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v?hio Giocoortntion donlo with the problen of
opbinination of tho oporction of holoto usod Lor deop
oinon {0.6. Oold ldneg), Lroem the point of viov of ovorall
oconony.tho hoioting oyeten hno boon discunood in Gotnid
end o olaplificd oquivelent oyoten hao béag conpidored
£o¥ onnlyocio. A cioplo sunorical retiod hoe boen dovelopod
%o dotormino tho onorgy coupunptionns and ors outputo |
updor conditiono of vorying oporating porematore of
the oyotcn, cnd ko optimum oporouving point ie dotorpinod
by taé comporicon of thogo veluan 0f onorgy concumption
~ond output. Sho opprocch digcuoced horo oon bo usof for
. tho opiinisction of tho oporction of othor oloctricol/
neohonical 4rivos oloos
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Rocont $rondo in tho devoloprent of modorn civilizate
ion hove boen in tho dircction of optimnl) control. Incrceascd
conpotition pivc man'c desire to porforn in on optiomn
foohion, combincd with the feet thet ho faces on evor
ohrinking supply of naturnl rosourcee, roprocont come of
'tho roogons. &nd those ronsons hava forcod all typos of
induotry - éhﬁﬂleﬁl. otool, outonobile, pircraft, toxtilo,
oining, dofoneo production, oto, - to bogin to pook groatcr
ond groator officieoncy through epiinmal contrel of tholr

oyotons.

4 spooific ongincoring problem deco net havo a
unique aolutzéni indood, 1t has in popt ¢nvoo, an infinite
nunboxr of poosibleo solutions. A8 an onnmple, o plong
onginocor may think tho optimal contrel of tho syestem to bo
thot gives paginun produétian. vheroas o a&a%em ongincor
will want tho oyntem to have naziomun ovorall officioney, h
safoty onginocor vill like tho systom to hevo minimun
nocidontso, the ovmor will try to oxtraet maxinun profit
out of the oyotom, and 60 on. If wo judpo tho voariocuo
oolutions on tho baoic of e spooific poy-off or objoctive
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function (also termed as cost index, value function,
index of performance , figure of merit , etc.}, each
possible solution is characterized, ag o rule, by a
different value of this function. The one solution
assccicted with the optimum value is referred to as
optimzum solution. (It ie appropriate to point out that
the word ‘optisum' may refer to either a minimum or

maximum, depending upon the situation in nand.)

The most obvicus method ¢f optimization, 05 find-
ing the optimal control, is sn ocutright seaerch process~
all poscible solutions in the totsl set of sclution
are comparsé and the best one is selected. Unless the
ssarch process is particulerly attractive (as in the
case of selecting Miss India out of 50 entries), this is
not a recommended proocedurs, dbut it is ones that neverthe~
les: pust be employsd when no other road is open, Unfort-
nately, all other roais seem toc be blocked 4in the case of
the problea conaidersd, and furthermore, it is easiler
to sdopt this search process in the present problem,
the problam haes deen satisfactorily solved by this search
procese and the optimum solution is determined

Much has been done , till now, in the field of
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theoretionl development of optimal conirol and its
application to some specific problems, But Lits Aimport
ance will be increased manifolds if we apply thie
optinal control theory to some real life and industrial
provlems. Xesping this objeoct in mind, the prodblem
considered, quite simple, practical, end representative,
has been token from the mining industry.

Holsting operation, to haul ore from great
depths, i+ the most important part of mining, and hence »
optimum hoisting operation is wery very important. FPurthermsore
a8 Gold is one of the most prociaua,nttaia, the extraction
of its ore is very important for the economic stability
of the country. Hence, tho hoisting operation for a deep
Gold mins has been considered in the present prodlem.

A3 the wmining industry is quite developed in our
country, and we are gquite rich in our natural rescurces,
there are & number of Gold mines., Every mine hos a diff-
erent hoiating equipment, hence it is not posaidle to
consider the operation of hoists in genersl, With a view
to be specific,and yet useful and important, the suthor
hes considered the operation of hoist used for Gifford‘s
winder, Gifford’s shaft., (Champion Reef Mines, Xolar |
Gold Fields, Mysore), the biggest winder in India and
second bigmest in the World,., Practicel data were obtained
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from the sctusl opsration of the hoist in order to
find its optimum control.

Por optimal control of hoisting operation, we éan
optimize the system either with respset to time or with
re#poot to snergy consumption, For minisum-tine hoieting,
the holsoting motion should be started from rest with
uniform (or warisble) acceleration by applying maxizum
accelersting torgue, and then switch over to retardation
with uniforms retardation by applying maxisum retardation
{or breking) torque, such as to reach the end of the
motion juet with sero velocity. Thums there L8 no period
of consiant speed motion,. But we can not allow it to
happsn, in proctice, becsuse of the sysed constraint
involved, that is the speed of holsting should not exceed
the naxioum safe pﬂruinaiblu valus, Also, when ws want to
optimize with respect to time, the energy éqnguuptacn
in hoisting will de maximum,

As for the optimisation of holeting operation with
respsoct to snergy consumption, the ninimum energy consumpw
tion will take place only when the holsting time is infinite,
which we ocam not allow to happen., Therefore, to optinice
the hoisting oporaticn, we have tc make a donproniao
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between the two optimization eriteria-~time-optimum

&nd energy-optimum operations,

If the hoisting time ix specified, we can find
the minimus-enexgy control of the hoilst to complete
hoisting in that time, Or, otherwise, if the energy
consumption is specified, we can determine the
corresponding ainimume~time control. But as there is
no such specification made in the pratcnﬁ prodlem, we
shall have to consider aii possible valuss of holsting
time and energy consumption for wvarious values of
system parameters and then weleot the optimum values

apecoiated with the optimum hoisting operaticn,.



A nino hodpt conointo of tho folloving elemontos

B. 3ho hotiotine or Uinding Foochinge It 10 tho moot
important olomont of the hoists. It ray bo drivom oither
by otoam or oloctricity, but mofiern practico is to uoo
only cloctrioally Griven maohinoo., Tho winding nachino
ann be eithar an 0,¢. motor or o d.o, Dotor, but D.C.
sorion motor 10 usod moost cormonly bocnuoo of bottor
opoed control undor varying locd conditione. The speod
control of thoe vinding vochine 40 dono by omploying D.C.
tard=Loonard mothod,

b. The hosd £xemo= It concloto of o pulloy-oyston to
cguido the ropes proporly into thoe ninowohatt,

. zho pinoeohnfte o wvork doep inoildo tho earth to
44y oro, a doop pit or ohoft in dug fiyrst. The depth
of tho ohofd¢ dopondo upon theo aveilability of ore anf
vorking coanditions. Tho phaft may dbe olthor vortical or
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inelined. Sho cagos and okipo sro guldod doop inbiﬂc
tho pinop thryough thooo shafis, Oneo wo rench O
cortoin lovod dncideo tho mino, wo ean propore o

tomporcry plotforn thore and dig sido-vnyo aloo,

d. Sho _sornce %hooo oro uced for handling tho motorial
nnd tranoposting tho penm in and out of tho chofe.

Thoro ooy bo ooeparato cogoe for mon ond mntorial, or
poard o0ge with coparate gompartnmontc for non ond
natorinl, noy bo uged, Tho oogo 30 cuopendod in the
chaft ¢throurh wiro repoc, ourrioé ovar the head freno
and@ conncetod to tho winding drmam.The aagé rune on railo

providod at the four cornoro of tho minoce-shaft,

©. ihe Uiro Hopo= It is usod ¢o holot eangoc, cars, ond
pkipoc 4m the pincechaft. It hos pultiotrond conotruction
vith lianilo ropo oo 1ts ocoro, It hno, normslly, a factor
of oofoty 02 § ¢0 8 for carrying tho load. Itc normal
lifo, =0 opoocificd by [otelliforrous [inoo Rogulationo io
5% yoaro.

£. zho tafoly Dovicese Various eafoty dovicong 0.8e
cend linit owiteh, ororgoney trip oviteb, onfoty doas,

Lumble Kool mmd Coteh plan%e, dopth indicotor with worning
boll, outomntie contrivoncop, ete. arc provideod wvith
tho holoto %o ohock feulty oporatien cnd avoid donoze



te non ond ratorial,

Colé pinoo, nornally.ore vory €doop, tho dopth range
ing fron 2000 potroc to 3000 motroe. Holsting from such
groat Gopthn may bo dono in ono or moro than ono stogon,
uoually not corc thon throo, cach otogo compricing o
poparnto and comploto holoting syetom, Unlesc rootrictod
bococuoo of vnfavourablo vorking conditions, it in proferrod

t0 cdopt singlo stagoe holoting.

