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ABSTRACT

The rate of efficiency of a bucket wheel excavator SRs-2000 that excavates the
overburden depends on a number of factors Values of stope and web parameters being
equal or almost equal to optimum ones is a basic factor Bench stability is necessary for
securing a safe and effective work under the conditions of "Maritsa-1ztok, AD" mines
Conditions of the task for calculating the optimum values of stope parameters are
determined in the paper. An analytic-graphic method is proposed for resolving the task
An analytic expression is also proposed for calculating power and electric energy
consumed Methods proposed in the paper can be applied to other excavators and other
working conditions

OZET

Ortii tabakasim kazan SRs-2000 tipi bir doner kepceli ekskavatoriin verimliligi bircok
faktore baghdir Blok kazi ve dilim parametre degerlerinin optimum degere esit veya
oldukca yakin olmasi temel kosuldur 'Maritza-Iztak, AD' igletmesindeki kosullar
acisindan, basamak durayligi giivenli ve verimli calisma agisindan bir gerekliliktir Blok
kazi parametrelerinin optimum degerlerinin belirlenme kosullan bildiride belirtilmistir Bu
is i¢in bir analitik-grafik yontem Onerilmektedir. Tiiketilen guc ve elektrik enerjisi icin bir
analitik esitlik de Onerilmistir Bildiride onerilen yontemler, diger ekskavatorlere ve farkl
calisma kosullarina da uygulanabilir
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1. INTRODUCTION

Opencast cod mines often use bucket whed excavators of average and high productivity
that form the productivity of the entire technologica integration. This involves the
redlization of opportunities for maximizing the rate of their effidency. It depends on a
number of factors One of them is optimum vaues of stope parameters.

Furthermore, securing a safe and effective work of the excavator when loose dayey-
arenaceous rocks, like those at the "Maritsarlztok, AD" mines are excavated requires
bench stability.

2. DEFINING THE CONDITIONS OF A TASK FOR OBTAINING OPTIMUM
VALUES OF STOPE PARAMETERS

Under the mining conditions of opencast cod mines of "Maritsa-lztok, AD" and the
bucket whed excavator, SRs-2000, a subject of interest, a height higher but lower than
the admissible one increases its productivity but leads to sudden failures and accidents

Then a task originates - determining the optimum stope parameters - stope height H,
stope width A, angle of bench dope a and angle of the stope a, . The determined
optimum values of the parameters and relations are expected to secure maximum
productivity and necessary safety of the sysem “excavator-stope” under certain mining
conditions, i e.

Ugme 5 Oy = Olsopt 4 P in case Qtech =Qteehoph [1]

where ot . and o, ae the mnimum possble vaues of the angle of dope, of bench
and stope respectively, depending on excavator parameters; o,=f{H) and o,,=~f{H)
angles of temporary gtahility of the angle of dope, of the bench and stope, respectively;
Quan - technica productivity of the excavator including the auxiliay operations
connected with block excavation. This task can be divided into two subtasks.

In the fird subtask parameters of the stope H, aand a, are optimized as a function of
both geometric condructive parameters of the excavator and physicd and chemicd
properties and rock parameters. This subtask can be formulated as follows at a constant
width A = congt, and considering the geometric dimensions of the excavator and mining
conditions the vaues of H, a and a are equa to optimum ones if they provide a
maximum volume of the excavated block Vb, i.e.

H=Hopl$Hmu, amc‘sa=aop(5an;axmasa3=annﬂ Sasn,

A =const. < Apax in €ase Vi = Vi Or Vy, = max 2]
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In the second subtask the optimum values Of Hog., Gtom @ Nityepe I € known and the
optimum value of the stope width A = Ag as a function of geometric excavator
parameters, height of the most upper layer he of the stope and the main disturbance -
variation of volume of sheared Vs web following a cosine law of the angle ¢ of rotation
of the upper structure of the excavator towards not yet mined room, i.e. V,= V,,coso.
The determined optimum value of width A = A, iS expected to provide maximum
productivity Queehe. = Quanbmax, IN Hie case of give mining and climatic conditions this
subtask can be formulated (defined) as follows:

A = Ao < Amax in case Qs = Qushs mes; H=Hop,

O =Clogt ANG 0L = Oty opt; Ne=heop AN 8¢ e =Beoma [3]

3. ANALYTIC-GRAPHIC METHOD FOR DETERMINING STOPE
PARAMETERS

The solution of the above problem, determining the optimum values for stope parameters
can be obtained by an andytic-graphic method The excavator subject of discussion,
SRs-2000 has got the fallowing parameters. Ham = 5,5 + 7,7 m, Hym = 28m, Quwer =
3600/4500m%¥h, ke = 1110/890 N/cm, Ama=55 m.

