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ABSTRACT

In all servi~ organinltions, both preventive and breakdown maintenan~ are carried

out to keep the system in operating condition and to reduce the downtime as minimum

as possible. The frequent complain of maintenance organization is spa«: parts shortage.

So there is a tendency to stock spares in e){CO!lllamount But this intern incurs

substantial capital cost. The excess inventory also increases the inventory carrying rosl.

On the other hand shortage of spare parts ClIU!lesproduction de1ay in manufacturing

organizations and less availability of the essenlial equipment in service organization

resulting in loss of profit and reputation.

Diesel Electric Locomotives are used in Bangladesh Railway lISmotive power in Train

operation. These Locomotives are 10 be properly maintained to attain highest level of

reliability in train operation. The system of maintenance of Railway Locomotivts has

been developed from years of experience. Present SYSIemdetennines the quantity of

different componenlll to be sloeked on the ba5is of m:erage annual consumption of

spares for schedule and breakdown maintenan~. The method currently being l1li00 to

detennine the quantity seems to be unsci.entific as il does nOllake into consideration the

differmt parameters af inventory and maintena.ncc. Existing method ignores the

important trade-off that exists between inventory and maintenance.



In this project work, an ordering policy (8, s) is developed by comidering both

inventory and maintenance related costs together where 8 is the maximum inventory

level and s is the re-order level. A simulation model has been developed to determine

(8, s) for the proposed system. Various combinations of 8 & s can be deteImined

from the model. The combination of variables for which the expected total cost per

unit time is minimum for a given set of parameters is the optimum.

Cost inputs of the model arc different costs of Inventory & Maintenance IIIlChlllIunit

cost of the component, order cost, holding cost, shortage COSIand replacement cosl eIC.

for a particular component. The model can be used in carrying oul sensitivity analysis

of different parameters.
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l.l Introduction

Major portion of expenditure in an InduslIy is gcneraIIy on the men, materials and

availability.Maintenance dept. is responsible for the SIlloothand cflicicnt wmking of

diffemJt machine and equipment. It help!!in keeping machine & equipment in a state of

maxinrum efficieru:ywith economy.

Breakdown and pr=tive maintenanc<:arc carried out in manufacturing and lIelVice

organizations.The main o~ of maintcnancc arc to

a) eJlIIUR:nwcimum availabiliIyof the p1antand equipmentby reducingfai'tuRl

to minimum.

b) eJl!I\1Il:operational.readinCMof all equipment and thua assure the oplimum

availabilityof installedequipmentfor production or BCMccand obtain the

maximumpossible return on investment.

c) increasethe usefu11ifeof assets.

d) ensure the safety of the personnel

e) reduce the expenditure on maintenancemawrial and labor.

2
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Today IIllIintcnance organi71Ition stressclI on the cost and scn.icc optimality and tho

integration of IIllIintenancc activities with other major dcpllrtment activities. InvcntoJy &

mainlcDance management are two important term!I in indnstri!J jargon, each-

complementing the other and both scrW!g toward! achiC\oinga cost and scn.icc optima1

industrial emirorunent. The present work is intended to investigate the influence of

different parameters on total cost of both m!internmce and inventory.

1.2 Scopeortbe Prelentwork

Operating items ClIJlbe replaced either individually or in a group. Block rep1aa:nvmt is a

preVenIivc maintenance scheme where a group of identical. items is rcpIaccd after certain

intcrvaI of time. This policy is widely acclaimed to be most cost and SCf\icc cffectM policy

for large number ofIaw/medium COlltitems or where system downtime is veIY critical

In this research work. a study has been carried out on the invcntoty and maintenance policy

of DieaeJ Ekdric Loc.omoti\lcs Wlcd in Bangladesh RailWll)'. Di=1 Electric Locomotives

arc used as motive power in train operation. These Locomotives arc to be maintained

propcrly to ensure maximum reliability of the system. The system of maintenance of

Railway Looomotivca has been built up from years of experience. For Diescl Electric

Locomotivcs, different types of Inspections !long with the standard lime for their

completion have been shown below;-
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Type of InlIp«tIon Interval Standard romp.time

C Every 30 days 6hr.l.75dayl1

D Every 90 days 8 hr.Jl day

E Every ISO days 16 hr.J2 days

F Every 365 days 80 hr.110 days

G Evcty 1095 days 168 hr.l2t days

GOH Evety 2190 days 360 hr.l45 days

An these schedules are progIellsive schedules. It means that during the time of 'E' type

inspection, 'C' and 'D' types arc also carried out For each inspeclion, there is a standard

&ehedule of woIb to be done. These Bchedules have been pre:JYred taking into

consideration the mmufacturcr's reconunendation and arc subject to revision from time to

time on the basis of cxpcricncc gained.

Simes Dcparlrncnt in Bangladesh Railway is RSpOIIlI1b1efoe the Invcnto1y controL ThifI

depactment detennincs

- the 1'C'-OI'deckwI of individual item,

- nmnbcc of orders to be placed pcryear.

-eost for the total invcntOly.

4



This Deparlment is also responsible for timely ~ of maintenaJtc(: materia1s for both

prcvenIivc and breakdown maintenance and for keeping all records related to Inventory.

Figure 1.2 mOWB ~ process of Diesel Bparc5 rtquircd for the maintcnaru:c of

Dicael Electric LocomotiveB.

-._.
, ...,.
~
~

Mechanical department is responsible for Iqlllir, maintenmce and operation of Diesel

Electric LocomoUv=s. ~ arc diffetet1t sections fot' pcdonning !!ptCific maintcnancc

tasks. Each lICcUon pcrfonns jobll in co-ordination with other scctions for timely

completion of maintenance wotk. NeceSSl")' SParcJJarc drawn by the respective sections

Individual section rcportB to the work manager of the reJPCCtivcWOJbhop 00 materials

~ cost ofmaterialB, labor and the time taken 10 complctc a type of Inspection.
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PrcscntIy inventoIy and maintenance probkms arc considcm1 almnst indcpcndcnlly. This

study aims at addressing both the above problems simu1taneoUllly and ~loping a

comprehensive model which will opti;mil.e the entire system. By optimization of Inventory

&Maintenance policy, total maintenance cost can be considerably ooJC('d, yet maintajning

the same product quality.

1.3 Objective orthe present work

TIw o~ec1ivcs of the present wotk wdcr the context of what has bcm discuMcd above arc

defined as fol1owl:-

1. To study the current InvenlOly and Mainlcnance Policy ofBangladt:sh Railway

LocomotM: .

2. To dcvdop an (8,s) simulation model to calcuLate the maximum inwntmy Icvcl(S)

and the rcmder level(s) so lhat total cost of invenlOly and mailllenancc bocomc&

nnmnmm

3. To carry out the SCIlSi.tivityanaIyKison various cost components related to invenl:01y

and maiutcnancc IIIIChas ordering cost, holding oollt, shortDgc cost, :failurtlreplacc-

ment cost and prc:ventM: rcpIaccmcnt cost

6
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2.1 Introduction

Inten8e ~ together with a rapidly advancing technology has brought about

many changes in the pattern and outlook of oompaniCII'policies. Modem plant and

equipment are 'mY expensive demandinghigh quality of maintenance. So it is essentia'

for the:oompanies10keep the machjne downtimo as low as poll!ib1e.Thillrecognized

the importance of maintenance & iIrventOlyfunction. Thill chapter prCscms a brief

discussion on maintenance, inventoly, mainIenance managcmcot, iIrventOly for

maintenance andjoinI inventoly& nWntenance policy.

2.2 Diffemlt Maintenance Systems

Maintenance is devcloped in rebtion to the IIIanlIgcIIlCIlfunctiona IIlChall finllncc,

labour 1IIlIIllIgCIIlCt,&velopmcnt, procurement and uIllS in order to IlCCIltCgood

porlonnance of elementscomprising the system.

2.2.1 TotaJ Productive Maintenance (TPM)

Total Productive Maintenance (TPM) wall developed in Japan. This system was

announced by the automobile parts manufacturer Nippon Denso in 1971 as an

equipment maintenance method in which ~onc panicipates in voluntary

maintenance. In this way the expression "T0ta1~in TPM pctbaps mcanl the full

participation of the expanding main!erJanceorganjzation. Contrary to the tlpCCiaIist

maintenance., it ill a fonn in which the opcutors of !he opcratioIl dcparlment

B
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participaIc. However, with the motto, "Protect your own equipment by yoW"own

hands,~ a mIOlutionary change was made 80 that the operating dcpartmmt would

conduct as much maintenance:wmk as possibleas symboJizcdby the expressions, ~you

are the people who repair the equipment, we arc the people who opcnItc tht

equipmcnt~.

2.2.2 Types of Maintenance

The maintenance policies can be cJassificdinto foUowingthree categories:-

a) BreakdownMai1ltefW1lCB (BDM) Policy:

Machine and cqaipmcnt can be opeflIted until they fail and then repaimi This

obviously crw1c method of maintenance is vet)' expensive in ternIS of lost

production and machincly dcs1nlction.BDM is the beat maintenance policy only

when machinexyis incxpcnmrc and span: machincty can tHo: over resulting in no

loss of production.

b) Time Based nfr\lBTltNe MalnUlfl((11Cf!(TBM) :

In TBM (Conventional Preventive Maintcnmoo) Policy, a plant or machinery is

withdrawn from scnice at wnstant intervals for repair. ThCllllintervals are usua1ly

determined statistica1ly.

9
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oj Condition BasedMainlellaTlCe(CBMjpolicy:

In "CBM" policy maintenance is carried out in response to a deterioration in a

machine OJ"equipment lUIindicated by a change of the monitored parameter of the

machilw 01:eqwpmenl condiIi.ons.

The most ellS !Ilia! requirement is machine condition diagnosis technology to

measure and analyze the parameten. IUCh as vibration or sound that fCf1cct the

machine condition, so that detectable changes in the pamnc1cr can give mIfficiCllt

advance warning for apptoptiate maintenance action to be taken.. In the CBM

policy each machine is considcrcd individually by making fucd intcl'val condition

chccb to obtain a quantitalivc va1uc of the "health" of tiK: machine. So in CBM

policy, maintenance service is only allowed when meaIlurcd pamncteP show it to be

ncccssary. Condition checks involves taking routine measurements and oompari:ng

them with muimum acceptable ~1s. Roughly spc.king, by adopting the CBM

policy, statistical cIcrncms in failure prediction can be eliminated and the life of the

machine can be extended. The machine condition mould be mClI8urcd lit fixed

in1ctvaIs, and maintenance service should be executed only in case of abn{tlTlla1itial

found in measured values. In calle the measured va1ucIIshow IW dmonnalitics, no

maintenance BCJviceshould be executed. The basic policy of CBM is to ~ the

smoothly running machilw UDtouched.

10
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2.2.3 8ftakdown

According to Japan Industtial. standards 4 t'ailuRl or bn:akdown .is the losa of specified

function in a certain object (e.g. System, machine Parts). Breakdown is divided in the

two catcgoriCS:jilllCti01l loss breakdowns & functi01l Loss reduction breakduovnB.

