EOTEXHOIOMA: NOO3EMHAA,
OTKPbITAA, CTPOUTESIbHAA

V]IK 622.063 DOL: 10.21440/0536-1028-2019-1-6-13

On the parameters of an industrial motor vehicle designed
to transport sized coal out of the face
of an open pit

Mulenkova A. 0.1, Demchenko I. I.
1 Siberian Federal University
(79, Svobodny Prosp., Krasnoiarsk, Russia)

Abstract
Introduction. Sized coal production in the face of an open pit allows to reduce its prime cost by reducing
transfers and backhauls. At that, the maintenance of the quantitative and qualitative characteristics of
the produced coal is highly significant. For this purpose it is suggested that the coals transfer from the
face to the daylight surface ought to be carried out in specialized containers installed on an industrial
motor vehicle being the initial link in the resource-saving and ecological technology of sized coal
transportation out of the face of an open pit.
The research aims to determine and substantiate the parameters of an industrial motor vehicle for sized
coal transportation in specialized containers out of the face to the daylight surface.
Methodology. An industrial motor vehicle parameters determining mathematical model have been
worked out, which allows to determine the rational values of its carrying capacity and structural
parameters. Research methods include mathematical modeling and analysis, computer calculation
software tools, and physical modeling.
Results. The present work has determined the range of parameters and the alternatives of structural
variants of an industrial motor vehicle adapted for the specialized containers with sized coal
transportation out of the face of an open pit. Interdependences between its basic parameters among
themselves and between its basic parameters and external factors have been examined. The dependences
between the carrying capacity and the productivity of processing equipment, time of sized coal loading
into the containers, and the dimensions of a freight platform.
Conclusions. Dependences derived in the present work allow to determine rational values of industrial
motor vehicle parameters and come into the substantiation of excavating and loading equipment and
processing equipment for co-operation in the process chain of coal production in the face of an open pit.

Key words: sized coal; stoping face; industrial motor vehicle; parameters; carrying capacity.

Introduction. Coal producers competitive growth is an important development
objective of the industry [1-3]. The growth in coal production output leads to the
increasing demand for sized coal. Sized coal production in the face of an open pit
allows to reduce its prime cost by reducing transfers and backhauls. The maintenance
of the quantitative and qualitative characteristics is provided by technological use of
the specialized containers (SCC) for sized coal delivery to the consumer. The delivery
of SCC from out of the face to the daylight surface is carried out by an industrial motor
vehicle (IMV).

Consequently, there appeared the need to substantiate the parameters of an industrial
motor vehicle being the initial link in the resource-saving and ecological technology of
sized coal transportation out of the face of an open pit.
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Methodology. Research methods include mathematical modeling and analysis,
computer calculation software tools, and physical modeling.

Research results and analysis. Under cyclic technology of coal miningitisoffered
to organize sized coal production in the face [4] and then load the produced sized coal
in SCC installed on an industrial motor vehicle for its transportation out of the face to
the daylight surface [5].

IMV represents an open pit automobile with removable load-carrying vessels in the
form of specialized coal containers installed in a platform. IMV parameters must
provide the fulfillment of the following
requirements: 25001

— structural adaptation to the
conditions of exploitation — moving on
open pit roads with complex and KCY-656 EKCY-49
changeable cross section and a large 2000 |
number of sharp turns [6];

— operation in confined spaces —
numerous  manoeuvres  including
manipulations at the territory which is
limited across the width of a working
site [7];

—  structural  suitability  for
specialized containers transportation — 1000 |
the availability of the equipped load
platform;

— carrying capacity correlating with
the productivity of processing
equipment.

The range of IMV parameters has
been determined on the basis of the
initial data analysis — the main
conditions of its operation, namely: 100 300 500 700
mining technical conditions, Processing equipment productivity, t/h
productivity of mining transportation
cquipment and SCC parameters being {11 e dependnes bty e me et o
aremovable load carrying element of equipment productivity
IMV. The basic parameters are the Puc. 1. 3aBucuMOCTh BpeMeHH MOIpy3KH COPTOBOTO
nominal carrying capecity of avehicle 3114 ST oM Koeiepi o ipor
g, t; dimensions of a freight platform
(length @, m; width b_, m; height /_, m); dimensions of IMV (length a__, m; width
b,., m; height 2 ., m); minimum swing radius R, m; motor power N, kW;
the coordinates of a loaded vehicle centre of gravity ensuring its longitudinal
and transverse stability.

