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SECTION-A 

PLANTENGINEERING 
PlantlocationandPlantlayout 

1. Defineplant. 
APlantisaplacewheremen,materials,money,equipmentsandmachineryarebrought together for 

manufacturing products. 
2. Defineplantlocation. 

Plant location means deciding a suitable location, area, place where theplant or factory will 
start functioning. 

3. Defineplantlayout. 
a) Plantlayout may also be definedas:”Plant layout means placing theright equipment 

coupledwithrightmethodinrightplacetopermittheprocessingofproductsinmosteffective 
manner through shortest move in shortest time’’. 

b) Plant layout means effective arrangement of various facilities of plant like arrangement of 
machines, material handling equipments, storage space, operating equipments and other 
supporting services. 

4. Whatarethefunctionsofplantlayout? 

a) The term plant layout does not necessarily mean planning a layout for a new plant only.Itmay 
involve 

i) Expansionofexistingplant. 
ii) Minorimprovementsinexistingplant. 
iii) Re-layoutoftheexistingplant. 

b) Plant lay out begins with the design of factory building and goes up to the location and 
movement of work table. 

5. Whatarethetypesofplantlayoutgenerallyusedinanorganisation? 

Accordingtotypeofindustryandvolumeofproductionfollowingarethetypesoflayoutsused in an 
organisation: 

a) Processlayoutorfunctionallayout. 
b) Productlayoutorlinelayout. 
c) Combinationlayoutorgrouplayout. 
d) Fixedpositionlayout. 
e) Cellularlayoutorgrouptechnologylayout. 

 
6. Explainwhyplantlocationdecisionsareimportanttotheorganization? 
a) Plantlocation means decidinga suitablelocation, area, placewheretheplant orfactorywill 

start functioning. 
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b) Plantlocationdecisionsareimportanttotheorganizationsetupbecauseitdependson following 
factors: 

 Nearnesstorawmaterials 

 Transportfacilities 

 Nearnesstomarkets 

 Availabilityoflabour 
 Availabilityoffuelandpower 
 Availabilityofwater 

 Thefollowingfactorsshouldalsobeconsideredforplantlocation. 
i) Climaticconditions. 
ii) Financialandotheraids. 
iii) Land. 
iv) Communityattitude. 
v) Presenceofrelatedindustries. 
vi) Existenceofhospitals,marketingcentres,schools,banks,postoffices,clubs,etc. 
vii) Housingfacilities. 
viii) Security. 

SECTION-B 

1. Statetheobjectivesofgoodplantlayout. 
 Materialhandlingandtransportationisminimizedandefficientlycontrolled. 

 Workstationsaredesignedsuitablyandproperly. 

 Suitablespacesareallocatedtoproductioncentresandservicecentres. 
 Themovementsmadebytheworkersareminimized. 

 Waitingtimeofthesemi-finishedproductsisminimized. 

 Workingconditionsaresafer,betterandimproved. 
 Thereisincreasedflexibilityforchangesinproductdesignandfutureexpansion. 
 Thereisutilizationofcubicspace(length,widthandheight). 

 Thereareimprovedworkmethodsandreducedproductioncycletimes. 

 Thereisincreasedproductivityandbetterproductqualitywithreducedcapitalcost. 
2. Describetheprinciplesofplantlayout. 
 Integration. It means thecombination of productioncentres facilities like workers, machinery, 

raw material, etc in a logical and balanced manner. 

 Minimum movements and material handling.The number of movements of workers and 
materials should be minimized. it is better to transport materials in optimum bulk rather than 
in small amounts. 

 Smooth and continuous flow.Bottlenecks, congestion point and back tracking should be 
removed by proper line balancing techniques. 

 Cubic space utilization.Besides using the floor space of a room, if the ceiling height is also 
utilized.Morematerialscanbeaccommodatedinthesameroom.Boxesorbagscontainingraw 
material orgoods can stocked oneabovethe othertostore more items inthesameroom 

 Flexibility. Inautomotive and other industries where models of products change after some 
time,itisbettertopermitallpossibleflexibilityinthelayout.Themachineryisarrangedinsuch a way 
that thechanges of the productionprocess can beachievedat theminimum cost. 
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 Safeandimprovedenvironments.Workingplacesshouldbesafe,wellventilatedandfreefrom 
dust,noise,fumes,odoursandotherhazardousconditionsandincreasetheoperating efficiency of 
the workers and improve their morale. 

3. Describethefactorsgoverningorinfluencingtheplantlocation. 
 Nearness to raw materials: -It will reduce thecost of transporting raw material from the vendor’s 

end to the plant. 

 Transport facilities: -depending upon the size of raw material and finished goods, a suitable 
method of transportation like roads, rail, water or air is selected and accordingly the plant 
location is decided. 

 Nearness to markets: -It reduces the cost of transportation as well as the chances of finished 
products getting damagedandspoiledintheway,itcanrender quickserviceto thecustomers. 

 Availability of labour:-Stable labour force, of right kind, of adequate size, andat reasonable rates 
withits proper attitude towards work are a few factors which govern plantlocation to amajor 
extent. 

 Availabilityoffuelandpower:-Becauseofthewidespreaduseofelectricpower,inmostcases fuel 
(coal, oil,etc) has not remained a deciding factor for plant location. Even then steel industries are 
located near source of fuel(coal)to cut down the fuel transportation costs. 

 Availability of water: -Water is used for processing, as in paper and chemical industries and is 
also required for drinking and sanitation purposes. Depending upon thenatureof plant, water 
should be available in adequate quantity and should be of proper quality. 

Thefollowingfactorsshouldalsobeconsideredforplantlocation. 

ix) Climaticconditions. 
x) Financialandotheraids. 
xi) Land. 
xii) Communityattitude. 
xiii) Presenceofrelatedindustries. 
xiv) Existenceofhospitals,marketingcentres,schools,banks,postoffices,clubs,etc. 
xv) Housingfacilities. 
xvi) Security. 

4. DescribeCombinationlayout. 

 A combination of process and product layouts combines the advantages of the both types of 
layouts. It is also known as group layout. 

 Now a day’s pure product or process layouts are rare, in combination layout where an item is 
being made in different types and sizes. 

 In combination layout machinery is arranged in a process layout but the process grouping (a 
group of nos.ofsimilarmachines) isthenarrangedin asequence to manufacturevarioustypes and 
sizes of products. 

 Acombinationlayoutisalsousefulwhenanumberofitemsareproducedinsamesequences. 
 Files, hacksaws, circular metal saws,wood sawsetc. can be manufactured on a combinationtype of 

layout. 



  
 

 

 
SECTION-C 

1. DescribeProcesslayoutwithadvantagesanddisadvantages. 
 Processlayoutisalsoknownasfunctionallayoutandischaracterizedbykeepingsimilar 

machines or similar operations at one location. 

 For example, all lathes will be at oneplace, all milling machines at another and so on, 
thatismachines have been arranged according to their functions. 

 Thistypeoflayoutisgenerallyemployedforindustriesengagedinjoborderproduction. 

 This typeof layoutisparticularlyused when lowvolumeofproductionis needed atregular 
intervals or low volume and high variety of products is required. 

 

Advantages 

 Thereisagreaterflexibilityinutilizationofequipment,machinesandmanpower. 
 Lowerinitialinvestmentisrequiredascomparativelylessnumberofmachinesisrequired. 
 Betterproductquality,becausethesupervisorsandworkersattendtoonetypeofmachines and 

operations. 



  
 

 Breakdownofmachinescanbeeasilyhandledbytransferringtheworktoothermachines. 

 Varietiesofjobcomingasdifferentjobordersmaketheworkmoreinterestingfortheworkers. 

 Betterutilizationoftheavailableequipment. 

Disadvantages 

 Forthesameamountofproduction,processlayoutneedsmorespace. 

 Automaticmaterialhandlingisextremelydifficult. 
 Morematerial-in-processremainsinqueueforfurtheroperations. 
 Completionofsameproducttakesmoretime. 
 Work-in-processinventoryislarge. 