Function loss BreakJqwn:

For most people the tenn breakdown means a sudden dramatic failure in which the

equipment stops comp1etely. Such unexpected brcakdowruJ aro clcarly IoIlSCll~

production is stopped. This is caDed s function loss bJeakdown or a brWdown in

which aDfunctioning equipment stop.

FunctiOl'lRedw:tion Breakdown:

Deterioration (not failure) of equipment C81Jm1other Iosscs even when the equipment

can sliD operate . Long setup , adjustment Iimcs, frequent idling and minor ~

reduced mamUacturlng speed md cycle times & increased defects in process and

during start-up are iIIlpossible losses of this lypC. Problems R1atcd to deterioration are

considered function reduction brcakdowna or breadowna resulting in various ~

(defects, minor lOS8C8stopp.1gcIletc.). They are caused by deterioration in spceilic parts

of the equipment and an: considered less serious than function loss breakdowns.

Generally, People tend to ignore function reduction breakdowns, though in IIWlY ~

function reduction breakdowns account for the largest proportion of ovcraIl equil'lI",nt

IOMcs.

11



2.3 Maintenance Management

Modem plmt and equipment require heavy capital expenditure, making downtime

extremely costly. To CIlSUR:maximum p1ant availahtlityand re1WJility,maintenance

management and control system must be da!cloped acoordingIy. M.mtenance is

expected to be carefully planned in conjunction with production requimncnrs and

schcdulcs iO that it calISClIthe minimum disturb_ and loss of production. New

productJ are being developed continuoualy and techniqucII,~ syBtcmSand

methods arc bdng updated time to time. Thctefore, the maintcp""Ollmanagement

science has been continuously updated to keep pace wilh advanccmcnl of production

technology.

2.3.1 Maintenance OrganIzatIon and Control

Mllintcnance organi7Jdion may be ~ or dispc:ncd, vcrticaI division or

horizontal dMsion, with dctaiJ.description of fclmon among dcpartmcDts,allotment of

pcrsonncJ,machineIymcasurcrocmetc. For ptopc! management and control following

pointa llICbe considcIed.

Peiformmwe ArJaJysi3:

Gra!piDg of current perfonnancc. clarification of present and future perl"0IIIllIDCC

requirements, perfonnancc standards.

12



Trouble Analysis:

AnaIysia of the caWlelIof lroUb1cs,(data's and actual) MtisticaJ. analysis of troublo,

mean time: between failure (MfBF), temporary counter measPR:I and basic

Study oflmprtNement:

Production improvemcDt ,maintenance improvcmcnta ,budget, reliability, mlljntenmce

case, automation ofmaintcnancc Work.

Standard:

Preparation and maintenance of srandards and guide1inc~ maintc:nancclltandards,

inspection standards ,scrvk:c standards repairing cycle, checklist, parts standards.

Advancement of standardization:

Standardizmon of parts, materiak, wOlb, jigs, t001ll,proccdUIesand temul.

WorkPkm:

Long teml and short tenn PJqllU'3tion plan ,inspection ,acljustmcnt servicing,

lubrication, repairing ,rep1accment, improvement plan ,person hour plan, material

preparation, adjustment of shutdown period.

13



Work Instructions;

Allocation ofwork both intemaI1y and extcmaIIy, progre&'Icontro~ grasping ofresuhs.

Work-Control ..

uh1ivnion rnte ofwmb, n:duction ofwaiting time, pemon-hour contro~ tool contro~

standard time contro~ wmkcr flaining, education ,safety control, CIl\lironmental control

Material control ..

se1ectilm of control 8)'Stcm, purohasc plan, 0I"dcr control, acceptance, storage,

Bhipmcnt, inventoty, invcntmy controJ, standardizatilm md specifications

2.4 InventoryMaIntenance

An inventoly problem exists when it is nocessary to stock physic.al goodll Of'

commodities for th<: pUlpl.l4e of satisfying dcrmnd over a ipecified time borizo:D.

Abnoet ~ business must stock goods III cnsuJO smooth and efficient numing of its

operation. Decisions n:garding how much and when III order arc ~ of ~

inventoty problem. The required demand may be satisfied by stoc1:ing once for tltc

entire time horimn or by stocking separately for every time of tltc horiztm.. The two

cascs oorrcspond to OVCfStockiogand under stocking.

An overstock requires higher imtestmmt capital pet" unit time but less frequent

occurrences of shortages and placemcn1 of orders. An under stocked, on the otbet'

14



hand, decreases the invcslment ~ per unit lime but increases the Jnqucncy of

ordering as well as the risk of nmning out of stock. The two ~ situ~tions arc

costly. Decisions regarding the quantity ooIe=! and the lime at which it: is ordered

may be based on the minimization of an appropriate cost function that baJances the

total costs resulting from overstocking and WId« stocking.

Spare part!l stocking and «lDtro1 arc necessary to fulfill following l1trCI' objectives:

1. To promote increased oquipment re1iabilityand extend equiplTl/'mtJife times

through purchase ,:fabrication and storage of spare parts.

2. To ensure that necessary spare parts IMIilable whenever needed and thUII

minimized planned maintenance down lime and productilm IItOppagedue

to breakdowns.

3. To reduce irlventorics ordering and ~ costs and storage oost.

2.4.1 A Genera11zedInventory Model

The order quantity and reorder point arc nonnaI1y determined by miDiroizing lhe total

inventoIy cost tIW can. be expreMCd aa a function of these two variables. We can

SUIlll:llMizcthe total cost of a genera1 itrvcntory modd aa a function of its principal

components in the fotlowing manner:

ToW
(inventory COtSt)=(Mllterials Co!I) + (ordcriDg cost)+ (holding COllt)+(shorIagecost)

The mat:erial cost becomes lID.imporIant :faI;tor when the commodity unit price

becomes dependent on the size of the order. This situation is normally expressed in

IS



tem1Sof It quantity discount or a price break, where the unit price crfthe item declea$Cs

with the increase of ordered quantity. The ordering coo represents the fixed charge:

incutTed when an order is placed. Thus, to lIlItisfythe demand for a gMn time period,

the (more frequent) ordering of smaller qu.udilics will result in a higher IICtUpCOlIt

during the period than if the demand is satilficd by placing 1arg« (and hence lcsa

frequent) orden. The holding 00lIt, wbWh represents the COlItsof caaying invcntoJy in

stock c.g., interest on invested capital, Iitoragt:, handling, dcprccWion, and

maintenance, nonnaUy increases with the level of inventory. Finally, the w.orlagc coo is

a penalty incurred when we: run out of stock of a needed commodity. It gcneraIly

includcs costs due to lo~s of customer's goodMll as well as potential loss in income:.

2.5 Ordering MetlJod

Method of ordering spare parts can be broadly classified into indMdual orders and

permanent dock method. Individual orders are for parllI that ordered only u Ihty ~

needed. Pennme:nt stock. is materia1 kept on hand conlinuousJy and permanent ~tock

methods restocks automatically whcrmvcr designated q"anoo ••••for such parts drop

below certain inventory level. Pmnanent IItock methods ~ cithcr based on a fixed

quantity or a fixed period, depending on the method of stock:iDg.Other new mcthodII

of replenishing pcnnancnt stock include the partial delivery and deposit 1IYlItcm,which

arc: arranged through special contracts with suppliers. Thc:sc new system simpIilY

ordering, de1ivcry, storage and administrative pmccdures. Figure 2.6 showll various

ordering methods.

16



(Vendors dcposil parts in warehouse.
Purchaser only pay for parts used)

(Check !tock continuously and rcccivc
dclivmes in lllIllI1lbalChCll)

Check stock at:fixed intcrvBla and isauc order.
Order quantity varies)

(Reorder quantity used each time, Stock
level const.mt)

dcr point method(Basic purchasing method)
Double bin method
Order point & order quantity arc equal)
acbging method
Simplifies AdJninistmion)
atch issue method

(Issue parts in batches and 8Ion::on site)

IndividualOrder

IPeunlllelll Stocksystem
FixedQuantity
Ol:derMethOO

'"
(
p
( .
B

ixed Period (

"""m_
FixedNumber
""" mclhod

ISpccial Contact
. SuonIicrs

Partial dcIivety
method based on
unit mice contract

Deposit System

Fig. 2.5 Orderingmcthods

17



2.6 Joint Maintenance and Inventory policy

The first age based replacement policy was mathematically fomtuIatcd by Barlow and

Proschan [1] assumiIIg that an UDfunited nwnbcr of spares units an: immcdiatcly

available when replacement is needed. For real time situation Ibis is not a judicioU!l

assumption. Lead time, ~ time aIoog with onJcring policy have to be

incorporated in the original model Thomas & Osaki [2) ckvcloped an ordering policy

for a single opcnding item COII8idcringconstant lead time for spare dcIivtty which can

be s1llllIlUlIizedas follows:

Let an item start wOlting at time zero. If that item dOClInot fail upto a ~

ordering time to ,an order for rcp1accrncnt is made at to and the deJivcmd spare is

n:placed immediately when it lll:rive•• im:spectM of the condition of the original item.

On the other hand if the item fai1lJbefore the ordering time ••• an immediate order is

placcd and the dc1ivcrcd spare is rcp1accd inllncdiatcly whcD it arrives .Once spare is

n:placcd, the cycle is rcpcatcd for an infinite time span. The cycle caDbe defined ftotn.

the time that a dclivcrcd spare starts working to the time at which the next dclivcn:d

spare starts working. Optimwn ordering policy Wall dctcJmincd by roinimi7ing the coo

fimclion for each cycle:.

OsUic:t aL dc:veJopcd a gcncralizc:d form of the model considering no repair 01"

minimal fqlair oftbc operating item. Hill policy may be slated as:

an order for a spare unit is placed at a specified time:••• and on dcIivtty after a conatant

lead time 1., Ihe sparc is kept in stock upto another specified time t, (>,to+ L). When

18



!he operating unit fai1s before to, a spare unit is ordcrcd iJnmcdiatc]y. When the

operating unit fai1s betwoen to + Landt" it is Iql1aced by the spalC unit in stock. The

jointly optimal ordering time t*G (0 < 1*.< 0:) Illd n:placcmcnt tinw t, (to + L) arc

detcmrined by minimizing the expected total inventory costs per unit time. This model

was ~Ioped assuming constant lead time. Pm and Part[3] dc'vclopcd a model with

variable lead time.

All the above models aimed at the dctcrmination of an optima1 ordering policy

considering inventory function only. They take failure pattern of the operating itctn info

account only to detennine the order placement period and no considemion Willigiven

to the 00111 of the item related to maintenance.

