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Estimation of Hydraulic Backhoes Productivity for Overburden Removing
at Kuzbass Open Pits

Maxim TyuleneV, Oleg Litvirf, Michal Cehlar, Sergey Zhironkit and Magerram Gasandv

In a recent decade in the countries which increabedvolume of solid mineral resource productioa #ector of mining equipment
upgrading for overburden and resource extractingemaions was directed towards the replacement gfretgated shovels with more
productive and flexible in operation hydraulic exators. Their mass introduction at coal open pihes of Russia, China, Australia and
Canada is expected to increase the efficiency cdation and loading operations and reduce theltotest of rock mass extracting. This
can be achieved by reducing coal losses duringngimiperations and faster loading the volume ofhifested rock mass when the best
configuration of excavator's face and dump trackifioning is provided. The key parameter of setectf hydraulic backhoe model and
optimising the technological schemes of its apgitiea along with mining and geological conditioris,the backhoe's performance. For
calculating the performance of the hydraulic baakltbe parameterisation of technological schemesxovator using has the particular
importance for mining and overburden removing wotksparticular, it is necessary to determine thamimum duration of a single face
block mining during a single pass of the excavadad the height of processed layer in order to @ee@imaximum efficiency of the hydraulic
backhoe. This article describes the method of d@teng the effective productivity of hydraulic exator when developing face unit in
a single pass, depending on the layer’s thicknesil@ading dump truck position respectively toléhes| of excavator’s installation.
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Introduction

At present, hydraulic excavators take an imporpdate in the range of extracting and loading eqeipim
for coal open pit mines (Tyulenev et al., 2017)pReing traditional rope shovels, hydraulic excav&timpose
new requirements on another open pit mining preseske drilling and blasting, transporting the kanass
(Hrehova et al., 2012). Using mobile and productiyeraulic backhoes can also improve the fullndssoal
extraction from the seam. That favourably influenamn the extraction of whole estimated deposit iwith
the quarry field (Cehlar et al., 2017).

Despite rope shovels and draglines have been krasviigh-productive open pit mining equipment
(Alabuzhev et al., 1966; Matushenko, 1975; Demetlal., 2009; Molotilov et al., 2009; Demirel, 2011
Hummel, 2012; Mattis et al., 2012; Prakash et2013). In general, this is due to both the flexipibf their
application and the ability to modify the technisahemes of overburden removing and coal miningatipss,
and a large assortment of hydraulic excavatoriénquarry equipment market. Among the manufactusérs
quarry hydraulic shovels, such companies as Komaigachi (Japan), Terex (USA), Liebherr (Germanyg
leading. For the years 2005-2012 the distributiénmining excavators’ sales in the world market amon
the largest manufacturers showed: Hitachi - 38.3M%rex - 21.8 %, Liebherr - 15.3 %, Komatsu - 1%.1
Caterpillar - 9.5 % (Tyulenev et al.,, 2016). Thegemce of several large suppliers in the world atad
hydraulic excavators has led to the situation thia¢ invariance of parameters directly influencing
the performance of hydraulic excavators is quitghtdue to the wide range of their models offerecsbyeral
large manufacturers and the spread of their opegratarameters. Therefore, the choice of a speyfiraulic
excavator for given mining-and-geological condiianust be accompanied, on the one hand, by ansassess
of excavator’s effective productivity, and on thther hand — by an analysis of the parameters detewgnthis
productivity.

The main design advantage which determines the éiffitiency of hydraulic excavators in comparison
with mechanical shovels is the presence of a vdiubydraulic drive (Bhaveshkumar, 2013). This st
possible to apply more compact schemes of workiongpeent, add additional degrees of freedom to buck
motion, which is especially in demand for selectaxeavation. All this together leads to a reductiothe total
mass of the hydraulic excavator in comparison wWfith mechanical shovels and a decrease in pressure o
the ground. At the same time, working equipmertyafraulic excavators is produced in two versiorishevel”
and “backhoe”, which also extends their technolaigi@pabilities.
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State of the Problem

In Russian mining industry, the modernisation o&my excavators' park began with a delay of 20-@&ry
from technologically advanced countries, mainlythie form of replacing worn out obsolete ECG excarsat
(rope shovels) at operating and under constructaa open pits. As an alternative to old rope eatans, coal
companies have been importing hydraulic excavatotis a working weight up to 500 tons or more. Aeth
present time, some hydraulic backhoes exploitagiqerience has been gained in various coal-mirgggpns of
Russia, including the largest of them — Kuzbassafpet al., 2012).

