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ABSTRACT: Consideration of loading unit performancéthim the system “Rock mass - load-haul
equipment - stowing mass” justification of its dgsparameters covers to mine narrow vein heavyipidc
deposits. To intensify the machine performance iprioposed to use vibratory loader while enteradje
into rock mass, and while unloading. Under the sgmemetrical characteristics of ladle it will heip
improve rate of load-haul machine work.

1 INTRODUCTION

From the viewpoint of efficient use of resources ffaper uses systematic approach of justificatfon o
design parameters of compact load-haul dumper. @erisg loading unit performance within “Rock mass-
loading and hauling equipment- stowing mass” apghgastification of parameters of recommended logdi
equipment is run by means of the three stages.

In the context of method (Korovyaka, 2003) stage determines design dimensions of the loading
equipment across the width of working excavatiod #roughout its height (minimum width of working
excavation ismp,i, =12 m, unevenness of wall of stopelis=b, =0,2+0,25 m, shift of dynamic axis of

working is a° = 15deg., and face movementds =2,0 m) (Figure 1).

b)

Figure 1. Design model of face space parametersato is width of stope, m;a is depth of holes, mg; is face
movement, m;h is distance from stowing layer surface up to tedrilled, m; by is height of free working space over
shot rock, m;a is vein’s dip,deg.,m, is thickness of vein, mx = x; + x, is width of enclosing roof and floor out-of-
seam dilution, m;C is height of shot rock, m¢; is a lift of rapid-hardening stowing, nt;, is a lift of dry stowing, m;
by and h; are manufacturing clearances of width and heighording to Safety Rules, iy, is minimum constructive
width of loading equipment, m,, is maximum of loading equipment ladle raise, m.

While ore hauling by means of load-haul dumper mgkinaximum allowable thickness of stowing mass
is important process parameter of goaf stowingdepends on the fact that under raise bench working



procedures concerning drilling and charging as waslishot ore loading are performed from consotidati
stowing. According to DBO certificate, standard In¢igf face space should be permanent between @p an
filling mass surface. Under the height, manufaciyrclearanceh, being minimum allowable on Safety

Rules distance between top and vertical positiotoafler shovel is kept. Manufacturing cleararigeis

required for free ranging movement of equipmenhwigrtical position of shovel within block (Figuten).
Manufacturing clearancdy across the width of face space is the parametéchwitetermines loading

equipment adaptability while hauling ore within o

Taking into account real hypsometry of face spaattswand shift of dynamic axis of working obtainesi
a result of simulation, stage two determines aglaptiapacity of loading equipment. That is, minimum
length of the equipment is determined for minimurdttvdefined during stage one.

Semitheoretical problem of justification of desigarameters of compact load-haul dumper can bedolve
by means of simulation of its design adaptive capadgthin narrow stope which stochastically chasgis
direction and spatial outline as a result of drdliand blasting, and requirement to follow ore body

There was performed structural analysis of confijan of side wall and bottom wall of working
excavation formed under controlled drilling. Thegpeoximating surfaces of stope were built up, dmelyt
had m mining height,4 =0,2+0,25 m amplitude of benches and basins, curvaturesf side wall andr,,

of bottom wall reflecting shift of trend azimuthdaein’s dip 48 =15° within 5 m segment.

Solving the problem of determining load-haul dumparameters for its operability assurance in s@pin
faces which can vary greatly per unit of workinggsgth has been realized in termsPRafisk k¥ program
(Shirin & Korovyaka, 1998).

To describe algorithm and the program of the eqeipnparameters determination state descriptioheof t
problem solved with a computer. It is required itcdfextreme lengtH of rectangle with fixed widthb
inscribed in zoneD; limited from left and right by vertical linest =xy; and X =xy . From above and

from below they are limited by certain curvés(X) and f,(X ) accordingly (Figure 2):
D={(XV), X2Xg; X<sX\;Vsf,X);V=f,(X)}

o
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Figure 2. Adaptation of load-haul dumper to shiftslynamical axis and hypsometry of stope Wa[bs(; ,xN] is area of
loading equipment optimum length searcki,Y . are coordinates of center of rectangle descriliag-haul dumper,
(X V1) (X5, V5)(X3.V3),(X4,V4) are coordinates of rectangle’s vertexel;(X) and f,(X)are certain
curves limiting width of stope.

The minimum value is chosen among g}l values obtained WithirﬁXo,XN] area of search:

C=mingg xo xn1{0x }

The value is taken as a length of rectangle (load-dumper under study).

Stage three defines constructive parameters of aomipad-haul dumper working element under its
minimum structural dimensions (lengthlis=3, 0, width isb=0,8 m, height with raised ladle i=1, 8
m).