The maintenance related cost of the item is rcMO!lllbly high and thus can not be

ignored in rea1 time situatiom. Kabir and Olayan !4] indicated the complexity in

&vcloping a mathematieal model that incorporates the maintenance rcJatcd coslll .They

developed an (S. s. T) sinm1atlon modc~ where: S ill the nwimwn iIIvcntory kvcl, sis

the re-ordcr level and T is the preventive rcp1aecmcnt period. Thill model eomidcrcd

continuous review inventory policy with individual prGVCIltiw maintenance of the

operating item. This poticy can be descnbcd as: an order of (S-II) spare units wiD.be

placed whenever the inventory 1cvc1falls to I. The operating unit wiD.be preventively

repIaccd after inIcrval T provi&d a spare is available. If the opaating unit fails before

T, it will be replaced as soon all the spare is avaiWllc. The order lcad time ill considered
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to be randomly distributed. Optimal values of the decision variabla (S, Il, T) aR:

detennmed by minimizing the expected total coat per unit time, where cost componentlI

include both maintenance and invcntoty related C08ts. The cost fOl'DlUiation of the

model is as follows:

i) Ordering cosl occurs at a unit replacement if the inventory !l:vcl.is cqua1 to or

below the reorder level

ii) Shortage coot for a unit is inculTcd over the length oftimc for which a failure

rep1accment is delayed due to unavailability or late anival of siocks.

iii) Holding cost is compulcd for each spare unit indMdually and over the time iI is

hold

iv) Replacement cost for unit is according to the type of replacement.

The fCSlIIIobtained by Kabir & Olayan llI'eVCJYmuch impressive in tcm15 of cost

effeclivencss, when compared to Barlow and Proschan age replacement policy

supported by optimal (S, s) policy. However, the model did 001 consider replacement

time and also the total system consisted of sing1e or few itcmll. But in real time

situations, many iIems arc to be replaced, 80 block repIaccmcnt policy must prove IIlOIll

cost effective.

AcJlaryacl [5) developed a mathcmatical model that considcrcd block replacement of

operating ikms for tho first time with periodic review of spares invonto1y. They

assumed that the ordering for replcnishment of rep1accmcnt spare is done at preventive

rephccment insb.nts only.
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CHAPTER THREE

Inventory and Maintenance Policy of Railway

• Introduction

• Inventory Policy of Bangladesh Railway

• Maintenance System of Diesel Electric Locomotive



3.1 Introduction

'I1WIchapter deals with the present maintenance and inventoiy system of Bangladesh

Railway. 'I1WIis m.tinIy confined to maintenance and inventoly of Dic&clElectric

Locomotiml. SIOrcDeponent illmainlyresponsible for supp1yiogmaterials to various

Department of Bangladesh Railway and Mechanical Department is responsible for the

maintemmceof Loc~ Rolling Stoob, MachinclIand equipment etc.The fimt

part of this ~ptcr deals with the inventoly 5}'Stcmand the 8el:ond part with the

maintenance B)'Iltemof Diesel EJcctric ~. The Organogram of Director

General ofBangladcsh Railway is shown belowupto two stagCll.

_ .•..-

•.••._0000 ""0.-0_.-"- "'_•.

..•.• .,..... "",'
•.• _ M.-&ol-- ~"••••••• "01_'" ,:I,",•.••- --_ .•,',,,'

,••••"•••0•••••
~-- ""-,,,01-

DUectorGeneral of BangladeshRailway's Organogram
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3.1.1 Procurement of Stol'1!Materials:

Store department procures materials reqWml for variouII dcpanmcnts of Bangladesh

Railway. The main ol!ieciMs are to ensure

• quality of the material,

- optimwn quantity 10be procunxI,

- timely delivery of II1llteriaIs to the work centcm,

- timely procurement of materials and

• the most eoonomic price is negotiated.

3.2.1. Storing and Stock Control:

The first part ill oonccmed with supervision, idcntifi~on and storing of maklriaI in a

safe and good condition. It protects against pilferage, damage and obsolescence. The

second part is concerned with movemenl of goods into and out of stores and the levclll

of stocks at :dl times.

3.3 Maintenance Syltem of Diesel Electric (DE) Locomotive:

Diesel E1ectric L.ocomotivl:s are Jmed in BangJodesh R.1i1wayas motive foo;e in Train

operation. A DiareI Electric Locomotive collSists of one or more Dicac1 Engines

operated from single control Engine drives a main GencratM and lIUpplies electric

curI"CII!to lIlIc1ion motors geared to the axles. Different Eleclrical equipment and
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conIrol dmccs are used to transmit I1repower developed by the dicscl engine to the

Locomotive driving wheel

1'Jlqmain components afD. E. Locomotive are:

• Diesel Engine

• Air compressor

• VacuumExhaustor

• Main Gena:ator

• Traction Moton

, • Drivcr's Conb:ol Station

• Electrical Cabinet

• Auxiliafy ~

• StorBge Batteries

• Trucks

BC4ides, Locomotives have many safety devicca instaIIcd to protect the engine,

e1cctri~ equipment and brake equipment. These safety devices protect the equipment

from damage by automatic shutdown or give indication of the faulty operation.

The complete and systematic inspection of Diesel Electric Locomotive is of paramount

importance for ensuring proper pcrfonnance. The periodic inspection schedules have

been sel up, adherence 10 which will result in sIaIIdardi71Ition of maintenance, and
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provide the necessary information for correct repair and the efficient operation of each

wUt

Adjustments are not n~ required at each inspection, but as examination is not a

long procedW'll, the important components must be inspected regularly. Any peculiarity

in sound or appearance of any moving parts muM be carcfully investigated and any

abnormal condition to be corrected Mthout delay. The faulty operation of any part may

affect othenI and will eventually cause failure and possible serious damage.

Instruction Books, Maintenance and Instruction Manua1s, Sernce Manual, owne:lll

manuals and other manufacturers sernce and maintenance publications are used as

guide line for maintenance. However, chugca or ~0IllI to these boob or manual

may be issued from time ro time.

3.3.1 Planning and Scheduling of Diesel Electric LocomoUve:

The intervals after which a Diesel Electric Locomofive will be Overhauled is based on

the periods estab1ished for scheduled maintenance inspections as follows:

Diesel Electric UlComotives arc nonnally schcduled for peJfOl1IlilllCCof a maintenance

evenl every 30 days and will undergo a Gcnera1 overl1aui (GOR) evety 6 (six) Ye3rllon

completion of the preventive maintenance inspection cycle illustrated in tables I and II.
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Tabk 1- Diesel Electric Scheduled Inspection Inl4rval

Inspection Interval TIm.
Typo SUm'''''
C EvclY 30 Days 6Hn./.7SDay

D E~'Y 9OD.,. 8 HIlI. 11Day

E E""Y 180 Days 16Hn./2 Days

F E""Y 365 Days 80 JUs. f 10 Days

G E""Y I09S Days 168 HIlI. !21 Days

GCH E""Y 2190 Days 360 Hrs 145 Day.s

TobkIl- Diesel Electric Schedukd Inspection cycle

Moo'" I 2 3 4 , 6 7 8 9 10 II 12

Insp. Type C C D C C E C C D C C F

Month /I 13 14 I' 16 1718 19 20 21 22 2324

Insp. Type C C D C C E C C D C C F

Mmuh' 2S 26 27 28 2930 31 32 33 34 35 36

Insp. Type C C D C C E C C D C C G

Month /I 37 38 39 4<J 41 42 43 44 4S 46 47 48

Insp. Type C C D C C E C C D C C F

Month # 49 50 51 52 S3 S4 55 56 " " 5960

IMp.- C C D C C E C C D C C F

Mmuh' 61 62 63 64 6S 66 67 68 69 70 71 72

Insp. Type C C D C C E C C D C C GCH
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In table I , the different schedules, the time intelval. for different schedules and the time

require to complete a particular shedule have been shown. For example ~C"schedule

s!louJ.dbe done in eveIY month and the time for oompletion of this schedule is 6 hrs.

Similarly ~D" schedu!e lIhould be done in eveIYthree months and its oompJction tirIw is

shown in the table. The Schedules are Progressive schoduics le. at the time of 'E'

Schedule, 'C' & '0' Schedules are also done.

In Table II the different schedules to be carried out for a UlComotive in her six yearly

cycle is shown. In the 1st month "C" schedule is 10 be done for a Locomotive and in

72nd month "0" schedule is to be done. C,D & E are called light schedule and F,G &

GOH are called heavy schedule. All the schedules are progmlMve, at the time of GOH

all the schedule are done le. all the tasks of different schedu1c are performed Table

shOWll the ditfercnt schedules 10 be done in different month. For all the schedules,

there are prescribe fornu for the tasks 10 be performed.

Parts Record ..

It is maintained for uctl assembly and other components which are individually

numbered. This gives II ready answer £0 any query regarding the location of any

component at any time. It is also hclpful in ascertaining II particular component fai1ed

repeatedly.
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Locomotive History File:

For each Diesel Electric Locomotive, histofy file is maintained which contains

following infonnation:

(II)Part nos. of componenlll, Mmufacturcrl clearance!!.

(b) Details of all schedule maintenanCe done

(c) Details oflub. oil changcII & readings

(d) Detai1s of Cmnponent changed.

(e) Details of all accidents, failures and troublCll

(f) Details of all modifications, tria1 conducted on the Locomotive.

3.3.1 Revisions to Scheduled Inspection Intfl'Vlll:

Diesel Locomotive C)'I'licalinspection schedules, procedural guidelines and controls arc:

developed to proliide inspection, repair, IllllDagcment and control information neCCSSlllY

for the coonomical efficient operation and maintenmce of each locomotivc and

maintenance facility. This optimizes fleet availability and rcliability.

Scheduled inspection intervals can be affected by technological change and operational

experience. It is the responsibility of technical service and Quality Assurance ~l

to determine and recommend any revision to the inspection intervals that can benefit

rnaintcnance operations while 5UStaininglocomotivc fleet and f.acitities objective&. Any

recommendation for revision to the inspection intervals must have the teclmical

28



approval of the Chief Meclwrlcal Engineer before llUbrnission for final approval.- .
Recommendations are to be submitted to the Chief Executive, Central Locomotive

WorkshoplParbatipur for production impact assessment by the Prod"crioo planning

and Control Committee. Based upon their findings, the Chief ~ Central

Locomotive WOIbhopIParbatipur may submit the recommended change to the Join!

DircctoriMcchanical for issuance of a directive and revision of this manual.

