynamic
processes in a modern coal mine requires solving
a set of scientific and practical problems, includ-
ing the development and implementation of mine
process flow sheets that are adaptive to wide
range of geological, geotechnical, and mining
conditions of coal deposits and operating modes
of high-performance mining facilities.

The work of many scientists and practi-
tioners has been devoted to the development and
implementation of high-performance technolo-
gies for the preparation and development of me-
thane-bearing coal seams. However, the main
urgent problems have not yet been solved: theo-
retical studies on the release (desorption) of me-
thane have not been brought to practical use (ef-
ficiency of gas drainage of 0.12-0.40 has been
achieved); the role of methane in a sudden coal
burst as a complex physical-chemical-
mechanical phenomenon has not been unambi-
guously identified; the parameters of methane
breakthroughs from satellite seams, geological
dislocations, and worked-out space have not
been determined. A promising way for increas-
ing the intensity of methane release from coal,
including from the gas-hydrate state, is the crea-
tion and implementation of active combined de-

gassing methods, providing for stage-by-stage
coal disintegration and decreasing rock pressure.

In this regard, the need has arisen for the
creation and implementation of active combined
methods and means of phased degassing of an
inhomogeneous coal-rock mass and worked-out
space to ensure efficient and safe underground
mining of highly gas-bearing coal seams. To this
end, the effectiveness of traditional technologies
for methods and means of degassing methane-
bearing coal seams was assessed with the aim of
developing, substantiating the parameters and
introducing active combined methods and means
of multi-stage degassing of an inhomogeneous
coal-rock mass and the worked-out space for ef-
ficient and safe mining of methane-bearing coal
seams.

The main idea of creating active combined
methods and means of multi-stage degassing of
methane-bearing coal seams consists in using the
identified patterns of interaction of technologi-
cal, gas-dynamic and geomechanical processes
in a coal-rock mass to control the coal matrix
disintegration, reduce pressure in it, and ensure
the transition of methane from a hydrated state to
gaseous one taking into account real mining
conditions at mines.

To achieve this goal, the following prob-
lems are being solved:

— the synthesis of alternative options of ac-
tive combined methods for the artificial disinte-
gration of coal seams for their multi-stage de-
gassing;

— identification of the patterns of methane
desorption in wide range of mining and geologi-
cal conditions of coal mines based on the results
of mine research;

— identification of effective variants of ac-
tive combined methods of multi-stage degassing
of an inhomogeneous coal-rock mass based on
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the results of computer simulation and mine ex-
periments;

— substantiation of technological parame-
ters and the implementation of active combined
methods and means of multi-stage degassing of
high-gas-bearing coal seams.

The research methods. Analysis of the ef-
fectiveness of traditional methods and means for
mine degassing; mine experiments; computer
simulation of interacting technological, gas-
dynamic and geomechanical processes; statistical
assessment and ranking of options for active
combined multi-stage degassing methods; syn-
thesis of process flow options for the preparation
and development of gas-bearing coal seams.

The study findings. Based on the analysis
of the effectiveness of traditional methods and
means of coal seam degassing [1, 3-5, etc.], the
following was found:

— the annual volume of methane recovered
in the period 1990-2009 in the Kuzbass by
means of degassing amounted to 60—330 mln m®,
gas suction, 120-410 min m3 ventilation,
470-600 min m®;

— the proportion of mines which applied
seam degassing in the period of 1990-2009 in
the Kuzbass amounted to 0.18-0.33; work-out
space degassing, 0.21-0.28; gas suction,
0.28-0.39;

— the effectiveness of degassing at the
Kuzbass mines is 3-44 % and does not exceed
28 % on average,

— combined degassing methods are most
effective. For example, the simultaneous use of
gas suction and degassing allow achieving effi-
ciency of gas drainage of 0.55, whereas degass-
ing under similar conditions only provides 0.28;

— the use of combined ventilation schemes
ensures the achievement of efficiency of gas
drainage of 0.55;

—the use of boreholes drilled from the
earth's surface ensures maximum methane drai-
nage: efficiency of gas drainage reaches 0.85,
whereas that for seam degassing under the same
conditions provides 0.20 only.

The presented methane drainage indicators
for different methods confirm not only the rela-
tively low efficiency of the methods and means
of methane-bearing coal seams degassing, but
also the lack of methods for predicting methane
release parameters in specific mining & geologi-
cal and geotechical conditions, since the design
and actual values of efficiency of gas drainage
differ by 2-3 times. To develop new methods for
predicting degassing parameters, it is necessary
to identify and use the patterns of methane ad-
sorption and desorption, the disintegration of
coal matrix under the influence of pressure and
temperature above the equilibrium parameters of
gas hydrates that ensures the change of methane
from hydrate to gaseous state, taking into ac-
count the actual mine conditions.

The following impacts on a coal mass
are considered as alternatives to active combined
methods of multistage degassing of an inhomo-
geneous coal-rock mass: electropulsed, periodic
plasma-pulsed, vibrovawe, disintegration by
fluid, vacuum degassing, etc. [6, 7, 11, 12].
The theoretical foundations of the coal matrix
formation are described in [10, 13, 16]. Accord-
ing to the findings of these studies, methane gas
in a coal seam can be in three forms: free gas in
the pore and fracture spaces of coal or rocks; me-
thane in adsorbed or gas hydrate state. Gas hy-
drates are solid crystalline substances, containing
water and gas molecules.

Phase equilibrium diagram of solid coal-
gas solutions (SCGS) containing methane is pre-
sented in Fig. 1.
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Fig. 1. Phase equilibrium diagram of methane in coal matrix [18]
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According to the diagram, the transition of
methane from solid coal-gas solutions and the
adsorbed state to a gaseous state is possible at
decreasing pressure and increasing temperature
of the coal matrix. The possibility of increasing
temperature of coal seams is limited in the mine
by fire safety requirements and sanitary
rules [19, 20]. Therefore, the main parameter
providing the intensification of the methane tran-
sition to the gaseous state is reduction of me-
chanical stress, which is accompanied by the de-
composition of solid coal-gas solutions (SCGS)
and increasing methane pressure in natural and
man-made fractures. There are several hypothes-
es for the transition of methane to the gaseous
state and its migration through fractures and
pores. However, the efficiency of these mechan-
isms realization in practice is not always con-
firmed [5, 9, 11, 12, 14-16].

Fig. 2 shows the results of numerical simu-
lation of the distribution of vertical and horizon-
tal stresses after mining-out three extraction dis-
tricts in the conditions of the Yerunakovsky de-
posit in the Kuzbass. The thickness of the mined
seam 1 is 2.48 m, that of undermined seam 1* (in
the mined seam bottom) and seam 2 (in the
mined seam roof) for the simulation is taken to
be 2 m.

Fig. 3 shows a fragment of Fig. 2 in the
form of a cutout on a large scale with the pur-
pose of detailed description of the nature of
the stress distribution in the rock mass near
the ventilation drift 1-4, conveyor drift 1-3
and the stope worked-out space of extraction dis-
tricts 1-3. The signs of stresses in Fig. 2 and 3
are as follows: compression ¢ < 0; tensile ¢ > 0.

According to the results of the analysis of
vertical and horizontal stresses in the rock massif
under the mutual influence of the worked-out
space of several adjacent extraction districts se-

parated by coal pillars, the following zones were
identified, within which we should expect de-
creasing mechanical stresses and intensive de-
composition of gas hydrates with the release of
free methane:

1) The unloading zone (Zone 1 in Figs. 2
and 3) of undermined rock layers and coal
seams. The transition of solid coal-gas solutions
into the gaseous state in these zones is confirmed
by the value of efficiency of gas drainage up to
0.85 when using boreholes drilled into the
mined-out space from the earth's surface or un-
derground workings [5].

2) The unloading zone (Zone 2 in Figs. 2
and 3) of rocks in the mined seam bottom. The
intensity of the transition of methane from SCGS
to the adsorbed state is confirmed in practice by
periodic breakthroughs of methane from the
mine working bottom that is accompanied by
fractures of bottom rocks and increasing methane
concentration.

3) Zone of partial horizontal stress drop in
the edge sections of the mined seam (Zone 3 in
Figs. 2 and 3), as evidenced by coal sloughing on
the face, roof fall and increasing methane re-
lease. A feature of this zone is the deformation of
rock layers and coal seams along their natural
contacts and technogenic fractures. Under the
influence of tangential and alternating-sign nor-
mal stresses in these zones, blocks and oblique
fractures are formed along which methane mi-
grates.

4) The zone of vertical stress drop (Zone 4
in Figs. 2 and 3), arising due to the expansion of
undermined or bottom coal seams. Since the ten-
sile strength of coal is 10-15 less than its com-
pressive strength, intensive crushing of coal and
the transition of methane to free gas state takes
place, according to the diagram in Fig. 1.
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5) The zone of alternating-sign stresses and
deformations arising under the influence of geo-
logical dislocations/faults, the boundaries of geo-
tectonic blocks [21].

6) The zone of migration of methane-air
mixture between the mined-out spaces of the ad-
jacent extraction pillars. According to Fig. 2,
zones of tensile horizontal stresses and great
compressive stresses arise above the coal pillars
between adjacent extraction districts. Under the
influence of alternating-sign stresses and strains,
the formation of technogenic fractures occurs,
along which the methane-air mixture migrates to
the workings of the extraction pillar.

As follows from the diagram in Fig. 1 and
the nature of the stress distribution in the rock
mass in Figs. 2 and 3, in coal seams outside the
zone of influence of mine workings or geological
dislocations, one should not expect intense me-
thane release, since all the mechanical stresses
are compressive, that is, they reduce the coal po-
rosity and the intensity of methane filtration.
This is confirmed in practice in a seam degass-

ing, where the average efficiency of gas drainage
is 0.20.

With the aim of increasing the intensity of
seam degassing using a borehole system, some
authors [3, 7, 11, 12] propose various methods
for coal crushing and increasing permeability. At
the stage of experimental verification, the fol-
lowing methods for impacting a rock mass are
tested: electropulsed, periodic plasma-pulsed,
vibration microwave, fluid disruption, vacuum
degassing, etc. However, according to the calcu-
lations from paper [14], with increasing porosity
of coal mass without mechanical stress drop, fill-
ing of voids with gas and increasing pressure in
the coal matrix occurs. In this case, it is neces-
sary to create a surface to be free of mechanical
stresses, through which methane flows into mine
workings or boreholes.

