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8四辻『¢蜘¢紬m：   OperatjonaiB閂esearch＆ManagementScience hasfoundits  

SuCCeSSfulapplication time and agaHnin differentindustries．1tis becomlng  

increaslngly popuJar as a p）rOb）em－SOJving tooJto the managers of newer  

generations・旺isbasedonsoLAnd納eoretica】equations＆modelsandstil＝ocused  

Onday－tO－dayapplicationsofrea川fe．Thispaperbrieflyte［lsaboutanimplemented  

applicationofOR＆MSforprob8emsoIving．  

臣VerySincetheglobaJisationo管business，COStCOmPetitivenesshaveemergedasa  

keywordstothenewdimensiontoanybusiness，thecompanieshavebeemtrying  

toidentifynewareasofreduclmgCOSt，enhanceproductquaIityandbecomemore  

CuStOmerOriented．  

TransferofmateriaLsfromfactorytowarehousesandtocustomerisanimportant  

PartOfanybusiness．ThisisaIsoamajorpostmanufacturingcosthead．Goodsare  

eithertransferredthroughraiIwalySOrthroughroads．  

RaiIway despatches are genera”y preferred forlong distant and bulktransfers．  

Roadwaysareusedforsmal＝onnages，forterrain－sinaccessibIebyrailwaysand  

fordestinationswheretherail紬reisveryhigh．TransportationbyrailinvoIvesidle  

freight．Cdlefreightisdefinedasthefreightpaidbythecompanytotherailwaysfor  

under10adingawagon（i．e．10adingawagonbe10Wthechargeable10ad）．  

ln otherwords，ifX bethe chargeab（e weight on the which the rai［ways wou（d  

decidethetariffforagIVentyPeOfproducttothecompanyfortransfemngfinished  

goodsand Ybetheweightintonsloadedinthewagon・qf（X－Y）isgreaterthan  

ZerO，anid］efreightisincurred．   

777isprqiectwassosuccesshJ／incorrectVadd［esslngthecustomerbrequ／remenf，  

的at a丹er theiFT7P／ementation of the prqiecf，師父 出典雨：飢ゴ ご㍍恩紐Ⅶ鴇・r n付・  

肋伽卵細作勧斬狛肋間卵り勒膵ぬ鋤卵い爛鹿肋忍榔勧欄溌加紺細  

別邪魔叫馳榔細如嘲納鴫〟脚鹿脚嘲矧恥…伽帽卯卵細胞欄馴矧酢蛸拗如  

血圧紺野蜘膠甜◎脚可約②♂釧③触診吻蛮吼……♂＄Ⅳ◎㈹伽汐◎紬脚『◎鮎甜◎㈹緬『忍㈹暦g雷②♂脂㈹好  

♂⑳必幽㈹暦♂㈹納虐即暦厨◎折雷汐＄紬m血膠『⑳汐⑤m暦卵紬抑感触◎膨胸噸暦m厨卵忍膠雷澗＠㈹好タ’。  
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Problemin帥eexistingsystem：   TATASTEEL，lndiaTspremiersteelmaker  

WaSPayingahugeid［efreighttothetuneofnearly＄3miiJionperyear．Outofthe  

Variousproductsthatthecompanytransferredtoitswarehouses，HotRo”edCoils  

（HRC）contributedthemaximumpartofit．  

Thisgaverisetothetwoproblemsstatedbe10W：  

1・UnderutiJisation／under10adingthewagoncapacjty．  

2．Transferpriceswerehigher，aS＄／tontransferredincreased．  

Asawho［ethepostmanufacturingexpensesofthecompanywereincreasJng．  

Hotro”edcoils（HRcoifs）aredispatchedfrom HSM both bywagons（rail）  

andbyroad．lncaseofwagons，freightischargedbasedonthecarrylngCaPaCity  

Ofthewagons．Butin manycasesthe carrylng CaPaCityofawagonis notfully  

uti［ized．ThathappensmainJydueto10tOfconstraintsonwagon［oading，andalso  

duetounplanned10adingtosomeextent．Thisunut‖izedpartofthetota＝reightis  

knownasidIefreight，Whichisanunnecessarycostelement．To reducethisidle  

freight an OR modelwas deve10Pedin1997，but that got djscontinued from  

January’98．Asaresultidle什e匂htwasshoohgqp．  

A study was carried out rake－Wise for each destination where HRC were  

transferred，tOObtainthefo‖owlnginferences：  

1．WiderangesofHRC，havlngdifferentweightaredespatched．  

2．There were four types of wagons used for despatch，eaCh with a different   

Carry［ngCaPaCityandchargeable10ad．  

3．LoadingofcoilsonthewagonwascarriedoutwithouttheheIpofanymodel，   

Whichcou［dsuggestthebestwaytoload．  

4．ThecoiJsvariedinweights，Widthsandthickness・  

5．Afewdestinationshadademandforapa「ticularspecificationandweightofcoil・  

Rootcausesidentified：  lt was found out that the earlier modet had two  

maJOr PrOblems．First（yit did not takeinto consideration certain constraints of  
loading．Secondlyithadcertaintechnicallimitations・   

