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Rocont ands In the 4ovoloptont of modern c1l1zat.  
ion have boon in the direction of optima. control. Increasod 
aotpotition plto trAla 0o desire to porforn in an optimum  
faohionp combined with the fact that ho 'acoB on ovor 
ohrinkir oup:  ,l,3 of natural aczur000, r pros ont oome of 
the ron.son&. And those roeoono have forced all typov of 
industry - chctaic 1, otool, automobile, . rnft0  tontilo, 
mining, dotenoo production, eta* - to botjin to cook aro.otor 
and greater o ' cio cy thrQjh optimal control of their 
O o toQo 

A specific ontjtnooring problem dodo not hove a 
unique solutions indeed, it has in moot cwoo, an infinite 
nuDbor of poosibio oolutione, ,o an ou ple, a plant 
engineer may think the optima). control of, the system to be 
that aivoo r unt production, a ors o a o ote on . oor 
rill want tho eye tom to have maaimui +c orall offioioncy l, a 
cafoty engineer trill like the system to have minimum  
nnoidonto p the otmor will try to extract maxthun profit 
out of the o, otomt  and a* on. It to judge the variouo 
oolutiono on the b .oio of a specific payoff or objective 



;function (also termed as cost index0  value function, 
index of pertorusna* , figure of merit , etc., each 
posaible solution is characterized, as a rule,, by a 
different value of this function. The one solution  
associated with the optinu* value La referred to an 
optimumsolution. (It is appropriate to point out that 

the word ' opti ' say refer o either a iuinuminimum or 

naxisuss  depending upon the situation in 	►d 

The soot obvious method of o tisization,t  or find-- 

Lug the optimal control, in an outright esarob proces 

u11 posk;ible solutions in the total set of solution 

C coapered and the bent one is sea o"ted, Unless the 
search pro sac is psri ular] y sttracflve (as in the 
come of selecting )Its India out of 50 entries), this is 
not a rec a ded procedure, but it is one that neverthe.» 

lese mist be eaploy+ d when no other road is open. Unfort» 
nately, all other roads, seem to be blocked in the case of 
the probles oonsidex ►d, Qad furthermore, it Is easier 

to adopt this search process in the present problem, 
the probles has been sattafactorily solved by this search 
process and the opts solution to determined 

1.2 	t Prolp 

Much has been done , till now, in the field of 



theoretical development of optimal control and its 
application to corar specific probleme But Its port--. 
ante will be increased manifolds if we apply. this 
optimal Control theory to some real Life and Industrial  induetriel 
problems* Zeeping this object in mind, the problem 
conoidered * quite simple, practical, end representative, 
bee been tcken from the mining industry. 

Hoisting operation, to haul Ore From great 
doptb s, i+? the most Important part of mining,, and hence 
optimum hoisting operation is very very important. Purtb.rore 
as Gold is one of the most precious etale, the, extraction 
of its ore in very important for the economic stability 
of the country. . Bence#  the hoisting operation for a deep 
Gold sine has been considered in the present problem. 

An the mining industry Is quite developed in our 
country, and we are quite rich in our natural reaourceA, 
there are a number of Gold mines. tvary mm. has a diet-- 
ea st hoisting aquipmnt, hence it is not possible to 
consider the operation of hoist* in general, With a 'view 
to be spooifl e,mnd lot useful and important$, the author 
has considered the operation of hoist used for Gifford *r 
winder, Gafford'* shaft. (Champion Reef Mince, Keller 
Gold Pielde p ysore), the biggest winder in India and 
second biggest In the World, Practical data were obtained 



from the actual operation of the hoist in order to 
find its optisua control.. 

Par eptisal control of hoisting operation, we can 
optiaizs the eyetem either with reepeet to tia. or with 
respect to energy consuaption.. Per ainiau..tiae hoisting,  
the hoisting notion should be started from urea with 
unifcr (or variable) cetera'tioA by applying maximum 
accelerating tor4uo # and then switch over to retardation 
with uniform  unifors rtsrdstion by applying s drum retardation 
(or b in) torque, such as to reach the end of the 
notion just with zero velocity.  Thus der* is no period 
of ocntsnt speed notion* But we can not allow it to 
happen$  in practice1 brosuae of the speed constraint 
involved, that is the speed of hoisting should not exceed 
the m is um safe ps i sf ibl. value. A2.so, when wr want to 
optimist with respect to tin*#  the energy oon!umption 
in hoisting will be, asciaue. 

As for the optts isation of hoisting operation with 
respect to energy oonsunption, the aicinua energy con *p. 
Lion will t*ke place only when the hoisting tin* Is infix t., 
which we can not allow to happen. Therefore, +fore#  to optimize 
the hoisting operation, we have to sake a oo*pro ea 



between the . two optimization criteria ti .-opti x 
and en.rgy.optima operations 

If the hoisting tiLe Is specifi#8, we can find 

the ainiiaa.energy control of the hoist to complete 
hoisting ii that time * Or, otherwise, It the energy 
consumption 10 specified, we can deter nor the 
correspondingcorr.øponding aintmurnumtiEe control. ut an there is 
no such specification made in the present probl.im, we 
shell have to consider all possible moues of hoisting  
tin* and eAsrg consumption for various valuss of 
eyst.a parameters and then salect the optimum values 

mooiatrd with the optimum hoisting operation. 



. 	c t ouM•ti&n ton  

A izttno hoil of conoict'o of tho fo o6w' n i olomontoI 

as ç9 15 	i*tpi - It to the moot 

port nut olomont of the boi.at9* Zt `,oy bo drtvon cithor 

bi otoan or electricity, butm ern practice to to uoo 
only o1oCtrtotUy driven iaobinoo. The vino n anchino 
can be either an n.e. motor or a d_.c otorg  but D.C. 

sorioc motor to uco moot comtonly boenuco of hotter 

opoo4 control der varying load cond tiono • The opood 
control of the x7tnc the tochino to done by onp].o in D.C. 
Uard4c,ontrd rzoibo. 

by 	bog& 	It concicto of i pnhlQ4r.OyOtoTn to 

ui4o the roou propor1v into the otn heft 

C. ' a 	x 	To  ork deep inoido the earth to 
di g ore, a oep pit or abaftt to du first. ho depth 
of the chat' dopondo upon the avatlabiUty of ore and  

to2tine conditions, The oh eft tiny be o thor vertical or 



tno fnod o Zo aa€jo s and ok. po aro utdod Loop inot6o 
tho otnoo tboih tbaao oha `t a. Onco VQ reach a. 
certain lot o1 inoido the rino, t70 ears prepare a 
toaporazy p2atfara there and dig a14c raya al000 

d 	 h000 are uood for hanti1tat the eatorl 
QUQ trnaopo in the con Lu and OU of the eheft. 
Toro toy 1,0 ooprato caijoi for can m.d as orial,, or 
Utz eta t7h coparatO 00 partrOfltO for mon and  
tato:rial, coy by woad. Tho oatjo to cuopondod in the 
ohaft throes c tro rapoc , carried oor the hoad frcxio 
and connoo od to the uindtni 6 ruu. Tho cao rune on raffia 
provtaoa ac the fours coraora of the .no-oha "t. 