According to the graphs in Fig. 4 and re-
search [6] at the first stage after connecting a bo-
rehole to the degassing system, the degassing
intensity is high, and after a few days it gradually
decreases.
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Fig. 4. Plot of methane flow rate from degassing boreholes during seam degassing as function of the borehole
operation, seam 16, Abashevskaya mine, Kuzbass
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The reasons for the decrease in the bore-
hole methane flow rate are coal crushing with the
borehole filling. At the C.M. Kirov Mine, expe-
riments were conducted to enhance degassing in
the vicinity of boreholes by means of anthropo-
genic impact on the boreholes; however, the re-
sults do not differ significantly from those shown
in Fig. 4.

New technological solutions for methane
recovery from coal-rock mass were proposed in
a paper of scientists of the Republic of Ka-
zakhstan [17]. The authors argue that the use of
several technogenic impacts on rocks through
boreholes drilled from the earth's surface does
not provide the design flow rate of methane. Of
the 150 boreholes in the Karaganda coal basin,
only few boreholes produced gas encroachment
rate of 3-4 thousand m® per day. High labor and
energy intensity of the application of seam hy-
draulic fracturing is noted, at low efficiency of
the method. The reasons for decreasing gas re-
covery factor after the hydraulic fracturing is
blocking of methane in the pores and locking of
the fractures with swelling clay particles.

Thus, the traditional methods of degassing
coal seams, regulated by applicable documents,
do not ensure effective degassing of the seams
above 0.4.

Therefore, it is proposed to expand scien-
tific research for the development of a new direc-

tion in order to create and implement combined
methods of phased degassing using methods of
reducing mechanical stresses in a coal matrix
with preliminary increasing its porosity.

In connection with the above, a research
program has been developed including the fol-
lowing types of work:

1) Plasma-pulsed impact on coal seams
through boreholes drilled from the earth's
surface [22]. The technology is based on the ef-
fect of a strong compression wave on rocks, re-
sulting from the intense expansion of a plasma
channel formed between special electrodes. As a
result of the conductors closing, an explosion
occurs, a strong shock wave is formed, com-
pressing and tensioning the environment. Micro-
fractures arise, which are filled with methane.

This method is implemented when per-
forming early degassing in the conditions of the
Yerunakovsky Vostochny area of the Yeruna-
kovskaya-VI1Il Mine in the Kuzbass. Four vertic-
al boreholes were drilled from the surface. The
depth of vertical boreholes for the conditions un-
der consideration is up to 700 m. Coal seams 48
and 45 of the Lenin suite (P2)) of medium
thickness, with a gas content of about 25 m*/ t
dry ash-free mass. The target scope of drilling is
presented in Table 1.

Table 1

Scope of drilling

Within
Borehole Target depth, m Borehole purpose Drilling method extraction
district outline
1 580 Degassing Noncore 485
2 550 Degassing Noncore 485
3 600 Degassing Noncore 486
4 630 Degassing Noncore 48-6
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2) Plasma-pulsed impact on coal seams
through boreholes drilled from the earth's surface
and/or from underground workings. The tech-
nology is being developed relating to the possi-
bility of using technical means in underground
conditions.

3) Directional drilling of long (up to
1200 m) degassing boreholes for preliminary de-
gassing of coal seams in the outline of extraction
pillars planned. The method is implemented at
the Kuzbass mines.

4) Drilling of degassing boreholes along a
seam dip with the introduction of a polyethylene
pipe into the borehole to its entire depth for de-
watering the borehole and the gas recovery from
the borehole bottom (increasing the gas mixture
movement speed occurs).

The implementation of the combined me-
thods of phased degassing using methods of re-
ducing mechanical stresses in a coal matrix with
preliminary increasing its porosity allows in-
creasing methane yield up to 90 %.

Conclusions

The analysis of methods and directions of
increasing the efficiency of coal seam degassing
showed that:
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Selection of Material for Facing Drive Drum of Belt Conveyor
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Abstract: It is known that conveyor operates in chemically aggressive and abrasive environments; for this reason
the drive drum of belt conveyor wears out rather rapidly. It is noted that the lining of the conveyor drum increases
coefficient of friction between the conveyor drum and the conveyor belt, reduces the belt wear rate, and also pro-
tects against corrosion and abrasive wear. The plot of the PU-60 polyurethane wear rate as function of load when
rolling on steel is presented. It is noted that increasing the load increases the strength of adhesive junction between
steel and polyurethane rollers; friction wear causes fatigue failure of surface layers of the materials. Besides, the
plot of the PU-80 polyurethane wear rate as function of load when rolling on steel is presented. The plot of the po-
lyurethanes wear rate as function of hardness of polyurethane is presented, which shows that the lowest wear rate is
demonstrated by the hardest polyurethane, PU-80. The bar chart of static friction coefficient for PU-60 and PU-80
polyurethanes demonstrates that the optimal material for lining the drive drum of a conveyor belt is PU-80. The plot
of the rubber wear rate as function of load at a speed of 1 m/s is presented. The plot shows that the wear rate in-
creases with increasing the load. This is due to the effect of two factors: growing contact deformations of the sur-
face layer of the rubber and increasing the contact area of mating parts. It is noted that IRP-1347 rubber is less sus-
ceptible to wear than "REMAGRIP" rubber. This allows using IRP-1347 rubber in aggressive environments. The
bar chart of static friction coefficient for the rubber presented in the paper shows that the investigated IRP-1347 and
REMAGRIP rubber grades have the required value of static friction coefficient for use as lining material for the
drive drum. The plot of the wear rate as function of the rubber hardness and as function of the polyurethane hard-
ness is presented. In practice, it is proved that the best material for lining the drive drum is PU-80.

Keywords: polyurethane, rubber, lining, wear resistance, static friction coefficient, belt conveyor, linear wear rate,
drive drum, strength, elastomer.
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Br100op MaTepuaJia 1/ 00JIMIIOBKH NPUBOAHOI0 0apadaHa JeHTOYHOI0 KOHBeiiepa

I'puaromxo . B., bpuxesuu A. B., Iluckyn E. B.

3akpeiToe akimoHepHoe 001iecTBo «Conuropckuit MHCTHTYT pobiiem pecypcocOepeskerust ¢ OmbITHbIM
npou3BojcTBOM», Conuropck, Mutckas obnacte, Peciydmnuka benapycs, D<lonti@sipr.by

AnHoTanus: M3BecTHO, 4YTO KOHBeiep padoTaeT B XUMHUUECKU aKTUBHOM M aOpa3sMBHON Cpenax, 1Mo 3TOH MpUIrHe
NpUBOJTHON OapabaH JIGHTOYHOTO KOHBeWepa ObicTpo M3HamuBaercs. OTMedYeHo, 4To (yTepoBKa KOHBEHEPHOTO
OapabaHa noBbIIIaeT KO3OHUIMEHT TPEHUSI MKy KOHBEHEepHBIM OapabaHOM M TPaHCIOPTEPHOU JIEHTOH, CHIKA-
€T CKOPOCTb M3HAIIMBAHUS JICHTHI, a TAKXKe 3alUINACT OT KOPPO3UH U abpazuBHOro m3Hoca. [Ipeacrasien rpadux
3aBUCHMOCTH WHTEHCHBHOCTH W3HAIIWBaHUS monuyperaHoB [1Y-60 oT Harpy3kw mNpu Kauye€HHUM IO CTaju.
[TokazaHo, 4TO ¢ yBEeNMUYEHHEM HArPYy3KH YBEIMUMUBAETCS IMPOYHOCTh aJAT€3UMOHHBIX COEINHEHUI MEKIY CTaIbHBIM
U TMOJINYPETAHOBBIM POJIMKAMH, MIPU TPEHUM MaTEepHalIbl OBPEXKIAIOTCS BCIEACTBUE YCTAIOCTHOIO pa3pyLIEHHS
MIOBEPXHOCTHBIX cJI0eB. Taxke MpencTaBieH Ipaduk 3aBUCUMOCTY WHTEHCUBHOCTH M3HAIIMBAaHUS I10JIMYPETAHOB
[1Y-80 ot Harpy3ku npu kKadeHuu no cranu. [Ipencrasnena quarpamMma 3aBUCUMOCTH MHTEHCHUBHOCTH M3HAIIMBA-
HUS OT TBEPAOCTH MOJIMypEeTaHa, Ha KOTOPOM BUAHO, UTO caMas MaJeHbKas HHTEHCUBHOCTh M3HALIMBAHMS Y CaMo-
ro tBepnoro nonuyperana [1Y-80. IlpounmoctpupoBana rucrorpamma K03 GuiMeHTa TpeHHUS TOKOsI TIOJINypeTa-
HOB I[1Y-60 u ITY-80, 3 KOTOPO¥ MOXKHO CIIeIaTh BBIBO, 9YTO ONITUMAIBLHBIN MaTepra sl OOTUIIOBKY ITPHUBOTHO-
ro OapabGaHa JeHTOYHOro KoHBeiiepa — 310 I1Y-80. IlpencraBneH rpaduKk 3aBUCHMOCTH HHTEHCHBHOCTH
W3HAIIMBAHMS PE3MHBI OT HArpy3ku npu ckopoctu 1 m/c. M3 rpaduka BUAHO, YTO MHTCHCUBHOCTDh M3HAIIMBAHHS
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BO3pacTacT C MOBBINICHHEM HArpy3kd. DTO OOYCIIOBICHO BIHMSHHEM JIBYX (DAKTOPOB: YBETUYCHHUEM KOHTAKTHBIX
JeopMaIiii TOBEPXHOCTHOTO CJIOSl PE3MHBI ¥ YBEIMYCHUEM TUTOMIA U KOHTAKTa CONpsAraeMbIX jaeraneil. Otmede-
HO, uto pe3uHa WPII-1347 B MeHbIICH CTENEHW TONIACTCS W3HAINIMBAHUIO 10 CPAaBHEHUIO C PE3UHOMN
«REMAGRIP», uto mo3BosisieT eif paboTaTh B arpeCCHBHBIX cpenax. ['ucrtorpamma ko3hhUIIMeHTa TPEHUS TTOKOS
JUTST pEe3WHBI, TpeACTaBlIeHHas B padoTe, IOKa3bIBaeT, YTO Hccieayemble pesmHbl Mapok HWMPII-1347 u
«REMAGRIP» o0nafaroT HCOOXOAUMBIM 3HaUCHHEM KO3(PHUIMEHTa TPSHHS [TOKOS IJIsS MCIIONb30BaHUA MX B Ka-
4yecTBe (hyTEPOBOYHOTO MaTepuaia Jiisl MpuBogHOro Oapabana. IlpencraBneHa quarpamMma 3aBUCUMOCTH WHTCH-
CUBHOCTU W3HAIIMBAHMs OT TBEPIOCTH PE3WHBI M TMONMypeTaHa. Ha mpakTuke IOKa3aHO, YTO HAMIYYIIUM Mate-
pHaIoM [Tt OOJHUIIOBKH MPUBOAHOrO Oapadana seistercs ITY-80.