Ucuplly ¢$ho oomo heolot, with peparate cagos, or
goparato cocoportnonte 4n the come oago, 30 uesd for both
non and patorial transporitotion; but como tince oeparato
hoiete oro providod for tho tve . {lion end matorinl in tho
pamo cao, OF oome compartmont, aro not allowod by Hinoo
fot). Thooo holoto may oporato in sopnrnte ghafis, or in

poparato ccopartrento of the supe shaft,

Hofots ore orrangeé€ to opornto upbelancod, baloncod,
or ccuntoretoishted. Unbanlancod hoioting consioto of o
sinslo @run vinding pachino which windo or unvindo Ono .
rope attachod to tho cago, eporated in o oingle comparte
nont or chaft. The vinding machine providoes the ontiro
forco nocoanary Loy holoting. Bu;ancaﬂ.hoiating conointo
of cithor o cinglo=drun winding nachins vhich vindo twvo
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ropoc, or o double drus pachine, onch drun of vhich vindo
ono ropc, In cithor cooo, ono ropo Lo winéd ‘on' vhilo

thoe othor ropo vindo ‘off', Tho ropoo arc attoched to

" eagon vhich oporato in soparato comportmento of tho ochafé.,
Thus vhon oas cﬁga {lon8od) gooo up, tho othor esge (oompty)
goroe downe. Thoe vinding mochine providos only thoe forco
nocoosary (o mullify the qifferoncc in ropo pullo botvoen
tho coconding loed and tho dopconding 1&@6, Countore
woeightod holoting 1o similoyr to cinglo=drum dalancod
hototing, onoopt that one of the ropon is ottached to

a countorveight, equal in woight to that of tho ompty

¢nge plus one holf of the wolpght of tho material., Sho
edvantego of uoing tho countorvwoight &8 that tho no
torquce roguirod for wvinding 4o roducof, homce the

onorgy consunption is aloo loos than tho unbalancod holote

In genoral, hoio$s for ohollow ninos havo iargcr
locd cnpacitioo vith lowor nyéada, vhiloe Shoso for
doop minco baove opaollor leond capocitios vith highor opocdo.
In hoiots for doop minos, the voight of tho vire ropo io
& large proportion of tho 1iftod load, vhich oconoioto of
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the enge tesothor vith A%o contonto, pina the wvoight
of tho lonsth of ropo from which tho ¢nge io suopondod.
Thic totol locd o linitoed by tho otrongth of the wiro
ropou avoiloblo, vhich is tho roason $hot holstc for
challov minos eon oarry groator londs than thooo for
doop minoc, Yo compenpate for tho reduced lifted locd
for doop pinop, it 40 nocomcary to wuad highe? ropo
opeodo to obtain the devirod output, Tho linitation on
tho ropo urpocd i tho horoo povor of tho svaileblo holgte
ins ootoro. %hic linitotion ppplion to holots for doop
cn@ chollou ninos both.

Durin; any given poriod - o workiag day, for
onanplo- offoctive or handling coapacity of the hoiocto
dopondc upen the naximum loud o holut can earry on ooch
trip, and ¢ho mupbor of round 4ripo it can pake. Lood por
trip dopondo on tho bolot sigco and 1toc 1lifting powor, ond
tripo por 4oy on ito opood. Loand por trip rmltiplied
by tho aunbor of tripe por day, multipliod ngoain dy the
nunbor of béﬁotu in oporation, raﬁghly indicaten t&o
total hopdiing copaoity of tho hodotins syotom. It chould
includo amplo margin for futuro onpanocion of tho vork{if
oxpootod), no providing ontrn capoeity in the boginning
io ofton looo ounponoivo.thon moking alterastionec lator one



The hoioting oyoton for Gifford'o vortiocol chaft,
Chonpion BooX lidnon, Xolar Goldd Fiolén, lyoorc ORoto,
sonolato of doublo-drum Gifford'c UWindorn (cullod Hlorth
vindor and Scuth Uindor), nlong vith tve D,C. pories notors,
gotred to tho drun—phafto. The twe dyume, hoaving oppouing
vinding motion, are comnottod through elutch plato, one
drum boing *fired' ond othor 'froe', Tho apocd of tho
D,C. motero in controllod ompleoying DeC. Ynrd loonard
nothod of opood controls Tho druns havo Vegrooves and tho
ropo 4o carviod in thoso groovoa. One eago, having doubloe
docke, Lc cchnoctod to ocnch vinding drum throush wiro
ropo, carriod ovor tho hood-frame pulloy. Tho tvo cegos
Pun in tvo seporote comporinonto of tho cano oheft.

Tho cegeo rum ovor four roilc, providod on tho four
cornore of tho chaft compartmont. Soafoty dovieces, opood
indicator, dopth indicator , omorponoy trip sviteh, cutow
notic contyivancos 0t¢., aro providel nonr tho oporator's
poot vithia bie cooy rcach. Tho oporator'c oont 40 on o

raiocd platform to avold wousl dicturbancoo., Concunicntion



throuch tolophonos, ond othor signailing faocilitics

arc providod boSvoon tho oporator ond soin ecntrol yoom,

and botuwoen tho oporator and poroscno wvorking incidoe tho
Bino,

Tho oporationnl data, rogerding ¢he hofoting
oquipmont ond itoc oporntion iz notod bolows ‘

Horirun Dopth of Uind + 2000 potroo

Longth of Ropo : ' : 2210 notroo
Pia. of tho Ropo 't G477 metron
lodght of‘Ropo,por 0o tro t 9.04 kg/me
funbor of Drunnp | 1 Swo

Din. ©0f tho Drun | % 6,0 ro%roo

Rotationcl Lioment of Inortin of "
the drum ! 80,000 kge.ooe (CB]
- Bovolutiono por ninuto of thoe dram 3 26.6

'~ Rovolutiono por ninuto of tho motor 3§ 250

Iuobor of lotors ' | s fuo

~ Rated voltogo of notor $ 500 volte {D.C.)
Ratod bepe 0f coch motor 3 16250 hype
{lazirun Poalk h.p. 0of ocoh motorx 8 3,000 baepo
lothed of Speod Control t D.Coliardeloonnrd
Yoicht of ocoge, attochronts ond
trolloyo .t 5095 kgoe

 Bazimen Oro oarrying oppeoity | »a 4535 hpoe



Hazioun Uind Spood 1 15.25 n/ooe.
lnnirvn Ascoloration rato 1 2.5 n/ooe®
Vaniron Rotoardation yato i 3.0 mfoace

Avornge Dunbor of $rips por doy s 120

thon 6 Q«0e {Or n.0.) motor bao to work undor vorye
ing conditicno np regardo to lood, diroetion of Sorquo
ond/or motion, 4t Ao helpful in undorvtanding the notor
oporstion o plot tho opood torguo cumvon cccording o
the plonm shoun in Fig.l. The two anco £irx four gquedranto
in ono or zovo of vaich tho opesd snd torguo of o notor
can bo roprovonted wndor ell oporating conditions. Thuo,
vhon gspood ond torgue are both ponitive, ano, Lfor ommmplo,
in hointing o lond, tho top right hand gection of tho
diagram,’hngﬁn oo quadrant 1, 1o woed, In Sho top lofs
hond coetion, Quadrent 2, opood Ao pooitivo ond torquo,
diroctod on showa 40 nogative. Thio moono that, undor thin
oporating condition, tho machino torguo bppooaa, ond
thoroforo brokos, tho potion. In tho Dottom loft hand
ooction,‘Qmaﬂrant 3, torquo and opood both aro nogative
oFp, in tho cooo of tho motion boing ucod ac an Llluntration,
tho load in drivon by the notor in tho dovnuard dirvction
(lovoring). Pinolly, in Quodrant 4, opocd is nogative and
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torgquo 4o poodtive. Thuo undor thic oporating conGition,
tho potion in tho dovauord diroction 4o roplotod by tho
notor ubich coto oo o broko. In othor wordc, tho ovore
bouling loodl drivorc tho onochino oo g dynene, ond tho
lattor convorts tho canorgy of notion into cloetris onoray.