Determination of the rational stope height is done by the use of fig. 1 depending on
theoretical excavator productivity according to condition of minimum consumption for
the conditions of "Maritsa-lztok, AD" mines. The response of Quesr = 3600/4500m7h
resdsH = 23/25 m.
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Figure 1. Dependence of stope height from theoretic productivity
Height of the bench (stope) can be determined depending on specific force (shearing

effort) of excavator digging. For this purpose usng the nomogram in fig. 2 of
Queor =3600/4500m°h dso H = 23/25m is read, and with respect the spedific force of
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digging H = 25 - 28 misread With the am of providing better safety Hp,,,=20,5-21,5
m is assumed and then a=45 s 47° isread in fig 3
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Figure 2 Dependence of the height of digging from the theoretical productivity and
weight of the excavator and specific resistance of digging
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Figure 3 Dependence of stope angle from dench height according to a condition of dope
dability and condtructive parameters of SRs - 2000

166



The function a = f(H) can be determined by the response of G L Fisenko (fig 4)
Forces of lateral stress in the massif due to its rounded shape and duration of its stay are

considered in the determination

of stope slope angle For that purpose the increase Aa

towards the angle of bench slope is read from the response in fig 5 and the stope angle is

determined, 1e

a» =a+ Aa=f(H)
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Figure 4 Dependence of the slope angle of the bench from its height at a given angle (p
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Figure 5 Dependence of the increase Aa from the radius of digging RM of the lowest
iager of bench
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For the conditions of "Maritsa-1ztok, AD" mines the stope angle is obtained 8° or 10°
higher than the angle of bench dope

The dependence g, is obtained from the congtructive parameters of excavator SRs-2000
according to its digging from minimum to maximum height and from minimum to
maximum radius For that purpose the following formulas are used (fig 6)

| R ~=man s =

oxis of the
excavofor

Figure 6 Parameters of the stope and bucket whed excavator

a, = arctg H ? [5]
{ . H_YO}
1, cos| arcsin 0 tr-a
or u
o, = 5 o
’ arCthm —-d—Rm H [6]
o, = arctg i !
' JE-(H-y,f +r-a’ !
a=R_, -X, =], cos[arcsinwﬂ—ﬂﬂm.] (8]

-

The distance of excavator movement d is

d=1_(cosp, —cosp, )+ (H-h_otge, , [9]
Bl ne a.fCSin H—_(Ef-lilyi,ﬂ) = arcsin ?., [10]
h,=H,, =(05+07)D,m,D=2r, [11]
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The following relation exists aso between parameters of the excavator and the stope

H-(h, -rktgo + R, ~1 =12 ~[H-y, -, -1 - X, , [12]

The equation can be used for determining the minimum dope angle a a a maximum
height of excavator digging or at a certain dope angle the maximum bench height to be
caculaed

On the background of rational caculated parameters a, o, H and the find angle of

rotation of rotor boom towards bench ¢, and towards mined out room «,, the maximum
width of stope can be determined

A_ =R __ (sin P, +5in @,)+ i {cosp, +cosB, )sin ¢, —Hetga,

. . [13]
¢, =45+50%, ¢, <90

Investigations carried out on the base of experience from "Maritsa-lztok, AD" mines
reved that rationa height of the bench for an excavator SRs-2000 varied from 15 to 20
m and a safe operation is secured

4. DETERMINING THE MAIN PARAMETERS OF THE COAL WEB

The method for determining the main parameters of the web and the regime of whed
boom rotation in a horizontd plane is determined depending on control purpose
envissged as wdl as technicd and technologica limitations Some of them are
formulated as requirements

For the purpose of excavator control the maximum exploitation productivity Qe b=Qc b max
of the excavator in case of stope block excavation follows

Qiectib —> Qiech b mas, iN case of Cio = Cictrmm, [14]
where Ckb is the specific consumption for excavation of a stope block

Acquiring of optimum vaues of these parameters is provided to the highest extent when
block and dope parameters tend to optimum values

A 5 Anex. Tb = T max, Kim = K s [15]

where Kua iS the coefficient of dynamics representing the ratio of maximum amplitude of
loading to average congtant vaue, Tb - length of the excavator block

