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ABSTRACT

Take the issue of optimizing paraments of the extraction unit as the
background, according to the effect of the extraction unit on evaluation
indexes of safety production, optimization model of which is established.
First, two-parameter optimization model is established, accoding to
evaluation indexes such as yield, efficiency and benefit, and for the joint
distribution charateristics of the parameters. Second, according to ton-
coa cogt, the model has been established, by fractional and polynimial
function. Third, for the two-parameter optimization model is nonlinear
unconstrained optimization problem, the model has been solved by
adopting the DFP method, according to the charateristic of which, and the
optimization result matches pratical case. Finally, analyze and evaluateits
result. And the quantitative prediction is carried out according to the
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INTRODUCTION

Inorder to achievethe sustainable devel opment of
the mining industry, two pillarsare necessarily estab-
lished, including themacro control of theminingindus-
try onthebasisof scientific decisonsand optimization
of mining exploitation by means of modern technolo-
gies. Theformer isthecommanding height for the sus-
tainable development of themining industry, whilethe
|atter isits concrete manifestation. Optimizationisused
to providethescientific-decis on support, optimal pro-
duction schemes, and parametersfor management and
engineering personnd, so astoimproveextraction rates,
enhancethesecurity, maximally reduceinvestment risks,
and attain high yield and efficiency when thegivenin-

formation and technical conditionsarelimited. There-
fore, theresearch on the optimization parameter of the
extraction unitisnot only an optimal selection method
but also anew practical technology.

Coa miningisthecoreof themine-shaft work. The
Szeof theextraction unit (the minimal unit of cod beds
inthe course of extraction) isnot only related to the
rationa exploitation of mineshafts, but solargely in-
fluencetheextraction ratesof coa resources, the sefety
of mine shaft production, output, efficiency, and ben-
efits, etc. In regard to the extraction rate of coal re-
sources, thequantity of variouscod pillar will vary with
changesintheextraction unit, leadingto thedifference
in extraction rates. From the perspective of themine
shaft exploration, thesize of extractionunit determines
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and affectsthedivisonmininginthemining areg, thereby
affecting thelayout of theminetunne system, and then
affecting thearrange of the coal transportation, auxil-
iary trangport, ventilation, drainage, pedestrian, grout-
ing, drainage, power supply, communication, auxiliary
systems, and mine production. Intermsof themining
technol ogy, the changein extraction units affectsthe
use of mining equipment, inputs and associ ated costs.
What’s more, it also influence the number of personnel
involved in production, management difficulty and ef-
fect of theextraction unit. In short, the changeinthe
sizeof theextraction unit will haveboth positiveand
negativeimpactsontheextractionrate, yidd, efficiency,
benefits, safety and other indexes of coal resources.

In recent years, with large mining equipment and
the constant pursuit of efficiency of theyield per unit,
theextractionunitisgradudly large. Currently, thelarg-
est extraction unitis350m x 6700m, with the trend of
further development. Thewidefluctuation of extrac-
tion unit parametersresultsin fluctuationsof other pa-
rameters of mine shaftsinthelarger range, leadingto
the huge uncertainty in the design and eval uation of
mine shafts, which, to some extent, haslost its stan-
dards. In view of amine shaft with the specific coal
bed conditions, there must be asize of the extraction
unit ableto achieve the maximal comprehensive ben-
efits, namely areasonable extraction unit. Thedivi-
sion of the extraction unit of coal beds in the shaft
aeraisthe premise of the layout of the production
system, whiletheextraction unit isthebasisfor explo-
ration unit division. Whether the parameter of the ex-
traction unit isreasonable or not hasanimpact onthe
rationality of the mine production system, aswell as
efficiency, safety, yield, production and extractionrates
of mineshafts. Optimization of recovery unit param-
etersisthebasisand coreto achievethe exporation
optimization of mine shafts. Results of optimization
supply engineering and technical personnel with sci-
entific decision support and optimal production
schemes, to attain high yield and efficiency and mini-
mizeinvestment riskswhen the giveninformation and
technical conditionsare not enough.

THE ESTABLISHMENT OFTHE MODEL

Following assumptionsaremadeinthemodd:
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(1) Ignoretheimpact of man-made and objectivefac-
torsontheextraction unit, such asweether, inthe
optimization madd of theextraction unit;

(2) Intheandysisof theextraction unit, efficiency, ben-
efits, yidds, extractionrates, etc. of theminesafety
production areregared asthema or influencing fac-
tors. Thesurrounding conditionsare nege ected due
totheir uncertainty.