Carrying capacity is one of the crucial factors to determine the structural variant,
dimensions and power of IMV engine. Carrying capacity of IMV must correlate with
the productivity of the processing equipment complex installed in the face in order to
prevent failures in winning, processing and transporting components of open pit
technological process. For that reason the given parameter takes priority in its value
determination and substantiation.
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Actual carrying capacity of IMV ¢’ , t, is determined by the parameters of the
complex of processing equipment and by the loading technology:

! Kn t1’1
qT.C = QOG n )
Y

where Q,; is the productivity of the processing equipment complex, m¥h; K is a
correction factor taking into account afraction of sized coal output from the processing
equipment; ' is IMV loading time, h; 1 is a coefficient of vehicles’ uneven arrivals at
the loading point; y is IMV carrying capacity operation factor [8].
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Fig. 2. Dependence between IMV nominal carrying capacity and the number of vehicles in use
Puc. 2. 3aBucumocts HOMUHaNBHOW rpy3onoabeMHocTH TATC OT KoIMuYecTBa HCIHOJIb3YEMBIX aBTO-
MOOuIIEH

IMV loading time ¢’ is the time to load sized coal into all the SCC installed on the
freight platform; the number of SCC should meet two basic conditions:

1) the total gross weight of the specialized containers my , t, installed on the freight
platform converges to nominal carrying capacity of IMV and is equal to actual carrying
capacity of IMV:

1
Zrnﬁpin = q;‘.c < qrAc’

where i is a nominal scale value which classifies the specialized containers according
to the form factor; mg, is the gross weight of a container with i form factor, t; ¢’ _is
IMV actual carrying capacity, t; n, is the number of containers with i form factor;

2) the total area of the foundation S, m?, of the installed containers converges to
IMV freight platform effective area S, m?:

i’

i SDCHi ni < Srm .
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Loadingtime¢’ isdirectly proportional to themassof sized coal stored in acontainer
with a definite form factor and to the number of containers on a freight platform; and it
is inverse to the productivity of the complex of equipment:

8. V.yK j
tl — Bi (0" MH ,
. iZ_ll(n—Qoﬁ

where V; is the internal volume of a specialized container with i form factor, m?; y, is
the dimensional weight of coal, t/m% K is a coefficient of container filling; for small
pieces K = 1.0-1.1; for average — 0.7-0.8; for large 0.3-0.6.

The formula (V,;y,K,)/Q is the loading time for one specialized container with i
form factor 7, h.

Fig. 1 represents a graph of the dependence between the time of sized coal loading into
the specidized containers,, s, and processing equipment with the productivity Q_, t/h.

Thus, the actual loading time for IMV ¢’ equipped with SCC with various form
factors depends on their total number installed on the freight platform with the account
of the number of containers of each form factor and the loading time ¢_for each
container.

The dependence between the actual carrying capacity of IMV ¢, and the parameters
of mining transportation equipment will become:

8 V. vy, K
VC:QO Kn Bi 10 Hj~
q. = Qs ng(n 0K

Nominal carrying capacity of IMV ¢__, which determines the largest quantity of
cargo which can be transported by avehi cIe at the sametime, isrelevant to the number
of IMV operating in the line of sized coal bulk transportation:

Q| 31 o2t en

i=1 06 L

Ay

Q.. =

where 4 is the number of IMV operating in the complex of equipment, unit; L is the
distance between the face and the warehouse of temporary storage, km; v is the speed
of IMV movement, km/h; 7/ is the time to unload one SCC from IMV freight platform

Dependence between the carrying capacity ¢, . and the number of vehicles 4 in use
when producing sized coa using the equipment with productivity Q is presented at
fig. 2.

In order to determine dependence between IMV actual carrying capacity and freight
platform dimensions (length a_, m, width 5 _, m) under different variants of specialized
containers arrangement on the IMV platform, the Institute of Mining, Geology and
Geotechnology of Siberian Federal University has written a computer program [9]. The
developed computer program allows to consider the variants of IMV platform
arrangement with various SCC form factors and their combination and determine the
dependence between IMV carrying capacity and its platform dimensions. The values of
IMV actual carrying capacity under given values of platform length and width are
graphically represented at fig. 3. The values of width (b, m) are the following: 2.44 is
the maximum width of a specialized container out of all granted for use, which
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determines the minimum width of IMV platform ensuring the arrangement of specialized
containers of any form factor out of the suggested ones; 3.86 — the width of BelAZ-7540
dump truck with carrying capacity 30 t [10]; 4.24 — the width of BelAZ-7545 dump
truck with carrying capacity 45 t [11]; 4.74 — the width of BelAZ-7555 dump truck with
carrying capacity 55 t [12]. Freight platform length values correspond to maximum
lengths of SCC. Open pit vehicle taken as a base is plotted on the horizontal axis.
Platform dimensions are plotted on the vertical axis; for each IMV, 4 combinations of
platform length and width are presented. Highlighted are the variants of platform length
and width combination corresponding or close to the nominal carrying capacities of
open pit vehicle on the basis of which it is made.