KuioueBble ci10Ba: MOMUYpETaH, pe3nHa, OOIUIIOBKA, M3HOCOCTOMKOCTh, KOA((MUIIMEHT TPEHHUS MOKOS, JIEHTOY-
HBIi  KOHBeHep, JIMHEHHAas  WMHTCHCUBHOCTh  W3HAIIMBAaHUS,  NPUBOJHOW  OapabaH,  MPOYHOCTH,
pe3nHa, AIacTomep.

Jasa mutupoBanus: ['pumromiko /. B., bpmwxkesuu A. B., [Tuckyn E. B. Beibop marepuana anst oOMHIIOBKY TpH-
BOMHOTO Oapabana JIeHTOUYHOrO  KoHBeiepa. [opuwbie mayku u  mexnonocuu. 2019;4(2):132-143.

DOI: 10.17073/2500-0632-2019-2-132-143.

Introduction

Due to the fact that a conveyor operates in
chemically aggressive and abrasive environ-
ments the drive drum of a belt conveyor wears
out quickly [1]. In order to reduce the wear, the
drum lining is required.

There are several types of lining material
for drive drum. The selected material should
have the following properties:

—high strength and hardness;

—resistance to chemical attack;

—increase the life of the conveyor belt;

—increase friction coefficient between the
conveyor drum and the conveyor belt;

—protect against corrosion and abrasion.

Thus, in the course of the study, it is neces-
sary to study the tribotechnical properties of the
material proposed for lining the drive drum and
determine the material that meets
the requirements and has the necessary proper-
ties [2].

1. Lining of a conveyor belt drive drum.
Drive drums are manufactured by welding with a
shell of sheet steel or by iron casting. Regarding
the drum shape, the drums are made with a cy-
lindrical or convex (barrel-shaped) surface,
smooth or with notches. The drive drum traction
properties are improved by increasing the tension
of the belt or the angle of the drive drum clasp-
ing by the belt, using highly friction lining with
longitudinal or chevron ribs (which contributes
to self-cleaning) [3].

Lining of a conveyor drum increases fric-
tion coefficient between the conveyor drum and
the conveyor belt, reduces the belt wear rate, and
also protects against corrosion and abrasion.

Lining is installed on the conveyor drum
using special adhesives. The lining plates signif-
icantly reduce the belt switch and slipping, as
well as the ingress of cargo onto the drum sur-
face. This all significantly improves conveyor
operation and increases the operation technical
and economic indicators.

The ribbed surface of the drive drum pro-

vides an increase in coefficient of adhesion of
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the belt to the drum and the drive traction factor,
while reducing the required belt tension [4], in-
creasing service life of the belt and its abutting
joints.

The main material used for a drive drum
lining is rubber.

A positive property of rubber is its very
high elasticity. Rubber is amenable to large de-
formations, which are almost completely revers-
ible [5]. In addition, rubber is characterized by
high tensile and abrasion resistance, gas and wa-
ter impermeability, chemical resistance, good
electrical insulation properties, low density, low
compressibility, and low thermal conductivity.

Rubber, as a structural material, in a num-
ber of its properties significantly differs from
metals and other materials. Distinctive features
of rubber are: the ability to withstand significant
deformations without fracture under the influ-
ence of an external load; small values of shear
modulus, modulus of tension, compression mod-
ulus; strong influence of the duration of the ap-
plied load and the temperature factor on the
stress — strain relationship; almost constant vo-
lume during deformation; almost complete re-
versibility of deformation; significant mechani-
cal losses in the process of cyclic deformation.

However, rubber has low abrasion resis-
tance, low operation temperature range, low
modulus of elasticity, and low hardness in rela-
tion to other materials [6].

Polyurethanes are the most versatile mate-
rials available in practical use.

Products made of polyurethane are up to

50 times more wearproof than rubber, plastics, in

some applications, nonferrous and ferrous met-
als. This durability often means that polyure-
thane parts require less material amount for
manufacture and less maintenance, resulting in
significant cost savings.

Polyurethane is one of the most rigid
(Shore 30-95) and the most abrasion-resistant
elastomers, which are not subject to fracture un-
der loads [7]. It has high tensile strength and re-
sistance to incision advancement, resistance to
chopping shocks. Products made of polyurethane
retain their shape and mechanical properties after
cyclic loads.

Products made of polyurethane well with-
stand multiple bends without breaking.

The product operation temperature range is
from —50 to +80 °C, for a short time up to
+100 °C. Polyurethane remains flexible at very
low temperatures and has good resistance to
thermal shock.

Polyurethane has high allowable shear
load, good adhesion to most materials, good
chemical resistance to oils, petroleum, organic
solvents.

The use of polyurethane allows reducing
the product weight by up to 50 %, reducing the
level of vibration and system noise of operating
mechanisms in comparison with metals [8].

2. Polyurethane wear test. With the aim of
determining whether polyurethane can work as a
lining material for a conveyor belt drive drum,
tests were conducted to determine its mechanical
and frictional properties.

The essence of the testing is to determine

friction coefficient of the material under study
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against a counterbody made of steel, as well as For testing, a SMT-1 friction machine was
wear under different loading conditions and used [9].
speed modes. Fig.1 shows the test arrangement.

Fig. 1. Arrangement of the tribological technical tests:
1 — polyurethane roller; 2 — Steel 45 roller
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Fig. 2. The plot of PU-60 polyurethane wear rate as function of load when rolling on steel:
1-1.25mls;2-0.4m/s;3-0.7m/s; 4—1m/s
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Fig. 3. The plot of PU-80 polyurethane wear rate as function of load when rolling on steel:
1-0.25m/s; 2—-0.4 m/s; 3—1m/s

The testing was performed on samples of
PU-60 and PU-80 polyurethane of sizes:
Dinner = 16 mm; Dgyter =40 mm; h = 10 mm. The
testing device was a steel roller covered with the
testing material.

As a counterbody, a roller made of
Steel 45 40 mm in diameter was used.

The tests were carried out at speeds of
0.25m/s, 0.4 m/s, 0.7 m/s, 1 m/s and loads
of 20N, 30N, 50N, 100N for each speed.

After testing, the mass difference of the
samples before and after the tests was calculated.

The linear wear rate was determined using
formula

_Am

=OAs 1)

I

where Am — mass difference before and after
the test, kg;

p — density of the test material (1715.74
kr/m’);

A — friction surface area, m?;

S —slip path length, m.

3. The influence of loading conditions on

the friction and wear of polyurethane.

It can be seen from the graph (Fig. 2) that
with increasing the load, the strength of adhesive
joints between the steel and polyurethane rollers
increases. During friction, materials are damaged
due to fatigue failure of surface layers [10]. The
destruction occurs by separation, which is due to
the gradual destruction of the macromolecule
chains under the action of non-critical loads.

Due to the fact that the speed increases, the
temperature at the contact spots increases too
that leads to increasing the strength of the
formed adhesion joints. This explains the higher
wear rate at higher speed.

It is seen from the graph (Fig. 3) that on
curves 1 and 3, the wear rate decreases. This is
due to the fact that, as the load increase, a shift in
the inner layers of polyurethane occurs. Internal
elastic deformations arise [11], which do not
reach the surface that leads to gradual decrease
in the wear rate.

Curve 1 (Fig. 3) decreases at a large angle
due to the fact that the temperature effect affects

to a lesser extent.

MINING MACHINERY, TRANSPORT, AND MECHANICAL ENGINEERING




MINING SCIENCE
AND TECHNOLOGY

VOL. 4, N2 2 (2019) MISIS

National University of
Science and Technology

FOPHbIE HAYKWU U TEXHOIOr MK

On curve 2 (Fig. 3), the dependence of the
wear rate on the load is presented by a curve
with a minimum. The wear rate decrease, same
to curves 1 and 3, is due to the displacement of
the inner layers. Increasing wear rate is con-
nected with increasing temperature in the contact
zone.

To select polyurethane suitable for drive
drum lining, tribotechnical characteristics of the
polyurethanes under study should be compared.

It is seen from the graph (Fig. 4) that the
lowest wear rate is demonstrated by the hardest
PU-80 polyurethane. This is due to the fact that
in solid polyurethane has stronger molecular
bonds that does not allow breaking at high
speeds and loads.

4. Determination of static friction coeffi-
cient of polyurethane. Operation of a belt con-
veyor is based on the transfer of traction force by

friction. The traction element of belt conveyors
is a belt, which is also a load-carrying surface.
Throughout the whole length the belt is sup-
ported by stationary rollers. Traction due to the
adhesion of the belt with the drum is transmitted
to the belt by a drive drum, rotation of which
provided by an electric motor through a
gearbox [12, 13]. The tensioning device provides
the belt tension, which is extremely important for
adhesion of the belt to the drum, to prevent slip-
ping of the belt on the drive drums and to limit
the sag between the roller bearings.