o ,  ` h 	g 	It o need to botot oa oc, care, and 
ai ipo tu the izino haft. It has z3ultiotrand conotruction 
r ith nila rope as its core.. It baa, normally, a factor 
of cafoty of 9 So 8 for aarrylm the load. Ito no al 
li 'o, ao o ooiftoa by tillttorrouo r4noo Ra, 3ationn to 

f. 	 jpDovtcqv Vario a eatot dovLaoo, o.. 
end .snit otittob, o oronc trip o 1 h aafoty dOjt o 
U cblo Hook c :d Catch plate, dopth indicator itb VainG  
boll, au or ,MLe contrtvan000, etc. arc provtdod tiitb 
tho hototo to chock faulty operation end avoid deuce 



to non and icttcrini, 

Cold c oc, norai1y,c.ro vory Coop tho dopth rte.. 
in from 2000 r. troo to 3000 otroE. fainting from uuob 
,f at dopthQ uay be 4ono in one or ro than one tagoo,  
uous3.1y not core than throo, oachotajo o p ,o i a 
oopa 'ato r n2 oonploto hotot g o7otom Unioec rootitotod  
booauoo of mfcLvourab10 or1d.nfJ Condit onc, it Ic preferred 
to caopt ot. r 10 et ago hol t g. 

U':uall the omo boot,, TXtb ooparato o oc, or 
ooptrato accpartmonte In the on oago * to IIOO4 for both 
non and tatoria2. tranoportationg  but oo o tin cop rato 
hotEto are p ovido1 for the t,io • (Ian and material in the 
moo oato, or ocu o c onpistiion . are not aUoiod by dines 
Act) . iboco botato may operate In so 	to obafi , or in 
ooparato oc ar'tconto of the o o chat. 

a ; t are orranaod to oporato uDbalanood, balanced, 
or oountorc7oiebtod, Unbalanced hotottnt3 co matt of a 
cin fo drw vino tCnachinc hioh tinc2o or untiindo one 
rope attoobod to the Ingo operated in a cit to copes— 
nont or ob 't. 'die rinding z as no providoc the entire 
foroo nocoona r' for hototiug. r ra co . bototing conoicto 
of either a ci to dr 	indi.ng nachin o tbich ttndo two 



ropoo v  or a oub10 dr ta zeohtne o  oa b arum of 1hiob uindo 
one rope. lea either coo v  ona rope to vi 'on'  uhito 
tbo othor roperands 'oft', The xO a3 aro cittnebod to 
o oc .fob oporato in oopnr to oompartno to Of the ohctt 
Thus ton oe cojo (loMod ) 000 +gip# the ocher c o (opty) 

t o down, The tind t s,achino pro idoo only the forco 
nocooary to unfltfy the difference in rope  puUo botvoon. 
the a000ndinj load and the d0000ndtn lo 4. Comtor%. 
do tod bo of ag to of .or to s .na. *d 	balanced 
ototi , 000pt that one of the ropey Is attaohod to 

a countoribt, equal In voi t to that of the empty 
a .plus one bolt of the ro±ht of the noterial, h 

a4rutogo of uointj the corntorvaight Is that the not 
torque regatrod fez' uindinij to rodeo ,  hence the 
onorjy coucuaption is alco ieee than the unbalanced botot 
ins. 

a 	/ 	 M .. m 	' s - 	I# a 	i t 	 •'e 	'a j 	• 	s 	• 

load oepatttoo vitb io sor opoodo 0  ihtio tb000 for 
loop mine o bA O OI2aliQr load eapoattioc v th higher m ado. 
Zn bo r to for 400p oases, tho r , t of the xtro rope to 
a lar, o proportion of the l fted ioa6 zr  Loh oonoictc of 



tbo or ,o tcothor titb its oon onto v  plus the wo , ht 
of the lonCth of ropo £rot: trhieb the co is sopondod.  

io totc l 1Oc to 13 too by tha otror th of the tiro 
ropoo avoilcblo, tthicb is .e reacon tbzt bototc for 
cia .11o ci o a can 00rr 	oo. oa' i.on4c than th000 for  
doop ainoc,, t:o ocoponosto for tho rodtcod lifted to 
for doop r . mo, it is 000aar to wo hihox' raps 

aped 10 to c bt-itn the doo rd output. ibo hinitation on 
the ropo ;roc to the ho zoo po ror of tho ovr libio boio 
tn aotoz'a. ¶bir► lttz ttstion spph oo to hoLot for doop 
and ohal.iocr cinoo both* 

.ntn zmy given poriod - CL t oridnIJ do # for  
on plo ' of'octi or hsnd1tn cepsoity of the hototo  
4opondc upon tho cLoum .food a boiot can carry on ocLcb 
trip,, and tt ' tabor of round tripo it can a1to. Load pox' 
trip dopondo on the hoist oico and its lifting potor, and 
trips por day on its apood. Load por trip tultiphied 
by tho n ibor of trips pox' 	itiittpliod again b the 
Lmmbor of boLoto in operation, roughly .nd oatoo the 
total handhLni ospioi y of the ho&otixg yoton. it should  
ioeludo ago mar in for future ozpimoion of the pork(if 
o pootod), of providing outro oapaaitr in the boginnin, 
io Often boo o ponoivo . ba zaking aorations lator on* 



The ioiotinj o1cton  for Gt Uor8'a ^ortioo1 chaft0  
CImr•&on Zoo" r44nov a Kolarr Go) . P o . p flyOorO LAtttto,, 
oonototc of a 3a rwa Gifford 'a Wx4oro ( loo forth 
Iinaor nd 3OUth ' 1 *t4or), tlotj t7tth ttio L,,C., .00rtoc rotoro, 

eocroa to tho ter-nh*f o, Tho two *%= iuvLnC O po iutj 
*Ldinij uotiOn,, as C0flO0tOd throes► c3.utc1 plato, one 
d rwxt bo 	'fib' and other 'f o' :* £bo o ood of tIuo 
D.O *, r Coro ø c ontro lod oDplotu D , , i1cz 1aoncr6  
totbod of joo ocntrel The duo bvo Vroovoo and ibo 
ropo io carx'tod in th ro roovoa u Ono ccitjo, bvn daubZo  
4oc # is ccuoc.tod to anch in inj un tbrou. ¶1z0 

ropo cur►rt . ovor Tho ho 3frzuo pulloy. Tho tra ee oo 
run into ooporote coupartconto of tho a ao o att. 

Tho coo run ovor four m+ lo, pr ri+ o4 on the four 
cornoro of tho cnft oonp 	nt, `a o ty' +t o'ico 3, opoo . 
iru icator optb in4iactor „ oz or on y trip oiitoh, cuto 
oat a **ntancoo otco, arc providca n ar tho oporator'a 
cootwithin  itbin bin oa,oy roach. Sao o rator'o coat to on a 
raivo4 platform to avoid usual diaturbcinooa, Coucianiarition 



tn'ougb tol0phono s, ond othor o;d r 1 	fctoj) . Loc 
taro prov .Uoa botvoon tho oporc for =4 € ain control rooms 
tnd boty von tho opo ato andf! pornonc *rin inoido tho 
t,no 0 

ho ooratiorrnl 4a 0 ror4tncj ho boiotintj  
ottipmont ad Ito oporntion ta notod bolos 

Zziizu Dopth of iind  
Lonctb of .Ropes 
ie* of tho Ropo  

1Toigb of Ropo par to tro 

flur bor of Duo 

Disc* of tho Drw 
Rotntjoiol I4 Qnt of inortic of 
tho dr"! 