14 r 1 120

N ® 106 ®
12 105 1 100

IMV carrying capacity, t

Thedimensions of IMV freight platform, m

Based on BelAZ-7555 | Based on BelAZ-7545| Based on BelAZ-7540| Based on the on-highway
dump truck

mmmm Freight platform length C— Freight platform width
—@®— |[MV carrying capacity

Fig. 3. The dependence between IMV actual carrying capacity and platform dimensions
Puc. 3. 3aBucumocTh (hakTHUECKOH TPYy30HOABEMHOCTH OT rabapHTHBIX pa3MepoB miatdopmer TATC

For example, for IMV made on the basis of BelAZ-7555 optimum platform
dimensions will be the length of 6.06 and the width of 4.74 m, at which maximum
possible nominal carrying capacity will make 57 t.

IMV loading height /_, m, which determines IMV suitability for loading operations,
is an important parameter. Under specialized containers top load, the following
condition should be met:

hs 2 h, +h,

where & ¢ is the height of coal discharge from screener loading conveyor, m; /_is the
maximum height of a specialized container installed on a platform, m; 4 _ is IMV
loading height, m.

The dimensions of the platform considered above are the components of the IMV
dimensions. Besides, IMV dimensions depend on the structure: a single unit vehicle,
semi-trailer road train or trailer type road train [13]. The structural variant, apart from
its influence on IMV length, affects the minimum swing radius R, which determinesthe
possibility of manoeuvring. IMV minimum swing radius R depends on IMV wheelbase
L, maximum wheel turning angle, and structural variant. A single unit IMV with hinged-
articulated frame has the minimum swing radius. External swing radius depending of
IMV dimensions determines the possibility of IMV manoeuvring at the face working
site territory.
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Longitudinal cross section of open pit roads represents the sequence of rises and
descents of various gradient and length. In complex conditions of operation, longitudinal
road slopes can reach 10—12 % and more at certain short road sections [4], at that, cross
slope can reach 6 %. That is why it is necessary to pay special attention to IMV
parameters which determine the stability and all-terrain capability in the specified
conditions. The checking calculations of IMV longitudinal stability have shown that in
case of the centre’s of gravity maximum shift towards the back axle, vehicle roll-over
will happen if the elevation of its centre of gravity 7, will be 9.8 m. The given value
corresponds to the elevation critical height ofaloaded IMV centre of gravity. Calculation
values of /2, m, are presented at fig. 4.
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Based on open pit dump Based on aminerailway Based on the on-highway Low-loading trailer
truck BelAZ-7540 carriage VS-30 dump truck KamAZ- 6520

Loading height of IMV

Elevation height of aloaded IMV centre of gravity with SCC-65.5
installed

— Elevation height of aloaded IMV centre of gravity with SCC-1.54
! installed

The centre of gravity of abasic motor vehicle

Fig. 4. Calculation values of elevation height of a loaded IMV centre of gravity to overcome a longitudinal
slope of 120 %o when transporting rock mass with the dimensional weight of 1 kg/m
Puc. 4. PacueTHble 3Ha4CHUS BHICOTHI LIEHTpa TshkecTH rpyxeroro TATC st npeomoseHus IpoJoIbHOTO
ykiiona 120 %o 1pu mepeBo3Ke TOPHOIT Macchl 0OBEMHBIM BECOM 1 KI/M

As can be seen at fig. 4, actual maximum arrangement of the centre of gravity is
2.24 m for the IMV variant based on BelAZ-7540. That is why IMV longitudinal
stability is reached in any structural variant.

Conclusions. The present work has determined the range of the basic IMV
parameters depending on the features of mining technology and mining technological
conditions of mining. Dependences between the nominal carrying capacity and
dimensions of a platform derived in the present work allow to determine rational
values of an industrial motor vehicle structural parameters being the initial link in the
resource-saving and ecological technology of sized coal transportation out of the face
of an open pit.
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O napameTpax TeXHOJOrH4eCKOro aBTOTPAHCIOPTHOIO CPEICTBA,
NMpeIHA3HAYEHHOT0 VISl BLIBO3KH COPTOBOTO YIUIsi H3 320051 pa3pe3a

Myaenkosa A. 0.1, lemuenxo . U.!
! Cubupckuii penepanbhbiii ynusepcuret, KpacHosipck, Poccust.