8.4 [

%ho cchoontie ocrrongocont of ¢ho hoioting oyotonm
conoddorod 4o oo chovn in Pig.2, XIf vo conoidor tho noconde
Anz esgo oo locdod with oro, ond tho dooconding cnpe oo
oopty, tho hoiotins oporotion con bo oxplainod oo follouos

Zho oo 4o locdod in tho ompty cage at tho botiem
0f tho minc choft, tho loading tine boing proportional
to tho lopdod orc. 40 tho locdod enpo 40 4initinlly ot
root, aocolorating Sorquo 1o appliod fto otart the notion,
till tho cosoc attain the opoeifiod opaed. Thon tho cogos -
tr@vol vith S$hio opoed throuwrchout o mojor poart of thoir

TUn.

Ao tho loadod cage goosc up, tho onpty engo, eonnocﬁba
to tho othoz drun, sutomatically conco dotm. Vith tho
uplift of oooonding cngo, tho loagth of tho ropo suocponcion,
and hopeo tho veight of tho «orzaapanﬂina’longﬁh of tho
ropo Duoponcion, foeo on dooroaning on tho anoconding oido,
nnd tho cano Ao incroagod on tho dooconding cido. Ac tho
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torquo nocoozary to Arivo tho vinding drun &opondo
on tho diffornco of lood on ncoonding oido and dosoonde
ing; cido, 1¢ goos on dooronoing wvith the travel of tho
cagoo bocouwpo the difforonco of lond on apconding oido
end dooconding oido inerencoo by the double woight of
tho longth of ropo incronsod or doorcapod on cithor eido.
- Aftor oopo time, vhon tho voight of ¢ho omply oago plue
fha\uoigh% of tho rope ouoponoion doeomos compnrablo with
tho voight of tho 1oa&ad oogon plus woight of ropo
susponcion, tho driving torguo bLoeeoros negligivly orall
(only to componoate for frictionnl torguo). Yith furthor
%ravﬁl of the cegos, driviang terguo booonos nogativo,il.o.
tho winding pochine worko ap o dynono and sops torguo
1o dovelopaod vhich Ao offoctivoly used Lor rogonorotive
broking of the motor, to chook anainot tho overopoeding
of tho ¢ngoC.

thon tho eagoc rosch ncar tho ond of thoir trovol,
it 40 noceocary that thoy aro brahod, #o oo to otop thonm
Juot ot tho ond pointz of thoir run., Yo achiovo 4%,
rotarding torguo that givoo uniform ratoxdntion 2o
oppilod to vinding drum, ond tho cagnd ore onfoly broucht
to ront, If, by chonco, thoro is pomo nisdtako in oporction,
or propor rotarding torguoe 40 not applioedy tho cafoty
dovicon bocomd oporativo and tho cogop aro stoppod ot tho
ond pointo, wvithout enuvoing any damoage to pon, motorial
and oquiprconts
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Duriung tho congtent speod run of holsting oporate
ion, wvhon the driving torque becomes zero or negatiﬁe,
no cnergy is neoded €0 bo supplicd to maintain the
moticn. Rather, tho psyotom develops some enargy that
moy bo used for rogulating the opeed of hoisting to
koop 4t within the specificd limits, Hemco during this

porioa of zoro or negetive driving torguo, no caorgy

congunption tokes place.

burin. tho rotardation (braking) period, the nog-
ative torguo devoloped is utirizea for the reocenexrevive
braking of the hoigt., Lo the energy required to proviae
the broking torque ip genmernted by the syctom itself,
no oxtorncl caorgy is roguired 1o be pupplied to tho
hoioting cyston for its brakins. Therofore, during ret-

ardotion oleo, thoie io no caergy consumption.

“Lus, 4t is clory Zron the‘above that during tho
hoioting operction, ths cnergy is comsumed only t411

tho driving torquo is positive (greater than zero).
LiZtaer tho poiﬁt of %rcvol vhon the driving torque beconos
zoro, no cnergy isc roguired toc bo cupplied to the

oyciscn for consumption,



o in Firne.{2), tho cotund bofopting bpotc:z CoORoINTO
0% Suo holotingedsvng, with Chody cocooicted drivang
cotaros Sho U0 Grun chollo 20 canood thooush o
ointeh coronblye %ho vinding diroetios of o ropoo on

theo Svo druws 4o Oppenidto 840. thea o ropo Lo vound
on oo drung &% 4o uaconrd oaths othor drun ond ﬁ&em
vcﬁn*c::* Fhuo, i Zeety tho Coo  holdotian dovmp onn B

bo mopPocoatod by o oinglo ogtfvelont hodnting dpun,
vith $ho Fopo Roving o fov Sumas (codlo) om tho drun,
ond corepins tho oo €a beth of 4to onlo. thon ho
CEun rodntops tho mope 25 vound oo ThD APUn OB 0RO ond,
thts Dofokdng *up® ths ceno on Shio cad, ond tho ¥Oro,
on tka othor ¢2d Lo uworound, thas holfpbing *dova® the tono
on $his cuds Sho 20nSth of tho rops vound on tho drun Ao
oqual  $o tho Aongth of tho ropo unuouné £Een tho dFum.
Zins o ooy ting, ond of il G4coo, tho punbor of turnn
ol ropa {coldlo) oo i:tm dron ronsdnn $ho ooro. Sho oguie
velont bofoting ogotensdo phora 4n PAg.5{c). Pigure 3(b)
obCho tho odopliliod ceionntie of tho holebing oyoton,
%0 Lo nged %o Qorivo tbn voricus Sorgun rolotienchipoc.
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oyotons Bmoglouting the voichd of tho puopsnoion Fope

~ econ Iv dotermirad dntho follouimg woys |
lat v ® woight of tho sugo ond ito atiochmont,
U & voight of tho oro locdod in the &ago,
B 8 zoddup of the holotiag drun,
H® dopthx ¢f nino,
o 2 linoer cecclorction Foto (ia n/ooc®)
§ = ldncor roloxmdntion wpoto {an m/neaz)

Ic% n bo the dippleeocons of tho ecrgon fmm tho
pogilion of ront ot eny point of tinmo .

in% ii’:l ocnd 9}2 o tha fomnaiong dn the rope on the
cpeonding pldeo ond dopoending olddop reopectivoly of the
EQE;QQ

Thon, during nceclorction poxicd,

goveo noting oatho opeonding oida Sy=(Ueuy) = (tew) %
forco aeting on tho docconding oidto v = I, = u %

B, Suw)e 8
2, = w(b«-%?
o' s Bffociive force of tonoilon on tho
Ty=bp & (Weu) (10 Beulle 8)
o Tlaﬂfa e {l} ¢ (ve2y) %}

+ "+ Lffoetive torguo on the
drun , = (@f'iz)nn[



Loeca u|{§@(ﬁﬁzﬁ) g}ﬁ | s (2.3}

I ¢thio oppsoosion U 4o the differonceo botucon

tho loods on tho Swo oldop, nomoly (wW)mu , ong

tho »:»;z;wmp undorgodng ncooloration oxe {(mm w}a or { wmg
vhich &5 %ho oun of tho lords om the tvo sidos.

uring rotordotion pefriod,
foreo noting on Yho cpeonddng oide Ty-(Uev) m(wtf}%

forea cetlng on tho dosconding oido uwﬁ‘;_,' w-%

o*e By & (o) (1= &) T, = u(ir &)

+* Effoctivo torgus onthe drun
(7500 = (Vew) = Bew@ae &) n
QQQW - t::{ Ye b?&ﬁ) %} R “ w (4»2)

(%ho numordosld veiue of zotoxdation
roate {(3) 3o Sakon ap pooiiivae)

Duzidng conetont opnod man,
foreco on 2oconddrg gido Ty - (Wey) = 0
or Ty = (Uw)
foroo on thoe doncording cido vely, = 0
or By ew
+*+ Tffoobive torque om tho dwus  (T,=i,)k = {(Utw)wu}s

oy = Yl . sew (4«5}

D o
conpt.opacd



The welght of the suspemeion rope {(9.04 kg/metre)
constituses an spprecieble, part of the total load
hoisted up/down, hence 4% cannot be neglected for
determining the torque sguation. The waight of the
rope on #itbker sides will be proportionsl to the
xmsth of mm on that Mm