Booiutiono par tthiuto of tho d 
Rovolttono r r inuto of tho motor 
i t 1 o of Iit Orc 

tC4 voltago of motor 
flatod h.p. of ooh motor 
maim Park hope of o ob motor 
roth of poo6 Control 
t'ic' of coo, atttohxtonto oiaiI 
troUo7c 
Litt Oro oorz7ij paoit3r 

2000 no trop 
2210 Do trop 
0.0477 motroo 
9.04 ke/D, 

* 6.0 tot 	3 

609000 Izte 30c~' (ap 
26,6 

$ 250 

500 volts (Doc. ) 
l250 ho pe 

8 ,000 hopes 

3 5055 Itgo. 
1453 ►ixja. 



"auioua U4 Spoo4 	 Y 15025 z/000• 
rwi ,n acolorction rto 	# 2#  

Bata at on rata 	a 3.0 0002  

Avvra o flurbor of'z1.pc 	 ' dtr 	120 

ton 4 o, (or a,o,) motor. bac to orh undor vet - 
Ina oon&tttcc oc roordo to ioc, d : c ion of torque 
and/or cote, It to hol 	in undortandtn the motor 
operotton to pot the opood or to curoa accord in to 
tho plan 3hotm in Fidel* The ttio antic `iz four queAranto 
in one or 	ich tho opeod a d torque of 'a iotor 
can be roprocontod uor all operatinG oocdition,. '3 uo, 

.on opood end torque are both pooitic70, eo, for o pla,, 
in boio in a load, the top r . t hand 000tion of tim 
diacraa, novn no q zadrant 1, to uoed , Zn the top loft 
bated ooction v  Quadrant 2, opood to pooitiio and torque,,. 
.iroctod no ehcn La nontivo, Thia iocino that, an8or thic 

opez'atinhj condition, the zachino torque opp0000, end 
thoroforo behoo, the motion. In the ottorn loft band  
000ti on, Q nt 5„ torque and opood both are noCative 
or, in the coca of the motion boin ucod ac an i luatratton, 
the load to drion by the motor In the dovntard direction 
(lotiorinn') Finally, in Quadrant 4, opoed Is noaativo and 
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FIG. I - MOTOR OPERATION 
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too to Dco t vo, Thuc unor thin oyoratin ocn6 . ton, 
tho lotion .n tho otxr üirootion la roiotot by tbo 
motor tthioli coto no a boob In of or or8o tbo ovor 
l u nrj 1oi3 8xivoc tho nachino aa a d3n000p and tho 
lattor oOrt 	a tho onorgy of notion tnto oloctric onorr.  . 

'bo co!iorxc arr n or-ont of tho bootij oyotom 
conci1oro4i Jo oo choma in Pila,2,. If o conoidor tho aocond • 

onao cap to i.od with cro0  and tho 600ccrndin tri o cc 
oaptys, tho Ioiotin opo xtion can be o pi ned as tollo a s 

The oz io Zoadod In the oDgty c o at tho bottom 
of tho mino cb f1,, tho oad .uC tits bOifl prOp*ZbtiOfli  
to 

 
the iOctIo1 ore. I c the loaded caijo in in tia..3,r at 

rout #  f000 .OratinG torque iu applied to otort tlio notion0  
till the cacoc attain the opoc i io4 oJood o Thou the ccjos 
travel alga thio o pod thmou,3hout r n jo tart of their 

10 tto loaded cusp Coe- c np.m thoonpty 0€ o, connected 
to the other d w autottically canna doiin, t ith the 
u! U 2t of c000ndiwj aoejo, the loucth o ' the oo auepoonion, 
and ho o the bel t of the r oorrocpon in lonLjth of tho 
ropo 	pone oo0  000 on decroaning on the a000ndin oidoo, 
cud the ova ic irioroacrnd on the doocondintj ci4o. .,o the 
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torquo UOOOOtt17 to rtIQ the winding druti doponda 
on the diEf000 of for on n000nain aide and 40000nd. 

tnij tdo, it soot on docrooin 4tb the travo . of tho 
caf;co boot uoo the difference of load on  a000ndlnG o Go 
nth; da000 in c4do Lncrc0000 by the aoi blc %1oi..;bt of 

the loath of rope incroaood or doe 	o4 on either e o 
L for ooao time, vhon the ioiCht of the o pt r oao plue 
the voight of the rope ouoponoiou bo oaoe aoDparablo ritb 

the ijjt  of the loaded on a pluo ioijbt of rape 
euopanoton0  the drt'ing torque bmc ! no .itbly orall 
(only to ooppmoato for frottonol to o) ,,b tXth Azrthor 
travel of the o o, drivin, torquo boConoo noativoi.o. 
the indin tmchino ttorha ac a dint o and 000 torquo 
to 400lopod t hicb to offootivoly usod for ro onoratLvo 
braking of the actor, to o ack n, ainct the overcpoe2i 
of tho cocoon 

' on the cacee roach Haar tho mna of their travol,. 
it to ng ooary tit they ara bled, no oe to atop tom 
, not at the cad paints of their .run 20 r h o ro tt„ 
rot in true that ctvoo unLform ttardation to 
applied to 17 diu fi p an thU 0000 arc nnfoly br0u(ht  
to root. If by ohannce,r there to coo 	t ka in oporr..tion0  
or proper rotarinc torque to not cpp lad the cafoty 
doviaoø boconie oporativo and the catjoc arc atoppod at the 
and pointo, trithout cauotntj any daaage to non,#  material 
and oqutp n.t 



-l6- 

Duriuij the constfnt speed run of hoi.ating oporat• 

ion, uhon the driving torque becomos zero ter nod t:tivo, 

no onoray is needed to be suppliod to maintain the 

motion. Rather, tho system develops some one ry that 

may bo used for roaulat ins the speed of hoisting to 

keep it within the specified limits. Uenoo durir1 this 

period of zero or ue tivo drivirt torque, no onor r 

oonaunption takes place. 

)urin, . the rotcxrdation (brak ,n) period, the no&-. 

ativa torque dovoloped is uti!.ize for the ro ;enere. ve 

brak of of the hoist. La the energy required to provido 

the braking torque JO , oneriitcd by the system itself, 

no outo~. nal onorcy Is roquirod to be supplied to ►ho 

boiotiu cystom for its brakes. hero ore, durin; rot- 
t "& vion also, thy'i 2 is no suer(y consumption. 

diu3, it is clor. from the above that durirj the 

ho ,st ;.rn opert tion, the onor, is consumed only till 

the riv ; torque ie positive (Groator than zero) . 

%ftor the point of trcvol when the driving torque becomes 

zero, no energy lo roquirod to be supplied to the 

system for cono=pt ion. 