Theconstraintsthatwerenotconsideredbytheearliermodelwereasfo［10WS：   
a）Primeanddefectivecoilscannotbe10adedintosamewagon・   
b）CoiLsof2differentcustomerscannotbe10adedintosamewagon・  
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C）RestrictionsonaxleIoading．   

ThetechnicaJJimjtatjo『1SWere：   

a）A sma”number of combinations（Of coils）were considered，aS a reSult  
manycoilsusedtobele穐Out．   

b）Coiliden輔cationnumb即SWerenOtShown・   
C）ThemodelusedtorunomtheoJdLotuspJatform．  

風pp『⑳a16h：Theso暮utiontosuchanumberofissues，demandsforaneffective，  

user一輌endlyand compatib］e decision supportsystem．This could handIe aLt＝he  

POSSibIe constraints，and aHhe sameモime maximiseJoading of MRC om the  

WagOnS・  

AIinear programmlmg mOdeIwas deve10Pedin Microsoft 臣xcelusmg the  

OPtimisation package What’s隠est．The modelincluded macro progr寧mmimg（in  

VisualBasic）toassisttheusertohandlethemodeIwithgreateaseanda‖heclick  

Ofabu恍On．  

ThemodeLisboundedbyconstraints，imposedbyrailways・  

Me紬¢如10gy：  

瑠。匠＄朗m離壷咽納e忍V便柑ge¢哉『郷関g¢耶》忍¢柁y⑬菅w忍g¢m＄：  

lndian railways supplied5types of wagons namely BRN／BRH，NBOX，匝OX，  

SAD乱臣andBFR．Thesewagonsdifferedw．r．ttheircarryIngCaPaCities，minimum  

numberofwagonsrequiredto＄ormarakeandnumbero‖10trOlledcoilsthatcan  

be10aded．  

Forinstanceasaddlewagoncanhandleonlythreecoirs・Thustoovercomethis  

PrOblem，alargesampleofwagonwerestudiedandaaveragecarry－ngCaPaCity  

wasestimatedat58tonsforB円N／BRH，NBOX，BOX，SADDLEwagon．WhileBFR  

WaSat44tons．  

）nadditiontothis2tonsofa‖owancewasallowedbyrailways．Thisenhancedthe  

Carryingcapacityfrom58tonsto60tonsincaseofBRH／BRN・  
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2・Segregatingthevarietyofcoi】sintogroups／types：  

OnthebasisoftheweightsofthecoiJs，a＝thecoilswerecategorisedintoten  

types（A，B，C，D，E，F，G，Hl，H2，andJ）．These categories have a range of  

Weightswhereindividualcoirweightsarelinked．Thisisclearlyshowninthetable  

be10W．   

The average weights were derived at，after obtainlng the average of the  

distributiontheyvariedintheirrespectivegroup．Toderiveatsuchaverages，Jarge  

numbersofcoilswereconsidered．  

Hl   8．80   6．00   10．00   

H2   12．00   10．00   13．40   

A   14．40   13．40   15．00   

B   16．00   15．00   16．40   

C   17．00   16．40   17．8P   

D   18．60   17．80   19．50   

E   20．30   19．50   21．00   

F   22．00   21．10   22．50   

G   23．70   22．50   24．80   

25．30   24．80   27．00   

3．Obtainingefficientcombinations：  

Usingtheaverageweightsofcoi［categories，Variouscombinationsareobtained  

tomaximiseJoading and minimisetheid［efreight．Thecombinationsareso built  

thatthe sum ofthe average weightsis greaterthan orequaIto thechargeable  

Weight．   

）naddition，afewcombinationsweremadetoal［owafewtonsofid］efreight．  

This w‖helpln maXimisLngIoading，but theIoading withoutidle freightwilIbe  

Preferred．U］timately，attheendthecompanyshoulddespatchitsfinishedgoods  

Withverylittleorideal］ynoid［efreight．  

A table be10W Shows a tabfe consists of some combinations usedin the   

model．  
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B汲N／温風H   F   『   B  60．00   