The movement of the belt on the drive
drum surface should occur at optimum static
friction coefficient value. This condition is re-
quired to minimize the conveyor belt wear. To
determine the optimal value of static friction
coefficient, tests were carried out, results of
which are given in Table 1 [14].

|
h

1,7-10°°
1,6-107°
1,4-107°
1,2-10°°
1.10°°
8.10 %
6-101°
4.107%°
2:107%°
0

PU-60 PU-80

Fig. 4. The plot of wear rate as function of the polyurethane hardness

Table 1

Data of tests for measuring static friction coefficient

Polyurethane grade

Static friction coefficient

PU-60

1.04

PU-80

0.67
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Fig. 5. The bar chart of static friction coefficient for the polyurethane grades:
1-PU-60; 2 — PU-80

Fig. 6. Arrangement of the tribological technical tests:
1 — rubber roller; 2 — conveyor belt roller

Rubber performance indicators

MISIS

National University of
Science and Technology

Table 2

Performance indicators
Rubber compound
grade Operating temperature range, °C Shore hardness, A
IRP-1347 from —50 to 80 47...57
REMAGRIP from —30 to 80 635
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The histogram of the polyurethane static
friction coefficient (Fig. 5) shows that the stu-
died polyurethanes have the required value of
static friction coefficient for the use as a lining
material for a drive drum. Static friction coeffi-
cient value of PU-80 [15] is sufficient to use this
material in the drive drum lining.

Based on this we can conclude that the
optimal material for the conveyor belt drive
drum lining is PU-80. This polyurethane is dura-
ble. It demonstrated high hardness and wear re-
sistance.

5. Rubber wear testing. The testing was
performed on samples of the testing material
of sizes: Dimer = 16 mm; Dgyer = 40 mm;
h =10 mm, representing a roller (Fig. 6).

As the testing samples, we used rubber
grades presented in table 2 [8, 16].

A roller 40 mm in diameter from the con-
veyor belt was used as counterbody.

The tests were carried out 3 times at a
speed of 1 m/s; the applied loads amounted to
20N; 30H; 50H. After the testing, the arithmetic

Ih

Science and Technology

average of all the wear rate values was calculated
and comparative charts were built.

6. The influence of loading conditions on
friction and wear of rubber

It is seen from the graph (Fig. 7) that the
wear rate increases with increasing the load. This
is due to the influence of two factors [17]:

—contact deformations of the surface rub-
ber layer increase and, as a result, the probability
of fatigue failure of this layer increases.

—the contact area of the mating parts in-
creases and a larger number of adhesive bonds is
formed, accompanied by an increase in the fric-
tion coefficient. As a result, adhesive wear of
rubber proceeds more intensively.

As the speed increases, the temperature in
the contact also increases that leads to the growth
of the contribution of both wear types.

9-10°°

8-10°°

7-10°

6-10°°

5-10°°

4-10°°

310°

2:10°°

1-10°°

0 T
0 10

Fig. 7. The plot of the rubber grade wear rate as function of load at a speed of 1 m/s:
1 — IRP-1347 rubber; 2 — "REMAGRIP" rubber
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Fig. 8. The plot of wear rate as function of the rubber grade hardness:
1 - REMAGRIP rubber; 2 — IRP-1347 rubber
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Fig. 9. The bar chart of static friction coefficient for the rubber grades:
1 - IRP-1347; 2 - "REMAGRIP"
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Fig. 10. The plot of wear rate as function of the rubber hardness and as function of the polyurethane hardness :
1 — IRP-1347 rubber; 2 — PU-80
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It is seen from the graph (Fig. 8) that the
lowest wear rate is demonstrated by IRP-1347
rubber. This means that this rubber is less sus-
ceptible to wear than REMAGRIP rubber. This
allows using IRP-1347 rubber in aggressive en-
vironments.

The histogram of the rubber static friction
coefficient (Fig. 9) shows that the studied rub-
bers have the required value of static friction
coefficient for their use as the lining material for
a drive drum. The static friction coefficient
of IRP-1347 rubber is sufficient for using this
material for drive drum lining [18].

7. Comparison of tribotechnical characte-
ristics of rubber and polyurethane. As shown
above, PU-80 polyurethane and IRP-1347 rubber
used for lining the conveyor belt drive drum are
less susceptible to wear.

The diagram (Fig. 10) shows that
polyurethane demonstrates the lowest wear rate.
This is due to the highest resistance to increasing
temperature and load. PU-80 can operate at the
load of above 50 N, while IRP-1347 rubber at
the load of above 50 N starts to deteriorate.

Comparison the values of static friction
coefficient of the studied materials shows that
PU-80 has the lowest static friction coefficient.

Thus, the best material for lining the
drive drum is PU-80.
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Abstract: Conveyor transport at a modern coal mine is the main link that determines the overall performance of the
enterprise. For safe operation of belt conveyors, it is important to ensure that shift output per face doesn’t produce
average and maximum minute material flows, which exceed strength margin of the belt, power margin of the drive,
and receiving capacity. Such situation, as a rule, may arise due to the strive of workers to compensate for underpro-
duction caused by long downtimes of a face for any reason. In the paper, a method is proposed that enables deter-
mining the maximum shift output per face. According to the technique described in the “Basic Provisions for De-
signing Underground Transport of New and Existing Coal Mines,” the average minute material flow, which deter-
mines the operational load on a belt conveyor, depends on the material feed time factor. Accepting the assumption
that a coal shearer works the entire shift in a face, the limiting value of the material feed time factor is equal to 1. To
determine the actual value of this factor, it is proposed to determine the face operating (production) time using ac-
tual planogram. The shift time is spent for preparatory and finishing operations, the face equipment and conveyor
line troubleshooting and failure recovery, auxiliary service operations and, finally, operational and organizational
downtimes. On the actual planogram, these time intervals are displayed by straight-line portions. Thus, the shift
time minus downtime for any reason, represents the face production time. The ratio of these values represents the
operation factor. Applying the operation factor allows to determine the maximum limiting face production, not only
taking into account the volume of coal mined per cycle, but also based on coal cuttability and technical specifica-
tions of the face equipment. This enables us to determine the face production load that ensures safe operation of the
belt conveyor.

Keywords: belt conveyor, output per face, average and maximum minute material flows, material feed factor, con-
veyor operating load, operation factor, down-time.

For citation: Yurchenko V. M. Operating load of belt conveyor as a reflection of actual planogram of coal shearer
operation in integrated-powered face. Mining Science and Technology. 2019;4(2):144-149 (In Russ.). DOI:
10.17073/2500-0632-2019-2-144-149.

IKCILIYATALMOHHAA HAIPY3Ka JICHTOYHOI'0 KOHBeHepa
KAaK OTpasKeHHe 1eiiCTBUTEIbHOM IUIAHOrPaMMbl Pa00ThHI KOMOaiiHa
B KOMILJICKCHO-MEXaHU3MPOBAHHOM J1aBe

IOpuenko B. M.

«Ky3bacckuii rocyapcTBEeHHbIN TexHudeckuil yauepcuteT umenu T. @. 'opbauyesa» (Ky3['TY),
Kemepogo, Poccus, DAyvm@Kkuzstu.ru

AnHorauusi: KoHBeilepHbIl TpaHCIOPT HA COBPEMEHHOM YIOJIbHOM IIAXTE SIBISIETCS IVIABHBIM 3BEHOM, OIpEJie-
Tstr01MM 3 (HEKTUBHOCTD PadOTHI MpeANpUATHS B ienoM. [l Oe30macHoi 3KCIUTyaTaluy JICHTOYHBIX KOHBEHEPOB
Ba)KHO, YTOOBI OT CMEHHOW Harpy3KH Ha JIaBy HE BO3HUKAJIM CPEAHUN 1 MaKCUMaJIbHBIH MHHYTHBIC TPY30II0TOKH,
IPY KOTOPBIX HE 00eCIeunBarOTCs 3arac MPOYHOCTH JICHTBI, 3a1lac MOIIHOCTH MPHBOJA U MIPUEMHAs CITIOCOOHOCTb.
Takast cuTyauusi, Kak NMpaBuUiIo0, BOZHUKAET IPU CTPEMIICHUH PaOOTAIOIMX KOMIICHCHPOBATh MOTEPIO JOOBIYH TO-
Cclle JUINTENBHBIX MIPOCTOEB JIABHI 110 JII000H mpuunHe. B paMkax craTbu npeioskeH HHCTPYMEHTapHi, MO3BOJISIO-
W OTIPeeNATh MaKCUMAIbHYI0 CMEHHYIO HAarpy3ky Ha jaBy. CorilacHO MeTOIuKe, M3I0XKeHHON B «OCHOBHBIX
MOJIOKEHUSAX 110 TMPOEKTHPOBAHUIO TOJ3EMHOTO TPAHCIIOPTA HOBBIX M JEHCTBYIOUINX YTOJNBHBIX IIaXT», CPEIHHUIM
MUHYTHBIHA TPY30IIOTOK, OMpPENEISIOMNN 3KCILUTyaTallMOHHYI0 HAarpy3Ky Ha JIGHTOYHBIH KOHBEWEp, 3aBUCHUT OT KO-
3 dunmenTa BpeMeHH MTOCTYIUICHUS Tpy3a. ECI IpUHATE JOMyIIeHHE, YTO KOMOAH B J1aBe pab0TaeT BCIO CMEHY,
npesieNbHAas BeJIMYHHA KodQQuIlMeHTa BpeMeHHU NIOCTYIUICHHS Ipy3a paBHa enuHuie. JJs onpeseneHus nelicTBH-
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TENBHON BEIMYUHBI 3TOT0 KOA((QUIIMEHTA MPeAIaraeTcs ONpeaeisaTh BpeMs pabOoThI JIaBbl MO JTOOBIYE MO JICHCTBU-
TEThHON TUTAaHOTpaMMe. BpeMsi CMEeHBI TpaTHTCS Ha BBITOIHEHHE IMOATOTOBUTENHFHO-3aKIIFOUYHUTENFHBIX OIEpalni,
Ha YCTpPaHCHUE HEHCIIPABHOCTEH M OTKa30B 000PYyIOBAHHMS JIaBbI U KOHBEHEPHOU JIMHUM, HA BHITIOJHEHUE BCIIOMO-
raTeJbHBIX OIEpalMid 10 00CITY)KMBAaHUIO U, HAKOHEII, Ha AKCIUTyaTallMOHHBIC ¥ OpPTraHU3allMOHHBIE TIpocTou. Ha
JIEHCTBUTEIHHON TUTAHOTPAMMeE ATH ITPOMEXYTKH BPEMEHH OTPAKCHBI MPSAMOINHEHHBIMH y9acTkaMu. Takum obpa-
30M, BpeMsI CMEHBI 332 BEIYETOM BPEMEHH MPOCTOEB T10 JIFOOBIM MPUYHHAM, MIPECTABIAET BpeMs paOOTHI JIaBHI IO
no0brue. OTHOIICHNE STUX BEJIUYHH MPEACTABISCT co00i ko3 duimeHT 3kciutyaranuu. Mcnons3oBanue kodhdu-
IIUCHTA DKCIUTyaTalllu TTO3BOJISICT ONPEACIATh MPEISIbHYI0 HArPY3Ky Ha JIaBy HE TOJBKO C yUETOM O0beMa YIJis,
JIOOBIBAEMOTO 3a IUKJI, HO M C yYETOM COMPOTHBIISIEMOCTH YISl PE3aHHIO, C YIETOM TEXHUYECKUX ITapaMeTpoB 3a-
OoitHOro 00OpyZOBaHHA. DTO JaeT BO3MOXKHOCTBH ONPENENATh KCIUTyaTallHOHHYIO Harpy3Ky, 00ecreunBaroIyto
Oe3onacHy0 paboTy JIEHTOYHOTO KOHBeHepa.