Astheminima coa mining unit, theextraction unit
isatificidly divided. Astothelongwall system, theex-
traction unit isarectangulein termsof geometry, the
length Sof whichisthesummation of thelength of the
working face and thewidth of the pillar, thewidth L of
whichisthesummation of length of theminingworking
face and thewidth of the coa pillar between thetwo
crossheadingsandtheextraction unit. Theformulaisas
follows

L=I,+l, +1, +I

Inthisfomular:

L -thewidthof theextractionunit, m;

| -thelength of theworkingface, m

I
|, -thewidthof thereturnway, m;

S=s+s,

- thecod pillar width between extraction units, m;

m

|, -thewidth of the haulage gate, m;

s -thelengthof theextractionunit, m;
s, -thewidthof thecod pillar, m;

s, - Thelength of theadvancingface, m

Thetwo-parameter optimization model and algo-
rithmdesign

Because the content of optimizationincludesthe
plan of theroadway |ayout and themain parameters of
themining area, the cost of the projectinvolvinginal-
most al the costs of the mining area, the expense of
each ton of coal inthemining areaiscloseto unit cost
of coal mining. Theexpenseper ton cod inthemining
arearelated to the system of the roadway layout and
themg or parametersincludes eight aspects: roadway
excavation costsz, , roadway maintenance costsz, ,
trangportation costsof coa z,, mineventilationfeez, ;
feesof mining areaparking lotsand chamber excava-
tion z, , auxiliary transport feesz, , moving charging z,,
working facecosts z, . Therefore, unit cost of coal min-
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Startingfromasdected startingpoint x, € R, , make
apoint range {x} inaccordance with the rulesof a
particular iteration, so that when thereisafinite se-
quence{x } , thelast pointistheoptimal solutiontothe
problem. Whenthepointrange {x} isinfinite, thereis

alimit point, which can beregarded asthe optimal so-
lution of theproblem.

Provided f :R, > R,X €R,0% peR , ifs>0,
thenvt e (0,6),90 f (X +tp) > f(X'), thevector pis f
in the descent direction ofyx. Pro-
vided X cR,x e X,0peR, Xc R, , ifs>o0,

thenvt € (0,5),90x +tpe X ,thevector p issadthat x
isinthefeasibledirection of x . A vector p, if thefunc-
tion f isbothinthedescent directionof andinthefea-
sibledirection of x , it can besaidthat thedirectionis
thefunction f inthefeasibledescendingdirectionof i .
Theprinciplesof Algorithm design:
(1) Basicstructure
® determinethesearchdirection p, , and make f in
thedescent directionof x_accordingtocertainrules,
@ determining step factor a, , so thereisadescent
directioninthevaueof theobjectivefunction;
® Asumex, = x, +a,p,, If X,,, meetscertantermi-
nation condition, soptheiteration, approximate op-
timal solution x, ,, canbeacquired. Otherwise, re-
peat the above steps.
(2) Thebasicidea
Expand the second-order Taylor f (x) at the ap-
proximate point x® of theminimum point x* , andre-
gard the minimum point of the quadraticfunctionasa
new approximate point x«+v y* , and so forth. Witha
seriesof theminimum point{x*} of thequadratic, the
minimum point x* of f (x) can be obtained by approxi-
metion
Assume that min f (x),x = (x,%,, -+, %,) IS continu-
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oudy and at least bidifferentiblein f(x) attheareaD,
amilar totheexpangonof function of onevariable Asto
themultivariablefunction f (x) , it canbeexpanded a the

pointof x, asthesecond-order Taylor expansion:

f(x)= f(xo>+%Vf<xo)*<x—xo)+%<x—xo)Tv2f(xoxxfxo)w(foonz)
Provided

900 = 100) + 1 VF(6) (X)) 4 (X 3)T V1 () (x- %,
Then
(9= 900 = )+ £V () (x=) + 3 (x- ) V7 (%) (x-%,)
Inaccordancewith vf (x,) + V2 f (x,)(x—x,) =0, the
resultis: x,,, =x —[V>f(x)]™"* Vi (x).
Cong dering thelargeamount of cal culation of sec-
ond-order differentiable f (x) and [V*f (x)] " aswell as
the severerequirementsof starting points, the symmet-

ric positive definite matrix B, , which resortstoand is
constructed by reciprocalsto approximately replace

V2f(x):

(9= 909 = F06)+ 5, VF 06 (X 3) - (x= )" B (%)
Correspondingly,

X, = X% +ad =x +aV’B]"'Vf(x). B.sdl meefol-

lowingthreeconditions:

® B, is a symmetric positive definite matrix, so
d® =B, 'vf (x®) inthedescent direction

@ B, is acquired by checking B, namely
B.,, = B, + AB,,AB, iScorrection matrix.