BRN／BRH   G   G   Ⅲ2  59．40   

BRN／恩沢H   J   班1  59．40   

BRN／隠R銅   E   『   C  59．30   

田岡N／B関目   C   C   J  59．30   

BRN／隠田‖   A，A   Aβ  59．20   

BRN／BRH   匠   E   D  59．20   

軋l別派紺舶臓劇画辺帥憺姐離都  

Theinformation related to theindividualcoilweights，destination code，  

iden輔cationnumberetcarestoredinthemainframe／SAPsystem．Thesedataare  

essentiaItorunthemodeJ．TheweightdataforthebasisforfurthercategorlSJng  

thesecoilsintodesiredtypes．¶hisdowntoadingwascarriedoutbytheuseofSQL  

PrOgramSandaccessIngtheDB2database．Theidentificationnumberswereused  

make甘hemodeluserfriendJy．ThedestinationcodeswereusedtodownJoaddata  

forag［Vendestinationforwhichtherakeistobeformed．  

錮⑳感e伽g：  

A tinearoptimisation was buildin MS Exceland uslngWhatTs Bestoptimisation  

PaCkage．The modeIwas customised uslng buttons containlng detaiIed macro  

PrOgrammeSin VisualBasic．The available number of wagons and the totaq  

numberofcoilsforeachtypeareconstraintstothemodel．  

NumbersofcoiltypesareA，B，C，D，臣，『，G，J，Hl，andM2．  

TherearefivetypesofwagonsavaiIable：BRN，SADDほ，BOX，NBOX，and酢R．  

The various combinations of these coiItypes are used to obtain the desired  

COmbinationwheretheidlefreightvariesfromOtolOtonnesperwagon－Thesum  

PrOductoftheal＝hepossiblecombinationsgNeSthetotaItonnage10adedforthe  

gJVendestination．  
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TheaverageidJefreightforeachwagon．thetotaltonnesofidlefreightandtheidIe  

freightasapercentageoftotalweightisestablished．  

Furthertothisindividualwagonsare10adedwithcoilsspecifiedwithindividualcoil  

idsandthecoilweights．ThisglVeSadetai［edcustomisationreportandactsasa  

readyloadingp］anfortheavailablewagonsfortheglVendestination．  

Themainfocusofthemodelwastobringinuserfriendliness．Sothemainmenu  
WaSglVenaVeryeaSy・tO－understandlookこItconsistsofseveraJbuttonsasshown  
be［owthrough whichthe usercanlnPutSOmeinformation，SOIvethe prob［em of  

OPtimal10ading，getthe al10Cation of coil［D’sin different wagons and print the  

resultsifhewants．  

Tosta「twith，theuserneedstofeedinthenumberofwagonsavailableforeach  

kindthroughthebutton‘1NPUTDATA’．Thedataentryformusedforthispurpose  

isshown here：  
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Afterputtinginthenumberofwagonsavailab［eandthedestinationcode，theuser  

OnJypressesthe‘SOLVE’buttonandthemodeJdeterminestheoptimaJpattemof  
COilloading so as to minimise theidle freight．Then the user can browse the  

SummaryreSultsandadvancedresults（COillDwise）anddecidewhichcoi］tobe  
Ioadedintowhichwagonforbes電Performanceintermsofid（efreight．   