 Rawmaterialhastotravellargerdistance forbeingprocessedtofinishedgoods. Thisincreases 
material handling and associated costs. 

2. DescribeProductlayoutwithadvantagesanddisadvantages. 

 Itisalsoknownaslinelayout.Variousoperationsonrawmaterialareperformedinasequences and 
the machines are placed along the product flow line, i.e machines are arranged in the 
sequence in which the raw material will be operated upon. 

 Thistypeoflayoutisusedforcontinuousproductionormassproductioni.e.acontinuous flow of in – 
process material towards the finished product stage. 

 Ex:-RawmaterialfromthestoreisfedtothreelinesX,YandZ.MaterialinXlinegets processed 
onmachinesD,E,FandGandmeetsmaterialofYlineafterithasbeenprocessedonthemain 
assemblylinemachinesAandB.ProductsofXandYlinesareassembledatWandgetprocessed 
onmachinesHandIstillanotherpartcomesfromZlineandassembleswiththemainproductat 
V.After that the total assemblygets worked on machines M , N, O andP and goestothe stock 
room. 

 

Advantages 

 Lessspacerequirementsforthesamevolumeofproductions. 
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 Automaticmaterialhandling,lessermaterialhandlingmovements,timesandcosts. 

 Lessin-processinventory. 

 Productcompletesinlessertime. 

 Smoothandcontinuousworkflow. 
 Lessskilledworkermayservethepurpose. 

Disadvantages 

 Thelayoutflexibilityisconsiderablyreduced. 

 Ifanyofthemachinesintheshop breaks downthe other machineshavetoremain idletillthat 
machine becomes again ready to commence operation. 

 Itisdifficulttoincreaseproductionbeyondthecapacitiesoftheproductionlines. 

 Forexpansionpurpose,itisnotpossibletoaddmoremachines. 
 Specializedandstrictsupervisionisneeded. 
3. Brieflyexplaintheplantlayoutprocedure. 

Plant layout procedure 

 Accumulatebasicdata. 
 Analysesandcoordinatebasicdata. 

 Decidetheequipmentandmachineryrequired. 

 Selectthematerialhandlingsystem. 
 Sketchplanoftheplotformakingfactorybuilding. 

 Determineageneralflowpattern. 

 Designtheindividualworkstation. 
 Assembletheindividuallayoutintothetotallayout. 
 Calculatestoragespacerequired. 

 Makeflowdiagramsforworkstationsandallocatethemtoareasonplotplan. 

 Planandlocateserviceareas. 

 Makemasterlayout. 
 Checkfinal layout. 

 Getofficialapprovalofthefinallayout. 
 Installtheapprovedlayout. 
4. Brieflyexplainthestoragespacerequirementsinplantlayout. 
 Adequate storage space allocation to different materials and supplies is of great importance 

otherwiseasmallincreaseintheirquantities maygiverisetocongestionandthewholestorage 

system may be out of system. 

 Thespacetobeprovidedforabovefactorsdependsupon: 

i) Sizeandweightofrawmaterial,in-processgoodandfinishedgoods. 

ii) Theirquantities. 

iii) Frequencyofuse. 

 Thefollowingitemsandtheamountofstockholdingdeterminethestoragespace 

requirements: 

i) Incomingnewmaterials. 
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ii) Checkingandsortingtherawmaterials 

iii) Inspectionofrawmaterials. 

iv) Temporarilystoringthenewmaterialbeforeitisplacedattheproperlocation. 

v) In-processinventory. 

vi) Toolsandothersupplies. 

vii) Finishedproducts. 

 Bins,drums,barrels,racks,shelves,tanks,palletsetcmaybeusefullyemployedforstorage purposes. 

Ex.- 

i) Liquidmaterialsarestoredindrums,cans,barrelsandbottles. 

ii) Gasesarekeptincylinderswhereassolidmaterialscanbeplacedinboxes,barrels, bags, 

pallets, container etc. 

iii) Castingorforgingcanbestoredinpalletsandstockedinrows. 

iv) Toxicmaterialsaregenerallystoredinwellventilatedareas. 

 The storage space should besuch that thematerialscanbe quicklyandeasilytakenoutfor delivery 

or stocked as soon as they are received in the factory. 
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Plantmaintenance 

Section-A 
 

1. Whatisplantmaintenance? 
 Maintenance on plant and equipment is carried out to prevent problems arising, to put 

faults right, and to ensure equipment is working effectively. Maintenance may be part 

ofaplannedprogrammeormayhavetobecarriedoutatshortnoticeafterabreakdown. 
Maintenance of a machines means efforts directed towards the up keep and the repair of that 
machine. 

 Everymachine isthoroughlytestedandinspectedby the manufactures before selling itand by 
purchaser before it is put to use when it is used. 

 It will be subjected to wears and tear hence properattention should be given toprotect 
themachineandit’s components from unduewearand thus protects them fromfailures. 

2. Classifydifferenttypesofplantmaintenance. 

 Accordingtosizeofindustry,followingarethetypesofplantmaintenanceusedinindustry: 
 BreakdownorCorrectivemaintenance 
 Scheduledmaintenance 
 Preventivemaintenance 
 Predictivemaintenance 

3. Statetheobjectivesofplantmaintenance. 
 The objective of plant maintenance is to achieve minimum breakdown and to keep the plant in 

good working condition at the lowest possible cost. 

 Machine and other facilities should kept in such a condition which permits them to be used at their 
optimum capacity without any interruption or hindrance. 

 Every machine is thoroughly tested and inspected by the manufactures before selling it and by 
purchaser before it is put to use when it is used. It will be subjected to wears and tear hence 
properattentionshouldbegiventoprotectthe machineandit’scomponentsfromunduewear and 
thus protects them from failures. 

4. Whatdoyoumeanbybreakdown? 
 Correctiveorbreakdownmaintenanceimpliesthatrequiresaremadeaftertheequipmentisout of 

orderand itcannot perform its normal functionany longer, e.g., an electronic motorwillnot 
start, a belt is broken, etc . 

 TypicalCausesOfEquipmentBreakDown: 
 Failuretoreplacewornoutparts. 
 Luckoflubrications. 
 Neglectedcoolingsystem. 
 Indifferencetowardsminorfaults. 
 Externalfactors 

Section–B 
1. Describetheobjectivesofplantmaintenance. 

 The objectiveof plant maintenanceis to achieve minimum breakdown and to keep theplant in 
good working condition at the lowest possible cost. 
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 Machine and other facilities should kept in such a condition which permits them to be used at 
their optimum capacity without any interruption or hindrance. 

 Maintenance division ofa factory ensure the availabilityof the machines, buildingsand services 
requiredbyothersectionofthefactoryfortheperformanceoftheirfunctionsatoptimumreturn on 
investment whether this investment be in material, machinery or personnel. 

 Maintenance of a machines means efforts directed towards the up keep and the repair of that 
machine. 

2. Explainscheduledmaintenancewithadvantages. 

 Scheduledmaintenanceisastitch-in-timeprocedureaimedatavoidingbreakdowns. 

 Breakdownscanbedangeroustolifeandasfaraspossibleshouldbeminimize. 
 Scheduledmaintenanceparticleincorporatesinspection,lubrication;repairandoverhaulof 

certain equipments which if neglected can results in break down. 

 Inspection,lubrication, servicing, etc., ofthese equipments areincluded in the predetermined 
schedule. 

 Scheduledmaintenancepracticeisgenerallyfollowedfor overhauling ofmachines,cleaning of 
water and other tanks, white-washing of buildings, etc. 

3. Describepredictivemaintenance. 
 Itcomparativelyanewermaintenancetechnique. 
 It makes use of human senses or other sensitive instruments such as: Audio gauges, Vibration 

analyzers, Amplitude meters, Pressure, temperature and resistance strain gauges, etc., to predict 
troubles before the equipments fail. 

 Ex: - Unusual sounds coming out of rotating equipment predicate a trouble; an electric cable 
excessivelyhotatonepointpredicatesatrouble.Simplehandtouchcanpointoutmanyunusual 
conditions and thus predict a trouble. 