At any time, wher tho cages have travelled a
antm& x Zfrom their xest pogition, the torque
squations can be determined sw followsl

;‘i}nma aoceleration,
:L‘ame mtm on the aascending gide
1™ 3{%)*(&%33} - {wm(a«-x}x;} &

or T, = {wwelez) }ar §}
on thedascending side
(i) = 2, = (wixx)d
or T, = {wm) {1~ 3)

e Elta:ma torqus on the " (531..1233.

ox T

oo = LLinwr(aemg} (v )

= (wek) (1 3] n

N a[{wmwzx)x} +{weavenzl 5]

e (404)

or T
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Onco ronidn, $ho £irpt Sosm S0 tain ozproosion 4o
tho Qaffosomec of tho londo on 9ha tuo oidoo, nomody
Cot{liez)n = (win) o U {H=28)K , and tho ooeond
Sora roprasoato tho cun ofvtﬁz ooooon andorgeing acoolore
ctacn L.0. Ubuelken)i § ¢ (wsln) &,

Dy cmndory, Sho torquo oquation during retordation
poriod, vith potomdotion rato 0% § , 40 oo givon bolowd

£ oan © aﬁmzﬁwzm_m} o~ Sub2ereHk} g]

O
LXK (&95}
During conmntont epecd run, thore is no aceoloraSion

oy ﬁaﬁa&ﬂgﬁiua,hanoa by torquo oguntion io obtogdnoé by
putting ¢ or § ap oovd

Fonob.opees = BLY + E-20)8} .. (4.6)

In thooo oguntionsg, the toxgquo 6uo to SricSiorsl
forcoo hoo boea aoglocted. Tho offoot of thia-fristionel
torquo vill bo $o imorocso ©ho ovoroldl offootive Porguo
on {ho dyuceshoft. Thin fdotionol torquc moy be takon oo
conplcnt oppruzsinatolys 4An the torguoo, ond apnocintod
oROTQY conouaptions, oro to bo compared undorverying oporote
ing porceobaore, 8% villd not cdvercoly offect tho ocquationn
42 thin comptont £rictionnl tovrquo 3o moglostod. For
Yhip 2oaoen, cnd nloo Loy tho ooko of oluplicity im tho
foroulotion, thip friotional torguo hos boon nogloctol.

In ths obovo oenticnod Sorgue oquations, tho offoct
of forquo uuns to iportia of tho bholgtins drun hoo ot boon



R
conpiforod. In £a0%, this inertvial torguo pluys on
inpoxrtont x0lo in Cho holoting oporation, honece 4% hog
%0 Do ipcopporatod An thoe torquosaguationn, During

aasalorns&an; tho Sorquo doveloped chould not only bo

bo cblo %o cocoolor:to tho moving bodico (cogon, lond ote.)
but cico to ccocolorote the vinding dzun fron ito root

or inord ptago. Tho torgue, nncosaé:y %o acceloraie

tho ézum, will bo I.a, whsro I 40 tho rotational morent
of fnortin of the drum, aid &% will bo cdded to tho
Sorque neocospary to accclorato thoe locdp on both sidos
of sSho drum,

Zhup oote Sorguo during cocolerction 3 given as

'.'QM oln © { t‘.-‘#{l!«ﬂx }K@-( mmmgw)%}ﬂ.p 1.2

L]

oz B sorn = [V (Be2ine(vrmo2e+ L DEFR L0 (4.7)

uring tho lnot stoge 0f tho run, i.e. boforo tho
co20s oro brought o roat dy npplying cors ratarding
Sorquo, tho lood on the doocending vide will bo poro
than tho lead on $hs asconding nido (bocnupo of tho
loength of ropo cusponsion). Bonco loodn vwill Sy to
arive the drum in tho opposito ddreotion. Thip torquo,
TEying Co drive tho bolnting érunm in tho oppouoiltc dircote
ion, thue causing thoe driving notor o opornto ag o
dynone, will bo opponod by tho fnortinl C¢orquo of tho
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winding drun. Bemoo the nott torquy aoting on tho dzum
obngl during otop8otion poricd villd bo

Bootan © LV*(B=28)E=(vemRo2y) B} Boz.p
o8 Bpotan = B{ w{ﬁaanmw(wm&zmx.ﬁ) %} see (4.8)

£hio torquo Lo urcd for tegaﬁorat&ve Yroking of tho
0yoton, 1.0. vhatover enorgy Lo dovolopod during thic
pozied, thet is eoaannod~£9r rogonorovivo broking of
tho gyotom oxr 4 4n 0tharnﬁrda, the pochenical onergy
otored 4n tho noving holsting nyston ond rotatinzg hodoe
$ing drun 40 comvortod into oloctricnl onorgys ond $hio
alaatﬁﬂnal.anarayli@ upod Lor rogonerotive brooking of
tho hoigting eyston.Thus not onergy oonpunption during

thin poricd poy bo tokon ep nexn , 1f thoe torguo during
zotomdation period Lo nogotiveo.

Puying sonplent spood run,the inorticl torquo
vill not effoot the holoting notion (X.¢ =0mp @ = 0).
Thoroefore, the torque cquoticn during coustant ppood
Fun vill romain unchongod.

2'e T ccﬁatgnpoﬂd w R LU‘M&«»&:!)E] e (4.9)
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CHAPZLDR 5

FORLULATICH OF 0P IIAL OPERATIOL PRODLERI
FOR YHE ARALIGIS OF ROISRITG SYOLL]

"ECRGROXO oK uhag oyt

Before loying out tho objectivos of tho oyotom
nnd prococding for tholir d0tallod omnlyoie, 4t boconos
nocaopnry to Lirot cnunorats Tho wvarious paranotorn,
£izod md/or vorioblo,offocting tho oporation of tho
syoton. Those perenotorp axo 1intod bolovs

(A) Fazod Poromosorge Dapth of liine; Yolght ef cogo
end i%p ottochments; wvoight of
rope poy unit length] locding
capoelty of tho €8800.

{B) Variable porcmotorge

(1) Sndopondontw volooidty € operntion) faoto of

anasolorctiony pato of rotardntian,
lovding/unloeding timo.

(11) dopontonte tinnp For nocolernt.on ond rotardow

' tion, ond alpo for constant voloeity:
no. of tpipo por day} dioteacos
LEovollod during sccolorotion rotorde
otion cnd conptont voloocidy ruano.

“ho brond objoctivos for tho mnnlycio of pyoten
cen 8O laid Gowvn oot

(1) S0 aoctornina tho optinum valuso of varictlo
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eyoScn parcootorp {(voleodity, acecloration/
potardotion motog ote.), vithin tho spocifiod
limito, to minimico the ovorcll omorgy
consunption during the hodgting opol: tion,.

{2) %o dotornino the optimol econonic oporation
of tho oyotem, koopimg in viow Sho onergy
coanunstdion end tha corropponding ora output.

(3) %0 dotosnine the optinal numbor of tzlpb pox
4oy, coouning tho votal time for Che hoioting
epornsica por day oo ppoeifiod,.

Yo noot tho Lirot objootive, 1t 1o roquired to
dotornian tho countions for tho oyotem oporetion, rolate

ins vorious £izod ond varinble poremotors of tho eyoton.

Feon thooso oguationn, Sho omyrgy conpunpiion for
varions voiuco of verdoblo porcmoterp an be dotominod.
Lho pxoulen villd thap by to choopo tkn voluas of thogo
varinble porccotono, £iviag oindnwn onorgy concunption
undoP gpoeifiod conditiono.