40 La V 	h tbo clots &ootiDJ potccon o tC 

: tvoi 	a v i ^ oir ccc r,cto4 + aw 
a 	 c!i c tO 	od thmu ;b a 

once CO 1a '2tø vZ LU 	 O tQ OOOof 	Ofl 
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T ' OZq o O 4 t $OfO# fob' tbo OquVraon't boic x , .• 
ntc . u coot 	° c to&bt Of ` ho 	oz Len opo  

D doom la tho o of * vim' 
Z3 	oijht ot tiio 0O3Q c 	it OttOC E Ott 

U 	ot11t czt izino, 

a 	c '' Ccao ra ion `o' o (in Ooc 

inec otes*ti 	otc Un 0/0002 ) 

n bo the 	r.cooflt ofo the o o from the 

oo t On of root a eny point of t2o t. 

!.1 ccIrk 
170 1s  

fo co ooUnC otiio oeoozi4inc o10 -(u+)  (u ) 

force act on the ac a *flC ai O 	T2  

T2r(i» 
•" 	toctt ro 'orco Of tcnton on the 

or 	{u c (e2) 
a " w 	`foct ►' o ' z`'q,' .a on "tbo 

(2)Utt. 



c {t4(t;+2t1) Ata 	 .. (4a..) 

• the io 	ant tvo oiOo, ntug,1y (*t1)øv 

tho vz:coa 	 cco1oictiofl o. { (+ti)+4 or 

3)trLn otracttoz p4a4, 
fare 	or to caeondlar., cite *4uy) 	c't 

1øo CctZt3 on tO 1GDCOrfl 

c y+ 

Et200tivo toz'quo onb.o 4'u 

it 

Twotda 	•+> ja 

(Tho amorical valuo at ztCton 
rat* () So tokon co pootvo) 

tOZCO On QooZiL( 040 

R3 
	

(1;+u) 

Torco on tha IoocOi*nGv*42 	0 

02 

t1tootio toz'qw on tho dr= .  

02' 2o 	taoo = 	 ** 0 (4,o 3) 



s . 	r. 	i rte' r 	e 	► . 	,. ayl  

	

he weft of the 	si rope (-04 fi 	r} 

c o *ti tutres a spo3ebe,part of t10 " r tot 	
. 

hoists *p/down, hence it eft be Ieg1eCtOd for 
dsteiuthi t e torque Aq tt xk.. The we1gIt o" the 
roon ithor 4doe wUi be proporttona2. to the  

o tb Of OPo on that OU ! 
M tt' ` * s *e the cages  ceee have` vo .be 

+aotnce z 	' .o *set joition, the torque  
equates can be 4etezined 	t# 	s: 

t'u: •aecebereflon, 
'1orce, t 	on the aecend1ng eid e 

T- -4` 	 ` 

(w+Zz) (b- t  
,i fto*t »? torque an the.  

or 	[(w+(u..9x)  

or 	 +( 2x)8 ' + f f+2v4 
** (4.4 



Oo0 '-)Cl c'  tho i of tø In tbia o2p anion ic 
t (v .to o 	 ci400 ncmo3 .  

oa 	f QZftQ tbb cum of tb ac000O UneOTCQiLa CO 2$Z*  

ctca .moo. 	 Lu) 

' c. ; ; o targtz °q at. o a + urn to at.4 

r L.od, tiith 	t 	t .c ► ratty of o 	c3 ai on b,Xo 

""rotes 	 . +2ti+} ] 

or 	?CtiO,hOUCO t1 	UO 0Z0ZL jo GbtO 	b r 

In t000 oquationn, to toTquo 4uo to 	 . 
fOE'GQO &o bom2ootc4. to o9 at of  

toic iu tX to :orocao tlio oVoz'cLi t ttO tiVO tQXq% 0 
on tho 	zotcft. Tbio 1totoao1torquo incy bo tction co 
c0ZocLt op ri 	oiy4 An 'h to 	o, i d QOM C to+ 
onoj, oo 	pttonc3cro to bo comport 	oryina Op t 

E)r 	arov £ v G . not r4vorco1.y oftect tho oQu t io 
f himn conot nt fz'iotion toa*zo to =3Ic6 V 1`i. Poz 

4o .voaoona, Ond t1oo foz thoncko of a pMcit1y Lu tho  
`ozrn1ctLon, thic trio  	'to , o has boon no Ioot 4 

In 	ovo contionoi 'oriato oqucttion"n # tIo of oct 
O tOZVO utac to Luottiz at t10 1O&otc3 	bo not boon 



0 

o'onot C z'cd. .I our# this inortial tor'quo p ar y e 

irnportcut ro3o intbo 	otini3 oorcLtionD honor it bzo 
$0 bo 	 or' ttO6 n tho for u 	•ua tLono,, I)ur2 

a000lottt t # Tho toruo 4ov *pod ho u1 not oil bo 
bo cb2o to u000Zozzto tho 	. 	bod y (cctiJoo, lord oto.)  
but alto to ecooZorcto th iidin dzuj from to root 
or £tart of o.. 5.t toZ!quE n0000az 	 oceloto t 
the ampviU. be Las. uhDo Z the rotational ttoceut 
of 	 ot the 4ruri, cod it, t L bo a Uod to the 
to auo nocatotu to of *Drug# the lac4o on both iGoo 
off' 

 
tIo dam. 

... (4*7) 

ry 	k 	~y ,d 	m 	e 	i 	r 	m 	M tc' 	• 	°. ~• 

4 o 	l +o 	+~ ' i 	s a 	}~ 	~s. s i , .x „~ 	a :'-. ~ s 	o 	o f 	• :'' 	x 

Ti r'W3  

; -IX 

r. 14 a 	~LY.t ..d 	+ 	. 7.. 	f ~. 	~. _ ' r ,-.t_ y 	i 	♦ 	w 	t~ 	¢ 	i ~.S 	R C 	!L 



~.ta! 	 e' r. 3• 	. 	a 	A±1! 	M 	sa 

ow, 	VO K{ .(2z)1c iIt'2t7+L) } 	(4.6) 

Th& t'o io u c ora -o ora lro bps 	of t 
i,o. btOVØX a Oar, y 	dovolopo , 4tu :n. that

. 

go4i L thct An 000wiod for aoioroLvo ba?tngj O 

tho ctom oz, n othorto o tho rabentoc3 ou 	' 
Ot od 	tho rove ho tcrtor end wotatn0 

iwj r= o scow od Into o ootriooi onortjy, one, ' hi o 
000twoaX O I io zooa 2cz woouertttve broalttxkg of 
to ot1na o et . buo not onotj ono 	 oonouzipt ioa duri n 

tbio pozod z ` bra toion o two., if the 'orb, duz'i tj  
wo odQtiou poriod La nttvo. 

Dj cozivtent opoo zo o i1 ?tL . toz'quo  
ti.i)t not efoot 'tho bOatin toti (.a=ocz,aa J) 
T t or apth tOQgarb dwina coi&otcut Opoo 
run ifl. 	ira unchirnaod, 

	

a0, oo ' opo . 	[t+(i 22i)i]  



Ur-= OP OEZUiZ OPJIATXOI PODI1 
gO1Tti! aIiiiL OF OIiLGS 1Z 

R~ ~ 	~ -• ~ 	_~ ~ ~ .'.~ 	$ - 	t • 	r 4 	a ~. ' 	s a 	~ 	: e 	• 	e 	sea 

Pnja !ZO" Ci OG+6 1C for t1IO1 " aotL2 iOt 	a4ae, it OOC*EiOO 

Ioeoo t to ': of owaoroto s vtrLo 	rariatoro, 
UEc4 c,d/or vorLubio,otoctr,; tZ o oporct ion of the 
3 i oto Thooc p i ' tOr 	? tQd boat'o 

3 Vinod E =ter Depth of I1ine ioL13bt of o a 
and tto a 	 oicbt of 
rove 	unit iozLjtb ,ioz.dinj  
C pcc t► Of t i ccjoo. 

 idoon4onti. V oolty < ` operation;, rato of 
aOoOctioL rata of rotart., 
ioin/uiocO.int t o. 