 Inpredictivemaintenance, equipmentconditionsaremeasuredperiodicallyor onacontinuous 
basisandthisenablemaintenancementotakeatimelyactionsuchas equipmentadjustments, repair 
or overhaul. 

 Predictivemaintenanceextendstheservicelifeofequipmentwithoutfearoffailure. 
4. Whataretherecentdevelopmentsinplantmaintenance? 
 Inrecentyearstherehas beenatendencytouseavarietyofmanagement techniquesforplant 

maintenance. These techniques have led to 
 Anincreaseinmaintenanceefficiency. 
 Reducedmaintenancecost. 
 ImprovedServices. 
UseOfWorkstudy:- 

 Work study canimprove maintenance scheduling andeliminatea great dealof frustration and 
anxiety on the part of production supervision. 
UseOfNetworkPlanningTechniques:- 

 CPMhasenabledsomefirmstocuttheirdowntimeby20to30%. 
 Maintenancecostshavebeencutdown. 

 Plantutilizationhasbeenraised. 

 CPMisveryusefulforplanningandcontrolsoflargemaintenanceprojects. 
 Dramatic reductions in time (about70%) were experienced with theoverhaul of generatingplant by 

central electricity generating board in Great Britain, by using network planning techniques. 
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 When applied to the maintenance and overhaul of a refinery, PERT reducedits shutdown time 
from 18 to 16 days and thus added 90,000 barrels toits production volume. 
UseOfComputers:- 

 Computers when used for managing maintenance problems provide more efficient operation 
and control. Computers can prepare maintenance work orders giving accurate work order 
descriptions and job timing. 

Section-C 
1. Describethedutiesandfunctionsofplantmaintenancedepartment. 

Thedifferentduties,functionsandresponsibilityofthemaintenancedepartmentareasfollows: 
 Inspection:- 
 Inspectionisconcernedwiththeroutineschedulechecksoftheplantfacilitiestoexaminetheir 

conditions and to check for needed repairs. 
 Inspectionensuresthesafeandefficientoperationofequipmentandmachinery. 
 Engineering:- 
 Engineeringinvolvesalterationandimprovements inexisting equipments andbuilding to 

minimize breakdowns. 
 Maintenancedepartmentalsoundertakeengineeringandsupervisionofconstructional 

projects that will eventually become part of the plant. 

 Maintenance:- 
 Maintenanceofexistingplantequipment. 
 Maintenance of existing plant building and other service facilities suchas yard, central stores, 

roadways, etc. 
 Engineering and execution of planned maintenance, minor installation of equipment, building 

and replacements. 

 Repair:- 
 Maintenancedepartmentcarriesoutcorrectiverepairstoalleviateunsatisfactoryconditions 

found during maintenance inspection. 
 Sucharepairisanunscheduledworkoftenofanemergencynature,andisnecessarytocorrect 

breakdowns and it includes trouble calls. 

 Overhaul:- 
 Overhaulisaplanned,scheduledreconditioningofplantfacilitiessuchasmachinery,etc. 
 Overhaulinvolvesreplacement,reconditioning,reassembly,etc. 

 Construction:- 
 Insomeorganizationsmaintenancedepartmentisprovidedwithequipmentandpersonneland it 

takes up construction job also. 
 Maintenancedepartmenthandlesconstructionofwood,brickandsteelstructures,cementand 

asphalt paving, electrical installation, etc. 

 Salvage:- 
 Maintenance department may alsohandledisposition of scrapor surplus materials. This 

function involves, 
 Segregation,reclamationanddispositionofproductionscrap,and 
 Thecollectionanddispositionofsurplusequipments,materialsandsupplies. 

 ClericalJobs:- 
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 Maintenancedepartmentkeepsrecords 
 Of costs, 
 Oftimeprogressesonjobs, 

 Pertaining to important features of buildings and production equipments; electrical 
installations; water, steam, air and oillines ; transportation facilities, etc. 

 Generationanddistributionofpowerandotherutilities. 
 Administrationandsupervisionoflabourforce. 

 Providingplantproduction,includingfireprotection. 

 InsuranceAdministration. 
 Establishingandmaintainingasuitablestoreofmaintenancematerials. 

 Janitorialservice. 
 Housekeeping. 

 Goodhousekeepinginvolvesupkeepandcleaning ofequipments,building,toilets,wash-room, etc. 

 Pollutionandnoiseabatement. 
2. Explainbreakdownmaintenancewithdisadvantages. 

  Corrective or breakdown maintenance implies that requires are made after the equipment is 
out of order and itcannot perform its normalfunction any longer ,e.g., an electronic motor will 
not start, a belt is broken, etc. Under such conditions, production department cells on the 
maintenance department to rectify the defect. The maintenance department cheeks into the 
difficulty and makes the necessary. After removing the fault, maintenance engineers do not 
attend the equipment again until another failure or breakdown occurs. 

  After removing the Fault, maintenance engineer do not attend the equipment again until 
another failure or breakdown occurs. 

 Thistypeofmaintenancemaybequitejustifiedinsmallfactorieswhich: 
i) Are indifferenttothebenefitsofscheduling; 
ii) Donotfeelafinancialjustificationforschedulingtechniques;and 
iii) Getsseldomdemandsinexcessofnormaloperatingcapacity. 

 Inmanyfactoriesmake-and-mendistheruleratherthantheexpectation. 
 Breakdownmaintenanceparticleiseconomicalforthoseequipmentswhosedown-timeand repair 

costs are less this way than with any another type of maintenance. 

 Breakdownmaintenanceinvolveslittleadministrativework,fewrecordsandacomparative 
smallstaff. 

 TypicalCausesOfEquipmentBreakDown: 
i) Failuretoreplacewornoutparts. 
ii) Luckoflubrications. 
iii) Neglectedcoolingsystem. 
iv) Indifferencetowardsminorfaults. 
v) Externalfactors. 

 DisadvantagesOfBreakdownMaintenance: 
i) Breakdowngenerallyoccursatinopportunitytimes.Thisleadstopoor,hurriedmaintenance and 

excessive delays in productions. 
ii) Reductionofoutput. 
iii) Fasterplantdeterioration. 
iv) Morespoiltmaterial. 
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v) Directlossofprofit. 
3. Explainpreventivemaintenancewithobjectives. 

Preventive Maintenance: - 

 Preventivemaintenanceisasystemofscheduled,plannedmaintenancetriestominimizethe 
problem of breakdown maintenance. 

 Itisastitch-in-timeprocedure. 
 It locates weak spots in all equipments, provides them regular inspection and minor repairs 

there by reducing the danger of unanticipated breakdown. The underlying principle of 
preventive maintenance is that prevention is better than cure. 

 Periodic inspection of equipment and machinery to un cover conditions that lead to 
production breakdown and harmful depreciation. 

 Upkeepofplantequipmenttocorrectsuchconditionswhiletheyarestillinaminorstage. 

ObjectivesOfPM:- 

 Tominimizethepossibilityofunanticipatedproductioninterruption ormajorbreakdown by 
locating or uncovering any condition. 

 Tomakeplantequipmentandmachineryalwaysavailableandreadyforuse. 

 To maintain the value of equipment and machinery by periodic inspections, repairs, 
overhauls, etc. 

 Tomaintaintheoptimumproductiveefficiencyoftheplantequipmentandmachinery. 

 Tomaintaintheoperationalaccuracyoftheplantequipment. 

 Toreducetheworkcontentofmaintenancejobs. 
 Toachievemaximumproductionatminimumrepaircost. 

 Toensuresafetyoflifeandlimbsoftheworkmen. 

AdvantagesOfPM:- 

 Reducedbreakdownsandconnecteddown-time. 

 Lesserodd-timerepairsandreducedovertimetothemaintenancework-force. 

 Greatersafetyforworkers. 

 Fewerlarge-scaleandrepetitiverepairs. 
 Lowmaintenanceandrepaircosts. 
 Lessstandard-byorreserveequipment,andspareparts. 

 Identificationofequipmentsrequiringhighmaintenancecost. 
 Lowerunitcostofmanufacture. 