KuroyeBble cjioBa: JEHTOYHBIN KOHBEMep, HArpy3Ka Ha JIaBy, CPEIHUNA U MAKCUMAaJbHbI MUHYTHBIA IPy30I10TO-
KH, KO3(pPUIMEHT TOCTYIUICHHS TPy3a, SKCIUTyaTallHOHHAsT HAarpy3Kka Ha KOHBeHep, K0d(PPHUIMEeHT dKCILTyaTaIum,
BpeMs TIPOCTOEB.

Jas umtupoBanus: Opuenko B. M. OkcrutyaTanoHHast Harpy3ka JISHTOYHOTO KOHBeWepa Kak OTpakeHue Jiei-
CTBUTEJIBHOM IJIAHOTPAMMBI paboTsI KoMOaifHa B KOMILIEKCHO-MEXaHU3UPOBAHHOU JaBe.
Topnvle nayku u mexnonozuu. 2019;4(2):144-149. DOI: 10.17073/2500-0632-2019-2-144-149.

Conveyor transport, being the core trans-
port facility, determines mine effectiveness. Ra-
tional and safe operation of conveyor transport is
ensured only with a shift load meeting that given
in the "Face operation certificate of excavation
section.” However, in a real-life situation, a need
arises to increase a face load per shift to com-
pensate for losses of production due to long
downtime for any reason [1, 3-11]. Therefore,
the maximum allowable face load per shift
should be determined, the excess of which leads
to emergency conditions when operating con-
veyor transport.

This paper proposes an instrumentarium al-
lowing determining the maximum face load per
shift, which ensures safe operation of conveyor
transport. For this, two conditions must be ob-
served:

—the maximum minute flow of a coal
shearer should not exceed the receiving capacity
of a belt conveyor,

— the belt conveyor operational load due to
the face load per shift, should provide strength
margin of the belt and power margin of the drive.

The belt conveyor operational load de-
pends not only on the face load per shift, but also
on the time during which the load arrives on
the conveyor. According to the methodology [2],
the operational load is determined by the formu-
la, t/h,

Q3 = 6oal(n)lkt’
A . .
where a,, =——"—— s the average minute
" 60T, K,

load flow, t/min; k, — the estimated load factor,

taking into account the uneven load flow during
the load passage along the entire length of the
conveyor; k —the load (material) feed time fac-
tor (governed by time of feeding the material on
a belt conveyor).

The load is fed on a belt conveyor mainly
during coal cutting and face cleanup during a
shearer operation by one-sided scheme; there-

fore, factor k_ is determined by the formula
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k, =N, <1.
60T,, "

In the case when an attempt is made to
increase the face load per shift in order to
compensate for production losses due to
unforeseen downtime, the load feed (on a belt
conveyor) time factor can be taken equal to
unity. It should be borne in mind that the shift
time cannot be fully used for a face production
time. The shift time is spent for preparatory and
finishing operations, the face equipment and
conveyor line troubleshooting and failure

recovery, auxiliary service operations and,
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finally,  operational and  organizational
downtimes. On an actual planogram, these time
intervals are recorded in rectilinear horizontal
sections (Fig. 1).

Thus, the shift time minus downtime for
any reason represents a face production time

Tpn = Tem— Tos— Ty — Too —...— Ty, MinN.

The ratio of a face production time per
shift to the shift time is called the factor of an
integrated-powered face and the conveyor line

equipment operation K. K, =T,/T, or

9K

kaKc = Tpn N CM/TCyT'

| 1{1

] . -
ILJT{ :Hll'rff’_f"HT i "#JF A 4'{
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Fig. 1. Actual planogram of face operation

MINING MACHINERY, TRANSPORT, AND MECHANICAL ENGINEERING




MINING SCIENCE
AND TECHNOLOGY

FOPHbIE HAYKW U TEXHOJIOrMA

VOL. 4, N2 2 (2019) MISIS

National University of
Science and Technology

=1 0

Number of cycles per shift

= R W B

o

03 04 0,5

0.6 Q7 08

Operation factor of the face equipment and conveyor line

Fig. 2. The dependence of the number of cycles per shift on the operation factor k., at the cycle time of 65.2 minutes
by the example of 52-13 face

The operation factor obtained by this way
reflects not only mining and geological condi-
tions (seam thickness, coal density in the solid,
coal cuttability, face length), but also the equip-
ment technical specifications (working width,
power of electric motors of the shearer's working
members, the possible feed rate when cutting and
at cleanup. In addition, the equipment condition
(downtime due to failures, time spent on trouble-
shooting, as well as the staff skills and compe-
tence (the time spent for face preparatory and
finishing operations and operational and organi-
zational downtimes).

Based on these assumptions, we obtain the
expression

_ L+t
60T K.
which allows determining the number of cycles
per shift based on the time of a cycle performed

by a shearer:

CM_"3KC

t+t,

60T,k

ur

The obtained dependence, taking into ac-
count the real-life factor of the integrated-
powered face and conveyor line specific equip-
ment operation, allows to accurately plan a shift
load.

At the same time, technologists, planning
the face load per shift, determine the number of
cycles per shift based on the amount of coal per

cycle

N, =P
¥ mbLy,

Ultimately, in order for the calculations to
reflect reality, it is necessary to comply with the
condition

N, =N, =N,.
The achievement of this equality is facilitated by
using the operation factor obtained based on
treatment of the actual planogram (see Fig. 1).

Based on this equality, the actual load per
shift should be determined by the formula, t,

_ 60T, K, mbL,,y,

CM 3KC

t, +t,

A
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Conclusions

Applying the operation factor obtained
based on treatment of the actual operation plano-
grams for integrated-powered face and conveyor
line equipment allows to accurately determine
and plan a maximum face load per shift, taking
into account:

— volume of coal mined per cycle,

— coal cuttability,
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IIyTH CHUKEHHS NOTEePb 3JEKTPOIHEPrUU
B IMTAIOINHUX I'OPHBIC NMPEANPUATUA JJHHUAX
Annudgepos H. C.

«CK KackanCrpoii», Mocksa, Poccusi, D<Inikita-anciferov@rambler.ru

AHHOTaUMsA: DIEKTpUYECKas SHEPIUsl sBJIsAeTCsl Hanbosee yA00HbIM U YHUBEPCAIbHBIM BUIOM SHEPIUU.
Ee MOxHO MPOM3BOANUTH B OOJIBIINX KOJMUYECTBAX BOJM3U HCTOUHMKOB SHEPTHH, TIEpeiaBaTh Ha OOJIbIINE
paccTOsAHUS, JETKO PACHPENEATh MEX Y NOTPEOUTEIIMA U IPeoOpa30BhIBATE B MEXaHUUECKYIO, TEILI0-
BYIO M CBETOBYIO 3Hepruu. ObecrnedeHne HaJleKHOTO U 3KOHOMUYHOTO YHEPrOoCHAOKEHHS 3IIEKTPOIHEP-
rMed 3aJJaHHOTO KauyecTBa NPEeANpUATUH TOpHOW MPOMBIIUICHHOCTH NpHU Haumbosee >PPEeKTUBHOM HC-
IIOJIB30BAHNUHU DHEPIeTUUECKUX PECYPCOB SABIAETCS OJHON M3 BAKHEWINNX 3a]1a4, CTOSIIMX IIepe]] dIHEpre-
TUKaMu cTpanbl. B Poccuiickoii denepanuu JOCTUTHYTA BBICOKAsl CTENEHb KOHIICHTPALMU MOIHOCTEN
Ha 3JIEKTPUUYECKUX CTaHUUAX. OCHOBHBIE MOIIHOCTU COCPENOTOYEHBI Ha 3JIEKTPOCTAHIMSIX C YCTaHOB-
JIEHHOM MOIHOCTBIO Oosiee 1 MiH KBT. Bbicokuii ypoBeHb 3HAUMMOCTH 3JI€KTPOIHEPIETUKU ONpEIeNsIeT-
csl ”HQPACTPYKTYPHBIM XapaKTEPOM OTPACIH U MPSMON 3aBUCHMOCTBIO MEXKAY SKOHOMHUYECKUM POCTOM
CTpaHbl U YpoBHEM 3P PeKTUBHOCTH ee pa3BUTUsA. OnHOM U3 Hanboiee akTyalbHbBIX MPOOJIEM COBPEMEH-
HOTO JIEKTPOCHAOKEHUs ABIAETCA MpodiieMa oOecredeHusl KadyecTBa IeKTposHeprun. OCHOBHAs MpHU-
YMHa yXYALIEHUS Ka4eCTBA IEKTPOIHEPIHH — IIUPOKOE PACIPOCTPAHEHNE HEIMHENHBIX HArPYy30K, CO3-
JAIOLIMX IIPU CBOEH paboTe TOKM HECUHYCOUAATIBbHOU (popMbl, HEcUMMeETpus HanpskeHuil. Hecummerpust
HANPsDKEHUHN BBI3BIBAETCS 4Yallle BCETO HAIMYUEM HECUMMETPUYHOW Harpy3ku. HecummerpuyHble TOKU
Harpy3Ku, IpOTEKaIoLUe 0 3JIEMEHTaM CHUCTEMbI JIEKTPOCHA0KEHUS, BbI3BIBAIOT B HUX HECUMMETpPUY-
Hble NIaJIcHUs HanpsbkeHus. Beneactsue atoro Ha BeiBogax JIl mosiBisseTcss HECUMMETpPUYHAs CHUCTEMA
HanpspkeHud. OTkioHeHus HanpsbkeHus y DI neperpykeHHol ¢a3bl MOTYT IPEBBICUTh HOPMAJIbHO J10-
INyCTUMbIE 3HAUEHUs, B TO BpeMs Kak OTKJIOHeHMs HampspkeHus y DIl npyrux a3z OyayT HaxoauThes
B HOpMUpPYeEMBIX Ipenenax. Kpome yxynmenuns pexuma HanpsbkeHus y Oll, nmpu HecuMMeTpU4YHOM pe-
KUME CYILIECTBEHHO YXYAIIAITC yCaoBHs paboThl kKak camux OII, Tak 1 BceX AJIEMEHTOB CETH, CHUXKa-
eTcs HaJIe)KHOCTh Pa0OTHI 3JIEKTPOOOOPYIOBaHUS U CUCTEMBI 3JIEKTPOCHA0KEHU B 11eJIoM. B cTatbe pac-
CMaTPHUBAIOTCS BOIIPOCHI CHUKEHUS ITOTEPU HAIIPSHKEHUS ITUTAOIINX AIEKTPUYECKUX CETEH MOCPEICTBOM
YIIYYILIEHHUS Ka4eCTBA MIEKTPOIHEPIUH.