øpbn.ant t1zocr for aocoiorctcn cz4 roto -► 
tion, tot o sO for oozes tm voi 	3r; 
no. 	tzJ.1s 	dray} d stancoo 
1 V0 1O d r ij ccco ox' c t ton Ott.' 
ctiøz cma eons cnt vol cr  icy rtn. 

iS o brood ob joctivoa for the MMIYCIo of vyoto 

*on b ioi ovn tip*+ 
(1) ^o otocito to opttzium vaiuco ofv icul 



ca is ► par.cnOt0ZO (70100tty p uccc l as iar 

to r s 	V atoo etc.),  t tth tizo 0900 .9 4. 

a 4to, tomniizo tho ov orolA ono r,, 

oOour3ptOfl 4urtnf' ' be toiotin opo.tio. 

(2) 

 

To otoz,iflQ 'tie optimal ocnoic oporati a 
o tho t oot o koai 	invlo r tho on , 
oo u io tmd tho corxoopondinera output, 

(3) Rio 4oto ,o tho 09t 	n 	Z Of t tpc per 

Los s, cowl 	ho tom t .cao or tho hois t mow; 
ODo .t . ll 9 6 " .00 opOC tO' w 

To moot trio g of ob jOeUvoo it to a g xol to 
1iO' o in tho cationo for the arctarn oporttion, lat- 

tn variozc 	of and veziob10 p rcnotora o thec ` too 

L`or thooc oqu on*' p the oorw cono p' i n for 
v'ovz.o'! v .uoo off' v(riQblo pc r otorc *an he + doto i 1 
£io pr31oz 	thom b to cboo o tht o1r c of th000 

v '« b1C9 	:.' t GivttJiscortjy concucption 
iao opoo o 3contittoio. 

dT.O moot th,. occo 3C ob jcOtS.vo it to 	,uIr d 
to A,OtO .L.O the cnir OO 	pttO2 'or a fO ft 

outputo. A awi boz` o Otto og colutiom u ll be obtclaode 
O VQ° Canna ption o c ooccictof aro output, A 

+' 

 

a1ctionohip hettoci t' bo ti"o titll brvo to bo cut b1it od g 
icy OO.mp LcOZI or ?10 t 	L►0 O tC, to +1otcniaino the 



opttrlur3 oporc on of tbo oytOti, fc tho point of 

To rieo t to th 	ob ooflvo, It 	noc000rr 

to tootiio affoct of tiro of ho ct n opor atio o  

tico of 1ocd2.uJuz1ccdinc too Ord, on tbi ouoxy  
ooncucp1on c era oitputbcu tho optiuw t.ics of 
opo c t .on poz trip*  t4- th oDtilrnzl 	- of 	.t 

o ,  ' t cml mho opt 	nuabor of t f o par + csy 
00 to U, cirn.  bo dotomizi t iot ' `►. io tot. tao of oporco 

io:- 	&cr io op oif.otL.  

5.3 
Ao hoc bcQ L OOQV in tbo pxeflouo cIto, the 

torq O(ut1ton 'ox' th hoiotixc oyotoc Ina 

a [u+ 	i+(t2w+kAK+I. ) ] 

or 	2c  
JA 

.ern 

(+2i+ ) 

[fore r 70 for occc1axct r , riod, CL 0 for couotout 
opooa. n cud. a O for ro oraouori porlo+ 

In tIo nbovo ozgr000Lon, tA, u, i, U, 34, 	are .l 



e 

oyo +~ois aozotan AcoolO2 .-Alon.flfld iiL rdat t1Of. 2 utOO riXO 

ciao conot mt bnoo 1 tO o p oco Of c n bo t ,tton 
in the ZoUovtna fori eoo* 

€ 4 conotento. 

In tom 0g diovincoZ1Oflt s1. O CLD cosunto 

If the nozo &c oa ¶oo om CZfo tzocd 9 the abovo equation 

•04 (5#5) 

4 	4  	+r 	ti1i 	4)i 	-! 2 	r - G - 	t ; 	• t 	R H 	p t 	t'%. 	v t 8! it 	't+.p 

aCipp imato1y b the foUoiE "c Otate oq of no 

12 1  ( 5. 

tiho no I donotob the nO Ltod p o "$Lon of the co  c, 

' .o o! '. of uLi01 i., tthon at the top Qom;: bottom ou4o 
of the moo, end the poo i o ozia ic t kon in the 
dieotion of  hoiotinij motion, cM 	LOnO o non. 

,voIociti of oc oo • u in the o ao1izcd control voctor 
U 

 
in rho prociont cc3oj, tEhero u> 0 zmano the 

ono .on of I0i0t1A3 Force 4U3 tJ the notion of pr 
mover (ttnivin motor) x ,4 	O zxano tho application of 



broJin(3 fogy#, an U m oao 	to take the rti1UO 

in tho $c ,4 ti" C 1{ 	 ' bor'o L l# tho s u ii 

vt .t t of ho.ioLng forco cx 	io tho 	ura vctuo 

of bckinc forces. 

The and point COf.d ti 	Oro Z1(o) C, 40 . ,j(i ) i1 

nn4i4 	(o) = 12 (tg) 1 0 t ro t 	Is the A 	o1 t$f,.fo 

c t tbo and of tho motion* It mei n that the initiol 	d 
J t 	a ! 	i f ~i ' ~! 	R ' 	R •' 4 i! 	# ' T 	Z' do 	E 	• 	_ 	! d 	~I i 	i. lr 

C O;OD tZ NOl a totc1 4iotcnco k S.i tZ O t f IS9nao the 

ono 	conouzpt on ' o .+ b3Mn1iaiod, the ,' r or of 

OrioriOu unction t bo 

Zn the pr000nt caco, the co c al vector 	a diroct 
$`unotion of die,' ac! on ,,.j and not f 'Goa t ,,, 

over the tico thor this di j1ecomorto pLace1 hence 
the p ssfo ca criterion. indo for cnry ooncuption 
3 bc vv itton Qo 

(u, iuf )"t.r 	 . * 

T 14i thzo t om be dotortr4nod. inopou4ent troD the 

d 3 + on 	( t v02oojt7/Accaloratiou). wo can 
V 

X (u+ I r) 	 .1 (509) 



Uoroovoz tho otr tiOf, 	O ' 2\ 
t;bcro 1 1  is to 	ut&thh o w.ciiuni rtoo of  oo1ort e* 

t ton/ o D t-t .oa., DooS oo t coo rOrtiictiono, tho 
oo'0trC to 	. 0 Cfld 0 	DtotW1 be oouo .s o o8 
Lzo o ; not to br1nij about ruck oolutiono ' .brst to 