Sehedukd Inspection and Overluml

The Master Locomotive Maintenance Schedule (MLMS) and the Detailed Annua1

Maintenance Schedule (DALMS) are prcpMed to pJan, balance and control the 80w

and workload of locomotive preventive nWntcnmce scheduled inspections, General

Overhaub and unscheduled special repairs into maintenance facililies These also enable

the facility IIUIOllgeIUelItauthorities to know the volume and nature of the maintenam:e

workload and consequently forecast and prepare the physical, human and financial

resouroes according1y. Once the MLMS and DALMS sclwtnlcs haVll been prepared,

they should not nonna11y be altered except under special circumstance3 and for which

pennission should be obtained from the eMS's office. This will inchllw situations when

essential materials are not available to meet the schedule, or when premature

locomotive failures alter the worldoad, or indicate that maintenance inteJvals

(overltauls) should be decreased to eliminate the failures. Individual facililial and

operating DistrictslDivisions arc rcquiR:d to adhere rigidly to the dates laid down in the

detailed annual Locomotive Maintenance Schedule 80 that thc locomotive and
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oomponcnl inspection, repair and production schedules in associated lIhops am not

off,ctod

Special Repairs

Special Repairs may be incorporated into production plans:

at times oflocomotives failure ;

when locomotives are damaged as a result of dcnIiImcnl or cofIision;

when programmed modificationll to locomotivcll arc to be made.

Prior to release to service from a maintenance facility locomotives subject 10 special

repairs must Rlceivc a schedule 'B' Trip lmpection.

The foDowing works are ~ out on 1ocomolives in the rnajoc Running Sheds md

Facilities at PahartaIi, Cbittagong Port Yard, Dtt.b, Ishurdi and Parbatipur :

'A'Trip Servicing;

--Ropom;;

Scheduled: C (30 day); D (90 day); E (180 day) inspectiotts;

Minor Special Repairs, Componcnl c1langwuts and Trouble Shooting;

Lubricml and Fuel Oil Analysis (CGPYexcepted);

Preparation oflocomotivts for shipment to workshop or CLW faciIilies

for heavy repair and GOH.
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The following woIts are carried out on Jocomolives in worbhops at PahartaIi, Dhaka

and Parbatipur :

Intermediate Scheduled F (360 day) and G (1080 day) JnsPcdions;

Intennediate Special Repairs and Component change-outs too heavy to

be undertaken in Sheds;

Load Box Testing of Diesel EleI;IricLocornoUves ;

Overflow of General Overhauls from the CLW on the ad\.icc of the

CWXJCLW and approVal of the ChiefMechanic.al Engineer;

Overflow of Component Rebuilds from the CLW on the ad\dce of the

CEXlCL W and approVal of the Chid McchanicaI. Engineer;

Minor equipment modificati0D8.

The fol1owing wOJks 3fe to be carried out at the Central Locomotive Worbhop ;

All Locomotive General Overhauls;

All Locomolive Component Rebuilds;

Special Repairs too heavy to be undertaken at the Worbhops;

Heavy Wreck Repain (Special);

Prognmmcd Locomotive Electrical Modifications, Rehabilitmon'g and

Rewiring;

Lubricant and fuel oil delailed analysis.

:Minor Locomotiwll SpaR:8Manufacture.
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J.J.J Accuracy ofReport!l aRd Forecasts

The 5UCCCSSof the preventive maintenance lIhopping program is dependent upon the

aocuracy and timely submission of the Management Infonnation Systcm(MIS) and

Production Planning & Control (PP&C) reports from each facility. Worlal ManagcnI

must ensure both accuracy and timely IIUbmission of reports from their facility to

enable the PP&C Conunittcc's nMew and updating of the forecasted shopping program

each month.

Time Standards for Complehon qf Scheduled WorkJ

The time standards for Scl1.eduledInspections work in Running Sheds. Worbhops and

the Central Locomotiw workshop arc as fonows :

T)JIC of Inspection Time Standard

A 2Ho~

B 4Ho~

C 6 HoW'S

D 8~

E
2 ""

F 10""
G 21 Days

GCH 4S DllJIlI
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Thc breakdown of tasb and the time required to perform them may be IIhown on

detailed inspection sheets 10conrrol the timely outrun oflocomo~.

Thc lime limits for Scheduled inspcctiOIl8, and for specific work tasb, arc subject to

change. Any change will be based upon analyses and evaluations conducted and

recommended by personnel authorized by the Chief Excculivc, CcnIral Locomotive

Workshop, to perform such studics.

3.3.4 WorkPerlonned Behind SclJedule

When C or D inspection are not accomplished within 15 days of its programnwd 30 or

90 days cycle, it ill to be 8IlpC1'SCdedby the next scheduled inspection at the carIicst

convenience by advanccmcnt of the next: higher order inspection, i.c., 'C' inspection

tasb are included in a 'D' inspection.

If nol accomplished at the next schcduJ.cd date, 'E', 'F', and 'G' inspections, or

General Overhauls, IIlIIlItbe re-pJanned for the fonowing inspection daIc and cannot be

supcn;edcd by the next inspection in 8UCCC8Bion.Upon completion and re1casc of a

locomotive from GOlf, the unit will be placed on the six yeaJll progressive cycle of

preventive maintcnane<: inspections.
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4.1 Introduction

This chapter is devored to the: concept of simulation and the: dc:vc:lopmc:ntof simulation

mode1ll, especially in the: context of the presc:nt rc:search problem. At fu8t the natuR: of

simulation ill discllSSc:dalong with the slcplI to be followed to develop a valid and

credible simulation model. The next section descnbes the gc:neraI problem statc:d in

chapter one: in the context of a specific maintenance organi7Jlfiemsyatem. Thill system

and the components within it arc: mathematically and logWaDy rcIated to dc:vc:1opa

simulation model The final section of this chapter introduces the computer prognun

and the SIMSCRIPT n.S simulation language used to code the program.

4.2 Steps in Simulatlon Modeling

Most real-world systeml:l are 100 complex 10 allow realistic models to be evaluated

numericaDy, and these models can be developed by Simulation. In simulation

computer is used to evaluate a mode:! nwnerica11y over a time period of interc:st , and

data are gathered to eslimate the desU:edrrue characteristics of the model. The diffCicut

types of simulation are used in analyzing real world problctns .

It is the nature of the system elemenlll that definca the type of the:modcJa, which may

be of the following three dimenaionsj

a. static OJ"dynamic,

b. deterministic or stochastic

c. continuous or discrete event.
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A model simulating maintenance and inventory functions ill cxpcctcd to contain

discrete, probabwlR; events since the system experiCllce!l stochastic cbmges of its

states only at oountable nwnbcrs of points in time. AcconIingIy the simulation model

Mveloped in this chapter has to be dynamic, stoclwtic and a discrde ~ in lypC.

De1ai1edsimuIation modeling and coding are in fact just part of an overan simulation

effort 10 understand OJ'design a complex sySkRL rJgUIC 4.2 shows the necelfUY

steps ~ wiD compose a typical, sound simulation study, and the rdationship iIlIIOIIg

I.
studyprob1em

Collect data and, define • model

No

'0
• Construct a Cmnputer

pr"llfllIIl and verifY

5.

No

•• Mne production runs

9 AnaI~output data

10. Documen:t,present&' result

Figure 4.2. Step" in a simulation Study
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Sfcps in simulation studies can be explained as follows:-

The problem for which simulation model is 10 be developed it idcnrificd and studied.

Data related to the problem to be co1Icctcd and a model for 90Mng problem is to be

defirH:d. If the model is found valid, a computer progrm:n is to be ~ Otherwise

mode] is to be redefined. Trial run of the computer program to be made. After

wccesrl'uI. trial ron, stcplI to be followed arc Design experiments, Production runs,

Output data analysis, printing result, presentation and imp1emmtation of result.

Not an models arc supposed to contain aU these steps md be in lhe order stan:d. Some

studie! may conUin steps that do not fit neatly into the sequence mown in figure 4.2.

Moreover, simulation studiet do not have a hard and fast sequential process. Then:forc,

it often may be a good decision to reshuftk: the !ltcpS,in case new insighlll :Ife obtained

after any one of them. Fruitful simulation models could only be developed after the

~n (checking of whether program is perl"onning lIlIintended) and vatidatjcm

(checkiDg of whether the conceptual model is an accurate representation of the system

Wldcr study). Credibility of the model is marked with succcssful. implementation of the

simulation rcsultll.

4.3 The Conceptual Model

The problem considered in this present wmk is to dctc:nnine the Muinwm InvcntOIy

and Ro-ordcr level for a particular type of component used in DicseI EIcdric

Locomo1ivc of Bangladesh Railway. The oomponcnts arc replaced after a certain

interwI of time T provided lhe spare!i arc available. Otherwise components will be
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replaced as soon as the stock ill replenished. If a componcnl fails before time T , the

biled oomponent will be replaced afu:r its failure if SJl3f(lill available. The followinlr:

assurnptionll have been made to ckvciop Ihc oonccptual model

1. A single type of operating component is COIlllideIedonly. The ikm is

uaed in aUDiesel Elcctric Loromotivcs. All the sparea fur the item, aIoog

with the operating one arc identical in terms of their pa.ramctcnl and

characteristics such as life time, design etc.

2. It is assumed that it is more cost cffecliw to replace rather than repair

any of !he failed items.

3. All items are replaced after certain time intcrvaIs caIIcd the block

repbcement period. Any item failing between these group

rcpIac.ement instanlll arc rcpbccd inslantmeoU!1y if spares are avaibblc.

4. The Iipam! in inventory do not dclCrioratc with the passage oftmlc.

S. The failure or block replacement of the oomponent is perfect

6. Thc failure rate for each itcm. increases with time and each rcpIaccment

introduces a new item with new life.

7. The wili cost of the items is a COIWantindependent of time or order

quantity.

8. The inventoIy policy to be invesUgatcd is continuous m4cw (S,s) type.

9. The invmtory shorrage cost includes the direct 10sIIof profit due to

idling of the system and the indirect loss in terms ofbad reputation of

thc organization.
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4.4 Cost FonnulaUons

Maiotenance and inventory related coslll and assumptions on their IlAtme ~ been

consid«cd in this model The maintcnancc costs arc the individual breakdown

replaccmmtl: cost per uniI item (C/) and the block prevcntM:: rcpIaccmcnt cost per uniI

item (Cp).

Among the invcnrory coslll, the most importam onCll an: the cosll for canying

inventoly. The cost of carrying invcnrory is not simply the storage cost but it includes

the cost of the money tied up with the invent:my and also other consideratioJls such as

cost of insurance, pilferage, deterioration, packing, obsolescence, costs of equipmcn1

and handling machine. This cost is also called inventoJy holding cost. Let (Ch) be the

holding cost for each I!pMCitem held for each time unit. The cost of not MW!g the

required inventory or out-of-stock cost ill accrued to the total cost M1cn a splmi plllt is

not available at hand has to be baclwrdered. This type of cost Iw direct cffcca on

profit and indirect cost ill bad reputation of the organization. InvmtoIy short.-gc cost

(C,) is considered to be calculated for each unavailahIc spare item for each time unit as

long all this unavaila.bility remains. The ordering cost includes all the componcn1!l

cncoll11tcrcd througbout the inventory procumnent process. u:t (Co) be regular

ordering cost Maintenance costs include breakdown and block rep1accmcnt costs

which include cost of t001ll and equipment, labor and the costs of facilities ll11Chas

electricity, gas, waIcc etc.
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Cmnputation of the total 008t for the system can be made in the foDowing ways.