Since 2001, hydraulic backhoes of relatively smalt capacity (with a bucket of up to 4 cubic msjdrave
been working, for example, at the open pit minesaafl company JSC "Kuzbass Razrez Ugol" ("OperCBdl
Mining of Kuzbass", the second largest coal mingmgnpany in Russia). The use of hydraulic backhoes i
difficult geological conditions makes it possibke reduce coal losses and reduce its dilution dusetective
excavation. This also makes it possible to extcaet from thin seams that are inaccessible for slsofhamed
ECG in Russian, which means "quarry excavatorsaterpillars”) by hydraulic backhoes, mainly duentore
complex bucket trajectory.

The renewal of the excavator park of JSC “Kuzbassré& Ugol” company became a part of a long-term
program for large coal-mining enterprises modetiisa mainly to improve equipment productivity,
the efficiency of extracting-and-loading operatiamsl coal losses reduction. Moreover, with thegase in coal
production and the expansion of overburden remquimg issue of switching to a new autonomous exeava
equipment of a large unit capacity becomes pagituurgent, what is proved by the history of opé&mining
developing (Lokhanov et al., 1967; Scott et al1@0 This led to the expansion of hydraulic excaka{mainly
backhoes), not only for mining but also overburdemoving operations (Fig. 1) (Agafonov et al., 2017
Zhironkin et al., 2017; Kapitskaya et al., 2017).
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Fig. 1. The dynamics of coal mining and overburdEnoving carried out by hydraulic excavators & #nterprises of JSC “Kuzbass
Razrez Ugol” company.

As it follows from Fig. 1, modernisation of the ex@ators' park and subsequent increase in coal ptiodu
at the open pits of the largest coal holding comparKuzbass led to the active use of hydraulicaenators in
overburden removing. As a result of 13 years - fi2003 to 2015 - the volumes of overburden excavated
hydraulic excavators increased in 23 times - frotm 639 million n.

For example, the overburden removing complex laeddh 2008 at Taldinsky coal open pit mine includes
hydraulic excavator Hitachi EX-3600 (backhoe) watbucket capacity of 203rwheel bulldozer CAT-834 and
caterpillar bulldozer CAT D-10, dump truck BelAZ3&B with a capacity of 220 tons, a heavy grader QAW
and drilling machine Ingersoll-Rand DML-1200. Thedhaulic backhoe Hitachi EX-3600 productivity readh
18,000 m per day.

Used methods

From a technological point of view, as a relativegw type of extracting-and-loading equipment, awtic
backhoes require adaptation for Kuzbass coal ojtemipes conditions, mainly for the process of ifiystg
rational technological parameters of excavator-dinagk complexes.

In particular, it is necessary to determine theustds and duration of mining the face block as tlaénm
components in calculating the effective producyivitf each model of the hydraulic backhoe and tdifjus
the rational height of excavated layer.

The volume of the face block (rock extracted frone tface of one excavator's move) depends on
the following parameters: the step of the excavatmoving & m), the maximum value of digging radius at
the level of excavated layer's bottorRy( m) and the height of excavated layéy).(In turn, the value of
maximum step of backhoe’s shifting. £, M) depends on the calculated height of excaviatgst, the distance
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from the upper edge of the layer to the trackshef lhydraulic excavator, and the temporal stabditgle of
excavating face in the process of working the l¢i&y. 2).
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Fig. 2. The relationship between the parametethefface of hydraulic backhoe in mining the raokelr

The study carried out at Open Pit Mining DepartmentT.F. Gorbachev Kuzbass State Technical
University (Kemerovo, Russian Federation) and NwtioResearch Tomsk Polytechnic University (Tomsk,
Russian Federation) allowed approximating the marimstep of the backhoe’s shifting expressed in
the following way (1):

A = Ry —1.4x h =3 (1)

Ry - digging radius of the excavator at the leveéxdavated layer’'s bottom [m];
h, — the height of excavated layer [m].