%0 moot tho oceond objJoctive, 4T 10 roguired
Yo Gotornino tho canrpy conpuption Lor diffoxont
cutputn. 4 aumbor oF poto of colutions vwill bo obininoad,
giving onorgy connunpiion ond coocedctofll oro output, A
- pointdonpohip botvoocn tho tvo will hovo %o bo ootabdbliched,
by eonporicon or plotting gro o oto, to dotoiming tho

-
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op%inun oporatien of tho oyotom, £ream the point of
vior of 0CODCHY.
20 moot tho thiré objoctiivo, 4% Ao noeocscry
¥ poo tho offoct o0f %inmo of hoioting opoxrantion,

$100 of locdins/unlocding the oro, on ths cnorgy
oconounpbion cnd ero output.fhon tho optinun Tims of

oporction por Yoip, ond
por—Lpip, cald tho optisun pumbor of t¥ipo por doy

oo voll, cra bo dotorninad op tho totel timo of oporew
Sic pox doy 4o cpooifiod,

\

5.7 Bynten Dountionn uith Snneiffad Conatraintn

Ao koo boon poon in the previous chaptor, the
torquro oguniion for the holoting oynton io

T o & [u«e-(nﬁzx)zwnwzwmxﬂ. ) g*}

or 2o vumedtoe(Uone e LBE ¢ s (502)
; 280 ¥y G
oFr Qs “ . Iﬁ‘bh »* —— %
(Ueaueli+ 1,8) R{1s2uelize +5)
i {uelk) g

b 2 sae 2
(Lezyebine £K) (3.2)

[ﬁorc a>0 for cceclerction poriod, a = O for congtoad

ppeod sun cnd gL 0 for rotordation pnrwﬁ} .

In tho obove omnroooion, U,wa Bl By I ors alld
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sybﬁam.uanetants Aceolorction and reterdation ratos ars
elpo conctont, lonco, this oxproscion cean boe uritton
An the following form nloos

3 s KLE*K‘?;% . : res (5#3)

ﬁhezecml,xz,xg ore congtento.

In tormn of diocpleaconont =, wo con uwrito
y g | |
¢ o %e KX ¢k Ky ree (544)

if tho nornnl dzod vocsorn aro uncd , tho sbovo equntion
cam bo writiom in tho follouving form aled

Xz&_x*u : . tét {5.5)
Heu the motion of tho bofoting oystom con bo deporibod
approzimately by the folloving otote cguntions

X =%

I =t |
vharo X, donoton tho normnliged pooition of the cageo,
tho origin of vhioh 4o bokon at the top and botton ondo
of the m&ﬁe, énﬂ the popitive oxis ic tokon in the
diroction éf hoipting motion, ond uz.ﬂenaﬂae nornnlicod

sse (5.6}

vnxbeity of ¢ngen. v 4o the normoliced control voctor
[m m‘qh.in the progont aaQQB-,‘uhcra u>0 nsono tho
omortion of hoioting foree duo tu Yhe action of prime
noveor (driving moﬁoﬁ}‘&ad u {0 moans the application of



o Oee
bbakinc foncq, ond u is soouad to take tho value
40 tho ¥engo =< ug uy/uy,, vhoro ug 4o the maninun
volue of hoioting forco, opd By do %he moxinun voluo
of dbroking forco,

§

The ond point conditions aro xl(o) - O,yxl(tf)uﬂ

and i,(0) = E,(8p) = 0, vhevo ¢, is tho fisol tims

0% tho ond of tho motion. It moans that the iniwWel ond
f£inal pooitionn of the cogoc are reet ponitions, cad tho
eogop trovel o totol diotenco H &n $ime $,. Sinco the
onorry conpunption shounld ba-miniﬁzaaﬂ, thoe parformanco
erisorion funotion oot be

T,
d o £ é{u@;u;)xadt e (5.7}
In tho provent copo, tho condrol vector in n dircod
Zunetion of displaccmont By end not of volocity 2o
ovor tho tioo ﬁ vhon this dloplecenont tockoo ploce, honeo
the porformnpec opiterion index for onnrgy conpumption
cap bBs uvritton ag |

d a!i &(uﬁ.hﬂ )g;‘,m . XX {5#3)
2

This timo $ can bo detorminod indopendent from tho
@4sploocment = { $= volooity/acceloration), wo can

a# kT : '
i b N o) J e t!z %(u* 1“‘ )ﬂﬂ ' an’ (5*9)
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Horeovor tho mwm‘siongfxzs Vo s liz\ <lel
i*:hem ‘am\ ig tho pagnitude of aanimum roftos 0f accolorne
t Lon/rosordction, Booides thopo ras{:zicﬁiaan, tho
oongtrointo i,> 0 ond O<LX,<H should be considercd
An oxdor not to brimg obout ouch polutiomp thut tho
"hodot copoo %0 ptop or ove %mcktmxda on it uway to
tho othor root pocidtion, but pince thooo con bo onoidy
Gorlt vith vithont rooorting to any particuler moathod
0f polving tho boumded ptctio varinblo prodlem, tho oubow
tonoo uvaich rohoo the pyoblen intorooting cpd complicated
1o tho rootrictions i<V, '\ﬁal s;'am!



4s hog boon goon in tho previous ¢hopter, the

otate oguationg defining tho oporation of the hodsting
sycton are givon in texmon of normalisced vectors, ao

£y =X

&

&, e L+u , w1 Zug /Uy
and tho performnncp oritorion indox for minipun enorgy
" eonpunpition asp

J= %ff{uﬂm )38%
' o

vith apsocictod conptredntp 0<X, <V, K20 ote,

Thin pyrublonm thoorvticolly, 1o very much gimilor
to %he problcn of minimizction of onoxgy aénaumptwn for
ths oporction of & troin running botuoon two fixed
Sorninals, snd ocn bo oolved oo o boundod gioto
varscblc prodbles by the mothed sugsootod by Kunihiko
mhikamj?‘] enploying the longrenzien mu:lt;pm;gm convorte
ing tho problom intg (a3 mamatm:inﬁ& onGy and
Hemiltonian Jaccobd oguotionp. But hore tho problom o
- Bot concornod only with tho nininiecotion of cmnrgy
congunption, but aleo to poxiniso orc cutput o ap to



mglqs

hovo ovorall econonmic opor: tion, 4p anclyticol
opprocch for tho polution of tho prodblen vould heve
only cokplicotiod tho Lopua. 4o tho punorienl valuos
of vorioup oyotor poroanotorp, conntreointo ote,

oo Foodily evaileble £rom o codund Goto, it

vop dosidod So go for the nunorical opproocch Zor the
solution of tho problom, givins o lorgo nunbor of
00%s of golutions for vorious veluao of pyoton parce
notoros. Tho opdinum ocolution onn then bo dotoininod
by o comparipon ¢0f thopo colutions, plotting
a¥ophs ote,.

In tho nyvmorical oppzvoneh Lor tho gelution of
tho problen, S$ho vcluo 08 aargy conovnption (from the
poxformnnee erdtorion imdon) will bo dotorninod Loy
difforont voluon 0f voloodty, cecoloration cad
rotopdation rotoo, locddng cte. tho %otol Simg of
oporotion 3exxmn£ﬁﬁﬁn5 Brip ond thoe totol nunmber of
+¥ipo por 4oy cca aloo By GoSormined, tho Soteol holgting
tine por day boing opeeifiod, Tho totnld onszpy coonounpw
tion por doy and aspocintod O0Xo onspuls per doy are
tleo dotorminod, Thooo vill Lo availnblo Lor Aifforomt
voluooc of wvaloodty, cccolerntion, ond yotardotion rofon.
By opproprintoly comporing thooo nolutiong, by

plosting gropho atos 4% will not by Aifficult to dotore
mine tho optioun point giving the mont ocomomic oporction
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undor opocifiod ecaditionn, Thus the optinal hointing
Zdnms oporation, civing mins.mm onergy aanwmptmn
roloted vith nozinum oro outpns, can by dotorninod,

porfornonco eriterion indox for winioun oncrgy centrol
¢f holnting oporution io

o |
3 mfg Be(urqu)) a3

oy, oinoo tho totel heinting opor tion conpioto
of thzoo poriodn «(n) cceolorotion poriod, vith
diotance coverod co 4, (v) constont cpoed poricd, with
nepocinted cipbonco covorod oo Xy, ond () rodardntion
poried, uvath nocoeictod diptrooe trovolled 3-5 (omémy,
Xﬁxzﬂ.g = H), the porfornonco erxitorien indox com bho

vrittor ap
X o A

J‘ .
d e ‘i?lfo %{m +lu|)az < ﬁaj 2 " %(u'@' \a) )ax
‘ ﬂlm K&*EZ#XB

> 4
s Xp+3 $lut jul ek
5, 21
vkeo J;L e 5& ,f ~ {utriual Jox for aceoloration poriod
’ L+]
By ¥hy

% _
dy © f[ {uelul Ya= for conptent opecod peoriod
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Bo X, ‘C'Ez*b‘