KiroueBble cji0Ba: KauecTBO QJICKTPOOHCPI'UH, BHCPFOB(I)(peKTI/IBHOCTB, HEJIUHEHHAs Harpys3ka, BbICIIHE
TapMOHHUKH, HCCUMMETPUA HATPY3KHU, MOTCPHU MOITHOCTH, OTKIIOHCHUA HAIIPSXKCHUA.

Just untuposanusi: Aunudepos H. C. Ilytu CHUKEHHS MTOTEPh JIEKTPOIHEPTUH B MUTAIOUINX TOPHBIC
npeAnpusaTHs JTuHusX. [ opuvle nayku u mexunonrocuu. 2019;4(2):150-156. DOI: 10.17073/2500-0632-
2019-2-150-156.

Ways to Reduce Power Losses in Mining Power Supply Lines
N. S. Antsiferov

Leading Design Engineer "SK Kaskadstroy", Moscow, Russia, b<nikita-anciferov@rambler.ru

Abstract: Electric energy is the most common and universal form of energy. It can be produced in large
quantities near energy sources, transmitted to large distances, easily distributed between consumers and
converted into mechanical, thermal, and light energy. Ensuring reliable and economical quality electric
energy supply to mining enterprises with the optimal use of energy resources is one of the most important
tasks facing the country's energy sector. In the Russian Federation, high degree of concentration of gene-
rating capacities at power plants has been achieved. The main capacities are concentrated in power plants
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with installed capacity of more than 1 million kW. High importance of the electric power industry is de-
termined by the infrastructural nature of the industry and the direct relationship between the country's
economic growth and the level of its development effectiveness. One of the most pressing problems of
modern electricity supply is the problem of ensuring the quality of electric energy. The main reason for
the deterioration in the electricity quality is widespread non-linear loads that create non-sinusoidal cur-
rents and voltage unbalance during their operation. The voltage unbalance is most often caused by the
presence of an unbalanced load. Unbalanced load currents flowing through the elements of the power
supply system cause unbalanced voltage losses in them. This results in appearance of unbalanced voltages
on the terminals of electric apparatus. The voltage deviations at electric apparatus overdriven phase may
exceed the normally acceptable values, while the voltage deviations at electric apparatus other phases may
remain within the normal limits. In addition to the deterioration of the voltage mode at electric apparatus
under the unbalanced voltage conditions, the operating conditions of both the electric apparatus and all the
network elements are significantly worsened, and the reliability of the electrical equipment and the power
supply system as a whole decreased. The paper considers the issues of reducing the voltage losses in pow-
er supply networks by improving quality of electric power.

Keywords: quality of electric power, energy performance, nonlinear load, higher harmonics, load unbal-
ance, power losses, voltage deviation.

For citation: Antsiferov N. S. Ways to reduce power losses in mining power supply lines. Mining Science

and Technology. 2019;4(2):150-156 (In Russ.). DOI: 10.17073/2500-0632-2019-2-150-156.

Bricokuili ypoBeHb 3HAUUMOCTH 3JEKTPO-
SHEPreTUKU OIpeaesieTcs] UHPPACTPYKTYPHBIM
XapakTepOM OTpAcCiId U TPSMOU 3aBHCHMOCTBIO
MEXy SKOHOMHUYECKUM POCTOM CTPaHBI U YPOB-
HeM s dextuBHOCTH ee pazButus. B PO crnoxu-
Jach HeOJarompusTHas CUTyalus ¢ MoTpeodiie-
HUEM HHEPropecypcoB: MO JaHHBIM MexayHa-
POIHOIO 3HEPreTHMYECKOro areHTCTBA, 3HEPro-
emkocts BBII (BHyTpeHHMII BajoBO#l MPOIYKT)
Poccun B 2,5pa3a BblIe  CpPeHEMHPOBOIO
ypoBHS ¥ B 2,5-3,5 pa3a BbIllIe, YeM B Pa3BUTHIX
CTpaHax: B IIeJIOM 1o ctpaHe okosio 35-40 %
BCEX TMOTPEOIAEMBIX TOIUIMBHO-IHEPT€TUIECKAX
pecypcoB (TDOP) pacxomyercs 6e3 oTmauu,
He3(PPEKTUBHO: TONBKO NpSMbIE MOTEPHU TOII-
JUBHO-3HEPIreTUYECKHX PECYpPCOB  JOCTHTaOT
25-30 %. BcnenctBue sToro Bo3pacTtaer cebe-
CTOMMOCTh TPOHM3BOJUMON MPOAYKIMH, CHIKA-
eTCcsl €€ KOHKYpPEHTOCIIOCOOHOCTb, YBEIUYHBa-
IOTCSl ©KETOJHBIC 3aTpaThl Ha MOJACpPKaHUE B
paboTtocnocoOHOM cocTosiHuM U pa3Butue TOK,
BO3paCTalOT M3IEPKKU HACEJEHUs, OI0/KETHOI
chepbl U TMPOU3BOJACTBEHHOTO CEKTOpa Ha IO-
TpebJisieMble TOIUTMBHO-3HEPIEeTHYECKHE PeCyp-
cbl. Bce 3TO MpUBOAMT K CHMKEHHMIO SHEProd(-
(EeKTUBHOCTH SKOHOMHKH B 11e51oM [10].

Ecnu paHee MCTOUYHUKU MCKa)KE€HHs Kaye-
CTBA 3JIEKTPOIHEPTHH, KPOME YACTOThI U OTKJIO-
HEHHsI HaNpsDKEeHUs, OBUTM TPUCYIIHA TOJBKO
MPOMBIIIJIEHHBIM TOTPEOUTENSIM M THOTpedure-
JISIM, TIPUPABHEHHBIM K HHUM, TO Ce€iYac OHU aK-
THUBHO TIOSIBIISIIOTCSI Uy IPYTHX BUJIOB MOTPEOH-
Tenew [2].

OnHuM U3 3¢ HEKTUBHBIX MEPOIPUATHI 11O
9HEProcOEpeKEHHUIO, MO3BOJISIONUX 3KOHOMHUTH
10 40-50 % snexTpo3Hepruu, ABISETCS UCIIOJIb-
30BaHME YaCTOTHO-PErYJIHPYEMBIX TPUBOJIOB B
KOTENIbHBIX, HACOCHBIX, B TOM YHUCIIE U CHCTEM
ropsiYero BOJIOCHA0KEHUs 3JaHH, COOpYKEHUH,
a TaKKe B TEXHOJIOTUYECKUX YCTAaHOBKAX IPEJ-
NPUATUH, OCYIIECTBIISIONUX PETYIUPYyEMbIe BU-
Ibl AesitenbHocTH [11].

Hu3zkoe kauecTBO 3JEKTPOIHEPTHH — IIO-
TeHIMan sHeprocoepekeHus. OOIIen3BeCcTHO,
YTO HU3KOE Ka4e€CTBO AIEKTPOIHEPTHH IPUBOIUT
K YBEIHYEHHUIO TOTEPh JJICKTPOIHEPTHH, & CIe-
JIOBaTEIIbHO, K CHIDKEHHIO YHEPreTHIecKOi 3¢-
(beKTUBHOCTH dJeKTpuyecKkux cereil. Heobxo-
VMO OIPEAEINTh, HACKOJIbKO BEJIMKA JOJS IO-
TEpb AJIEKTPO’HEPTMU OT HU3KOTO KadecTBa
AJIEKTPOIHEPTUU U €CTh JIM CMBICI paccMaTpHu-
BaTh MX Kak MOTEHIHMaN 3HeprocoepexeHus. B
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ANEKTPUUYECKUX CETSIX CPEJAHEr0 HAMpSIKEHHUS C
MOIIHBIMA HMCTOYHHKAMH BBICIIUX TapMOHHUK
TEXHUYECKUE TIOTEPH MOIIHOCTH B CHIIOBBIX
TpaHchopMaTopax CBsI3U C IHEPTOCUCTEMOH CY-
mecTBeHHO yBenuuuBatorcs [4]. Tlpu xoadpdu-
[UEHTE MCKAXEHHUs] CHHYCOUJAIbHOCTH KPUBOI
HalpsDKeHus, paBHOM 5 % y KOMMYHAJIbHO-
OBITOBBIX MOTpPeOUTENEH, MUTAIOIINXCA OT CETH
0,4 xB, onu cocraBnsaoT 15 % Harpy304HbIX MO-
TEeph B CHJIOBOM TpaHcdopmarope, a mpu Kodh-
GUIMEHTe MCKAXXCHUS CHHYCOUJAIBHOCTH KpH-

Bor HanpspkeHus 10 % 3Tm motepu yBenu4yuBa-
tores ot 20 1o 60 %.