Pecgpepam
Beeoenue. Ilonyuenue copmogoeo yais 6 3aboe paspesa no360sen CHU3UMy €20 cebeCmoumocniv 3a cuem
COKpaujenus nepesanox u 6Cmpeunvix nepegos3ok. IIpu smom 6onbuioe 3nauenue umeem coxpameHue
KAUeCmEeHHbIX U KOAUYECTBEHHBIX XAPAKMEPUCTNUK NOTYHEeHHO20 Yens. [l 9moeo npediazaemcs ocy-
Wecmenamy e2o nepeso3Ky u3 3a60s Ha OHEBHYI0 NOGEPXHOCHb 6 CNeYUdIUSUPOSAHHBIX KOHmMeHepax,
VCMAHOBNIEHHBIX HA MEXHOLOSUYECKOM ABMOMPAHCNOPIHOM CPEOCMEe, CAYHCAUWEM HAYAIbHBIM 36€HOM
pecypcocbepezaioujell u HKON02UYECKU YUCIOU MEXHON02UY OOCMABKU COPMOBO20 Yelisl U3 3a005 paspesa.
Lens. Onpedenums u 060CcHOBAMb NAPAMEMPLL MEXHOIOSUHECKO20 A8MOMPAHCHOPMHOZ0 CPeOCmEa OISl
6bI603A COPMOBO2O V2l 6 CNEeYUANUIUPOBAHHBIX KOHMEUHEepax u3 3a60s paspe3a Ha OHESHYI0 NoGepx-
HOCHIb.
Memooonozus. Paspabomana mamemamuyeckas mooenb onpeoeienus napamempos mexHoI02U4ecKo20
A8MOMPAHCROPMHO20 CPEOCMBd, KOMOPAs NO360JAEm ONPedeluntb PAYUOHATbHbLE SHAYEHUS €20 2PY30-
NnOOBLeMHOCIU U KOHCIMPYKMUSHBIX napamempos. Memoobl ucciedo8anus 6KA0UA0m MamemMamuieckoe
MOOENUPOBaHUe U AHAIU3, NPOSPAMMHbBLE cpedcmea pacuemos Ha IBM, gusuueckoe modenuposanue.
Pesynemamui. B pabome onpedenenvl HoMEHKAAMYpa NAPAMEMPO8 U 6aPUAHIbL KOHCIMPYKMUSHO20 UC-
NOTHEHUs. MEXHONO2UUECKO20 A8MOMPAHCNOPNIHO20 CPEOCHBd, A0ANMUPOSBAHHO0 Ol MPAHCROPMUPOS-
KU CHeyuanu3uposantblx KOHMeUHepos ¢ COpMogsim yenem us 3abos paspesa. Paccmompenul 63aumosa-
BUCUMOCTU OCHOBHBIX €20 Napamempos opye ¢ Opyeom u 6HewHumu @akmopamu. OnpedeneHvi
3a6ucUMOCmuU  2py30N00bEMHOCIY  OM  NPOU3E0OUMENbHOCIU  hepepabambléaiouje2o 000pyOOsaHus,
BpPeMeHU NO2PY3KU COPIMOBO0 Yelisl 8 KOHMEUHEPbl U PA3MEPO8 NOZPY30UHOU NAAMPOPMbL.
Bu1600bi. BvigeOennvie 6 pabome 3a8UCUMOCIU NO3GONAIOM ONPeOetmb PAYUOHATbHbIE 3HAYEHUS Napa-
Mempo8 MEXHONOSUUECKO20 ABNMOMPAHCNOPNIHO20 CPEOCMBA U BbLUMU HA CO2NACO8AHUE NAPAMEMPOS
BbIEMOUHO-NOZPY30UHO20 U Nepepabamuléaroujeco 000py00sanus Oisi CO6MECMHOU pabomvl 8 MEXHONO-
2UYECKOUl Yenouxe NOIYYeHUs COPMogo2o yeiis 8 3aboe paspesa.
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Knrouesvie cnosa: copmogoii y2onw, 000biunoll 3a00U; MeXHOI02UYECKOe AGMOMpAaHCROPMHOe CPeOCmB0;
napamempul; 2py30n00beMHOCHIb.
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