= zi I {u+]ul )z Lor zotordation
X 4%, or broking porio

Hoxo tl.ta oné eg aro tinop for pocpleration, conmtant
ppock ond rotoxdation poriodsp roppoctively,

Zho valuos of J,, Jp ond dg econ now bo dotormined
gaporatoly oloo, but for the overall optinmun ™ oporotion,
4% ip nooooonry to conplddor only J is0. tho cum of dy, 9y
and 69; Yhe inlox J giveo tho onorgy congumnption during
the comploto holnting oporction, whevoas tho inditen Jy,
J, tnd Jg pivo tho crorgy cencunphions Gurisg secolorotion
poriad; constont gpaed voriod ond retordation poried
roopoativoiy.Tho objoctivo hoxro io to misimive & with
roppoct to the ayston pnmnéaﬁgrn and aro output,

it boo aloo boen soen 4n the pravious chaptor thot
tho comtrol 'u' 4 givon by the fLoree Z/R. Honoo,

u = /R
Thug, during oecolorction porfod,

“1. - :.Q%QM " {g.;.(&.,;m)g#(ﬁﬁm#mﬁ &5 ) 5}’

oz “J. (mmx)»ﬁmsw { Blyel, Ke2u éﬁﬁj} &
{C<x <3.1) sse (641)

Sinilnrly, for aconotent opeod puricd,

08 o (VHK)=(2K) & ous (642)
(Z,<m< X 4%y)



7. P
end for rotardction poried

@ . X
"=y o sin, (w+h.&}»(sx)a-{%{w*n£+2u* éﬁ%} B
L X (GGS}
(B oK, <2< By ,0%y)

in theoq oznpropoionsy YV HEyup I, 8.8 ote, nre oll
conptonto, haenco tho conitrol ogusilonn con bo writteon in
the follouving foxm

8 = 4 % Ba ~Cn {Oé_nﬁxl)
u, = L=l x {a=0, X.!lizxssﬂl*ﬂz)
Wy o L=Dof - C =2 (X, +X,<zm<ll)
vhore,
Hoe= 3+ HE

B = SUen bzt $a03)
or B = S(ssoyr Laf)
g F
g = 2%
Trun, the porfoymanns critorion indicoo con be writson onite

ty o
5= gl e (e
$, o+
dy = E%J'i Xl(ﬁg‘" sl Jax

e f
3 =5 &

. (ot lugided

)

flow, the typo of porformance criterion given chovo
$ollis that cnorgy concumplion tokos place only vhen control



io positive. If control (w) 2o coro or nogritiva, the
torp vithin tho breckot bocomon sore oo thon tp=——I ,

u. = «ful, u=+ |u =0, It cecounto for the rogonoraie

ivo broking of tho pystem, I poonn that cnorgy in conoumed

only vhos cecaloroting tor,vs 4o opplicd to tho OyovoL.

Uhon no torque io opplied {(CGuring cocnting)? or nopntive
corgus 49 appliod, vhich in uwliliced for rogonorotive

brelking of Vho bolo%, thoro 2o ao onergy conpumpition. In
tho prosent coooy 0o tho lood s voryias during conptond
gpood poriod alpoo, It &p roguiisod Yo opply oone poslitivo

Sorquo to mainicin tho gpeod. Oaly durins tio rotardetion

poriod, the torgun poy €0 nogcrtive. Hento tho porformoneo

indicceo can bo wvrition ao;

x
. 1'1
Jl = ﬁl }(;i?‘xa . ®
= mz J & & ¥
i vw,20
< ﬂ‘?’ Ii& ‘H\e * aes
Subptituting the volues of uy, u, ond ug
2,
dy = tlj‘ (24D gwCx)ax P
RS 86
Ja = ta J\ (A =(xz)dx sy

43 = % f {ﬁ-ﬁ.ﬁ-ﬁn)éﬁi Qr G »ry
By *Ey

(51 4)
(6.5)

(6.6)

(6.7)
(6,8)

(6,9)



w3 (e
Chunp, duwing occeclorction poriod,
2 1
Jlt—l'ﬁl LME¢B¢@&R”%X]Q .
oy Jl = ﬁl.xl FO 1’3,& “ze % 31] T (601&)

huring conptcot gpood poriod

Thio oopnsrol boocones sero vhon 2 = A6 ord nogotive vhon
X Mﬁ’i gﬁ&ﬁﬁia

Xt/ C

ané Jé e ' for 4/C x xl*xz
{bozo Ty ip tho tino
taben tw covor the
diotenee for X, to Fmp/Q)

Lot ¥ = 4/C o 1}12

‘e d, =% xlz(ﬁmﬁ‘ )ax P
+fe dy = Ny [T 400 1% 45
L 12

- . . 2
or Jp = by, {fm «.%z L
I a

For the d4ntonoen from X = XLE 0 i Lytls, Sho conbrol
ia pogotive,; vnking m2+{uglm 0, honeo Do annﬁay conpungtion
w41l tcko placo Guring this poriod. Tho hossting motion
vwill continug unde: tho cuntsrol of tho losds themoolves,

oo %ho locd on theo degeonding oddo bocomen moie thon the

1000 on cocopding oids booeuoo of the woisht of sousponsion
TODG.



During rotordotion or braking poriocd,control 1o '
Vg & A e B = Ck Klﬂs.eéasﬁ

Por L o k+E, or Il « &y,

vg ® o= Dp = O {ti=lig) = p pagative valuo

For i = Hy ug = & = Bj = CH - 0 pogetive volug

Thun the control cluays sonoing nmogetive duaring
rotordction poried, noking oy ¢ \mg\ e 0,

and 59 = U, €k (691&?)
Tho ovarall onargy conoumpticn 4o given by

oz d = %*Ez.[f’ e Lald o % K:é—,]* ew(xm-}ll},

|8 - %(312%1’}
- e ‘61&3-3)
% in nov Poquirod Lo Aotormins thoe vrlucn of vordablo

ayoton porcoosors (Y,q,0) civins pindmen velwo OF onossy

conounption (d)e

Iaring cecolozretsdon,; %ho hodpting ecgon covor o
diotonco Xy in tims 9, with teooloration rato ¢ $o cSein
o valoeity V £ron root.fhoroeforo,



, 3B
3 “‘%&" %= %"

or &y = %ﬂ.ﬁi

CDaring rotomiontion, thoe oagoo cono to roat fron
volcoldty ¥V, uvith unifors retosdation rote f,covoring
o Gintonco 35 in $imo Sy Thowofore,

0§35 o 5 o §.48
During congtont épee& period, tho romeining Adpte
oneo L, = H -~ (31¢E5) S0 covored vith volocity V in time
t,. Eonco, |
iy = b (Ey ¥%1) By o é@
Farthosmors, during consiopt spocd poriod, the
contrel (u, » I/Rt} bocomes pogotive at @ distenco X = X, =

A/C gron rent.Then tho timo tnkon %o eovor tho dictonce
from.El 10 Xia b 32}

12 “,(512§§$}

Por % %12, the control Boconoo nagetive, bheonco

Do onoroy eonsupption tolios ploeo,

connipto of timo Vaken for ncceleration, rotardetica and

 copntant ppood runc, Some time will bo concumod in loading/
unlocding the hoipt aloo,.iuin time for lopding/unlocding
will bo gspprozinmotoly proportioncl to the lond of ore in



B0
the cages, If this losding/unloading time is denotcd by
tos then tho totol time of operstion for a complete
hodigting trip 1o givon as

Yopip = ti¥Satiath
vhore %;, %, ond %5 are the timo for acceleration,,cbnsn
tant gpeed and reotardotion runs respectively of the
hoist,

The hoisting operation tekes place only for a
ppocifiod period in the day (normally 12 %o 14 hours per
dny). Agpunming that the holst rung continuously during
these hours of the day, the total number of trips per
day is givon ns

total time of hoisting operantion
paxr gay

Tersp = total time of operation per hoise
ting trip :
Having deotermined the number of trips per doy,
the total energy consumption por déy and total ore outw
put per day can be deternmined simply by multiplying the
energy consumption por trip end ore loading per trip

by the number of tripa per day.