The calculations showed that the values of the sfdpackhoe’s shifting, obtained using formula (43,
a result of approximation, have high reliability.98-0.98 for hydraulic backhoes Liebherr-984C, 9%drex
RH-200 and layer thickness: 2hgz <8). We explain it by the fact that the trajectafythe backhoe bucket's
movement was determined in accordance with streshematical laws, approximated with a sufficierttlgh
accuracy.

Chronometric observations over the operation of&wiic excavators at open pits of JSC “Kuzbass &azr
Ugol” showed that the actual value of shiftiags always less than the calculated vadyg, If they equalise, in
this case, the approach of dump trucks for loadliighe hampered by scattered rock pieces fromfalce that
the excavator will not be able to clean. The actliatance of backhoe’s shifting is (0.5-0.7%),, so for
the following calculations we take:

a=cx(R -1.4h-3) 2)

where:c; — correction coefficient (0.5-0.75).
Approximation of the dependence of maximum diggiadius of the backhoe at the level of dump truck
installation (the bottom of the layer) from thedag height allowed drawing the following formul@){

R, = R-0.84x h+ 2 ©))

where:Rys is the digging radius at the standing level [m].

It should be noted that the term "digging at theeleof standing"” is in a certain sense conventiosiaice
the rock mass scooping by backhoe’s bucket conms the catch pit, into which the blasted rock miadis
under stability angle. Such a catch pit is necgsgar filling the bucket more fully, so it movesoalg with
the excavator.

The width of the backhoe pags] was accepted according to the classic recommiemdat

A, =1.5% Ry (4)

Consequently, the volume of the rock mass loadethéyhydraulic excavator within the limits of ortefs
of the shiftingV,ss NT is expediently defined as follows (calculated ba tlense state):
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_cx15(R,-1.4<h- 3Jx( R,~ 0.84 h+ Px h
pass Kf

where:K; — the degree of fragmentation of rock in the baeks bucket.

®)

The time of working the face block by the backhdthwthe loading of rock into a dump truck located i
one step of shifting from the excavatdy,) includes the excavation time itself, the totahdi spent on face
cleanup, waiting for the dump truck and the backimosement (6).

V
Ty =—oox Kb6_0 + Tai
K. xXE t
where:Ty, —time of block excavation [min];

E - geometric capacity of the backhoe’s bucket, m

K. - coefficient of excavation;

Kp — degree of bucket filling;

t. — time of excavation cycle [seconds];

Twait- Waiting time for the dump truck [minutes];

Tiace - time of face cleanup [minutes];

Tpass- time of backhoe shifting [minutes].

+T

face

+ Tpass (6)

C

Results and discussion

The calculation of working time of the excavatothin a single move with a different layer’'s heigft
summarised in Tab. 1.

Tab. 1. The operating time of hydraulic backhotawithe limits of one shifting step for differeraiues of layer's height to be worked

[minutes].
Layer’s height (h) [m] Model of hydraulic backhoe
Liebherr-984C | Liebherr-994 Terex RH-200
With truck loading lower than the excavator is posiioned
2.0 51.5 44.7 40.1
2.5 55.2 49.0 44.4
3.0 56.5 51.6 47.4
3.5 56.1 52.7 49.2
4.0 55.9 52.5 50.0
4.5 54.0 52.9 49.9
5.0 50.5 52.5 50.3
55 454 51.1 50.5
6.0 38.8 48.7 49.9
6.5 30.9 45.2 48.6
7.0 21.8 40.9 46.6
With truck loading lower than the excavator is posiioned
2.0 65.9 56.8 50.2
2.5 72.0 63.1 56.4
3.0 77.3 67.5 61.0
3.5 79.9 71.6 64.2
4.0 79.9 74.5 67.4
4.5 77.4 75.7 70.0
5.0 72.5 75.4 71.5
55 65.1 73.4 71.8
6.0 55.4 69.9 71.1
6.5 43.6 64.9 69.2
7.0 29.8 58.4 66.3

The data from Tab. 1 indicate that the operatingetof the hydraulic excavators of considered modéls
be the largest for the layer’'s height of 3.0-4.Qupper loading) and the height of 3.5-5.5 m (lodgsding)
within the same shifting of the backhoe.