1. Ordering 00lIt (Cc) is incurred a&r every instant 1bc imrcntoIy kvd. (lL)

goes below the reorder level for the (3,s) system,and ill chafgcd~.

TC '" TCp + c." for s :2:IT.> 0

where TC is the latest ofmost recently updated total cost and TCp is tlre total

cost p=OOWI to tlre pJacemcnt of the order.

2. Inventory holding 008t (CiJ is computed for the inventory level between any

two events taking place in the system that generate demand for one or more

spare pllIts. l.ct t be the present simulated time and t. tlre time of the pmoiollll

demand or inventory replenishment evmt. Then the boldjng cost is added to thcl

total CDS! according to tlre fo11oMogmanru:r.

TC - TCp+ Co (t- t.)IL jorlL > 0

3. The inventory shortage cost (C.) is calculated for each unavailable spare part

for each time unit so long this unavailability rernaim. When the irlventory level

falls below zero, no further demands coold be satimcd and these arc

backordcred, while the system remains idle Wltil the shipment arrives and tlre

inventory level is updated. 'This 008t is calculated in a similar fashion as 1bc

holding COlit

TC "'Tc" + C,.(t-t.)lL for IT.< 0
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4. Block replacement cost (Cp) is included in the total cost after the fixQdblock

~t periods m in the followina: manner.

Where No is the total number of operating items. If the invrntory kvel does not

permit all the Nc items to be replaced in the preventive ma.inte:naru:<:schedule,

block replacement is came<! out until the inventory is depleted After that the

rest (Nc. IL) itenu arc:assigned a special mode which enables their replacement,

when spares become available. In such case shortage cost for (No . IL) items is

incurred which is to be added to total cost and can be charged as

TC=TCp+IL.Cp + (No-IL)C.(t-t.) forNo>IL>O

S. The indMdual failure rcp1accment cost (Cr) is c.sJ.culatcdin the event offai1urc

of N, items provided required number of splllCll is available. In casc of

insu:llicient invcntoly, the available SParc:llarc: exhausted. The: rest (N; - IL)

items arc: then bac1: ordered and the operating wtiI remains idle until the

~toly is replcmishcd. Th=se IUIsatisfied dcntan.ds arc then clwged with

inventory shortage cost onIy.Taking t as the present simulated time, t, the time

of the next event,

TC = TCp +N,Cr, ifaB demands couldbc satisfied
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The total cost is zero for t=0 and incrcaseJJ with time as all these various costll are

added to it Thill conlinues until a specified simulation period T is n:ached. After that

the total cost is dMded by the simulation period to get the total cost per IlIlit time.

4.5 Simu1atlon Soltware and Coding

SIMSCRIPT ll.S ill .IIgeneral programming language containing the capabilities for

building discrete-evcnt, continuous, or combined simulation models. It !wi 1be

ptogranuning fuature of FORTRAN, ALGOL AND PYL Law & Kelton. Furthermore

its Fngli1!h.Iikcand freeform 8)'IItalCmake SIMSCRIPT n.5 simulation programs almost

lIclf-dooumenting. Because of its general process approacl1, its sophisticated data

mructurell, and its powerful contml statements, this language is often used for Iargc,

complex simulation models.

The conceptual simulation model described in the ~ous sections falJs into the

discrete event category beca".e it is eWient that the state of the proposed system

described in the prmous section changes with discrete pointlI in time. All disc.retc event

models share a number of common components and there is a Iogic.alorganintion for

these components that promolc the coding, debugging and future changing of the

computer program. The following components arc QPCCted to be found in most

discrete event mode1ll.
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System stIIk..

The collection of state variables ~essary 10dc:scribe !he system at a particular time.

SinuIltIIion dock:

A variable gj:vingthe current value of the simulak'd time.

Eveldlist:

A list containing the nexllime when each type of evcnI will OCCW",

Sfqtjstical counter,:

Variable used for SlOringstatistical infoIJIllltion abour system pcrfonnance.

A subprogram to initialize the simulation model at lime zero.

1iming roll/me:

A sub-program th.it delerminCll the next event from the event list and then advanccs tlw

simulation clock to the time when that evcnI is to occur,

Event rolUineo'

A subprogram that updates the system state when a particular type of lM:nt OCC\llll.
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u/m"y'OIIIinu:

A set of subprograms U8ed 10 generate random observations from probability

distributions thai were delennincd lUIpari of the simulation model

Rqon gtlUTllIDr:

A subprogram that computes cstimate5 (from the stmstical colUlta's) of !he desired

n=sures of penormanC(: and produces a report when the lIimu1ationends.

4.5.1 OrganWltloo orthe Program

A computer simulation progrnm consists of the following modules:-

h ••mbl"

It is the introductoly module whose stalement!lm: dcclamive and non-excculable. 'This

module is used to define all !he building blocb, the global variablea, the basic lime Ullit

of lime for the simulation clock, and the desired measun: of system petfonnanC(:.

Mtdzt:

Thill is the module where the cxecuti.on of a SIMSCRIPT program begins. In the

present program this routine is used to read input COllI and statistical parariletcrs for the

simulation by calling the COST and STATISTICS routines, to initialize the system by

calling the rnrI1ALIZE routine, and ro pW:e the initial ~t rcoords in to the event list

using the ACTIVATE statemenL The simulation actually begins after !he execution of
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the START SlMULATION statement, which is nothing but just a ~ to the in-built

timina routine. The cootrol then is IranlIfcrrcd between the three basic cVlmIlI, .urival of

a regular or expedited order, block preventive and breakdown Jql1acement. These

o:vents arc descnbed in the CHECK, FAILURE and REPLACEMENT routines

respectively. Whichever event takes pJacc, the symem operating cost is updated by the

routine EVALUATION. Execution of the END statement in the MAIN module will

OCCW" only when the lWetlt list no longer containII any process notices. The simu1aIion

will abo terminate if a STOP statement is executed in some routine.

eo""
This routine is caDed from the MAIN module to read the input cost (W'&mctcrs. com

include order coo, inventoly holding and shortage cost and ~ replacement and

breakdown replacement cost.

This routine called from the MAIN module to aMign the values for the datislical

parameters for the systeIll. These arc the statistical parameters of the oomponcnt life

time and order lead time dUltributiOililand the number of the prescntly employed

random IlIlItlbcr generating slrcam.

"



lnitia'ite:

This routine, when called from the MAm, assigns the initial state to the !JYStcm

parameters. The operating components are assigned thdr lifetimes, tIiC performance

parameter!! are set to !heir initial value of zero. The aimu1alion clock remains stiII at

Iinw equal to :zero.

-.......
Control is transferred from !he MAIN to !his routine at the instants of block preventive

replacement The foDowing actions are taken through this cvenI routine when invoked.

1. A demand for the replacement of aDthe operating componenllJ is

,.-d.
2. The item!llhat are due to fail at the present simulated time are identified

and replacement i:l carried out as long as 8pMelIare avai1ab1c.

3. All o!her items are !hen replaced as long as the invmtory level remains

"-=.
4. If there are some items that are failed but still could not be replaced due

to spare shortage arc assigned to remain Uiled unliI the next time uni!.

S. Iftherc are some items th.tt are still operating, then these are ~ed a

special mode which enables the program to mark them and carry out

replacements whenever spares are available.

6. The block preventive rcpJaccmertt costs are calculated accordiog to the

cost formuiatiORlland the total cost is updated.



Faillln:

Thill routine is .alsoinvoked from the MAm when the present simubtion tim<:coincides

with the breakdown time of one OJ:more of the operating oomponcntll. The following

action are taken accordingty.

1. The total number of the componcntll failed on thilI instant ill dctcnnincd

by calling the routing IDENTIFY. The dcm.md toT spares ill created for

these items. Failed items arc replaced with new onCll if spares arc

available.

2. In case of spare unavailability, the operating component remains idle

until the spare is available.

3. A check is canied out iftherc arc!IUChitemIJto be replace as stated in

thc action number :fivein the prevIDUiroutine. These items are replaced

if SPllfC$are available.

Evalualion:

Thill routine ill called from MAm to calculate the total opmding cost for the simulation

period. It also checb the inventory level and prevailing ord« status to create II regular

"""".

Order:

This routine is called from EVALUATION to dispatch a regular order spare partll. An

order for (S-present irrventory kvel) items for the (S.s) system is placed if the order

status is in off state.
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&port:

This routine is activated from MAm after the simulation is CJVCr.It prints the system

and cost parameter inputll and also Ihe output values of toW COIItper unit time.

4.6 Simulation Procedure

After setting data, Ihe job left rcmainlI determination of Ihe procedure 10 search for the

optimum values of the decision variablCll. These arc the parameters of continuous

inventory review technique, the optimal values of maximum aDowable stock level (8).

reorder level (8) and the optimal block replacement interval (f).

Selection of the IlIIIgelIof the values of the decision variable has been made at first.

Priority has been given to the choice for suitable values for the system and at the same

time avoid he;n.y computational time. The maximum allowable stock level S and the

stock reorder level 8 have been varied from 200 to 600 units of spare itC1l1lland 0 to

100 units of spare items respectively with increments of 50 and 10 unitll respectively.

The block replacement interval T has been searched :from 100 to 800 time unita with

increments of 100 time units. After finding approximate ranges of the decision

variables, search for lhe optimal value (S,8) lII'Idblock replacement time is made by

varying decision variables by 10 units.

'"



The simulation program ha ~ run mth the chosen valucs of the lI)'IItemparamctcm

and decision variable! for the existina ll)IStemof RmIway and for the combined system

ofJnvcntory and maintcnancc.

The total cost per unit time is detennined with the presented sets of data of different

parameter! with Optimal value of Block Replacement Period and existing block

replacement period for the component under cOllll:idcration.

The optimal value of Inventory can be detennined from tfw model by ignoring

maintenance relak;d costs. similarly optirnal maintenance cost can be detennincd by

ignoring Inventory related costs.
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5.1 Introduction

This chapter contains the most importanI part of the project work. This chapter dcUI with

the coJlcction of failure pmicular of the component under consideration to determine its

distnbution, development of a valid &tochasticaimulati.onmodel

After the development of a valid and credible simulation model, the next !aIk is to run the

program. This is the determination of initial conditiorul for the llimulaIion runs, the length

of warm-up period, the length of simulation I1IIlll and the number of independent

simulation runs; Law and Kelton, [6J

5.1 Input Data

The step next 10 problem fonnu1ation is the concction of information and data on the

system of interest Five years failure data of Dhaka. based Diesel Electric Locomolivcs has

been collected. These failures were due to failure of different components of Locomotive.

Present work is confined to failure of Locomotive due 10 compressor. FailuR: particu1ars of

Locomotives due 10 compressor is given in appendix-A The model developcd is complex

and real data related 10inventory and Maintenance COStlJare difficult to obtain all the detail

psfliculars do not maintained in the respective departments.