2 PROBLEM DEFINITION

For compact batch overhead loaders working witldmmow stope with variable dynamical axes loading
equipment duty cycling is one of the key charast®s of rock mass loading process. Loading equipme
(having reduced clearance) with downdip ladle mgvitom draw hole to rock mass pile at the experise o
motional energy being proportional to equipment gheiand its velocity squared as well as travel
mechanism moving force introduces ladle at a depth’ into a pile. At the expense of the lift after ladl
has been introduced it turns vertically before iieg\pile, and dips some rock. Then lifting drivebioken,
ladle stops, and equipment moves to draw hole whires connected again. With it ladle rises up to
maximum upward position, unloads at the expenseanille on buffer, falls, and loading equipmenttstis
new cycle.

Theoretically, duration of working cyclg. of batch ladleman loading equipment as it is shomn

(Bartashevski, Strashko, Shira Shumrikov, 2001) is additive quantity covering itign to perform a
number of serial operations:

n
T. =X, wherei =123,... 1)
i=1
where ty is time to shift a handle (as a rule, 1 to 2 sdepr; is time for equipment to move from a draw
hole to a pile;t, is time to bring ladle into rock mass pil; is time for ladle to draw rock mass; is time
for equipment to leave with loaded ladlg; is time for ladle lift to be unloaded; is time for ladle to be
unloaded;t; is time to lower ladle into origin return.

As cycle time is a quantity inversely proportiot@loutput then its cutting is connected with inseeén
theoretical output which reflects loading equipmfgsibility. Besides, as (Yevnevich, 1975) inforsueh
parameters or factors effect cycle duration: posvet mechanical characteristic of drives, reductaiio of
carrier and lift of ladle, equipment weight, shaged dimensions of ladle, physical and mechanical
properties of rock mass, and distance from pildréav hole.

3 ANALYSIS OF THE PROBLEM STATE

Stage one considers factors effecting initial chaof ladle under separate ladling from rock mads. pi
Figure 3 shows kinematic chain of ladling rock massch density isp,. The Figure demonstrates possible

motion trajectories of front ladle edge within thiee form. As it is seen, types of the trajectoriepends on
ladling method, valueR,, rotational center “0” position, and ratio of lifpeed and pressure of ladle

introduction into rock mass (Poluyanski, Savit&trashko& Voloshanyuk, 1981).

y

Figure 3. Specified Trajectories of Front Edge aflle Bottom Movement within the Pile Form.



Symbolize introduction depth aky, height of a pile asi,, and square determining initial loading a
ladle asF'. Trajectory of ladle front edge under sequentjration of introduction and loading (when
ladle winds) isAB; and AB, curves. With it (as Figure 4 shows) trajectory megss form of pile either on
horizontal face a8, point or on its aslope &8, point depending on height of a pifé, . Theoretically, it
can be shown in terms of the inequations:

Hp< Ro(sina + sin(¢0 —a)) for the first variation, and

Hpy> Ro(sina + sin(¢0 —a)) for the second variation. 2

If it is referred to combined ladling method whéhdf ladle introduced into some depth keeps paith
continuous introduction then trajectory of ladlerft edge will go withAB; and AB, curves.

Thus, front edge of ladle bottom under its vertizalding separates some volume of rock mass frden pi
The volume of rock mass is proportional to invohgepliareF' . When ladle leaves pile the volume of rock
mass (separated from the pile), and values of ileehgight /7, and introduction depthLy are different,

the square of polygoBBCDEK is separated (Figure 4) and ladle is partiallyd&xh Theoretically, the figure
square is close to squafe’ value. With it, vertexD(D") lies on perpendicular erected to ladle bottom
plane form pointB (that is front edge).
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Figure 4. Location of Rock Mass within Ladle at Mement of its Leaving the Pile.

Inside the ladle rock mass is located on the aofteatural levees, with I' length which in turn may be
both more and less than ladle bottom lenigtidepending upon introduction deptly .

Rock mass facing a pile witD slope has slope angle &, level Most of all, practical calculations
takes the angle as that equal to friction slopa, iS5, = 5 .

With it, volume of rock mass taken from a pile imeoworking cycle is:

V= f11By, ®3)
where B, is ladle width, m; f; is square in vertical plane limited IBGEK contour.