Asamp‡esummary陀＄u柁isshownbe10W：  

Vb晩GON了YPE  

箇剛／恩岡銅   殴誹く   悶別   即羽   急鋸刃乳屈   閻剋   

朗鼎同Ⅵ臓隠鮎閻岡   54   54   54   朋  ∈拘  

岨◎『礪閑鯛』喝u≡   15   20   16   24  0   75   

岨◎『幡屋膿   12   16   2   24   0  54   

帽m⑳『◎劉虹恩納』糸昼』匠  116   

馬萄，●獲●■鮎奉は寵姥▲攣∃廟   28   34   6   48   0  

飢組』◎風団阿   604．4   7お．2   105．2   1005．5   0  2438．3   

隠厨腫眼筋阿   57．7   1∠旧．8   6．3   50．5   0  2≡汚．3   

帽餌ぎ晒硯屈紺『可仰麒感   4．00   8．8   3．15  al朗1667  4．m   

6別＿匿Ⅶ抒。媚％野窃旭V肝．   8．9び姑   16．3び始   5．∝y％   4．7騨姑  ●・－聖ll   

◎雷コ』   脚鼠   ⑳雷コ』Ⅶ抒馳掛違匿阿  鮨U．顛   ◎窃コ』＄   ◎⑳軋恩   

亡師匠   Ⅶ侃阿   賊剃   Ⅳ映X  戯ダ創R』虚  嘩撥▲l一服  』≡阿   

Hl   ◎。㊧⑳   伍。00）   佃⑳．00   3   3   0   

H2   瑠盈00）   『⑳。00）   1乱4⑳   2   2   0   

A   瑠4．4⑳   瑠乱4⑳   ¶5．∞   ¢   0   0   

B   瑠昼。00）   ■帽．00   1岱。4⑳   2①   20   0   

C   ．1鼠00）   ¶箇。4⑬   ∩′’．箪銚   28   2＄   0   

D   汀貌．†．殻il   汀ノ’，担）   瑠乱5⑬   6   6   0   

臣   2⑤。3⑳   1◎．5⑬   瑚．服l）   ¶2   瑠2   0   

F   盟。①①   劉。1⑬   盈5⑬   26   26   ①   

G   鍼．′’（l）   芸望。5①   岩姐．①⑬   17   瑠7   0   

」   25。認⑳   24．即）   2）′’継副   2   2   0  

甘①甘風虹   椚6   朋6   ①   
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Whilethisoutputissufficientforthemanagement，theoperatorsneedtoknowin  
moredetailsaboutthe10adingpattern．Keeplngthatinmind，themodelgenerates  

aguidetinefora［10Cating differentcoilsondifferenttypeofwagdnsasfoI10WS（a  
SamPle）：  

Sr．No  WAGON  AXLE  AXLE  Cente  lD Axle  Wt Axle  lD Axle  Wt Axle  ］D Cent  Wt Cent   
餉N／   E   E   C  5562031  19．86  ぎ534010  20．4  ち546047  16．74   

2   BRN／   D   D   D  4516011  18．83  5530013  19．06  5208055  19．35   

3   BRN／   D   D   D  4932008  18．92  5399015  19．3  4904006  19．38   

4   BRN／   C   C   E  5548025  16．43  5543036  16．69  5054010  20．99   

5   BRN／   G   E   Hl  5554050  22．66  5232021  20．5  5057020  8．12   

6   BRN／   E   E   H2  5562033  19．96  5562030  20．72  5405017  10．08   
7   BRN／   E   E   H2  5562032  20．02  5562034  20．78  5398028  11．44   

TheaboveoutputshowstheoperatorwhichcoiListobeloadedintowhattypeof  
WagOn．This hasdrasticaIlyreducedthecomplicationsoftheearliersystem and  
alsosimpJifiedtheoperator’sjobtoa［argeextent．  

Mathematicalformufation：  

LoadingawagonmayJeadtothefo”owlngthreecases：  

CASEl：W＜CW，ldlefreightisincurred；lW＝CW－W．  

CASE2：CW＜＝W＜＝（CW＋A），Noldlefreightincurred；IW’＝0・  

CASE3：W＞（CW＋A），Thisisnotpermitted・  

仙竹ere，  

W一Tbね／〝e桓伽0′肋e／badedco〟血∂〝a90／1．  

CW－Chargeablewebhtofwagon・  

lW－／αe〝e吻眈  

A－A〟0〝anCeわrwa90∩・  

Wagonloading：  

Let，  

i＝Coilsavailableinstock（i＝1，2，3，………・，n）・  

j＝Wagonstobe10adedU＝1，2，3，……‥，m）・  

k＝Noofcoilsinawagon（k＝1，2，3）．  

Wi＝Weightoftheithcoils・  

Cj＝Chargeab］eWeightofjthwagon・  
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Xijk＝1，ifco‖＝sloadedinwagomJOnthepositionk・0，Otherwise－  

釧軸陀柚柁軋酌離ぬm軌紬柚涌別  

3  n  m  

＝＝  Ⅶi＊Ⅹ埴）  
k＝1 i＝1   

蜘紳紺脚鵬臨肌  

The DSS was successfullyimplementedin the Shipment Executio・n and Co－  

Ordinationgroupo＝hecompanyresponsib［eforcleartngtheorderIoadforaglVen  

destinationandins紆uctingtheshipperstoIoad納emateria（forfina＝ransfer．  

ThemodeJwasusedtoplan，loadandtakedecisionregardingthefinaHransferof  

finished goods．The scientific approach heIped them totake unbiased，effective  

anderrorfreedecision．  

Gorゴ亡与こてS戸c竜一占：  

Theimplementation ofthis modeIhelped the company notonlyin taking better  

decjsionin10ading and despatching the日用C，but drasticaJIy reduced the jdJe  

freightin＄ltons．Themodelhashelpedtoeam  
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