The criterion of stope block control reveals
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0,5D<h, —»h,, <3D/4, [16]

cmax

where ng is the number of layers of the stope block,
At alevd layer, criteriaand limitations (technical and technologicdl) are

n, =0, .,adK,_ >K,  incaseofa, —a, ., <038h, [17]

where nyo is number of lines m the web in one layer, hk - height of the bucket, Ik - wide
of the bucket

Usudly the height of benches is determined in advance In the process of excavation of a
stope bet any time when the excavation of a new stope block (SB) begins its actud
height H is determined, the height hen of the upper layer is optimized so that the radius of
digging R—mex and conddering the longitudind and cross dopes of the Lower
Structure of the Excavator (LSE) and the upper horizon, $,,,.¢,. andd,, ,€,,

respectively The height of the "n" web at its shearing iShe s

hevs = Mo R
{(lgﬁ,b_ ~1g8,, XCOS‘P" - COS‘P')‘* (18515 -7 ‘Bﬁu)z (5"‘ " —sin ‘P’)}

Cu max »

[18]

where Ah, , max - Maximum vaue of variaion of the -"n" web (layer) due to the difference
in the dopes of the Lower Structure of the Excavator (LSE) and the upper horizon, <" -
value of the angle where Ah,, = Ah,, max, ©* - Value of the angle where the next new web
of the new stope block is sheared, 8,,,€,. ,0,, .£,4 the longitudind and cross dope,
respectively of the lower and upper structure of the excavator
The vaue of o™ is determined as afirst derivative of Ahc,, i e

t —tge
o" =arctg—*———""+g | (19
tga)lc e tgﬁ-c
Where g, isthe argular displacement of excavator from stope axis
Then
B, ue =R, [(185,,. - tg5,, Jooso™ + (1ge, . ~tge,, Jsino™] [20]

On the basis of expressions (19) and (20) hc,s and number of layers (n-1) is determined,

ie

h,,, =3D/4-4Ah,, ... (H-h,, }Y(3D/4)=(n-1), [21]
Height of other layers is obtained from the expresson
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hcl +hc[n—l) =(H-hcn)l(n _])l [le]
Maximum vaues of abems ad the number of sheared spitsnp in one layer is

bc mex O’SIK’ n,, = Tb ‘{(O’Shk )H (npc)ﬂ"' > 8cp = Tb ‘f(npc)ﬁ' [22]
At agiven K, max = 2comax/beo OF the thickness a”,mm the following modds are used

Ao = [(qbKl'h mKo mn)"((Ktb hc)r ’ s o’sht * bco = aeom: ’fKo X [23]

Vv, = (w,ntbo,, Y(2ncose), W, =2, AR +r)cose [24]
Kn, Ka are codfficients of filling and sweling of the mining mass in the buckets of the
whed, b.., a., - Width and thickness of the sheared web a an angle of rotation of the
Upper Structure of Excavator (USE) ¢ = 0, Z - number of released bucket for unit time,
nx number of buckets on the whedl, ., - angular speed of the whed and the Upper
Structure of Excavator (USE), respectively

The expressons (23) and (24) are usad for determining the maximum angle of whed
boom rotation in a horizonta plane which providesfilling of the bucketsup, i e

Ky e < @omax [25]

K, o J0,4+0,333
P px ¢ = AICCOS =arceos, f—————

1 max afnheKlb

The maximum periphery Vi me OF 2N g Ul @y max) €€ d When the buckets arefilled up is
determined from the expressons

zb zb,

]

v =, =
05 0r "™ T RAT)O5P

[26]

The value obtained for Vemx 1S compared to the maximum admissible Vomaxg,

In case that Vpmaxs < Vpmxe the boundary angle @ga: Of the increase of V, is
determined, i e

Py o = ACCOS O [27]
pomoig

After reaching Of @grnar , i € Of Vpenarq the goeed remains congtant to reaching the interna
angle @ = @, max Of rotation and the productivity, i e the coefficent of filling Ke reduces
following acosnelaw, i e

Ky =Ky e c0sl9— 9, .. Jin case (p- o, ...)> 0 [28]
When
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meﬂf =vpunxg:if (pgmr =(pmn’ [29]

Then
Vot >V, g 1S NECESSAY 10 be assumed

(Puml':(ppmr’vpmf:vpmxg [30]

5. CONCLUSON

The definitions proposed and the anaytic-graphic method for optimum stope parameters
as wel as the method for determining the optimum vaues of layers, of the excavator
block, number of webs in one layer, and thickness and wide of the web can be gpplied to
other types of bucket whed excavators
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