5.:U Component Ute Time Distributions

The data collected for failure of Diesel Electric Locomotive due to compressor is tcIltcd to

find out component life time distributions. Test result in finding the distribution is given in

Appendix-B. This data fit into Weibull distribution. Far order lead time, Weibu1l

distribution is assumed.

This conlinUOUlldistribution, widely kmmn lIlIa family if distribution , Kabir &; Olayan,

[4J is very much versatile and play a very inlJXlrtant role in the 51atistical analysis. In

simscript 11.5, pt;CUdo-random data, matching wcibull distribution eaR be gcner.1tQd by

~ the in-built routine weibull.f (a,I3,n) where n is the number of random number

genernt:ing stteam. The statistical infonnation Of! the Wcibull distribution is given in

Aappcndix-e along with the typical shapes that can be produced by the Wcibull

distribution for the failure density function, cumulative failure distribution and hazard rate.

5.1.1 Selection ottbc Cost Values

lm>entqry Related CQI'u:

The inventoIy related costs arc the regular ordering costs, inventory holding and ahortage

008Is. The regular ordering cost (Co) inc1udcs adminislrativc cost such lIII PapctWotK,

postage, procc!l8ing cost of ordering, rent of building, dcptcciation of mlc & equipment

used in processing orda, advertising cost, Bank charge etc. It has been Ukcn Tk.3000.00.

The inventory holding cost per spare per unit time (Ct.) has been considcrcd as 25% of the '



mtit cost per year and is Tk. 1.25. Unit cost of the component under consideration is Tk.

950.00. SimiIa.rly, the inventory shortaae cost has bcc:n taken Tk.SO.OO per spare per unit

""'.

MainJe/141lCeRelared Costs:

Maintenance related costs arc the COSfSincurred ~ to failure rcp1accmcnt for individual

item and pnwmivc block replacement of items after a definite interval of titm:. Both

failure md p=rcntivc repl=lcnt coslll include cost of facilities, land &; buildin& cost of

mlc & equipment \l5ed for repbccmcnt, direct and indirect labor cost. The cost of

~ rcp1acement per item (Cp) has been considered 12% of the cost of the

component. Here (<;0) is Tk. 114.oo and (CU hall bcc:n considered double of (<;OJ and is

Tk.228.oo.

S.J Experimental Data

First, a set of data of different paraDlclml fOJ"the system under considemion is fucd and

after that only one parameter is varied keeping all other parameter unchanged to test the

effect of the varied parameter on the system under consideration. From the chosen valuc:d

of the Vllrious input paraDletcn;, a number of data groups haw bcc:n set to study the effect

of these parameters on system response. The simulation program has been executed with

these data sets with nccessalY replications. Followiug are different selll of data taken to

detenniru: (S,s) and to analyze the effect of different parameWIs on the system.



a. Data qf different parameters:

The following set of data has been used for the Il}'IlCmunder consideration.

~ ~, a. ,. C, C, c. 0. 0.

1.17 21.48 3.00 10 22lW 114.0 1.25 50.0 3000

Table 5.3a Data of different paramewr

b. Study on Ordering Cost:

Here only the regular ordering cost is varied keeping the valucs of other parameters

coostant The data sets taken to study the effect of regular ordcriug cost on total cost per

unit time are,

~ " a. ~.c, C, c. 0.

1.17 21.48 3.00 10 228.0 114.0 1.25 50.0

Data Set 1 2 3 4 , 6 7 ,
C. 1000 2000 3000 4000 >000 6000 7000 '000

Table 5.3b. Data sets to study the effect ofreguiar ordering cost.



c. Study on !rrventoryHolding Cost:

Only the Inventory holding cost is varied keeping other parameters unchanged. The

following data sets haw been taken to test the effect of inventoty holding cost on the total

cost per unillime

"' ~, •• ~.C. C, C, C,

1.17 21.48 3.0 10 3000 228 11' "

Table 5.30. ~te &CIS10study the effect ofUlvcntory holding cost

Data Sci 1 2 3 , , 6 7 •
C. 1.0 2.0 3.0 '.0 '.0 6.0 7.0 8.0

.

d. Study 011 !nwmtory Shortage Costs:

Only the Inventory shortage cost is varied keeping other pararnCkls unchanged. The

folloMng data sets haw ~ taken to test the effect of invmtory shortage cost on the total

cost per unit lime.

"' ~, •• ~.c, C, C, C.
1.17 21.48 3.00 10 228.0 114.0 US 3000

Data Sci 1 2 3 4 , 6 7 8
C, 0 " 100 ISO 200 250 300 350

Table 5.3d. Data sets to study the effect ofinvmtory mortage cost



e. Study on Block Replacement Cost:

Only the Inventory block replaeement eost is varied keeping other parameters unchanged.

Thc following data IlCt8 have been taken to test the effect of bloclc rcp1accmcnt cost on the

Iota! cost per unit time.

~ " a. ,. C, C, Co C.
1.17 21.48 3.00 10 228.0 50.0 1.25 3000

"'"s. 1 2 3 4 S 6 7 8

C, ., 100 110 120 130 140 ISO 160

Tablc 5.3c. Data sets to study on the effect of block rcpIacm",mt cost.

f. Study on Failure Replacement Cost.

The failure rcplaccmcnt cost is varied keeping other paramctCI!l unchallgcd. The: foDowing

data sets have been taken to test the effect of failure lepJaccntent cost on the total cost per

unit time per unit time.

~ " a. ,. C, C, C. C.
1.17 21.48 3.00 10 114.0 50.0 1.25 3000

Data Set 1 2 3 4 5 6 7 8
C, 180 200 220 240 260 280 300 320
Table: 5.3f. Data set to study thc effect of individual item failure repJacemcnt cost.



g. Study qfBlr.x:kReplacement Period:

The block rcp1:Icement period is varied keeping other parameters unchanged. The

following data sets have been taken 10 test the effect of blocJ::rcpIaccment period on the

total cost per unit time.

'" " •• ,. c, Co c.. Co

1.17 21.48 3.00 10 114.0 50.0 1.25 3000

Data Sel 1 2 3 4 , 6 7 ,
T 100 200 300 400 '00 600 700 '00

Table 5.3g. Data set to study Theeffect ofblock replacement period on total cost.
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6.1 Introduction

1bllI chapter presents resulf!I oblllined from Ille pteliiously set da!a by nmning the

simulation program. The results for all the data sets have been presented in both tabular

and graphical forms. Effects of the various cost parameters on system perfOfl11lll1CCis

analyzed in this c~ter.

6.2.1 Errect ofMulmum Inventory Level.

Program has been run to lest the effect of the decmon variable maxinnun inventory

level (S) on the total operating cost per unit lime keeping other parameters fixed .

Maximum Inventory Level has been detennined with fixed block replacement period T

for the component under consideration. The fixed block repIa.cement period for the

component under consideration is 365 days. The total cost per unit time with different

values of S obtained with the fixed set of data of different parameters is presented in

Table 6.2.1.

Sl.No. Maximum TotalC05lperlnven;':;':;s wulTlm., '00 "", "" "", '00 '", ,~ '"', <00 m, '"' m, '00 '", "" '", "" '"W ,~ ""
Table 6.2.1 Effect of Maximum Inventory Level on total cost per unit time

The graph plotted for different values of S and the total cost per unit times shown in

figure 6.2.1. The cost function is found to be conwx. This is because lower values of

(S) implies lesser inventory on hand and need more frequent orders. II may even induce

significant inventory shortage cost. 00 the other hand, keeping larger ntaxJrn.urn

inventory level is penalized by substantia1load of inventory holding cost.

" .'



Effect of M,"dmum Jnventory on total.:ost

Figufe 6.2.1 Effect ofMaximurn InvenJory Level on lOla!cost per unit time

6.2.2 Ellect of Reorder Level on Total Cost

The IOtal cost per unit time with different values of reorder level s obtained wilh lhe

fixed sci of data of different parameters is presented in Table 6.2.2.

SIND. Reorder Level s TotalC06lper
urntTune, , "", W .~, " ~,, ~ '", ~ '"• " '", "' '"'" '" m, "' '"W " '"W " m

Table 6.2.2 Effect of Reorder Level on total coot perunit time

The graph plotted for different values of reorder level s and the total cost per unit time

is shown in figure 6.2.2. The cost values have been obtained for the ~ting system for

various values of the reorder level while keeping the other parameters constant. The

coot function in this case has also been found to be convex. This can be explairn:d due

to the fact that smaller reorder levels cannot guard against sudden large demands (those

in CoJllCS of block replacements) and results in high inventory shortage cost. At the !Wl1.C

•



time. larger reorder level meanS a COIllliderableinventory has to be canied Ihroughout,

which again, increases the total cost. •.••-

Effect of Reorder Level on total Cost

~
,~
••

~
I ••, •••, '00• ,• '" " 00 •• 00 00 "Roord ••. Lo.ol

Figure 6.2.2 Effect of Reorder Level on the total operating cost per unit time

6.2.3 Effect of Block Replacement Period on Total Cost

To investigate the effect of block rcp1ac(;menr period on total cost program was

executed for a sing1e set of (S. s) values and diffemlt values of block replacement

periods while keeping the other parameters constant. The total cost per unit time with

different values of block replacement period obtained with the fixed set of data of

different par.unetcrs is presented in Table 6.2,3

SINo. Blook Replaoement "w eost per will
.nod T T~,, "" "''', '00 4183

; '"' .", •• no,
"" ""', '00 "", '00 "'"• 000 4314

Table 6.2.3 Eirect of Block Replacement Period on total cost per unit time .

The total cus! per Wlit time for different values of block replacement period is mo\W

in figure 6.2.3. It moWll several minimwn points with an overall downward trend.

Riggs [8] sttgge$!s that the first minimum point of the cust function is taken to be the

"



optimum point if this value is lesser than the cost obtained considering individual

breakdown costs only.

Effect of Block Replacement Pertod on total cost

300 400 500 eoo 700 800

Block ltepIacemenI Poricld

Figure 6,2,3 Effect of Block Replacement Period on Total Cost per unrt lime

6.2..4 Effects of Ordering Cost

0nIering co~t diwclly influences the opt:irnmltion of inventory related variablce and

thus have significant effect on both the eombined system and the existing syst:cm of

maintenance and inventory policies of Bangladesh Railway. This is refloetcd in the

numerical results prcscntod in table 6.2.4

"'m'-< Combined s ,tern with .T '"' tern with fixed T, • ToMeos! , , Tota1CO/il, '" ~ '" "" @ '''', ,~~ '" "" ~ ''''2 ,@ ., '" "'" ., '09, '00 " '" 200 ., '"5 "" " 'M 200 ., '09• "" " '" "'" " '09, '"" " 205 "'" " 21.
0 "" " '" "'" 00 '"

Table 6.2.4. Results illustrating the effects of ordering cost on lola! cost

Graphs plotted with dUferent values of ordering cost for the combined system and the

system under study is shown in figure 6.2.4.a and 6.2.4b. Increase in ordering cost

causes the system to operate mth higher inventory levels in order 10preclude the: events

of more frequent ordering. For the existing policy, the total cost per unit time increases

.'.z



with the increase of ordering cost with out affecting the decision variables. So

optimization of maintenance or inventory policy only can not give global optinta1

solution.