The volume of rock mass per one shifting move ef ¢lcavator (5) and the time of its development (6)
allow determining backhoe’s effective productivitgking into account the auxiliary operationQe.
The effective productivity of a hydraulic backhae the face block working can be achieved wherctmalition
of rational quality of the rock mass explosive netion is fulfilled taking into account the influee of the rate
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of bucket filling and the duration of this process. general, the effective productivity of the exator
(hydraulic backhoe) can be calculated by the faltmwormula (7)

6V
Q=—"— (7)
° Ty
where:Qes - backhoe’s effective productivity v hour].

The data used for simulation calculations are prteskin Tab. 2.

Tab. 2. The initial data for calculation backhdéeetive productivity.

P Initial Data (lower /upper Data range
arameters N L

dump trick’s position) min max
Angle of backhoe turn [degrees] 30/90 10 180
Height of the dump truck [m] 3 2 7
Time of face cleanuj [min] 7 2 15
Time of dump truck waiting [minutes] 0.5 0 2
Backhoe shifting spee [km/h] 2 0.5 4
Degree of rock fragmentation in the shotpile 1.30 1.1 1.4
Degree of rock fragmentation in the bucket 1.5 1.1 15
Degree of bucket filling 0.9 0.5 1.2

The calculations of effective productivity of a noien of hydraulic backhoes being used at Kuzbass ope
pit mines for different values of working layer’sight are shown in Fig. 3.
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Fig. 3. The dependence of hydraulic backhoe éffeproductivity for various ways of dump truckdaay: (a) for the installation of a dump
truck below the level of backhoe’s position, (bperpthe level of backhoe’s position.

Conducted multivariate simulation calculations bé teffective excavator productivity showed that its
maximum is achieved with a layer's height 3.0-5.and 2.5-4.0 m, respectively when dump trucks mstalled
lower the excavator's position. Calculation of ¢ixeavation cycle is based on timekeeping obsemstibat are
approximated with a sufficiently high degree ofiabllity (at least 0.9). Thus, for applying in ptiae of
excavation and loading operations at open coalysisg hydraulic excavators, we recommend the gabfe
the rational excavating layer's height, presentebaib. 3.

Tab. 3. The rational values of excavated laye€mght, corresponding to the maximum effective petidity of the backhoe.

e . Liebherr Terex
Ways of dump truck positioning | Liebherr 984C 994 RH-200
Lower than the backhoe [m] 3.0-35 4.0-4.5 4.5-5.0
Upper than the backhoe [m] 2.0-25 3.0-3.5 3.5-4.0

The results of data analysis for multivariate simioh calculations of effective productivity of madilic
excavator dependence on the layer’'s height werepappated by the expression for its average va)e (
R 35

dsN
(8)

Application of formula (8) to determine the averagdue of the layer’s height requires schematiratib
installation for each model of the excavator, samilo that shown in Fig. 2. It was found that whayering
the rock shotpile, the maximum productivity of hgdlic backhoes is achieved with a layer's heightaéqo
0.5 of maximum digging depth for a lower dump truicistallation and 0.4 maximum digging depth for
the installation of a dump truck at the level of@xator’s position.

X
h,=5.3x Nex
' P 13,5
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This is confirmed by the distribution of volumesrotk mass excavated in one step of excavatof$ngfyi
depending on the layer’s height.
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Fig. 4. The dependence of volumes of rock maswated in one step of the backhoe shifting, ofatyrer’s height.

As it follows from Fig. 4, the maximum value of te&cavated rock volume (780°rfor Terex RH-200,
560 nt for Liebherr-994 and 310 Hror Liebherr -984 C) corresponds to the heighthef layer in 3.5-5.0 m,
which actually lies within 0.4-0.5 of the maximurgging depth of these backhoes.

Conclusion

The volume of the face block has its maximum valapending on the height of the layer of overburden
rock or coal being excavated by the backhoe. Ther's height corresponding to the maximum volume of
the face block does not depend on the actual batkhshifting step. The maximum effective produtyivef
the hydraulic backhoes can be achieved with a wmgrkayer's height equal to 0.5 of the digging depith
a lower dump truck setting and 0.4 depth of diggiith the dump truck installed at the level of #hecavator's
position on the bench.
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