B xauectBe mpumepa B Ta01. 1 mpuBeaeHBI
3HAUEHUS JOMOJHUTEIBHBIX MOTEPh B CHIOBOM
tpancpopmarope TAH-16000/110 mnpu cie-
JYIOIIUX 3HAYCHHUSX TOKa3aTels KauyecTBa JJICK-
tpuyeckoii  smeprun  ([IKD):  Kyy =4 %;
Kus =5 %; Ky7 =7 %; Ky =3 %; Kuiz =1 %.
[ToTepu ompenesuIuch MO METOJAMKE, IPHBEICH-
HOH B [4]. 31ech ykazaHa a0 JOMOIHUTEIBHBIX
notepb (B %) OTHOCUTENHHO HOMUHAJIBHBIX MO-

Teps [3].

Taoauna 1

JIOHOJ'[HI/ITCJ'H)HLIQ MOTEPHU MPA UCKAKCHUHU KaYeCTBa 3neKTpnqec1coﬁ JHEPIruv B CHJI0BOM TpaHC(I)opMaTope

Additional losses due to distortion of the quality of electric power in a power transformer

IMapamerp kavecTBa 21eKkTpo-| Harpy3ouHble norepu IMoTepu X0J10CTOr0 X0/1a CyMMapHbIie I0TepH

JHEPruu % kBT % kBT % kBT
HecuMmMeTpust HaPsHKEHUS 14,5 12,325 0,16 0,03 11,9 12,355
HecuHyconnaneHoCT: 8,86 7,53 0,84 0,16 7,39 7,69
HAMPSHOKEHUS

B CHHXpOHHBIX M ACHHXPOHHBIX BUTATE-
JSIX — JTOJISt TAKUX MOTEPb MOXKET JIOCTUTATh 15—
20 % B 3aBUCHMOCTH OT COOTHOILEHHs IOKa3a-
TeJIel KauecTBa 3JIeKTposHepruu. [IpuBeneHHbIe
IPUMEPBI CBUAETENBCTBYIOT O TOM, YTO JOIOJI-
HUTEJIbHBIE TEXHUUYECKUE MOTEPU 3JIEKTPOIHEP-
THH, BBI3bIBAEMbIE HU3KUM KAa4€CTBOM D3JIEKTPO-
SHEPIruH, MOKHO PacCMAaTPUBATh B KaUeCTBE T1O-
TeHIIMaJa YHeprocoepexenus [2].

Huzkoe xadecTBO AIIEKTPOIHEPTUU TPUBO-
JIUT ¥ K TIOSIBJICHUIO JTOTIOJTHUTEIFHBIX METPOJIO-
THYECKUX TOTEePh IJIEKTPOIHEPTUU, KOTOPHIE HE
YUUTBHIBAIOTCS B OLIEHKE YKOHOMUYecKor dpdek-
TUBHOCTH IIPU YCTAHOBKE MPUOOPOB yueTa 3JieK-
TposHepruu. Kak M3BeCTHO, B 3aBUCUMOCTH OT
pacIioIOKeHUs] MCTOYHWKAa HECHHYCOWIABHO-
CTH WJIM HECUMMETPHH HANpPSOKEHUH W TOKOB B
CeTH BO3MOXCH Kak HEJIOYYeT, TaKk M IMepeydeT
OTMYIIEHHON WK MOTPEOJIEHHON SJIEKTPOIHEP-
TUH.

IMocnenoBaTeIbLHOCTh pelleHUs 3aJa4u
NMOBBIIIEHUA JHEProd(P(PeKTUBHOCTH IJIeK-
TPUYECKUX ceTell MmyTeM YJy4YllIeHUs] KadecT-
Ba JJIeKTpodHepruu [1]

[IepBbIM 3TamoMm ee peuieHus SBISETCA
BBISIBJICHUE HWCTOYHUKOB HCKAXCHHUA KadyeCTBa
AJIEKTPOIHEPTHU M MECT UX PACHOJIOKECHHS. ITO
BO3MOXHO C/I€JIaTh CICAYIONUMHE ITyTSIMH: SHEP-
roayJUTOM, KOHTPOJIEM KauecTBa AJICKTPOIHEP-
THH, PACYCTHO-aHATUTUICCKUM MTyTeM. 3aTeM I10
TUINY HCTOYHHKOB MCKXCHHS OMPEICIISIOTCS
mapaMeTpbl KauecTBa 3JCKTPOIHEPTUH M ITOKa3a-
TEJIM KadyecTBa 3JICKTPOIHEPTHUH, KOTOPHIE HX
OIMKCBIBAIOT, JTUOO HM3MEPEHHSIMHU, JTHOO pacue-
ToM [7].

[TpousBoauTCs pacyer MOTCHIMANIA SHEp-
rocOepexeHusi, 00yCIOBICHHOTO HU3KUM Kaue-
CTBOM JJICKTPOIHEPTHMH B 3aBUCHMOCTH OT €ro
CTPYKTYphI. Jlanee BBHIOMpAIOTCS Y3JIbI CETH IS
peanu3aluy MEpPONPUIATHM IO YIYYIIEHUIO Ka-
YeCcTBa dJIEKTpodHepruu. [t BEIOpaHHBIX y3J10B
BHAYaJe ONMPEIENIIeTCs] BO3MOKHOCTh MPUMEHE-
HHUsI OPTaHU3allMOHHBIX MEPONPUITHI KaK Majo-
3aTpaTHBIX, BEIOUPAIOTCS OpPraHU3AI[MOHHBIE ME-
pOIIpHSITHS, HAOOP KOTOPBIX 3aBUCHUT OT TOKa3a-
TeJIeH KayecTBa AJIEKTPOIHEPTHH, HE YIOBIETBO-
PAIOIIMX TPEOOBAHUSIM JICHCTBYIONIETO CTaHIap-
Ta Ha Ka4eCTBO DJICKTPOIHEPTUH, MPOU3BOIUTCS
OIICHKa WX 5JKOHOMHYECKOW 3(P(HEeKTUBHOCTH
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U ONpEeNeNseTCs MOJII PeaTu30BaHHOTO IOTEH-
[Uaia dHepProcOepeKeHus, T.€. IPOIEHT CHIKE-
HUS MOTEPh OT HU3KOIO KAayecTBa AJIEKTPOIHEP-
ruum [1].

s ThpaxupoBaHUS MEpPOIPUATUH, Ha-
MpaBJICHHBIX Ha TOBBIIICHUE YHEProdP(HEKTUB-
HOCTH CETel C HU3KUM KaueCTBOM JJICKTPOIHEP-
TUH, 1e1eco00pa3Ho pa3paboTaTh THUIIOBBIC Me-
POTIPUSTHS IO aHAJIOTUU C CYIIECTBYIOIIUM IIe-
pEYHEM THIIOBBIX MEPOIPUSATHI 1O 3Heprocoe-
PEKCHHUIO W TIOBBIIICHUIO YHEPTETHUECKON -
(EeKTUBHOCTH M CO3/1aTh OMOIIMOTEKY TaKUX Me-
ponpusituii [8].

Kaxgoe wmeponpustue peKoOMeHIyeTcs
OIKCHIBATh B CJEIYIOIIEM MOPSIIKE: aHHOTAIHS,
Ha3HAYCHHUE MEPOIPHUATHS, THUII MEPOIPHITHS,
00J1aCTh IPUMEHEHUS, KpaTKas XapaKTepUCTHUKA
MEPOTIPUATHSI, HOPMATUBHBIE JOKYMEHTBI, METO-
JIMKa OIEHKH 3KOHOMHUYECKOH 3(hdexTuBHOCTH,
MHCTPYKLUS K IPUMEHEHHUIO [3].

[Ipon3BOICTBO BIEKTPUUECKON HIHEPTUH
(332) Bo BCcEM Mupe HEYKIOHHO IMOBBIIIACTCS,
4TO OOYCIOBJIEHO BCE BO3pACTAIOMIMM €€ TOo-
TpeOJeHHEeM B Pa3lUYHBIX OTPACIAX XO3SHMCT-
BEHHOW JeATENbHOCTH uejoBedecTBa. ak,
K 2020 T. KOIMYECTBO IMPOU3BOIMMON B MHpE
29 nomxkHo BeIpactd a0 30 TpnH kBT'4, dro
COOTBETCTBYET TEMIIaM pPOCTa TPOU3BOJCTBA
10 2,5-3 % B TOJ B CPETHEM.

CoBpeMeHHasi cUcTeMa JIEKTPOCHAOKEHUS
ABIISIETCS  JIOBOJIBHO  CJOXHBIM  (DU3HKO-
TEXHHUYECKUM OOBEKTOM M HEOThEeMJIEeMOW dYa-
CTh0 EMHON DHEpPreTUYEeCKOW CHCTEMBI CTpa-
Hbl, PErMOHOB. B HBIHEIIHENW 3KOHOMHUYECKOMN
CUTYyaIlMH BOIPOC PaAIllMOHAIBHOTO HCITOJIh30Ba-
HUS TOTUTUBHO-DHEPTETUYECKUX PECYPCOB CTOUT
0oco6o octpo. [Ipu »ToM nisi TONydeHHUS HaW-
Oompielt A(OPEKTUBHOCTH WX HCIOIB30BAHUS
HEOOXOJUMO PAcCCMOTPETh BECh MPOIECC — OT
NOOBIYM TIEPBUYHBIX YHEPrOPECypCcoB J0 UX IO-
TpebieHus.

DneKTpuueckass YHEpPTrus Kak cepTUUIU-
pyemasi TPOAYKIHUS 00JIafaeT IeNbIM PSAOM
OCOOEHHOCTEH, B YHCIE KOTOPBIX HEpa3phbIB-
HOCTh U OJTHOBPEMEHHOCTH IPOIIECCOB IPOU3-
BOJCTBA W TMOTPEOJICHUs, KOTJa HCKaKaroIiee

BIIUSIHUE Ha MOKAa3aTeld KauecTBa 3JIEKTPOIHEP-
T MOKET OBITh OKa3aHO KaK AJIEKTPONPUEMHHU-
KaMH TIOTpeOUTeNs, TaK U TPUHECEHO HM3BHE B
BUJE KOHIAYKTHUBHOM 3JICKTPOMAarHWTHOW IOMe-
XM, PaclpoCTpaHsIeMON MO oOwIel 3JeKTpuye-
CKOM CeTH.