A pinplo eopputor progromme vog dovolopod to cale
culnto tho numbor of Sripo, onersy conounption ond oro
output por doy Loy 4ifforont valuos 9L oporating
voloosty, cccolorntion and roterdntion rotop,end looding
of Gho hoint. Sho zooulia oblnined are idstod in the
Appondiin. Follouing obperveticn cen bo obtninod Lrom
thopo rooulin. | .

1, Ao tho volooldty of opor:tion is increaped, tho
ceeolorction npd rotordetion poriocds aro incéaaeﬁd,
vhargas tho conntont volocity running poriod io roducod.

Ao Sho major pert of onergy consupption tokes placo during
oeccloration poriod only, the ftotel onorgy comounption por
trip 4o incrocncd,AS tho pomo Sime, tho timo of oparstion

por trdp i roducod, noking o lorger numbexr of tripe por
foy poosiblo. But thio incrocso in numbder of trips 4o
gonporobly loes offacted thon the deergapo in the onorgy
conpumption por trip, and henes tho total ensrgy consunpw
t40n por day 4o aloo roducod,

2. Por tha coano valméi%y of oporations ap tho rate of
pecolorction 4o imerocmoed, tho tino to reech thet volocity
in Goexoogod, but o onergy conpumption is inorocapod éuo
%o incrongoed necelorotion.it tho enmy timo, the timo of



. g
oporntion per trip is now roduced, thus moking possiblo
o lovgor nunber of tripg esd oo cutput por day.

5. For tho come velooity of oporation cnd cccolovow
tion/rvotardation ratos, tho ore output end onergy
concunption oro offooted by the loating of the hoioct
0100. But the onorpy consunption e not effoctod oo

nuck 0o tho ore cutpud A€ the bolipt 4o run undor-loaded
or overloaded. For oxarplo, Lo scpo velocity of opores
ion and sceolorntion/reterdation wotea, if the holet

Lo oporated 25%, undarlonded,the enorgy consuupiion ip
rofucod by only ).5Y vhereog the orve output ie roduced
by as much as 13,9% . Sinilarly for 25%, ovorload, tho
onoyay consumption i0 inerocsod by 2.4% vhorees tho

oro output i incressod by 10.1%. . Hesse the hoiot
phounld novor be run undor locdod,

4. For the somy voloodty of oporation, ond semd loods
imgs 3£ tho sccoloration/rotardation rote io increesod,
the rate of inercuno in onorgy consumption is moro Shan
tho rade of ohongo dn oro ouvbput,For oxomplos fLor velocity
of gporution at 15,2Y% n/gec. ond full loed, tho inereonc
An onorgy cocaounpdion, ubon the aceolerstion cnd retardoe
tion roton  ore inorsogod f£romwinimem Yo poninmem, ie
10.7% vhoroas the sorropponding imcrccoo in ore outpud
1o only 1.6% »

Thue our obpervationg oon be pmmmarised es belovl



(1)

(2)

(3)

(4)

(5)

(6)

(7)

Zho onorgy congunpiion doorccgoo with on dneroapo

in tho veoluo of voloodly of oporotion.

Por tha cono volooily of oporation, thoe cnorgy
conpunption incroonos uith tho inoracso it acColorte
tion/rotordotion ratos.

fotad aunbor of trips por doy is iaversoly propor#
tiopnl ¢o ¢ho oporoting tivo por txip, omd inercnoooo
vith o2 inorooco in valocity of oporgtion, ccoclorow
tion/potordation rotes.

Oz0 outpud 2o dixootly proportionnl %o tho nunbop
o2 tripo poyr doy, ond hence 1nmaragly proportionnl
{0 %ho ¢ino of oporntion por rip.

For tho ooro velocity of oparation, ncaslorniion
o€ rolordotion ratop, tho eneygy conaumpiion omd
oro output orc incroased/docroopod with enm copoeie
ntod inerorpo/doerense in tho looding of tho hoint,
but tho ore output ip more shorply oflocted, then
ho cnorzgy conounption, by theoo changoeo in tho
londing of %ho hoiot.

Hininun onorgy conoumpition takeos ploco vhon tho
voloeity of operetion isp monioun ond tho rotog
of aceclorntion/rotardation ore ninisun.

Hontdsun oro output ip obtoined wvith mozinmum velooity
of operction, snd noximum yatoo 0f foccloralion
and rotordoation,vith mozioun nllovebls loeding.



BFrom tho ropoulsSe listod in the Appendizn, their
apnlyoio ond variounn grophs plotted, it %o ovidont
that the tvo odDjootiven or tho opvimum oconcmic
oporotion of the holotemininization of cnorgy conpumpe
¢ion ond moninjontion of ore output(vhich menns DiNAnAsOw
tion of $ino of oporotion porxr %rip g0 thot o lovger
nunbsyr of hoipting toipo por Gny moy be echiovo@)woro
controdietory in noturc. 19 1o no% posodble to oot
both tho objoctiven cimuliancously« only ong objociive
cen bo cohioved of Sho eoot of tho othor, if nothing
olpo hoo boeon ppociflod. Twe things aro corxdain So
Beet eithor of tho %o objostiven,

. %ho oyrion hoo te bo gpercted at panimen
pomiocibla pofe veloeity, linitod by safloty
conpidorationo ocad minoc ropgulotionn. >

2+ Tho oyotcn hoo %0 bo operntod ot full locd, or
gvon oomovhrt overlondod, i1f poruiosiblo. It
ghould sover bo oporatod undoar-londod.

To dooide the optinum point of oporstion, oithor
tho time limit for o hoioting trip, or tho oxo outpat
dosdred por day,muot Yo ppecifisd, Shon the-molutioaa
haoving tho timo of oporation ogual $o tho epooified tino



i) o

eon bo coleotod from tho oot of polutlono lioted,

and the opornting point giving the nininum onergy
conpunption con By ocnily detorminod oinply by
obcosvetion, In the chooneo of ooy cuch opeoificndion,
tho enly thing thot con bo potd sbout tho optimum
oporoting point Lo Cthot 4% con bo obtnined vith nomde-
nun volacity of epazodion, nomiows locding, ninfnun
looding timo ond lov voeluoo of aeca&axataon/rntmxaaa
$4éon ratos Thuo ; 4o tho procont eoeo tho opltinum
oporating point hoo tho oporcdting porenoiory oow

Volocedty (V) = 15.25 n/cce., londins = 100% of

2otod copocity. (42 ovorloosding not porpitted), tocelertw
tion () = 1.0 n/oos, 2rotorantion {P) = 1.5 o/ooa’,
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APPENDII XK ==}
COMPUTER-PROGAM

RAKESH BAl J MeFEe{SHeEe0eRas) OCOPTIMAL rHOIST CPERATION
READ 1sWCAGE +WLOAD sWROPEsHsR2GsDINRT» TRUN
FORMAT(BF10.,2) ‘
FORMAT(FL oV sFTe292F%,19FTe293F16e2)
WORE=1425®%WL{AD

TLOAD=R36U,0

AxNORE+H®*WRCPE

B3 lA+2 o DRWCAGEYDINRTHG/RI /G

DINRT 1S THE INERT.LA OF THE WINDING DRUM
Cs2 O®WROPE

X12=A/C

St=1,

Velled5

ACCLN=140

RETDN=1e5

DO 20 1m19200

TinVv/ACCLN

X1mQo SHACCLNSTInT1

TrZ2=¢(X12~X1}/V

Ta=y/RETDN

X3miuis S*RETON®T3#T3

X2=H=-X1-X3

¥2mX2/7V

JIMETaT14T2+:347TLOAD

ILOAD 135 THE TOTAL TIME FOR LOADING/UNLOADING THE CAGES
TIMET 1S5 THE TOTAL TIME PER HOISTING TRIP
H1laTIaX1# L A+DRACCLN=Y 4 5#C#X])

E2=T12% (X 2-X1 )8 (A= 5#(X124+X3) 1}
TRETD=A-BS RETON-CH(HN~X3)