While defining squaré; consider that height &, > Ro(sina +sin(¢o —a)), and introduction deptiiy
is equal to ladle bottom length thatli§ =1, . For the case, (Figure 5) squareRGEK figure is:

f1:%[|k(h+hz)‘hlmo]- (4)

h, =h-1, Bg(Bo -7)

by = hicodf-7) thenly =|DG| =|BC| will be equal to: (5)

But as{



|- cod By +7)

- , wherer =¢y —a, 6
0= g2 $o—ao (6)
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Figure 5. Design Diagram for Loading Ladle with Rddass.

Formula (4) will be:
_1 _ P2 eodfo+7)0dfo-1) 2y
fy —E[mek SN2, 12 g(Bo - 7) )

In the formulah is undetermined value. It characterizes locatibnook mass at the moment of ladle
leaving a pile. While determining it (to simplifiré problem) specify approximate equation of squdres
and F" (BCDEK figure). According to Figure 5:

1 1
F =7 Ly +RS Eﬁ #o sm¢o] ®
2 Ctgﬁo _tg( ¢0] 18 00

Taking into account
Ly B3ingG, 9

Zsm— I]:o{ﬁ +a——]

Expression (7) will be:

. ) [é;ﬁo —sin¢0jsin2 Bo

2
ctgbo —tg(a _%OJ {Zsm% Eo{ﬂo +a _¢20H

In turn, from Figure 5 we get:
n 1
F* = li(h+he)+ B 1)

Substituting into (9) values, , hy, and|BC| from Formula (6) we get:

1

Fr==L2 (10)

sin2[5,
EquatingF'=F" if I, =Ly determine deptth :

2Dh[l] + h? o, + 7)o B, - 7) 12 g (B, - ):l (12)



where
sin2/3, " 1 .
cod By + 7)o By - 1) ciohy —tg[a _@]
2

4= | SN2 7 Ve o sin2f
17 lcodB, +1)odBy - 7) (@% - 5'”¢0J sin” o codB, +7)kodB - 1)

+ 5198~ 7)

[Zsin%o Ed:o{ﬂo +a —%H

Finally, substituting valueh into Formula (7) and result obtained into (3) fifetle capacity of
recommended compact loading equipment:

V, =k By L7, (14)
where
k, =dy 050, cos/o ng;;s('g 2-7) o5 g (o ~7)

It results from Formula (14) that under otherwisenditions maximum value of ladle volume is

f(kBLZ) function, andV, if By :7—21. On the other hand, value of ladle loading to ftileextent

max
depends on frequency of its introduction into rawkss (Semko, 1960).

To determine relationship between ladle loadingurad and current time apply directly-proportional
dependence of loading time on rock mass being thadeler limiting factors. As a rule, maximum loaglin
volume (Yevnevich, 1975) is among them:

v _ vl
o =KVb-v), (15)

where (;—V is time of ladle loading, ¥s; k is ladle loading factorV is current value of ladle loading
under one-time introduction,3nb is maximum ladle loading.

Reduce differential expression (15) to nondimendivames:V =" h=1 if t =t;.
max

Then symbolize (15) as:

dv
= [k [dit, 16

fv(m | (16)
Separate integral in right member into the two addeand integrate:
1|.dv dv
=| [—+[——|=[kdt 17
Sl an
Obtain:
%[Inv ~In(o-V)|=kt-C, (18)

With it, constant of integratioit’; is determined with the help of initial conditiofig= —%Ina, where a

is starting volume of ladle loading.
(18) helps to get final output:
_b
1+ae oK
(19) shows that current value of ladle loading dejseon valuesd” and “k“. Specifya =k;, then rewrite
(19) as:

V(I ) = (19)



-1
1+k e
Values k; and k depend on different factors — physical and medzmroperties of rock, its hardness,

lumpiness etc. as well on method of ladle introidurcinto rock mass.

Vity (20)

4 RESULTS

To increase efficiency of ladle equipment a numbkpapers recommend different ways of loading
process intensification (Yevnevich, 1975; Poluyanskavitski, Strashko& Voloshanyuk, 1981). For
example, Institute of Geotechnical Mechanics of Maional Academy of Sciences of Ukraine developed
technique of ladle loading intensification with thee of vibration exciter as vibration loader. Hyalic
pulsators or pneumo pulsators witb+~  Hz rhythm andA=3+ 5mm of ladle loading edge oscillation
amplitude. With it, factordk; andk increase up t®6+08.

Figure 6 shows dependence diagrams of ladle loastinigs introduction into rock mass without apptyin
vibration on ladle and with it. Graphical dependenare obtained with the helpMathcadprogram.

&

Figure 6. Dependence of Ladle Loading on its Intadbn into Rock Mass Frequency: — Conventionatlea-----

t
Vibrating Ladle; nt =T“, wheret, is average time of cutting cycle; atdis current time of single cutting.