 Betterproductqualityandfewerproductrejects. 
 Increasedequipmentlife. 
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Inventorycontrol 

Section-A 
1. Defineinventorycontrol. 

 Inventorycontrolmaybedefinedasthescientificmethodoffindingouthowmuchstock 

should be maintained in order to meet the production demands and be ableto provide 

right type of material at right time inright quantities andat competitive price. 

2. Classifydifferenttypesofinventoriesamanufacturingorganizationkeeps. 

 Inventorymaybeclassifiedasfollows: 

(i) Rawinventories:-Theyinclude,rawmaterialandsemi-finishedproductssupplied 

byanother firm and which are raw items for the present industry. 

(ii) In-processinventories:-Theyaresemi-finishedgoodsatvariousstagesof 

manufacturing cycle. 

(iii) Finishedinventories: -Theyarethefinishedgoodslyinginstockroomsandwaiting 

dispatch. 

(iv) Indirectinventories: -Theyincludelubricantsandotheritems(likespareparts)needed for 

proper operation, repair and maintenance during manufacturing cycle. 

3. Whatarethetypesofcostsassociatedwithinventory control? 
 Therearetwotypesofcostsassociatedwithinventory,theyare 

 Inventoryprocurementcosts:-whichconsistofexpenditureconnectedwith 
 

i) Receivingquotations; 

ii) Processingpurchaserequisition; 

iii) Followingupandexpeditingpurchaseorder; 

iv) Receivingmaterialandtheninspectingit;and 

v) Processing seller's (vendor's) invoice. 

Procurementcostsdecreaseastheorderquantityincreases. 

 InventoryCarryingcosts,whichvarywithquantityordered,basedonaverageinventory 

andconsist of: 

i) Interestoncapitalinvestment; 

ii) Costofstoragefacility,up-keepofmaterial,recordkeepingetc; 

iii) Costinvolvingdeteriorationandobsolescence;and 

iv) Costofinsurance,propertytax,etc. 
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4. WhatisEOQ? 
 Economicorderquantity(EOQ)istheorderquantityofinventorythatminimizesthetotal cost 

of inventory management. 

 Economic Order Quantity (EOQ) is a production formula usedto determines the most 
efficientamountofgoodsthatshouldbepurchasedbasedonorderingandcarryingcosts. In 
other words, itrepresents the optimal quantity of inventorya company should order 
eachtimein order tominimize thecosts associatedwithordering and holding inventory. 

 IfC is the cost for one item, I isthe cost of carrying inventoryin percentage per period, 

includinginsurance,obsolescence,taxes etc,PistheProcurementcostassociatedwithone 

order,andU is total quantity used per periodsay annually. ThenQthe economic lotsize 

orE.O.Qis,𝑄=
√𝟐𝐔𝐏 

𝐂𝐈 

 

5. Whataretheobjectivesofinventorycontrol? 
 Theobjectivesare: 

i) Tominimizeinvestmentininventory, 

ii) Tomaximizetheservicelevelstothefirm'scustomersanditsownoperatingdepartments. 

6. Statetheadvantagesofmaintaininginventorycontrol. 

 Onedoesnotfaceshortageofmaterials. 

 Materialsofgoodqualityandprocuredintimeminimisesdefectsinfinishedgoods. 

 Delayinproductionschedulesisavoided. 

 Productiontargetsareachieved. 

 Accuratedeliverydatescanbeascertainedandtheindustrybuildsupreputationandbetter 

relations with customers. 
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Section–B 
 

1. Whataretheobjectivesofinventorycontrolandhowtoachieveit? 

 Theobjectivesare: 

i) Tominimizeinvestmentininventory, 

i) Tomaximizetheservicelevelstothefirm'scustomersanditsownoperating 

departments. 

ii) Toavoidshortageofmaterials. 

iii) Materialsofgoodqualityandprocuredintimeminimisesdefectsinfinishedgoods. 

iv) ToavoidDelayinproductionschedulesis. 

v) ToachieveProductiontargets. 

 Inventorycontrol aims atkeeping track ofinventories. In other words, inventories of 

requiredandindesiredquantitiesshouldbemadeavailabletodifferentdepartmentsas and 

when they need. 

 Thisisachievedby, 

 Purchasingmaterialataneconomicalprice,atpropertimeandinsufficient 

quantities to run short of them at any instant. 

 Providingasuitableandsecurestoragelocation. 

 Providingenoughstoragespace. 

 Adefiniteinventoryidentificationsystem. 

 Adequateandresponsiblestoreroomstaff. 

 Suitablerequisitionprocedure. 

 Up-to-dateandaccuraterecordkeeping. 

 Periodicinventorycheckup. 

 DivisionofinventoryunderA,BandCitems,exercisingthecontrolaccordinglyand 

removing obsolete inventory. 

2. Describethefunctionsofinventorycontrol. 
 Maintainsmoothandefficientproductionflow. 

 Purchaseindesiredquantitiesandthusnullifytheeffectsofchangesinpricesorsupply. 

 Keepsaprocesscontinuousoperating. 

 Createmotivationaleffect.Apersonmaybetemptedtopurchasemoredisplayedif 

inventories are in bulk. 
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Section–c 

1. ExplainABCanalysis. 

Necessity: -As the size of the industry increases, the number of itemsto be purchased andthen to 

betakenofalsoincreases.Purchaseandcontrolofallitemsatatimeandinbulkmuchbeforetheiruse, 

irrespective of their usage value, price or procurement problems, blocks and involves a lot ofmoney and 

manhours,andisthereforeuneconomical.ABCanalysis helps segregating theitemsfromoneanother and 

tells how much valued the items is and controlling it to what extent is in the interest of the 

organization. 

PROCEDURALSTEPS:- 

1. Identifyalltheitemsusedinanindustry. 

2. Listalltheitemsaspertheirvalue. 

3. Countthenumberofhighvaluedmediumvaluedandlowvalueditems. 

4. Findthepercentageofhigh,mediumandlowvalueditems.Highvalueditems 

Contribute for 70% or so of the total inventory cost and medium and low valued items, 20 and 10% 

respectively. 

5. A graph can be plotted between percent of items (on X-axis) and per cent of total inventory 

cost (on Y-axis). 

Itcan be seen that 70% ofthe total inventorycostisagainst 10%ofthe total items(called,A-items), 

20%against20%oftheitems(B-items)and10% againsta bigbulk,i.e.70% oftheitems(calledC-items). Thus, 

ABC analysis furnishes the following information: - 

A-ITEMS 

 A-itemsarehighvaluedbutarelimitedorfewinnumber.Theyneedcarefulandcloseinventory 

control. Minimum and maximum limits, and reorder point isset for A items. Such itemsshould 

be thought of in advance and purchased well in time.

 Adetailed record of their receipt and issues should be kept, and proper handling and storage 

facilities should be provided for them.

 Such items being costly are purchased in small quantities often and justbefore their use .This 

ofcourseincreasesthe procurementcostsandinvolvesalittleriskofnon-availability.However, the 

locked-up inventory cost decreases and the problems of storage and care taking are minimized.

 A-itemsgenerallyaccountfor70-80%ofthetotalinventorycostandtheyconstituteabout10% of the 

total items.



 
 

B-ITEMS 

 B-items are medium valued and their number lies in between A and C-items. Such items need 

moderate control. They-are more important than C-items.

 Theyarepurchasedonthebasisofpastrequirements;arecordofreceiptsisissuesarekeptand a 

procurement order is placedas soonas the quantity touches reorder point.

 These items being comparatively less costly, a safety stock of up to 3 months may be kept, 

whereas it needs a stock of fortnight or so in the case of A-items. B-items also require careful 

storage and handling.

 Inbrief,B-itemsneedeverycarebutnotsointensiveasisrequiredforA-items.

 B-itemsgenerallyaccountfor20to15%ofthetotalinventorycostandconstituteabout15%to 20% of 

the total items.

C-ITEMS 

 C-itemsarerowvalued,butmaximumnumbereditems.

 Theseitemsdonotneedanycontrol,rather-controllingthemtouneconomical.