IFITRETD~( 0316416418

EB“G.U

GOTO 19

E3nT38X3%{ A=t #RETD f=CHHEQ SRCHXKT)
ETRIP=Z 1+t 24173

ETRIP IS5 14C ENERGY CONSUMPTION PER TRIP
TRIPN=TRUN/TIMEY

TRUN IS THE TOTaAL OPERATING TIME PER DAY
TRIPN IS THE NUMBEL OF HOISTING TRIPS PER DAY
EDAYoETRIFRTAIPN/1UG D

EDAY 1S5 TiI £ ENERGY CONSUMPTICN PER DAY
WODAYoWORE#TRIPN

WDAY 1& THE QRE QUTPUT PER DAY

PUNCH 29S5LeVyACCLNIRETONS» TRIPHNIETRIPoLwAY sWDAY
SL=SL+le

RETDN=RETON+Ge 5

IFIRETDON=3,0120,20921

CONTINUE

ACCLN=ACCLN+GL 8

IFLACCLN~245)12,12530

Vavels 00

IF(V=15e¢2%2311911vb4:

STOP

END

05560 4535 49 Pell 206040 340 9«81 8000040



TLOAD=B3 0OV
WORE=WLOAD
il 1,0
11? 1?0
1lelB le0
11425 1€
1125 1e5
11025 15
11225 1.5
21625 1o
L1e25 auf
11625 2ot
lled5 ol
1l1ae25 Lol
11e2% 24!
1le28% Re!
11e2% 24!
iledh 2!
1225 1la@
1245 1.4
1225 140
12425 1.7
12425 lat
12423 1a5
1225 le5
12029 la%
1225 Ze0
1229 Z2aU
12e25 280
124295 ReC
12025 245
12625 245
12625 Za3B
12425 2%
13425 1laf
13e2% 1.0
1325 1e0
12425 1lev
1325 led
1325 1leb
136429 145
13025 1leb

20
265
%e 0
le&
cel
Zeb
JeO
o5
ceQ
25
weld
ie5
s»‘i}

300
1eb
el
2ol
Fell
leb
—al
2ed
TS Y
15
ie®
o5
3e0
Leb
sl
Ze5
Seld

47+

APPERNDILI X —--2

RESULTS

Z?%&ﬁﬁagﬁ i
2789643 Jﬁ?g%g

_2T89643400,00
2789643600400
2673889100400
2873889100400
2873889100.00
287386910000
291796740003
2917967400460
291T96T400,00

2917957400400

2945047000600
2964504670004 00
2948047000,00
294504TC00,00
2528190100.00
2525190100400
25251%0100,00
2525120100,00
2612677500400

261287150000

2612877500400
2612877500600
269922T6004,04
2659L2TE00 e
2659227T600,3%
265922760020
2687850000428
2687650000, 00
2687650000409
2687850050 ,00
R300694200,00
23006946200,00
2300696420000
230V6F420Ueui
2390816900400
229uBla%00eU
2390816900400
2390816900400

288 HyO0
zavssggbua.oo
2481455800400
2483373400400
2558369900400
2563321900400
2566302400400
2568293200400
26D2636900«00
2607684400+00
2610722300400
2612751500400
2629B8466G0e00
2636495060000y

2638023900400

2640076600400
230399T60Uu.00
235897580000
é311973100.00
2313975700400
2394328600400
239952450000
2402652900600
240474300000
2462006990000
2447401050400
245uS988UGT VU
245273520000
247159340000
247697560000
248021620000
248238130000
2151568000600
215652210000
215962650000
2161701&U0UU0
22463T92GUW00
2251786900 ewy
2255065100400
225722060000

4U 293246
4032993
403711.0
40371190
HO464924%
40496267
460527649.
404649244
4D527649:
0574901
40606 % e %
G046 T
H05T74901
4062226 3:
40653844
413775494
414669 .9¢
41520be2¢
41556749
41556791
45166697
417012 7¢
H1T3T5647
41646947
§17375e4¢
41792Ge81
41828561¢
51701247¢C
417920481
41846757
4l88324848
G280656065
425081061
G25692:52
426104447
426104447
427528423
Q27786408
42B158,94



1345
13e2%
13.25
13e2%
13645
136425
l3e25
13025
15625
lae25
14425
TGeds
1625
laeid5
\a.db
aBedd
lbaedd
l4e2h
laads
14625
l4edb
lGedh
e
14425
1545
liech
1525
iveldb
1be2D
1% 25
;5-25
1525
L5425
1525
15425
4525
15e25
15425
185440
1925

2t

el
Laid
eV
Ce?
Zeb
Leb
Cceb
leu
1,0
leu
1.0
led
led
ded
lef

deol

Py

2ol
2ef

el

2s!
Fa
Lad
let
levw
1.8
d ol
15
la9
leb
le®
Lall
LoV
Lew
Lals
e
Ay
el

2!

leb
Le¥
tad
et
lei
MY
SeD
Se U
le5
el
e
el
led
LeW
-ab
Sel
'y
Jau
ceb
S
le5
ey
t;.b
Sel
ieb
2ol
el
Jald
le5
cal
Zeb
lels
lab
Cetd
cwd
el
la2
Jell
el

el

Vi elb
Shatl
‘A TS
Y4 eG4
Seed2
GheD
ELTY 3
Y4al8
Y5 a0
Y78
9B el
Yok 2
GHedd
P62y
Yosubh
SHeih
She29
YOe bl
9be70Q
YhelBU
Y iedd
SueTU
Phet:s
e %5
Yiedd
Slebb 1
wleT0
% Teb®
Y'se®
JBe37
G erd
YSehd
Sdel?
L PR
98443
S ijeilh
6o o4
GPeb 3
e 80
ylhie9l

48
26,590285308,00
R439QL3350400
2639025300400
243902530V lU
2468912300.80
2663897230000
246L9T23004,00
26069Tc30UalG
2108392900aG0
2106392900,00
2106392900600
2liuldoeSuyup
2Ly T5500600
2lyouT3500e0 0y
ElvveT3500,00
SL998T5500.89
£2696953004U0
2249495300400
2249425300,008
2465695300600
28058200060 U
2260532000400

22bUS22000,00

€ ebUs3200Ve 00
194599800400
1942599000400
1942529060000
1944592800400
¢u3a292ZTul40G0
2024292760,00
2034292700400
2036292700600
20baH524004ww
2UULES 400620

2UB8485400630

2084852400429
£116727000,00
Lii6TeT0QUaul
21167 TUH0Ve B
21L6T270LU00

244 T1YLI90U 0O
230273530000
2306074200 e04
230830560000
2328761100400
2334300800600
2IE3TTIBHCO VU
2340043800400
2UL409456004G0
20L939 73000
2UZ2B9L4UVeUY
ZREGTL2BLUU UG
21125T8HLV LY
118170100 ewwy
212153920000
S12379140Ue00
£1699609Gua0Y
2171696800600
2175160300400
2L1T475300.00
2199325600 evw
2205171640000
£200693600s00
221104683000V
JoPUTIOUOU sV
lﬁ?&lﬁgﬁvﬂuﬁﬂ
99412100000
19016000 LGGO
1991357 TuR ey
199710860000
2000575300860
200289300000
2046744 200,00
2UuB26T220U 600
2086245600400
ZUS863648UDGUY
2UBLlE633U0.0U
2UBT6ELBULLUU
LOY1BL35C0.0G0
UL THTELULOU

527120«
42815048
4287T9:1
429194

R2T7T746C

4287797
G040 L2
4298lued
4332171
434635747
435004449
43550443

435504843

H3566569
437351 e5
43781547
43665649
43781857
43851440
G38980.7
4373519
43851440
439214644
L396biet
441l3666Y
G442653.9
44341748
G439 26406
44394866
44521066
44590Ls a0
464650041
46541040
44650041
44T¢TTeh
L4779 76k
65985« 0
44TeTTas
GLEBEOS T et
LauhToed



WORE=U ¢ 75%¥WLCAD
TLOAD=24U, 0

11625 140 1leb
11425 le0 Za0
11625 leU Zabd
11625 140 240
1ledd 15 145
1125 la5 Ze0
11425 15 245
1lel5 1e9 240
11625 2eV 1eb
J1ie25 e 240
ilel2h 240 245
1l1e25% 240 340
51e25 2eH 1a5
51625 227 , 20
1le25 2! Ze5
1125 2al %40
1225 let 145
L2e25 lef Eel
12625 1t -
1225 dat el
1225 le! 1a5
12625 1a% 2+ C
12625 1ef %
1225 leS 3,40
1225 200 1%
12425 2ol Y 4
1225 240 Ze5
1225 240 340
1229 245 1la5
12425 245 o0
1225 25 Za5
1228 25 3240
13425 160 1e5
13425 1.0 240
13425 1eD 245
13425 1e0 H40
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