- olot cor oo to atop or cove bckur4o on to oy to. 
t)ic othor root position, LtIt o nos tIoco can bO 000i 
to l e ti .th tii bout rocjortiz to oy particular to 

of oo3,vnC tho bounded otv_to v*w.tcb3.o probioti. tho oubo 
t oo vii 	ioo tkzo ,wobicm uto ootin6 cu complicotod od 

9 



o. a t O*.*ttiOfle dotnthtj O ac atiOf of the boiot 

• 

t~ 	frWff i4 

+ 0OOWtiOZ1 ELs 

tTtham ocLt oa onatrttnta  
hit pzb1on . boombooro ccLLr, ic. iory iu'oh it 	 o,2 .ar 

to the problcm ot 	aitLoi of onor y oqz aux3ptiork for 
tht op l.t o i of c trcLnrunn 	tvoo two fixed 
' o .. + e, art4 ocn bo Doha stn boundod at to 
vacbk pro l.em by tho GtiOG ow oto6 t y Xzotbilto 

	

ozplorjnij the 	 multipUor co onto 
tho pz'oblot Into cU eOfltztAod Quo, end 

:o 'coiEK ornodonly vi 1 tlio 	d f otion of ouoz y  
'g• 	`jT, ~".. 	 +(. ~ i 	din" 	 "w' * 	! 	'~.. 	 ~..,~6. 	,y 	E 	!t. 	 w° ~k 	;g~ .R 	i 



s vo ovorU economic opoz: tiOfla 1U onalyt icc 
crocch for 'tea coluti n o th ! p ob1c iO 4 mavo 

ot1y comp tcc toa t1 o Iaacto. to tho waorioc1 va1uos 

of v'iotaa oyatcD 9r roto ,n coact 'c to otc, 
r, o oQ . avcL1ci310 from tho cctuc1 Gc ttp f 
rico 1ooi4o t GO Rov the amor oca czoacb for iho 
solution of ter p blcm# Lvz& a 10 ca curator of 
ooto of oo4utiOe or r iQ vc1too of oyotoi 	r, 
no oro. bo opiwr o1utioi ocxi thou bo oto ino t 
by 2o ccmp icon of those co1u ionao  pXottiz  
orate otc 

In the nuyiorical appocch for the outon o f  
tho 	' o tbe vc2.uo of o rty concup on (fz'om the 
pofoonco ito ' on & ) t2i . bo + D etinod for 

Uftoront vt1u.oc of vo1ocityv  cccolo c i 

rot at ton rtto o, iocOicj c c a ho total t i= of 

oorotion 	ho. , ! ' rI cnd the totct nbo of 

tz'ipo por 3 ` ors zioo bo o'o noa, tho total hoj 

time par Baybe 	occifioch 2ho total o rcJ CQUOUQ  
OZ' 4t n a nooici o Oro C tputo par ate' R o 

+ ' co dotorrnino, Thoco iiiU to avai3rblo for tiffo ut 
Vuoo 44 lroioeityp coco3..erct on and roar4ation r&.' oea 

By cppz ite3 cow ring tioooolutiono. by 
piottin rcha ate. it tri . not be d ficu1t to # t to 
mine the optiuut point ivin tho moot economic operation 



Ado o?ociio4 oo i o 'o,' Thuo tb op' 	. boiotin  
j ogor ' to ,alv$n m t 000 ay oonourtjou 

rolatei ui h nitt  Oro oatpu ccrn bo 4ot* iEOd ,, 

N 	N 	iL • K N R 	R 	 fi r 	k N g t 	M 	 !E 

of rf r cma o of Y zion doz ; o4 iMtnimrn o noz cot  o2 

a 4. 	£t tic  oporu ioJ,,I. jo 

f ( ia 

or, coo tb totCl hoDting oper' tto conicto 

o toga orlodo —(tx) ccoo10 i ton period, l  
co , (b) conatc nt a o06 vo:'io „ ith  

0000&cto8 &tøtco oovorcj ca 	 d (a) otr8tion 

pa, 	o t723& CO QC :tO Ct1C2OQ tVOUCd X, cjoc y, 

tit 	ao . +x 
j t 	+ tat ) 	+ t21i(u-c~' fu l )dx 

m 

tio for ncco1ort ion pcario4 

1 ox cOflotcU opeod orio4 



(I+ u1)dz 	Oor4tion  
O bZti 	*i0( 

ao t3., t2 	o titoo for a000iox!otjon,, otimt 

+ a ou4 to L ition poz t do c ctivo4o 

vctiuoo of J1, J2  cd Jct no Do dotozLno 
eop tou 0100, but for the OoriU qp rut ', o 	tionv 

UQ0OtOCXtO OODoidOZ OnLY J 	t e c Of, tj J 
ar1 ens* '' 	6oz J cLvoctho onox o + 'Pt on during 
the oo p1oto octi3 o .-QUOA w d&eraa tho d o 

end. J3  cis I10  moray opt c d lac icoo1otatioa  
port , oontcrnt ooe4 po odt z 4 t ion pox $ 

oopQo' o: Lr, T 10 *b jo o t Wo h'o tø to zax4mize s ` pith 
z'oopoot to tho itc pit 	too :mod Oro output, 

It imo i1oo been soon in the pzovioua o ptor that 
the + cmt Z 'ru t" 	(3 ,von by  to Xoxeø /R, i noa, 

3T/it  

haoO 

 

dintj t ooh at o 	d 

-(+IL+2us t) 2 } 

or 	 °+iL.K+ 

0 ioiLirt7, for r' oonotczt opood , ric , 



end for rotErtctoo poz io4 

(+j 	 )} P 

1000 on rr000iOnop v Rv Xs I1v o+ v R oto. ero + 11 
COnot to, bunco to contra. o tiOnn acm b :mitto in 

the 00110-A~ Co 

(0X1) 

(O, X 2 

33 *(t+11.K+2v1+ 3) 
OX' 	(A+2ti+ 4;) 

2 

fn , tLo po oxnco cr .' cr to 41010 teen be wrI on cr« 

J 	13Ij t 
4 

( 4 	ACLU 

S 

or# th t7 of pb ' `13:0 =00 C ItoriOI , t'Vou n OO 

OU G t1At G Z61 aOXa14ZDtiOfl t * 1eca o l*ten coat of 



to pooitivo. IZ control (u) to orà or flrgctjvo, tho 
torn uithtn tbo b ac ko bocoi o ocro no tbn 
U;. a 	`uI p 	1 + lul = 0, It 000unto toi' t1 	oozLorat1 

.vo brakingg of tho 3øt 	Xt 	thnt a or y to conowot 
only vhon cco IorL t C r , .;0to C:)1)IiO& to t1O oyoto. 

ukm no ` oz ue .i rippl od ( u  , cocoa , ): ornottive 

toz' , .o i, Vi .io v t iob la t lico i for ro, cn. tivo 
b 	9 tho bolt, tbozo io no O Z y cono pt O, Zn 
tho hoc 't cccoo co tho ocI ic vary 	daz!inC conctont  
o ot% pori4 o3oo it is 	i l . to applyy cote pooittio 
torgqo to rwintcin tho opoo .. Q-1 t duin to rota .at ion 
pot+ .- t o ' o quo may o no ' t ivo on0o tho po or cn o 

taco can bo trr ±t on o o 
1 

t 	u ~ 	 (6,4) 
o LPL 

0 	dXif u0 
6 
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bast duzxij ec 4rc do 	rit , 
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or .. 	(6.10)  
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(bo 	" 3.2 is tzio tIQs! 