 Thesearetheleastimportantitemslikeclips,allpins,washer,rubberbands,etc.They aregenerally 

produced just before they finish.

 C-items generally account for 10 to 5% of the total inventory cost and they constitute 

about75%of the total items.
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2. BrieflyexplaintheEOQmodel. 
ECONOMICORDERQUANTITIYMODEL:- 

 Economicorderquantity(EOQ)istheorderquantityofinventorythatminimizesthetotalcost of 
inventory management. 

 EconomicOrderQuantity(EOQ)isaproductionformulausedtodeterminethemostefficient 
amount ofgoods thatshould be purchased based on ordering and carrying costs. In other 
words,it represents the optimal quantity ofinventory acompanyshould order each timein 
order to minimize thecosts associated with ordering andholding inventory. 

 Aproblemwhich always remains is that how much material may be orderedat a time.An 

industrymakingboltswilldefinitelyliketoknowthelengthofsteelbarstobepurchasedatany 

onetime.Thislength ofsteel barsis called“Economic order Quantity"and an economic order 

quantity is onewhich permits lowest cost per unit and is most advantageous. 

 Beforecalculating economicorder quantityit is necessaryto become familiar withterms like 

maximuminventory,minimuminventory,standardorderandorderpoint,whichareknownas 

quantity Standards. 

 StartingfromaninstantwheninventoryOAisinstores,it(inventory)consumesgraduallyin 

quantityfrom Aalong AD ata uniform rate. Itis preknown that ittakes L number of days 

betweeninitiating orderandreceiving the requiredinventory.Therefore, as the quantity 

reachespoint B, purchase 

 Requisitionis initialledwhichtakes fromB toC that is time R. FromC to D is theinventory 

procurement time P. At the point Dwhen only reservestock is left, the ordered material is 

supposedtoreachandagainthetotalquantityshootstoitsmaximumvalue,i.e.thepointA,(A 

=A,). 

 MaximumQuantityOAistheupperormaximumlimittowhichtheinventorycanbekeptinthe stores 

at any time. 

 MinimumQuantityOEisthelowerorminimumlimitoftheinventorywhichmustbekeptinthe stores 

at any time. 

 Thepurposeshouldbetoholdenoughandnotexcessivestockofmaterial.Stockholding:- 

i) Avoidsrunningoutofstock. 

ii) Helpscreatingabufferstockwhichmaybeutilizedifthematerialfallsbelowtheminimum level. 

iii) Makessurethepredefineddeliverydates. 

iv) Providesquickavailabilityofmaterials. 

v) Takescareofpricefluctuationsandshortageofinventoryinthemarket. 

vi) Advisesregarding,obsoleteandslow-movingitems. 

vii) Helpsinstandardizationandthusreducingthevarietyofitemstobehandled. 



 
 

 
 
 

 

 

 StandardOder:-(A'D)isthedifferencebetweenmaximumandminimumquantityandit 

isknown as economical purchase inventory size. 

 ReorderPoint(B)indicatesthatitishightimetoinitiateapurchaseorderandifnotdonesothe 

inventory may exhaust, and even reserve stock utilized beforethe new materialarrives. 

 FromB1toD1,itisasleadtime(L)anditmaybecalculatedonthebasisofpastexperience.It includes: - 

i) Timetopreparepurchaserequisitionandplacingtheorder; 

ii) Timetakentodeliverpurchaseordertotheseller; 

iii) Timeforseller(vendor)togetorprepareinventory;and 

iv) Timefortheinventorytobedispatchedfromthevendor’sendandtoreachthecustomer. 

 Time'(a)aboveisknownasrequisitiontime(R)and(b)+(c)+(d)istheprocurementtime(p). 

 Theeconomiclotsizeforanorderortheeconomicorderquantitydepends upontwotypesof costs: 

 Inventoryprocurementcosts,whichconsistofexpenditureconnectedwith 

i) Receivingquotations; 

ii) Processingpurchaserequisition; 

iii) Followingupandexpeditingpurchaseorder; 

iv) Receivingmaterialandtheninspectingit;and 

v) Processingseller's(vendor's)invoice. 

vi) Procurementcostsdecreaseastheorderquantityincreases. 

 Carryingcosts,whichvarywithquantityordered,baseonaverageinventoryandconsistof: 

i) Interestoncapitalinvestment; 



 
 

ii) Costofstoragefacility,up-keepofmaterial,recordkeepingetc; 

iii) Costinvolvingdeteriorationandobsolescence; 

iv) Costofinsurance,propertytax,etc. 

 Carryingcostsarealmostdirectlyproportionaltotheordersizeorlotsizeororderquantity,the 

procurement costs and inventorycarrying costs have been plottedwithrespect to quantityin 

lot.Totalcostiscalculatedbyaddingprocurementcostandcarryingcost.Totalcostisminimum 

atthepoint Aand thus A'represents the economic order quantity or economic lot size. 

 

 AnothermethodoffindingE.O.Q.thatisbymathematicalmeansisgivenbelow:- 

 IfCisthecostforoneitem,Iisthecostofcarryinginventoryinpercentageperperiod,including 

insurance, obsolescence, taxes etc, Pis theProcurement costassociatedwith one order,and U 

istotal quantity usedper period sayannually. ThenQ the economic lot size or E.O.Q is, 𝑄 = 

√𝟐𝐔𝐏 
. 

𝐂𝐈 

1. A company requires16000unitsofrawmaterialcostingRs.2perunit.Thecost ofplacing anorder isRs. 
45 and the carrying costsare 10% per year per unit of the average Inventories. Determine: 
(i)theeconomicorderquantity,(ii)cycletime. 

2. The rate ofuse ofa particularraw material from stores is20units per year. The costofplacing 
andreceiving anorderisRs.40. ThecostofeachunitisRs100.Thecostofcarryinginventoryin 
percentper yearis0.16 anditdependsuponthe average stock.Determinethe economicorder 
quantity. If the lead time is 3 months, calculate the reorder point. 

3. Findtheeconomicorderquantity fromthefollowingdata: 
i) Averageannualdemand=30,000units 
ii) Inventorycarryingcost=12%of theunitvalueperyear 
iii) Costofplacinganorder=Rs.70 
iv) Costofunit=Rs.2 

4. Givendata: 
i) Annualusage,U=60unit 
ii) ii)Procurementcost,P=Rs. 15perorder 
iii) iii)Costperpiece,C=Rs.100 
iv) iv)CostofcarryinginventoryI,apercentageincludingexpenditureonobsolescence, 

taxes, insurance, deterioration etc. = 10%. 
CalculateE.O.Q. 
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OperationResearch(LPP)&NetworkAnalysis 

Section-A 

1. Defineoperationresearch. 

 Operations research is the organised application of modern science, mathematics and 
computertechniques tocomplexmilitary,government,business orindustrialproblems 
arisinginthedirectionandmanagementoflargesystemsofmen,materials,moneyand 
machines. The purpose is to provide the management with explicit quantitative 
understandingandassessmentofcomplexsituations;tohavesounderbasisforarriving at 
best decisions. 

 Operations Research signifies research on operations. However, it takes into 
considerationaparticularviewofoperationsandaparticularkindofresearch. 

2. DefineLinearProgramming. 
 Linearprogrammingispowerfulmathematicaltechniqueforfindingthebestuseofthe 

limitedresourcesofaconcern.Itmaybedefinedasatechniquewhichallocatesscarce 

available resources under conditions of certainty in an optimum manner, (i.e., 

maximum-minimum) to achieve the company objectives which may be, maximum 

overall profit, or minimum overall cost. 

 It had its earlyusefor militaryapplications but presently it is employed widelyfor 

businessproblems.Itfindsapplicationsasresourceallocationlikecrudeoildistribution to 

refineries, production distribution; in agricultural works like blending fertilizers, 

selecting theright crop to be planted; in army suchas bombers placements,troops 

deployment; and in finance, personnel and advertising. 