Effect of ordering coston decision variables & Total cost
'00

• ~:,~p EJ" 'M ~.
,~i •.•.•...• T.om,

'~ ~
,.

c "
0
'"00 '000 ~,- MOO MOO

Ord ••.•.•y Cool

Figure 6.2.4a. Effect of ordering CDston decision variables & total CDS!.

Efect ofon:lerlng cost on total cost per unit time
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! 195,~
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1000 2000 3O()(J 0J0 5000 IlOOO 7000 8000

Ordenny Cost

I~'~I___ Tast.

Figure 6.2.4b. Effect of ordering cost on tota! cost per unit time for the existing and

combined system.

6.2.5 Effects of Inventory Holding Cost

The results obtained with different data set of JnventOlYholding costs are presented in

table 6.2.5 for the combined system and the existing system.



Data Set Combinod em with 0 timol T Exi~ tern with fixed T, • Total Cost , • TolalCOi<l, no " no ~ •• no, 320 W j~5 300 W 300, "" •• '" 300 •• '", ~" ~ '"' ~" •• ..,, "'" '" '" "" " no• "" " "" 300 •• '", '"" ~ "" 300 " ""', no ~ 2<0 '"" " 1271

Table 6.2.5 Results illustrating the effects of inventory holding cost on system
beha\>ior.

Graphs plotted with these rcsu1ls are shown in figure 6.2.Sa and in figure 6.2.Sb. It is

found that the maximum inventory level and the reorder level decrease with the increase

of Inventory Holding Cost. The impacl of Inventoly Holding Cost on the system is

very significant. The' total cost per unit time becomes very lCllllwhen the Inventory

holding cost is very low. It reduces shortage: cost, frequenl ordering cost by maintaining

lUgher Inventory and Reorder levels,

The effect of holding cost on decIsion varlable & total csat,.
~ '"'
S ""
f~'"

~
~.:~t ~,~•

"0
i : : : : :0 : :, , , , ; • , •Inventory Holdng e •••

Figure 6.2. Sa. Effect ofbolding cost on decision variables and total cost.
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Effect of Inventory tloldlng cost on total cost per unit time
'~1
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! eoo
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Figwc 6.2.5b. Effect of holding cost on total cost per unit time for the existing and

combined system.

6.2.6 Effect of Inventory Shortage Cost

Results for the investigation on the effects of inventory shortage cost on system
behm.ior is given in table 6.2.6.

Data Set Comhined tern with timalT , tern with fixed T, , TotalCosI , T<>te1Cost, ". " n. "" '" ,..,, '''' •• ,n "" '" '00, '" •• '" ~.'" 110, ". '" '" "" '" '", ,oo " '" ~.'" m
• ". " ""

;00 '" '", '00 oo "" ~.'" m
• ;00 oo 211 ;00 '" '"

Table 6.2.6 ResuIrs illus£rating the effects of inventory shortage cost on system
behavior.

Inventory shortage cost routes out the possibility for under stocJdng them with

adjustment to II mainterulr1cc policy. Therefore the effect of inventory shortage cost is

expe;;ted to increase the reorder level and consequently the inventory holding cost

Graphs are plotted showing the values of decision variables for me combined system

and the total cost per unit time for combined & existing system. Bom S & s is higher

for higher value of shortage cost The higher value of a,guards against shortage of



spares and protect the system from incurring higher shortage cost. S & s is less for

lower shortage cost resulting less total cost per unit time.

Effect of Inventory shortage eost on total eost per unit time

:1...---------------+-----+
c,"','--'~.
---...-TcOMl.

Figure 6.2.00. Effect of shortage cost on decillion variables and total cost.
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Elfectaf Inventory shortage eost on total cost per IInit time

100 150 200 250
InvenlOlYobort_ Cost

Figure 6.2.6b. Effect of shortage cost on total cost per unit time for the existing and

combined system.

6.2.7 Effect of Block Preventive Replacement Cost

Table 6.2.7 shows the results of the investigation on the effect of the block replacement

cost on the system behavior. Block replacement cost directly affects the combined

maintenance and inventory policies. Increase in the bloc1 replacement cost results in

"



increase of !he block replacement period 10reduce huge preventive maintenance cost

and !he tendency is towards adopting a breakdown maintenance strategy. The

invenIol)' level in such cases need not be roo high since th= .are no sudden large

demands. Graphs ploUed wi!h different values of Block Replacement cost for the

combined system and the system under study are shown in.figW"e6.2.7a and 6.2.7b.

D•• ", Combined system with optuna! Existing system with fixed T,
S , Tola/Cost S , Total Cost, ,~~ '" 300 '" 'OS, '". '" m ~.'" '"', "" '" '" '". '" '"', "" "' <0. 300 '" '"', '"" " ''''' 300 '" '"0 28. " '''' ~."' m, '" " "" ''''' '" '"• ''''' " '" 300 '" '"

Table 6.2.6 Resultll illllStratingthe effects of block replacemenl cost on system
behavior.

E1fect or block "placement co.t on decision •• l1able ;I. lotll co.t
00•

•
~ '"'
~~200

f::: 150>.:1" 100

:" :1•
00 ''''' 110 120 130 140

Block Replacement Coot

Figure 6.2.7a. Effect of block replacemenl cost on decisionvariables and lotal cost.
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Efeect of block replacement cost on total cost per unit time
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Figure 6.2.7b. Effect of block replacement cost on total cost per unit lime for the

existing and combined system.

6.2.8 Effect of Failure Replacement Cost

Table 6.2.8 presents the numerical values obtained after running the program with the

given set of data.

Data Set Combined system WIth optimal Existing system with fixed T,, • Total Cost , , TotalCost, ,~~ "" '''' 00 "'", '''' 00 m '00 00 '"", '''' 00 '" '00 00 "''', "" 00 '" '00 '" ,~, '"' 00 '" "'" '" "",
"" " '" "'" '" "''', '"' " ".. "'" '" "''', '" " ,~ '''' 00 ,~

Table 6.2.8 Results illustrating the effects of failure replacement cost on system

behavior.

The effects of individual failure or breakdoMi cost on the decision variables on the

system is exactly opposite to those of lhe block replacement cost. This is quite

anticipated because smaller values of breakdol'ln cost will encolD"llgcfailure, rather than

pl'eventivemaintenance. Therefore the increase of this cost will induce a switch over

6Cc,



from failure 10 preventive maintenance. Graphs plotted with different values of failure

costs are shown in figure 6.2.8a and 6.2.8b

For higher breakdown cost values, the inventory levelJi also become high. This can be

explained due 10 the fact that adoption of a preventive maintenance policy requires

sufficient inventory to meet the large demands at the block replacement instants and to

prevent the inventory shortage cost that may arises during block replacement of

components.

E1fect of follu•.• replocement cm on docloion Y:orlobleIlh & lot ••
<~

EJ'~<
•.•.•...•Tcam_

o
180 200 220 Z40 250 280 ~OO ~20

Failunl Rqlacement eool

Figure 6.2.8a. Effect offailure replacement cost on decision variables and total 0081.
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300 I
~ ,.
~•3
J

Figure 6.2.8b. Effect of failure replacement cost on IOta! cost per unit time for the

existing and combined system .
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6.3 Cost Effectiveness of the Model

Program Ims been run to lesl the effect of the decision variahles, ma:Wnum inventory

level (S) and reorder level (5), on the total operating cost per wtil time: keeping other

parameters fixed .Total cost per unit time has been determined with :fixed block

replacement period T for Ihe component under consideration and with that of optimal T

.The fixed block replacement period for the component under consideration is 365

da}'!l.The optimal value ofT is detennined with a set ofvalue of (8,5) putting inventory

related cost equal to =.The lola1 cost per unit time with fixed vahle of T of the

existing system and that of the combined system with optimal wlue of T with various S

is presented in table 6.3 .

SINo. combinod~T Exis - tern WIth fixed T
S TotalCost , To1:lIloos!, ". ". ". '", N" '" ,~ '", "" "" ,~ '", 26. '" "" "., "" '" 270 ,0>, '". '" '". '", ,~ n. "" n., "" "" 300 '", "" '" "" m

w ". 3m "" '"" ". '" no '"
Table 6.3 Effect on total cost per unit time for the combined and the existing system

Comparison of cost of the combined system and existing

""'.
~

~;;:- ~"- .~J'ii ~ I~~'.I;H ~ ••••••••• Fbcea T

'""" .. '""Of! ,
~! • • • ~

0 • • ~
0

~ ~- , • " • • "M•• IJnun>In_Off L••• I

Figure 6.3 Total cost per unit time for the combined system and the existing system.
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Graph plotted with the results shown in figure 6.3. From the figure it is found that both

the curve arc similar to EOQ curve. But it is seen from the curves that the total COSIper

IlIliI time for the combined :I)'stem is less dum that of existing syslem. of Bangladesh

Railway. 11tis is due to the fact that the combined system optimized both inventory and

maintenance related costs. On me otherl1and, !he system under consideration of

Bangladesh Railway optimized inventory related costs only. It ignores the trade off

between Inventory and mainlenance. Again the optimal T oblained from the model is

450 days which is >T for the existing system. It means that block rep1acernent of the

component is made much earlier and as a result total cost per unit time becomes higher

as the component is replaced earlier dum its expected life.

t. ,
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6.1 Introduction

This chapter is inlended to draw conclusions on the present research and to put forth

some reconunended actions that are supposed to complement and consolidate the

study. Conclusions arc drawn on the basis of the findings of the study in view of the

scope and objectives of the present work. The next section contains the concluding

remarks on the penOIIIW1CCand significance of the proposed jointly optimizc:d block

replacement mainlenance and continuous review inventory oontrol (S. s. 1) policy. The

last section is devoted to furnish some recommendations for future work.

6.2 Conclusions

The general problem considered in this ~ work is 10 develop a combined

maintenance and inventory policies for a service organization when: there is no

accwnulation of in process inventory. The existing system of spares provisioning of

Bangladesh IUilway does not consider maintenance related costs and plllllll1elers in

optimizing Inventory.Hence the existing system of Bangladesh hi1way can not give

optimal soluatiOIL Here a model ha:l been developed for spares proWiioning by

considering both inventory and maintenance related costs and parametrol.Program has

been nm varying different operating parameters. The results of both l:he systems are

compared and it is found that the model okveloped is more effective than the system

presently used in Bangladesh Railway. So it can be concluded that a policy which

consider either Inventory or maintenance policy alone, can not ensure global oplima1ity.

The following conclusion IlUIY be drawn:

1. A combined policy which considers both Inventory and maintenance together

gives better result than when they are considered separately. The optimum

replacement intetvaJ. for the combined system developed is different from that

of maintenance policy only.