® B, must meet Quasi-Newton condition:
B..6" =y¥,in it
5(|<) — X(k+1) + x“‘),y(k) =Vf (X(k+1))_vf (X(k))
The correctionterm 4H, isdetermined by the spe-

cificagorithm, withitsconstruction rel ated to specific
algorithm. The symmetric rank structurel (SR1) and
the symmetrical rank structure2 (SR2) arevery com-
mon. Quasi-Newton algorithm modified by SR2 is
cdled DFP method.

Themodd solution
Theiterativeformulaof the Quasi-Newton Method
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X1 = X +/1k Py,
P =—H, VE(%),
Ay F (X + AcPy) = 'I‘Z'g‘ f (X +2py),

H.,=H,+AH, k=01
B, refersto Quas-Newtondirection, whichisstegpest
descent direction of themetric matrix H, . H, ,, repre-
sentsthe correction matrix, while AH, standsfor the
correctionterm. AH, ,isrequired to meet thefollowing

properties:
@ Suited for Quas Newton equation:

Hia¥e =SS = X =% Yo = G = G = VE(X,1) = VE (X))
@ Of Geneticsymmetry and postivedefinition: if H, is

of positivedefinition, s0iS H, ,, .

The congtruction of thecorrectionterm AH, isre-
latedtoH, sy, . SUpposeH, =1, and settheerror limit
&,&,,&,0f the termination in the objective func-
tion f(x),xe R,,H . Theconcretestepsare asfollows:
(1) The initial pointx is given: calcu-
late f, = f(x,), 9o = V(%))

Set H,=1,P,=-g,,k=0

Cdculate 4 : f (% + 4R)=min f(x +1R)
CdCU'G[GXkﬂ =% + 4R, fk+1 = f(xk+1)
Judgewhether f,, > f, isvalid. Turnto thestep

(6) if so, whileturntothestep (7) if not.

If k=0, gotothestep (13). If not, turnto (12);

Calcul ategk+l = Vi (Xk+1) ;

If thetermination rule can work, turnto the step

(13). If not, turnto the step (2).

(9) Cdculate Ye = Ok — G S = X — %

(10) If k=n, then Setxo = X fo = fk+1’ 9o = Ok~ Turn
tothestep (2), whileturntothestep (11), if not.

2
3
(4)
©)

(6)
()
(8)

mc a | c u I a t e
T T
(He Y )(H i)
Hk+1:Hk+:f?;k_ kyEHk;kk B =—Hi1 0
(12) Setk= k+1, Pk = Pl<+ligk = Ok fk = fk+1’xk =X s
and thenturntothestep (3);
(13) Cdculate f, ., x,.,

(14) Stop.
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Taking into account that the steepest descent
method hasno special requirement ontheinitia point,
aswell asthe advantages of the reasonablecal culation
work and small storage, wefirst usethe steepest de-
scent method to obtain theinitial searchinterva. How-
ever, itiseasy to producethe obvious crenellated phe-
nomenaat the minimum point attachment by means of
the steepest descent method, with thes ow convergence.
The speed of convergenceislargely related to variable
scaes, unstableto smdl perturbations. Generdly, small
perturbationsareinevitableinthe calculation. Being
steepest descentisonly apartid nature. Therefore, hav-
ing obtained theinitid interva, wethen obtain the solu-
tion by meansof DFP method, withthecondition (1) as

atermination criterion. Theiterative point range{x  }

can beacquired:
Thefollowing result can be obtained through the
steepest descent method

x, =[80,100], x, =[291.785,3989.237],

x, =[331.965,6370.026], x, = [338.418, 6450.128]

The following result can be acquired by DFP
method:

x, =[338.418,6450.128], x, =[342.267,6481.369],

X, =[347.149,6504.806]

Resultsand parametersof extraction unit matchthe
redity of theobjectivestuation, withgood effect. There-
fore, the DFP method isfeasible and effectiveto be
applied to two-parameter mode.

CONCLUSION

We need to fully consider if the situation of coal
seam, roof and floor lithology, way of Idapioneering,
ventilation and other conditions are appropriate and
matching the equi pment sel ection phaseto the param-
etersof mining unit. When doingitstechnical and eco-
nomic anayss, it is necessary to have effective deci-
sion-making scientific theoriesand methods. Theabove
resultsfor theresearch of optimizing recovery unit pa-
rameters showsthat the economic model of cost per
ton of cod ebuilt by nonlinear optimizationisan effec-
tivemethod of decison-making, itisconsstent withthe
objectivelaw of mine production process so that the
decisions can bemade on the basi sof scientific quanti-
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tativeandyss.
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