3. Defineevent. 
 Aneventisaspecificinstantoftimewhichmarksthestartandtheendofanactivity. 
 Eventconsumesneithertimenorresources. 
 Itisrepresentedbya circleandtheeventnumberiswrittenwithinthecircle.Eventand 

nodearesynonyms. Examples of event are –Start themotor, loan, approved, etc. 
4. Defineactivity. 

 Everyprojectconsistsofanumberofjoboperationsortaskswhicharecalledactivities. 
 Anactivityisan even element ofa projectandit may be process, amaterialhandling or 

material procurement cycle, etc. for example, ‘Install machinery ‘,’arrange foreign 
exchange ‘are activities. 

 An activity is shown by an arrow and it begins and ends with an event unlike event, an 
activity consumes time resources an activity may be performed by an individual or a 
group of individuals. 

 An activityis normallygivena name like A, B, C, etc., whichis marked bellowthe arrow 
and the estimated time to accomplish the activity is marked above the arrow. 

 Activitiesareclassifiedas:criticalactivity,non-criticalactivityanddummyactivity 
5. Definefloatorslack. 

 Float or slack, means spare time, a margin of extra time over and above its duration 
which a non-critical activity can consume without delaying the project. 
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 Float is the difference between the time available for completing an activity and thetime 
necessary to complete the same. 

 Slackiswithreferencetoaneventandfloatiswithrespecttoanactivity.Inotherwords, slack is 
used with PERT and float with CPM—but in general practice, they maybeused 
interchangeably. 

 It is the additional time which a non-critical activity can consume without increasing 
the project duration. However, total float may affect the floats in previous and 
subsequent activities. 

Totalfloat=(LST-EST)or(LFT-EFT)anditcanbenegativealso. 
6. Definecriticalpath. 

 It is that sequence of activities which decide the total project duration. Critical path is 
formed by critical activities. 

 Acriticalpathconsumesmaximumresources.Itisthelongestpathandconsumes maximum 
time. A critical path has zero float. 

 Theexpectedcompletiondatescannotbemet,ifevenonecriticalactivityisdelayed. 
 Adummyactivityjoiningtocriticalactivitiesisalsoacriticalactivity. 
 Acriticalpathrevealsthoseactivitieswhichmustbemanipulatedbysomemeansorthe other 

if the scheduled completion dates are to be met. 
7. DifferentiatebetweenESTandLST. 

 Earliest start time(EST):-It is the earliest possible time at which an activity can start 
andis calculated by moving fromfirst tolast event ina network diagram. 

 LatestStartTime(LST):-Itisthelatestpossibletimebywhichanactivitycanstart. LST=LFT 
– duration of that activity. 

8. DifferentiatebetweenEFTandLFT. 
 Earliestfinish time(EFT):-Itistheearliestpossibletimeatwhichanactivitycan 

finish.EFT=EST + duration of that activity. 
 LatestFinish Time(LFT):-Itiscalculatedbymovingbackward.,fromlasteventtimeof the 

head event. 
9. Definedurationandtotaldurationofactivity. 

 Duration: - Duration is the estimated or actual time required to complete a task or an 
activity. 

 TotalprojectTime:-Itisthetimewhichwillbetakentocompleteaprojectandis found from 
thesequence of critical activities.In other words, itisthe duration of critical path. 

10. DefineNetworkDiagram. 
Network diagram is the basic feature of network planning. It is a diagram which represents all 
the events and activities in sequence, along with their interrelationships and inters 
dependencies. 

11. WhereLPPisapplied? 

Linearprogrammingcanbeappliedeffectivelyonlyif, 
a) Theobjectivescanbestatedmathematically. 
b) Resourcescanbemeasuredasquantities(number,weightetc.). 
c) Therearetoomanyalternatesolutionstobeevaluatedconveniently. 
d) Thevariablesoftheproblembearalinear(straightline)relationship,ie.,achangeinone 

variableproducesproportionatechangesinothervariables.Inotherwords,doublingthe 
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unitsofresourceswilldoubletheprofit.Problemsolvingisbaseduponthesystemoflinear 
equations. 

12. Whatdoyoumeanby CPM? 
 CPM-(CRITICALPATHMETHOD):-CPMisatechniqueused forplanning,controlling the most 

logical and economic sequence of operation for accomplishing a project. 
 The networkutilizedinCPMisforoptimising theuseoflimited resources, progressand 

control. CPM is applicable to both large and small projects. 
13. HowestimatedtimeiscalculatedinPERT? 

Theto,tm,tparecombinedstatisticallytodeveloptheexpectedtimeforanactivity.Therefore 
𝐭𝐨+(𝟒×𝐭𝐦,)+𝐭𝐩 

expectedtime(te)=   
𝟔 

to=optimistictime,tm=mostlikelytime,tp=Pessimistictime 

Section –B 

1. WhatdoyoumeanbyPERT? 
 PERT–(PROJECTEVALUATIONANDREVIEWTECHNIQUE):-PERTdescribesbasic 

networktechniquewhichincludesplanning,monitoringandcontrolofprojects. 
 PERT findsapplicationinplanningandcontrolofcomplexsetof tasks,functionsand 

relationships. 
 PERTisaveryusefuldeviceforplanningthetimeandresources. 
 PERT actually developedasa researchand developmentplanningtool whereactivity 

timing could not be estimated with enough certainty. 
 BecauseoftheuncertaintyofactivitytimingPERTacquiredtheshapeofprobability concepts 

which helps in estimating activity timings. 
 FordealingwithuncertaintiesassociatedwithdifferentactivitiesPERTapproachthe 

expected time for each activity from the following three estimation- 
 Optimistic time (to) - It is the shortest possible time in which an activity can be 

completed if everything goes exceptionally well. 
 Mostlikelytime(tm)– Itisthetimeinwhichtheactivitiesarenormallyexpected to 

complete under normal conditions. 

 Pessimistictime(tp)–itisthetimewhichanactivitywilltaketocompleteincase of 
difficulties i.e. if mostly the things go wrong conditions. It is the longest of all 
the three estimations. 

 Theto,tm,tparecombinedstatisticallytodeveloptheexpectedtimeforanactivity. 
𝐭𝐨+(𝟒×𝐭𝐦,)+𝐭𝐩 

Therefore,expectedtime(te)= 
𝟔 

 Standarddeviation(St)=(tp–to )/6 
 Variance=(St)2=[(tp–to)/6]2 

2. Defineactivity,criticalactivity,non-criticalactivity,dummyactivityandcriticalpath. 
Activity: - Every project consists of a number of job operations or tasks which are called 
activities.Anactivity is an even element of a project and it may be process,a material handling or 
materialprocurement cycle, etc. for example, ‘Install machinery ‘,’arrange foreign exchange‘are 
activities.Anactivityisshownbyanarrowanditbeginsandendswithaneventunlikeevent, an 
activityconsumes time resources an activity may be performed by an individual or a group of 
individuals.An activity is normallygiven aname likeA, B, C,etc., which is markedbellowthe arrowand 
theestimated time toaccomplish the activity is marked above thearrow 
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Activitiesareclassifiedas: 
i. Critical Activities: - In a network diagram critical diagram, critical activities are those which if 

consume more than their estimated time, the project will be delayed. An activity is called 
critical ifit’searlieststarttime plusthe timetaken by itisequal to thelatest finishing time.A 
critical activity is marked either by a thick arrow or to distinguish it from a mom-critical 
activities. 

ii. Non-Critical Activities: - Such activities have provision so that, even if they consume a specified 
time over and above the estimated time, the project will not be delayed. ActivitiesBand D are 
non-critical activities. 

iii. Dummy Activities: -When two activities start at the same instant of time the head events 
arejoined bya dottedarrowandthisisknownasa dummyactivity. Dummy activitydoes not 
consume time. A dummy activity may be non-critical or critical. It becomes a critical activity 
when its earliest start time is same as its latest finishing time. 