Y4€r 37eKTpPO’IHEPrUH COCTOUT U3 OIpe-
JIeJIeHUs] TIPOU3BEAEHHOTO €€ KOJIMYeCTBa, KOJIU-
YecTBa DJIEKTPOIHEPruHu, MOTPEONEHHON 3JeK-
TPONIPUEMHHUKAMH, a TaK)Ke KOJHMYECTBA DJICK-
TPOIHEPTHUH, IOTEPSHHOM MPH €€ repenaye.

DNEKTPOIHEPTHUS ABISACTCS €IUHCTBEHHBIM
BUJIOM TPOIYKIIMH, TPAHCIOPTUPOBKA KOTOPOM
OCYIIIECTBIISIETCS 3a CUET pacxo/a ONpeaeI€HHOI
4acTU CaMOM MPOAYKIMHU, TO €CTh MOTEPH dJICK-
TPOIHEPTUU MpH € nepeaaue Hen30eKHBI.

[TepBoouepennoit 3agaueit skoHomuu TOP
ANEKTPOIHEPTETHKH SIBJIICTCS CHIDKCHHUE TTOTEPh
ANEKTPOIHEPTHH B JJICKTPHUSCKUX CETAX, KOTO-
peie pocturaror 15-20 % ot obmero ormycka
AIEKTPOIHEPT HH.

AHanu3 CTPYKTYpbl MOTEPh IIEKTPOIHEP-
TUH B JACHCTBYIOUINX DJIEKTPUYECKUX CETAX I10-
Ka3bIBaeT, yto norepu B JuHUsAX 0,38 kB co-
ctaBisroT 31,33 % ot obmux noreps. C yuérom
MOTeph DJEKTPOIHEPTUH B TpaHchopMaTopax
10/0,4 kB norpeburensckux TII motepu B 3iek-
Tpuueckux cetsax 0,38 kB cocraBmsitor Gonee
50 % or obmmx motepk. [lodTOMY CHUXEHHE
noTeps 3JeKkTposHepruu B ceTsx 0,38 kB mo3Bo-
JUT JOOUTHCS CHIKEHHS OOIUX MOTEPh B dJIEK-
TPUUECKUX CETAX.

HccnenoBanusiMu yCTaHOBJICHO, YTO B Ce-
TAX ¢ KOMMYHAITbHO-OBITOBBIMU M CMEIIAHHBIMU
Harpy3kamMd BO3HUKAeT 3HAYHMTEIbHAS HECHM-
METpHsI TOKOB, T.. PEKHMBI PabOTBI CEITBCKUX
cereii 0,38 kB sBIAIOTCI OOBEKTHBHO HECHM-
METpHYHBIMH. HeCUMMETpHs TOKOB B CETH BBI-
3bIBAET HECUMMETPHUIO HAMPSHKEHUN Ha 3aKUMax
TpEX(Da3HBIX DIIEKTPONPUEMHUKOB, KOTOpask BO
MHOTHX CIy4asx MpeBbllIaer B 2—2,5 paza 1o-
nyctumoe I'OCT 13109-97 3nauenue. Ilpu Be-
TuYrHe KOd()PUIIMEHTOB HECUMMETPUH TOKOB
o0paTHON M HYJIEBOW TMOCIIEIOBATEIHLHOCTH B
cetu, paBHou 25-30 %, moTepu MOIIHOCTH U
aneKTpudeckord sHepruu B jauHugIX 0,38 kB nu
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TpanchopmaTtopax mnorpedurensckux TII Bo3-
pactaroT Ha 30-50 % MO CpaBHEHHIO C CHMMET-
PUYHBIM PEKUMOM pabOTHI.

Kpome TOro, Hecummerpus TOKOB U Ha-
NPSOKCHUH B CETSAX MPHUBOAMT K YBEIHMUCHHIO B
y3Jlax Harpy3kd OTKJIOHEHHS HANpPSIKEHUsS OT
JIOIYCTUMOI'O 3HAYEHUs, COKPALICHUIO CpOKa
CIIy’KOBI 3JIEKTPOJBUIATENIEH arponpOMBbIIUIECH-
HOIO0 KOMIUIEKCa U JIpYI'MM HEraTHBHBIM sIBJIE-
HUSIM B CETSIX U NMPUEMHUKAX JIEKTPOIHEPTHH.

Pabora pacnpenenuTenbHbIX ceTel C Io-
CTOSIHHOM HECUMMETPUEU Harpy3Ku SIBJISETCS
IPUYMHON JTOBOJILHO 3HAUMTENIBHOIO yiepba B
XO34UCTBEHHOW AESATENbHOCTU. JTO OIpeaess-
€TCs JIOTIOJIHUTENIbHBIMU HOTEPSIMU  3JIEKTPO-
SHEpPIruU B CETSX M Harpyske, C OJHOM CTOPOHBI,
U CHUXeHHEM 3((PEeKTUBHOCTH HUCHOJIb30BAHUS
000py/I0BaHUSI U COKpAIllEHUEM CpOKa CIIy>KOBbI
EKTPUYECKUX YCTAHOBOK — C IPYroOM.

Ananu3 npoOiIeMbl HECUMMETPHH B CETSIX
0,38 kB mokazan, 4TO CyIIECTBYIOUINE METOJIBI
pacuéra mokasareyieil HECUMMETPUU U TOTEph
JJIEKTPOIHEPTUU B AITHUX CETAX HE IO3BOJSIOT
YCTAHOBUTH 3aKOHOMEPHOCTH MX M3MEHEHUS OT
napaMeTpoB Harpy3ku U CETH, MPOBECTH AHAIIN3
HOTEPh MPU PA3JINYHBIX PEXKUMAX PabOTHI HIEK-
TPONPUEMHHUKOB U pa3paborarh Haubosee (-
(dexTHuBHbBIE CIOCOOBI M CpeACTBa CHUYKEHUS He-
CUMMETpPUU U OOYCIIOBJIEHHBIX €0 MOTEph, TAK
KaK B 9THX METOJIaX HECHMMETPHUS TOKOB B CETAX
YUUTBIBAETCS  NPUOIMKEHHBIMH  CIIOCOOAMHU.
Kpome TOro, OOJMBIIMHCTBO Hay4yHBIX pabOT He
paccMaTpuBaIOT MPoOJIeMy KauecTBa JIEKTpUYIe-
CKOM Hepruu B 1ejoM. Tak, Hampumep, MOBBI-
HICHUE KaueCTBa HAMPSDKEHUS 33 CYET CHIDKECHUS
YPOBHSI HECHUMMETPUHU HATPSHKCHUH paccMaTpH-
BaJOCh B OTPbIBE OT MPOOJIEMBbl CHUKEHHS I10-
TE€pb MOILIHOCTU M PHEPTHH B CETH, U, HA0OOPOT,
BONPOCHl CHMXEHUS TMOTEeph HE 3aTparuBaju
npobiaeMy HECUMMETPHH HanpskeHuid. Bmecre ¢
TEM, JI0 HACTOSIIEr0 BPEMEHU He pa3paboTaHbI
o0mue MeTofbl pacyéra ceTeil ¢ HeCUMMETPHY-
HBIMH PAacCpelOTOYEHHbIMM Harpy3kamu. OT-

CYTCTBHE KOMIUIEKCHOCTH B MOJXOJE€ K pelie-
HUIO TIPOOJIEMbI HECUMMETPHUH TTPUBOJIUIO B OT-
JENBHBIX CIy4asX K HEAOCTATOYHO BEPHBIM BBI-
BOJaM M PEKOMEHJAIMIM 10 crocodaM U cpeji-
CTBaM JUISl CHIDKEHUS TIOTEPh JJICKTPOIHEPTUH B
cetsax 0,38 kB, o0yclioBiIeHHBIX HECUMMETPHUEH
TOKOB.

Henocratounocts 3HaHWil 00 ypoBHE He-
CUMMETPUU TOKOB W HaNpsDKEHUH B HHU3KO-
BOJbTHBIX ceTsax 0,38 kB, a Taxxe o crocobax u
TEXHUYECKUX CPEJICTBAX €€ CHUXKEHUs, HE IIO-
3BOJISSIOT COCTaBUTH JOCTOBEPHOM KAapTHUHBI O
JEHCTBUTEILHOM XapaKTepe M3MEHEHUS IMOTeph
ANEKTPUYECKON IHEPruM B ITUX CeTAX, a 0e3
3TOrO0 HEBO3MOXXHO pPa3paboTaTh U MPUMEHUTH
Ha MPAKTUKE MEPOIPHUATHS MO CHUXKEHHIO I10-
Tepb AJICKTPUUECKOIN SHEPTUU U MOBBIIMICHUIO €€
KaydecTna.

TakuMm oOpaszom, pemieHue 3a7ad dHEPro-
cOCpeKEHUSI U YITYUIICHUSI Ka4eCTBa dJIEKTpUYe-
CKOW 2HEpruu B HU3KOBOJBTHBIX ceTsix 0,38 kB
TECHO CBSI3aHO C MPOOJIEMON CHIIKEHUS HECHUM-
METPHUH TOKOB B 3THUX ceTsX. [loaTomy akTyanb-
HBIM ¥ CBOEBPEMEHHBIM SIBJISIETCSI PACCMOTPEHHUE
BOMPOCOB, CBSI3aHHBIX C pa3pabOTKON CrocoOoB
CHIDKEHUS HECUMMETPUH TOKOB U TOJTOTOBKOM
MPaKTUYECKUX pPEeKOMEHJAuil no 3¢ ¢eKTUBHO-
ctu ucnosb3oBanus MCIIL.
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CeTAX, OOYCIOBJIEHHOTO HHU3KHM Ka4eCTBOM
AJIEKTPOIHEPTHH.

3. [Ipeanoxkeno cosnath OMOMMOTEKY TH-
MOBBIX MEPONPUATUN TIO TMOBBIIICHUIO YHEPro-
3¢ (HEKTUBHOCTH DIIEKTPUYECKUX CETeH myTem
yIy4IIeHUs] KaueCTBa dJEKTPOIHEPTUH, U MOKa-
3aHa METOJIMKA €€ peaan3aluu.
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