t c i n to 
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covox ti o 
for X, to YW0)  

, 2 X12 1 	..» 	 .Ll x 	` .2 

s 	a , 	t,2 	l 	z 

Or 	J' 

 

12( 1~.);12+½)]  . 	(6,u)  

1./ ^' .0 KFTKF 	i1!S 	l~f •■!4 	to +ham 	 tho control  
2+1 a lc* 	1 on o no OI1( 	Cono ;'tj n 

uiLt two pro uth3. tic poLiO. 1 hO hoLntn notion 
oontiuzo uuei. tho cuntc4 oZ tho to c ti oo1v o, 

c ' o load on tbo cle coAd a + a bocomoo us;.o tht t10 
oc oz oao 	6c boom 0 th io3.ht of nuo nato 



ZuzifltJ 	.tit or br a porioacontroI 
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Wry ccco .o : t t1on, Uo 1ioictia, eccoa c o c* 
.o flo0 X.t 	t .t7ith toot .r a.t oA rat* a to 	u i 

?000i1r V ` a root+ boroto 0 
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or  

. x'twj ro' aitttoz the coo coxno to z'oot ro 

oc.tr. Ve itt Lutfoz z'otrt ion rte to P cooriwj  

a 	trinco Z in iao ' ,  

in OoYod ti3.tb volocity 1U in time 

a 

C C~'zoi. (u2 	/t) bo' 	+nioz naetSvo at C cflotonoo I = 1 x 

It/C 	mac ooe1um tho ti o ttkon to oovo 	t*o•iotonoo  

to X,12 in g 

.Voz' t t 2,p tho control bocomoc 	at, V , bonco 

6.2.  

C. on into o t10 tako . for cooiórtion, rot ri do 	+ 

CQUOtnt opood rune', Some tio t I1 be coneumod in .otzd c/ 
Un..Or- i 	the hoist r )Q.iQ time for  iOt(t1flfj/UfliOCdiUC  
t .1 b cporacto1 prop r io c. to the ,oed of ore 



the cages, If this load €/ux1oadiug time is denoted by 
tc► , thou the total time of oiler tien for a complete 
bolt boitiij trip is ,givou C$ 

ttrip = tl+t24  t,4tQ 

trhore t1, t2  and t3  are the time for acceleration, cOns*-
trnnt opood and rotardatt.on runs respectively of the 
hoist. 

Tho boiattna operation takes place only for a 
specified period in the day (normally 12 to 14 hours per 
day). Aesumi that the hoist rune continuously during 
these hours of the 4ay, the total number of tripe per 
day is &iron as 

total time of hoisting operation 
trip 	 . _ 

total time of operation per hole- 
tang trip 	 I 

liavin dote ined the number of tripe per day, 
the total  dole r, y consumption per day and total ore out.' 
put per day can be determined simply by multiplying the 
energy consumption per trip and ore load it per trip 
by the number of trips per day. 
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T1ø 0110 	CQn0u1ption doaroococ vith CA incr0000 
in tbo vc ao of voIoar at oporc do 

(2) 	r'p ` ' o Gcn 1 vo .oa ty of o oxotiore, tbo'3Or 
con©t ptioz tMrou000 vith tho inorooco in nacoioz n 

ti4n/ tc t1ctiof 23t00, 

( 	Toto1 at bo Of trips per e oy t invoxeo1y ;ropo 
tioi 	to tho oporctttnG tiro per x.;.p, ottL incroc000 

vith tn 1zeonco in voloc ty we oporotioi racO 1os 
tion/rotr1aion rot c 

4 	output io duct  propor Low to ho n 
of ric por dam, and bunco izivo rooi proporUona 
o tho tto of oporntion or trip 
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ova output aro nor0000/dooroaood ai.th n c000C 
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1Jit for 0 bole ti11I triva or 'tho ore output 
o*xo4 per ftqpmot bo OpOif&34 	the total 

hrivIA6 tho tj= of operation OLUal to the opoolgied tlno 
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A P P E N D I X --
COMPUTE R-PROGAM 

RAKESH BAL) M,E.(S.E.O.R.) OPTIMAL HOIST OPERATION 
READ 1,WCAGE,WLOAD ,WHOPE,H,R,G,DINRT,TRUN 
EORMAT(ØE 10.2) 
FOMAT( F4.U,F7.2,2F,1F7.2,3F]6.2) 
WaR E* 1. 2  AD 
TL0AD36O. 
AORE*H*WROPE 
8 I A+2. O*WCA(E+D INFtT*GIR ) /G 
OINRT IS THE IHERIMA OF THE WINUING DRUM 
C2 .O*WROPE 
X12*A/C 
SLa ].. 
V=11.25 
ACCLNI.Q 
RETDNT.5 
DO 20 101020 
T1YIACCLN 
X1U, 5*ACCLN$rTl*T1 
T12=( X12-X1 )/V 
13= V/RE TON 
X3-u. 5*RETDN*13.1T3 
X2=H-X2-X3 
T2aX2/V 
ll,IET=TI+T2+#3+TLOAD 
ILOAD 15 THE TOTAL TIME FOR LOADING/UNLOADING THE CAGES 
TIMET 15 THE TOTAL TIME PER HOISTING TRIP 
1T1*X1*(A+t*ACCLN).5*C*X1) 

E2zT12*(X a....A1)*(A...LJ,5*(X12fX1)j 
TRETD*A-8$ ETDNC* ( H-X3) 
IF(TRETD-(. .0)16,IG.18 
E3-0.0 
(OTO 19 
E3aT3*X3*I *RE'T1.C*H+O.5*C*X3) 
ETR1P1+ +3 
ETRIP IS t1C ENERGY CONSUMPTION PER TRIP 
TRLPN=TRUN/TLMET 
TRUN IS TE TOTAL tiPLRATING TIME. PER DAY 
TRIPH 15 THE NUM8t OF HOISTING TRIPS PER DAY 
E0AYETRIr*Ti¼IPN/ 1O.O 
WAY IS TIE ENERGY CONSUMPTICH PER DAY 
WDAYcWOE*TR PN 
DAY IS THE ORE OUTPUT PER DAY 

PUNCH 2 5L,V,ACCLN,Ri.TUN, TRZPN,ETRIP,tAT,WLMY 
SLaSL+1. 
RETD$=RETDN+O. S 
IF(RETDN-3.O0,20,21 
CONTINUE 
ACCLN=ACCLt4+O,5 
IFtACCLN-2.5)12,12, 
V=V+ 1.00 

STOP 
END 

05.0 4535.0 	9.04 200000 	300 	9.81 80000.0 4 



247 s5b:WUQ*QO 
2461455800.00 
248 3373400.00 
25556369900.00 
2563 21900.00 
2566302400.00 
2966293200.00 
2602636900.Ov 
2607684400.00 
2617Z2 300.00 
2612751900.00 
£629844400.00  
2634950600.40 
2638023900.00 
2640076600.00 
230399760u.00 
2306973800.00 
2311973100.00 
2313975700.00 
2394328600.00 
2399524500.00 
2402652900.00 
2404743000.00 
24420 99U0.0u 
2447401000.00 
245V596#~ t: *OU 
2452735200.00 
2471393404.00 
2476975600.40 
2480 16200900 
24622381 ~Qvs00 
2151366000«Qty 
21565.22100 • 00 
2159626 00.00 
2161701ZO 3.cto 
2246379« 00.00 
21788900.0 
22550441.00.00 
225,724QbUO*QQ 

402932.6 
403399#3 
403711.0 
403711.0 
404492.4 
404962.7' 
40527609. 
40449 2.4' 
409276.9; 
405749.01 
406064.44 
404962«71,, 
405749*0l 
40622.3 
406.538.4: 
41..775 • 
41466 9.91 
415206.2( 
41556 7.9 
419567.90 
416469«7 
417012.7( 
417375.41 
416469.7 
417375.4# 
417920.61 
418285.L - 
417012.70 
417920#81 
418467.51 
41.8832 
424069. 
429061.61 
42569  3. 