Critical Path: - It is that sequence of activities which decide the total project duration. Critical 
path is formed by critical activities. A critical path consumes maximum resources. It is the longest 
path and consumes maximum time. A critical path has zero float. The expected completion dates 
cannot be met, if even onecritical activity is delayed. A dummy activity joining to critical 
activities is also a critical activity. A critical path reveals those activities which must be 
manipulated by some means or the other if the scheduledcompletion dates areto be met 

3. Brieflyexplainaboutoperationresearch. 

Operations research is the organisedapplication of modernscience, mathematics and computer 

techniques to complex military,government, business or industrial problems arising in the 

directionandmanagementoflargesystemsofmen,materials,moneyandmachines.Thepurpose 

istoprovidethemanagementwithexplicitquantitativeunderstandingandassessmentofcomplex 

situations; to have sounder basis for arriving at best decisions. 

MethodologyofoperationsResearch:- 

Variousstepsinvolvedareasfollows: 

 Understandtheactualrealsituation,capturethesameanddefinetheproblem. 

 Formulateamathematicalmodel 

 Developamathematicalsolution-Dataissuppliedtothemodel.Informationiscomputed,and 

results are analyzed to find the mathematical solution for alternative policies. 

 Interpretthesolutionandpreparetheinformationinsuchaformthatitismeaningful, 

intelligible and quantitative. Translate it into a decision. 

 Implementthedecisiontothereal(actual)situation. 

 Verifytheresults 

Afterapplying thesolutiontorealsituation,theactualresultsproducedby themodel mustbe 

testedstatisticallyandverifiedtoexploreanysignificantdeviationfromtheexpectedresults.If 

found so, the model can be modified and again the cycleis repeated. 



 

KIITPOLYTECHNIC 
METHODSOFOPERATIONSRESEARCH:- 
VarioustechniquesusedinOperationsResearchtosolveoptimizationproblemsareasfollows: 

1. Linearprogramming: 

a) Graphicallinearprogramming, 

b) TransportationMethod: 

i. Vogel'sApproximateMethod. 

ii. North-WestCornerMethod. 

c) Simplexmethod, 

2. WaitinglineorQueuingtheory. 

3. Gametheory. 

4. Dynamicprogramming. 
 

OperationsResearchProcedure. 

4. WhatarethethreepossibletimesusedinPERT? 
 For dealing with uncertainties associated with different activities PERT approach the 

expected time for each activity from the following three estimation- 
 Optimistic time (to) - It is the shortest possible time in which an activity can be 

completed if everything goes exceptionally well. 

 Mostlikelytime(tm)– Itisthetimeinwhichtheactivitiesarenormallyexpected to 
complete under normal conditions. 

 Pessimistictime(tp)–itisthetimewhichanactivitywilltaketocompleteincase of 
difficulties i.e. if mostly the things go wrong conditions. It is the longest of all 
the three estimations. 

 Theto,tm,tparecombinedstatisticallytodeveloptheexpectedtimeforanactivity. 
𝐭𝐨+(𝟒×𝐭𝐦,)+𝐭𝐩 

Therefore,expectedtime(te)= 
𝟔 

 Standarddeviation(St)=(tp–to )/6 
 Variance=(St)2=[(tp–to)/6]2 

5. WiththehelpofsuitableexampleexplainhowaLPPformulategraphically? 

EXAMPLE:-Afurnituremanufacturermakestwoproductsx1andX2,namelyChairsandTables. 



 
 

material to finished product, are processed in three sections s1, s2, s3. In sections1each chair (X1) 

requires one hour and each table(X2) requires 4 hours of processing. Insection S2, each chair 

requires3hoursandeachtableonehourandinsectionS3,thetimesare1 and1hourrespectively. 

Themanufacturerwants tooptimizehis profitsif sections S1,S2ands3canbeavailedfor not more 

than24,21 and8 hours respectively. 

Solution:-(AlwaysusegraphpaperforsolvingLPPgraphically) 

TheFirstStepistoformulatethelinearprogrammingmodel,i.e.,amathematicalmodelfromthe data 

given above. The model is as under: 

 

 



 
 

 

 

Section–C 
1. DifferentiatebetweenPERTandCPM. 

 

PERT CPM 
i.Aprobabilisticmodelwithuncertaintyin 

activity duration. Expected time is 
calculated from to, tm and tp. 

A deterministic model with well-known 
activitytimes baseduponpast experience. 
Itassumesthat,theexpectedtimeis 
actuallythetimetaken. 

ii. Anevent-orientedapproach. Anactivity-orientedsystem. 
iii. PERTterminology useswords like 

networkdiagram,events,andslack. 
CPMterminologyemployswords likearrow 
diagram,nodes,andfloat. 

iv.Theuseofdummyactivitiesisrequiredfor 
representing the propersequencing. 

The use ofdummy activities isnotnecessary. 
Thearrowdiagramthusbecomesslightly 
simpler. 

v. PERTbasicallydoesnot demarcate 
between critical and non-critical 
activities. 

CPMmarkscriticalactivities. 

vi.PERT finds applications in projectswhere 
resourcesarealwaysmadeavailableas 
and when required. 

CPM is employed to those projects where 
minimum overall costs are of primary 
importance. There is better utilization of 
resources. 

vii. Especiallysuitableindefenseprojects Suitableforproblemsinindustrialsetting, 



 
 

 

andR&Dwhereactivitytimescannot 
bereliably predicted. 

plantmaintenance,civilconstructionprojects, 
etc. 

 
2. A smallengineeringproject consists6 activitiesnamelyA,B, C,D,E, andFwithdurationof4,6,5,4,3 and3 

days respectively.Draw the network diagramand calculate EST,LST, EFT, LFT andfloats. Mark the 
critical path and find total project duration. 

3. Solution:- 
 

 

 

 



 
 

 

 

Forexample,freefloatforactivityD, 
 

4+6+5+3=18days.(Ans). 

 
4. Maximize: Z=5X+6Y 

Subjectto:X+4Y≤32; 2X+Y ≤36 
5. Maximize: Z=8X+6Y 

Subjectto:4X+2Y≤60;2X+4Y≤48 
6. Maximize: Z=10X+5Y 

Subjectto:4X+5Y≤100;2X+4Y≤80 
7. Minimize: Z=20X+10Y 

Subjectto:X+2Y≥40; 4X+3Y≥60; 3X+Y ≥30; X,Y≥0 

8. Maximize:Z=X+5Ywhen 

Subjectto: 5X+6Y≤30;3X+2Y≤12;X,Y≥0 

9. Minimize:Z=2x+3Ywhen 

Subjectto: x+Y≥6;2x+Y≥7;x+4Y≥8;x,Y≥0 
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PRODUCTION,PLANNINGANDCONTROL 
 

INTRODUCTION:- 

 
Products are manufacture by the transformation of raw material (in to finished goods).This is how 

productionis achieved.Planninglooks ahead, anticipates possibledifficultiesanddecides anadvanceas to 

how the production, best, be carried out. The control phase makes sure that the programmed 

production is constantly maintained. 

Aproductionplanningandcontrolsystemhas many functionstoperform, some,beforethearrival of 

raw material and tools, and others while the raw materials undergoes processing. The various functions are 

as follows: 

a) Forecasting:Estimationoftype,quantityandqualityoffuturework. 

b) Orderwriting:Givingauthoritytooneormorepersonstoundertakeaparticularjob. 

c) Productdesign:Collectionofinformationregardingspecifications,billofmaterials,drawing 

,etc. 

d) Process planningandrouting:Finding themost economicalprocess ofdoingaworkand(then) 

deciding how and where the work will be done. 

e) Materialcontrol:ltinvolvesdeterminingtherequirementsandcontrolofmaterials. 

f) Toolcontrol:Itinvolvesdeterminingtherequirementsandcontroloftoolsused. 

g) Loading:Assignmentofworktomanpower,machineryetc. 

h) Scheduling:It is thetimephaseofloadinganddetermineswhenand inwhat sequencethe work 

willbe carried out. It fixes thestarring as wellas thefinishing timefor the job. 

i) Dispatching:Itisthetransitionfromplanningtoactionphase.Inthisphasetheworkeris ordered to 

start the actual work. 

j) Progressreporting: 

i. Dataregardingthejobprogressiscollected. 

ii. Itisinterpretedbycomparisonwiththepresetlevelofperformance. 

k) Correctiveaction: 

i. Expeditingmeanstakingactioniftheprogressreportingindicatesadeviationoftheplan from 

the originally set targets. 

ii. Replanning -Replanning ofthewholeaffairbecomesessential;incase expeditingfailsto 

bring the deviated plan to its actual (right) path 

Process Planning: -

DefinitionandConcept:- 

 Processplanningmeansthepreparationofworkdetailplan. 
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 Sincetheprocessisrequiredtomanufactureaproduct,itisnecessarytoplantheprocess. 