2. The component life time shape parameter detennined from the data taken from

Bangladesh Railway is quite low. It means lower hazard rate and does nol show

73



aging of the cmnponent. It is found that the existing T is much less than that of

optimal T obtained for the combined system for a fu::ed set of data. So !he total

cost per unit time for the combined 8)'stem is found much less than that

obtained for fixed inlerval T of the existing syslem.

3. For very close value of the Block replacement and the Fail\lll) replacement cost,

the model suggests failure replacement policy when considered In terms of cost

<mIy.

4. Block replacement period changes decisions variables(S,s).High value of block

replacement period results In frequent failure of operating cmnponentlncreasing

total COSIper unit time.

5. The exlent of influence of one cost parameter on decision variables(S,s)

depends on the value of other parameters.

6. It is observed that the holding and the ordering cosl have more influence on the

optimal value of S.

7. For a very low value of shortage cost, the total cost per unit time becmnes very

low indicating that the failure of thc component does affect the 8)'stem and low

value of s can meet the requirement of the system.

8. Obtaining analytical results for the system considered could be exlremely

difficult. This is because the tota! cost estimation for the combined mainlerulnc(;

and inventOl)' cycle in tenns of either inventoty level or time units seems to be

an insllmlountable problem. The stochasticity in cmnponent failurc:s and order

delivery adds further complexity and thus simulation comes to play the role of

savior. However, simulation itself is statistical sampling only and therefore !he

results can be accepted only after rigOCO\lllstatistical analysis technique. The

process is very much time consuming and selection of the searching values of

the de<;isionvariable affects !he findings significant1y. But simulation has proved

'4



10 be a powetful tool in analyzing the behavior of complex eySIentSas reflected

from the study.

9. The (5,s) policy presented here can be applied in sernce organization and can

be used as ana1ylical tool to test the impact of different parameters. The model

developed is applicable for a system which is totally independent.

6.3 Recommendations for Future Work

In perspective of the problems and findings, the following recommendations can

be put forth:

1. The work can be extended 10 make investigation on the component JqIair

policy rather than replacing them or on. both repair and JqI1accmcnt of failed

components.

2. Further work can be c=ducted in order to optimize the system having system

downtime, work-in-proc.ess-inventory and also for the systems which are inter-

dependent.

5. El..llerimenlS can be carried fOf a number of operating compon.enb in the system

6. Further researches can be canicd out considering non-identical components that

mayor may not have the same failure patterns and different cog! parameters.
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APPENDIX_A

Failure & renalr statistics of locomotive due to a n.artlcular comnnpent
SINo, Locomotive No, Time between Failurt - time ofLooomotive, '''' - ,, 2310 " 2, 2515 20 ,, 2314 " ,, '~3 , 2

• 2314 " 2, 2502 M ,
• 2322 " ,, "'" " ,
'" 2412 , 2

" 2508 '" 2

" 2~' , 2

" 2522 ~ ,
" 2~3 • 2

" ,~. 20 3

" "B 3 ,
" ,~, 30 •" 2319 '" ,
" 2407 , 2
20 2511 " ,
" 2303 , 2
B 2511 • 2

" 2317 " 2

" 2513 " ,
" 2507 " ,
" 2507 " ,
" 2516 - , ,
'" 2318 • ,
" "'" , ,
'" 2515 28 ,
" 2313 " 2

" 2504 ~ ,
33 2515 2 ,
" 2'" " ,
" 2~' , ,
" 2310 " ,
33 2410 I " •38 2509 " 2

" 2508 " ,
" 2403 " 2

" '''' 35 2

" 2307 " ,
" 2517 , ,
M 2'" " I I

" 2411 " 2

" "" " ,
43 2324 " 2



APPENDIX_B

K LN(x) AUH ALPH XAAL XAAL"LN lJ~trfUMC~

" 3.13>494 U8 1.18 40.44258 126.8074737 0.000376

'" 2.995732 '" 34.29378 102,7349924 For Bela-2I.4861
n 3 13~94 '" 40.44258 126 8074737, 0 Ll8 , 0

" 3,258097 1.18 46.737S3 152,2763642
M 3,78419 1.18 86,951)92 329,0387525

" 3,295837 1.18 48,86628 161.0552732

" 2.564949 1.18 20.62781 52,90929205, 0 1.18 , 0

'" 2.890372 1.18 30,28458 87,53369493, " 1.18 , "" 4.025352 1.18 115.5745 465.2278468, 1.791759 1.18 8,283588 14.84219673

'" 2 \1'95732 U8 34.29378 102.734\1'924, 1.09&612 1.18 3,655974 4,016497797
30 3.401197 1.18 55.3354 188.2066293

'" 2.302585 U8 15.13561 34.85103568, 0.693147 US 2,265768 1.570510542

" 3.7612 '" 84.32385 3182872327, " U8 , 0

• 1.791759 "" 8.283588 14.&4219673

" 2.\1'92589 U8 26.3>491 73,07133332

" 3.218876 U8 44.62407 143,6393507

" 2.639057 U8 22,512811 59.41278448

" 3.295837 1.18 48,86628 161.0552732

• 2.197225 Ll8 1.336614 2936842182, 1.791759 U8 8.283588 14,84219673
2 0,693147 1.18 22,65768 1.570510542
~ 3.332205 1.18 51.00896 169.9722897., 3.688879 1.18 77.70175 286.6323823

'" 3,912023 Ll8 101 1078 395535989, 0.693147 U8 2,265768 1.570510542., 3.688879 '" 77.70175 286.6323823, 1.609438 U8 6,680125 lO.75124683

" 2.70805 '" 24.42236 66.13698559

" 3.713572 U8 79.99907 297.0823204

" 2.944439 '" 32.27968 95.04555424

'" 2.772589 U8 26.35491 73,07133332

" 3.433987 Ll8 575184 197 5174505

" 3.555348 U8 6637435 235.9839227
23 1.335494 U8 40,44258 126.8074737, 0 1.18 , "~ 3.583519 Ll8 68,61783 245,8932771
n 2.833213 1.18 28.30934 80.20639668

" 3.367296 1.18 53,16547 179.0238572

" 3.663.562 U8 75.41474 276,2865479.., 116.1656 1116,737 579(],852146
20.43478
14.87872
221.3762



APPENDIX-C

eter > 0

, ifxo>O
otherwise
if x>O
otherwise

eter a > 0, Seale3M
o. "
Ia. i 11
'Ia. - 2i 2/et. - 1Iet.r lla. '

The e nential a. and Weibull 1, are the same
13< 1 represents Bdecreasing hazard rate or the debugging period
(3- 1 represents a constant ha2lll:d rete or the normal hfe penod.
13> 1 represents Hn increasing ha2lll:d rate or the wearout period.

Weibull C<,
fCx) ~ a~'xo-le-

• 0
F(x)~I"e- ,.Distribullon

Weibull
Density

Infonnation regarding the Weibull distribution
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APPENDIX_D
preamble

define costs, !lat, init, replace, fail, evaluation, order, and check all murines

define oro.cost, unil.oost, nor.hcost, abn.hoost, fail.cost, rep.cost, acost, nor.C08l and
cost as real variables

define l:, y, Z, mil, alpha, xx, yy, ord.statc, replaced., time, run, rev.period, rep. period,
inv.~l, nos.fililed, smalJ..s,big.s,i, next.fail, level, demand,ord.arrive,ord.qty,rep.timc,
rev.time, yyy and ordcr.lead as integer variables

define fail.time and mode as l.dimemional array!

on'

, , open unit 10 for output, name="rcsultdat .. , ,
, , use unit 10 for output ' ,
reSClVt:faiLtime as 60
reserve mode as 60
call costs
call stat

for big.s = 260 to 340 by 10 do
let rep.period = 365
let rev.period = 60

call init

for i= 11060do
let next.fail~cibull.f (x,Y,z)
let fail.time (i) '" time + next.fail
let mode (i) = 1

loop

for time = 0 102190 do
if time = oro.arrive caB check always
if time = rev.time call order always
if time = rep.time

call replace

call fail

COIll'd P/2
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P/2

lei invJevel = inv.level-<lemand
call evaluation

loop
print 1 line with cost thus
cost"' ••u ••.••.••••.•••.••
let aCOSFcost! 2190.0
print 1 line with acosllhus
acost= •••"'••••.•••.••u.

loop

•••
routine stat

letx=1.17
Iety=21.48
let z=6

let xx =3
let yy =10

routine costs

let ord. cost '"'3000.0
let nor.heost =1.25
let abn.hoost "'-50.0
let fail.cosl = 228.0
let rep.cost =114.0
let unil.COSl= 950,0

rnd

routine init

lei cost = 0.0
lei oro.stat = 0
let replaced = 0
let time = 0
let rep.time = rep.period
let rev.time = rev. period
let inv.leveJ= big.s
let nos.failed •• 0

Conl'dP!3



routine fail

forj=1 to 60 do
if time = fail. time (i)
ifmode (i) = 1 nos.lailed"'ILOs.failed always
let level = inv.level
ifleve I> 0

leI next.fail = weibullf(x,v,z)
let fail.time(i) ~ time+ next.fail
let mode (i) =1
let level ~ level-l

leI fail.time (i) = time+l
leI mode (i) = 0

rndif
always

loop
fori~l to 60 do

if mode (i) ~ 5
ifinv.Jcvo 1> 0
let next.fail =wcibull.f (x.y,z)
Ie1fail.time (i) = time+next.fail
let mode 0) =1

always
always

loop
tot demand = nOS.failed
let cosl = c06t+faiJ.cost*demand
leI nOS.failed = 0

rnd

routine replace

let dcmand~6O
let level=inv.leve1
let rep.time=rep.time + rep.period

fori=l to 60 do
if time = faiLtime (i) mode (i) = 0 always
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loop
lei cost = cost+demand.rcp.collt

P/4

forj=l 1060 do
iflevell>O and mode (1)=0
M next.fail=weibuJI.f (x,y,z)
let failtime (i)=time+next.fail
let Jevel~lcvel-1

always
loop

fori=} to 60 do
iflevel> 0 and mode (i)=l
let next.fail=weibull.f{x,y,z)
let fail. time (i)=time+nexl.faiI
let mode (i)=l
1e1!evel=leve!.1

always
loop
for j=l to 60 do

ifleve1 <=0 and mode (i)=O
let fail. time (i) "'fail.time (i)+ I

&W""
loop

fori =1106000
ifJevel <=0 and mode (i)=l mode (i)=5 always

muline evaluation
ifinv.level <=0

lei cosFcost+abn.hcost.inv.level

lei cost=cost+nor.h<;QSt"inv.1evel

rnd

routine order

let ord.stat = I
let ordcr.lead = wcibu1l.fl:xx,yy,z)
let ordqty = big.s. inv.1cvel
let cosl = cost+ ordcost + ordqty.unitcos!
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rnd

leI ord.ani~ = time + order. lead
if order.lead=Q

mv.level = inv.lcvel + ordqty
ordstal = 0

always
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