From the dependences it follows that under coneeatiloading the same volume needs more cuttings to
compare with vibrating ladle. Thus, applicationvddrating exciter both during introduction into komass
and during unloading will help to increase effiagrof load-haul-dumper even if geometrical chanasties
of ladle stay to be identical.

Hence, according to design model (Figure 1) volwiheock mass to be loaded (if length of semiblogk i
25 m, working face movement is 1,8 m, degree ajrfrentation isk, =1, 5 and mining power is 1,2 m)

will be 81 nt. Then time to haul gangue to draw hole under oootis operation of compact load-haul-
dumper with fixed ladle is about 10 hours, and wittrating ladle it is about 7 hours.
While determining dimensions of ladle on rollingidée following ratios are taken:

I, =118V, B, =1, ,h, =040, ,H =120,,
where |, is a ladle bottom lengthB, is a ladle width;# a ladle height from the front; anld, is a ladle

bottom height.
There are identified following design factors foonpact load-haul-dumper ladleV, =03 m’,

l,=B,=0,76 m, H=0,91 m,and h, =03 m.

Since cutting is performed by means of pressinglif@a equipment into rock mass pile then adhesion
weight is determined as:



n P JH
¥ = A Wi +W, -Wg )
where n is reserve coefficient equal tl+115; Py is rated force of a ladle introduction into a ple

¥ is a coefficient of wheels adhesion with stowingsst z is the relation between working weight of
equipment and its adhesion weight,, is running resistance of equipmeny, is resistance of equipment

C

on curves equal tc(0,25+0,3)wvm; Wy :O,7W2/Ld is dynamic resistance; and is stroke speed of
equipment, m/s.

Usually, pressure of ladle into pile equal to rotckss reaction when lumpiness is no more than 400smm
determined as:

P =341& L5 (B, (K, (k¢ xH,
where a is a factor taking into account tightness and sibeaproperties of rocks and mineral (at average, i
is 017+0,2 for iron ore; 0,15 for sandstone and granite, an@, 1fr sandy shale);

kp, = (116+1,57)[Q2+Ig H p) is a factor taking into account influence of silaeight; andk; is a ladle
form factor (roughly, it is taken as that equalld+20).

5 CONCLUSIONS

From the viewpoint of mining mechanization the aeeather promising while mining ore bodies which
thickness is>1, 5m. To cut qualitative losses of minerals while iminseams (to dilute them as a result of

mixing with dead rocks) it is necessary to be gaaceore body selective mining and diluted rocklIsvalt
depends on the fact that ore dilution and lossas,caipples economy greatly not only while miningt in
the process of processing. Excessive mining deekisrconnected with dilution) then separating iiflsta
harms environment too as vast territories are requio place tailing pounds which negative influeis
known.

The research are implemented in method of detengirdtional parameters of operation schedule t@min
narrow vein heavy pitching deposits by means of mach load-haul dumpers, and in “Initial Standartis”
design compact load-haul dumpers for mining narm@avy pitching veins. The Standards are agredd wit
Institute of Geotechnical Mechanics of the NatioAehdemy of Sciences of Ukraine, approved and plasse
to the State Design Institute “Krivbassprojectb®applied.

REFERENCES

1. Korovyaka,E.A. Control of Parameters of Face Space and StowiagsMWithin Stopes of Narrow Heavy Pitching
Veins / Mining of Ore Deposits // Scientific andchaological Collection. — Krivoy Rog, 2003. — Pr\it82. - 49-55p.

2. Shirin, L.N., KorovyakaE.A., Shirin, A.L. Model Analysis of Adaptive Capacity Load-haul Dumpers to Mine
Narrow Vein Deposits // Inter-agency CollectionStfientific Papers of IGTM of the NAS of Ukrainel998. — Print 6. —
67-73p.

3. Bartashevski, S.E., Strashko, V.A., Shirin, L.Nhu8irikov, V.V. Mathematical Models of Work-cycleriée of
Ladleman Loading Machine // Vibration in Methodsldrechnology. — 2001.Ne 3 (19). — 46-49p.

4. Yevnevich, A.\V. Transport Machines and Complexed.:-Nedra, 1975. — 415p.

5. Poluyanski, SA., Savitski, Yu.P., Strashko, V.A., Voloshanyuk S@alculations of Basic Technical Parameters
and Efficiency of Mine Ladleman Loading EquipmenK.: Naukova Dumka, 1981. — 76p.

6. Semko, B.P. Concerning Influence of Ladleman Logdiquipment on the Process of Bringing into Rodk Fi
Collection “Topics of Mine Transport™: Gosgortectia. — 1960. — Print. 4. — 390-407p.