426102!41 
4262.04.47 
427128*22 
427746,06 
428156.94 

A P P E lit 0 1 X--2 
RESULTS 

TLOADu3u0. 
WORLwWLOAD 

11*z 5 1a0 
1.0 

1 
fit . 	.p 27b9642  11.25 2* }.0 

11.25 1«0 :. *5 88.95 2789643400.00 
11.25 1.0 F0 69*V2 2789643400.0 
. 1, 25 1.5 x.5 69.1;22 2073669100. 
11.25 1 05 2.0 09.19 28738891U0.00 
11.25 1.5 2.5 89.30 28736 9100.00 
'.1.25 1.5 **0 89..17 2879100.O0 
.x.1.25 ,-*( «5 89.19 291796740J.0 
11.25 2.1 2.0 89.17 i 917967400.0 
11.25 1~.1 ".5 b947 2917967400.00 
11.25 .0+ .0 69.54 2917937400.00 
11.25 2.00 1.5 60* 10 2945047000.Oo 
11025 '.! -n0 € , 1.47 294504700€1.0;3 
11.29 ." 2,5 89.57 2949047000* 00 
~ 1.25 2i: .s.0 b.84 2945047000.00 
12.25 1.0 lob 9 .r!'f 4 Z29190100.00 

12.25 1.( 4.0 91.44 2525190100.00 
12125 100 2* 91..56 2525190100.00 
12.25 1.( ,.0 9..64 2525140100.00 
12023 1.t 1.5 9..64 2612677500500. 
12.25 1.5 Z7 	Q 9,;* ► 2612 77.5 0.00 
12.25 1.3 2.5 91095 2612877500o00 
12.29 105 300 92.3 2612477900.00 
12.2 2*0 1.5 91.63 29i47600.0 
12.25 2.0 2.0 92.03 2659227600.., , 
12.25 2.0 2.5 92.15 2659227600*00 
12*25 2.0 .0 pe. 26 9227600.00 
12.25 2.55 1.9 9•95 2 rE 78500O0.01D 
12.25 2.5 .Q 92.15 2t 8Y7850000*00 
12.25 4.9 2.5 9.Z8 2067650000.00 
12.25 2* 9.0 9,..36 2667650000.00 
13.25 1.( 2,• s 93.51 230065+4400.00 
13.25 1.0 1.0 93*73 2000694200*.00 
13.25 1.0 2.5 9.3.87 2300694200.00 
13.25 1.v 3.0 93.'ô 23OUb942U r.., u 
13.25 1.5 1.9 93,96 2 39081E-9UQ, 00 
13.23 1.5 ;-«0 94.8 2393 316' 	0.00 
13.25 1.5 ?.5 9 e 39od 69t3L . G 
13.25 1.5 ,ar0 94#41 2390816900.00 



94.44. 
94.. S 
94964  
94.2 
c4• 
9 4• 
94.7 

95 .7 

9b 44 
• '4 

9b.29 
91,. t>4 
96.70 

9 b.44 

9A.oS 
S 

9 i .Ja 

I. lä 
97.69 
9 #. • 

9b.46 
sfi3 17 
96. •6 

9 ,.?' 

9r •  
vi .60 
tru 09 

13*45 
13025 
13*25  
13#25 
13*25 
13.45 
13.2.5 
13.25 
14.23 
14.25 
14.25 
'4#d:; 
j 4 • 45 
14.2, 
•',4. 2 

14.2; 
14* 25  
14.25 

14.25 
'4.45 
14.25 
14.25 
15.25 

15.25 
13.25 
15.25 

4.5.25 
15.45 
4.525 
4.5.25 
15,25 

15.25 

24904u0.0U 
443904 	00 
2439025300,0111 
2439025300.00 
2468972300.00 
24669723G0.0U 
2469 72300,00 

2 t 39 2900.0411 
106392900.00 

210b.929uU.00 
2 139 k900.0 
24. 9875 ' 0 go 00 

1b7.3t1O.00 

49495,00.U0 
2249495300.03  
2249415300.410 

4949S.00.0 
2480534000. vU 
2460332000.0" 
2 05 2000. 00 

1 94599tQO.QQ 
194299UU 0.00 
194 
1942:980U, 00 

2034292700.00 
ZU34Z9Z7OO*Oti  
242I2700.0 
Z-Qb4b5Z400* 44  
2UU4S2400, )0 
2084852400, 30 

485 24Q0. 
24. A677000.00 
41L67700u.u0 
41167470%.,0.Qu 
21 747Qu.0v  

2497194.900.00 
4302735300.00 
2304074200.00 
2308305600*00 
2320761 10.QQ 
2.33430 &8u0 .00 
233 7778500 
Z340043bOO*OJ 
2014094600.00 
2019397300.00 

Z2S9440.uu 
247 
411 
41b1701')0.J 
2121539200.00 
212379 I2Ou.U0 

2171696400#00 
2175160300.0U 
2177475 300.00 
219932 5600.00 
2205171400.0v 
220693800.U0 
2211048300.00 
149U710b00*OQ 
1,696 t39uQ.00 
4.o99412100.Uu 
190160OULOGOGO  
199 
1997 108600 .00 
2000575 00 .00 
2002893000.00 
2046144200.00 
2u526722(iQ.00 
2036245600.00 
4U348U0.')U 
ZUU16433WO*00 
20874646')') • U U 
4091323500.00 
409.75 7600.00 

4271.2b. 
42815u. 
428779 
429194.. 
427746.0 
420779.1 
429402.2 
42981.' 
43344.7.1 

435044.c 
43)4. 
4355 04. 

437351, 
43784.5.. 
436654.9 
437815.7 
440514.0 
438980.7 
437351.5 
430514.0 
439214.4 
439664.6 
441366.5 
44265 3.9 
443417. *3 
443926.') 
443928.6 
445210.6 
44590;:«4 
446500.1 
44541.0.6 
446s00.1 
44.7477,4 
447797.1 
44b91.4 
447477,4 
448057.4 
44b51o.9 



1,0 
1.0 
1.0 
1.0 
1.5 
1.5 
1.5 
1.5 
2.0 
2.0 
2010 
4.0 
2.5 
,2* 011  

2"',  
loc 
20( 

1.! 
1.5 
1 . 
1.5 
2.0 
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