 Processplanningisdeterminedthemostplanningisdeterminingtheeconomicalmethodof 

performing an operation or activity. 

 Processplanningcomesafterithasbeendecidedaswhatistobemade. 

 Processplanningdevelopsthebroadplanofmanufactureforthecomponentorproduct. 

 Process planning takes as its input the drawing or other specifications whichshow what is to be 

madeandforecasts or orders whichindicate the product quantity to be manufactured. 

InformationRequiredtoDoProcessPlanning:- 

 Quantityofworktobedonealongwithproductspecifications. 

 Qualityofworktobecompleted. 

 Availabilityofequipments,toolsandpersonnel(givingdates,etc.). 

 Sequenceinwhichoperationswillbeperformedontherawmaterial. 

 Namesofequipmentsonwhichtheoperationswillbeperformed. 

 Standardtimeforeachoperation. 

 Whentheoperationswillbeperformed. 

ProcessPlanningProcedure:- 

Thedifferentstepsinvolvedare: 

1. SelectionProcess:- 

 Aprocessisnecessaryinordertoshape,form,conditionandjoinmaterialsandcomponentswith the 

help of machines andlabourin order toconvert raw materialintoa finishedproduct. 

 One should select the most economical process and sequence that satisfy the product 

specifications. 

Theselectionofprocessdependsupon: 

a) Cur-rentproductioncommitments.Ifenoughworkhasalreadybeenallocatedtomoreefficient 

Equipments, the currentworkmay have to be passed on to less efficientmachinesto complete thesame In 

time. 

b) Deliverydate:Anearlydeliverydatemay: 

i. Forcetheuseoflessefficientmachines, 

ii. Ruleouttheuseofspecialtoolsandjigsastheywilltaketimefordesignandfabrication. 

c) Quantitytobeproduced: 

 Small quantity will not probably justify the high cost of preparation and efficient set-ups. Thus, 

quite possible they may havetobe made on less efficient machines andvice-versa. 

d)Qualitystandards: 

 Qualitystandardsmaylimitthechoiceofmakingtheproductonaparticularmachine,etc. 



 

Abhoy Mohanta 
 

INDUSTRIALENGINEERINGANDMANAGEMENT|33 

 

 

2. SelectionOfMaterial:- 

 Materialshouldbeofrightqualityandchemicalcompositionaspertheproductspecifications. 

 Shapeandsizeofmaterialshouldrestrictthescrap(i.e.,materialremovedforgettingtheproduct 

shape). 

3. SelectionOfJigs,FixturesandOtherSpecialAttachments:- 

Thesesupportingdevicesarenecessary: 

 Togivehigherproductionrate; 

 Toreducecostofproductionperpiece. 

4. SelectionOfCuttingToolsandInspectionGauges:- 

They,respectively,arenecessaryto: 

 Reduceproductiontime. 

 Inspectaccuratelyandatafasterrate. 

5. Makethe processlayoutindicatingeveryoperationandthe sequenceinwhicheachoperationisto be 

carried out. 

6. Findset-uptimeandstandardtimeforeachoperation. 

7. Manifest process planning by documents such as operation and Route sheets, which summarize 

the operations required,the preferredsequenceof operations, auxiliary tools required, estimated 

operation times etc. 

Scheduling:- 

Concept: Scheduling means- when and in what sequence the work will be done. It involves 

decidingas towhen thework willstartand incertaindurationoftime how muchwork will befinished 

. Scheduling deals with orders machines, i.e., it determines which order will be taken up on which 

machine and in which department by which operator. While doing so, the aim is to schedule as large 

amount of work as the plant facilities can conveniently handle by maintaining a free flow of material 

along the production line. 

Scheduling may be called the time phase of loading. Loading means the assignment of 

tasks or work toa facility whereas schedulingincludes in addition, thespecification of time and sequence in 

which the order/work will be taken up. 

Factors Affecting scheduling: -The following factors affect production scheduling and are considered 

before establishing the scheduling plan. 

a) Externalfactors: 

1. Customer'sdemand, 

2. Customer’sdeliverydates,and 

3. Stockofgoodsalreadylyingwiththedealersandretailer. 
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b) Internalfactors: 

1. Stockoffinishedgoodswiththefirm, 

2. Timeintervalreprocessesfinishedgoods fromraw material. Inotherwords-how much timewill be 

required to manufacture each component subassembly and then assembly (i.e., the final 

product), 

3. Availabilityofequipmentandmachinery;theirtotalcapacityandspecifications, 

4. Availabilityofmaterials;theirquantityandspecification, 

5. Availabilityofmanpower(number,typeandkindofskill, 

6. Additionalmanufacturingfacilitiesifrequire,and 

7. Feasibilityofeconomicproductionruns. 

SchedulingProcedureandTechniques:-Schedulingnormallystartswiththemasterschedule. 

A-masterscheduleresembles centralofficewhichprocessesinformationaboutalltheorderin hand. 

Master schedule, is a weekly breakdown of the production requirements. The total capacity in any week is 

of 100 hours of work in foundry shop. 
 

Astheordersarereceived,dependingupontheirdeliverydatestheyaremarkedonthe master 

schedule,whentheshopcapacityisfullforthepresentweekthenewlyacquiredordersarecarriedover to the 

next and so on. A master schedule is thus update continuously, It depicts a carried over to the 

nextweek and so on. A masterscheduleis thus updated continuously;it depicts arunningtotal of the 

productionrequirements andshowstheworkahead-yettobecompleted.Masterscheduleisactually the 

basis for all subsequent scheduling techniques. 

AMasterSchedulepossessesthefollowingadvantages,disadvantagesandapplications. 

Advantages:- 

1. Itissimpleandeasytounderstand, 

2. Itcanbekeptrunning(i.e.,current), 



 
 

3. Itinvolveslesscosttomakeitandmaintain, 

4. Itcanbemaintainedbynon-technicalstaff,and 

5. Acertainpercentageoftotalweeklycapacitycanbeallocatedforrushorders. 
 
 

Disadvantages:- 

1. Itprovidesonlyoverallpicture,and 

2. Itdoesnotgivedetailedinformation. 

Applications:- 

Itfindsapplications: 

1. Inbigfirms,forthepurposeofloadingtheentireplant, 

2. InResearchandDevelopmentorganizations,and 

3. Fortheoverallplanninginfoundries,computercentres,repairshops,etc. 

PerpetualScheduling:- 

Likemasterscheduling,itisalsosimpleandeasytounderstand,iskept 

Current,involveslesscostsandcanbemaintainedbyclericalstaff.But,theinformationwhichit 

providesisverygrossandatthesametimeitisnotclearfromthechart-whentheworkwilltakeplace. 

Makingofperpetualscheduleinvolvestwosteps: 

i. PreparationofloadAnalysissheetfromtheordersinhand. 

Figure :- 

 

Loadanalysissheet 

ii. The total loadagainsteach section is addedup andknowingthe weekly capacity (department), 

ofasectionthenumberofweeksloadagainsteachdepartmentiscalculatedandplottedona Gantt 

load chart as shown in Fig:- 



 
 

 

 

Ganttloadchart. 

Theshadedbarsshowtheactualworkloadagainsteachsection. 

Additionalinformation,ifany(regardingtheworkload),canbeindicatedbydottedline. 

Dispatching:- 

It is concerned with getting the work started. Dispatching ensures that the plans are properly 

implemented. It is the physical handing over of a manufacturing order to the operating facility (a worker) 

through the release of orders and instructions in accordance with a previously developed plan of activity 

(time and sequence) established by the scheduling section of the production planning and control 

department.Dispatchertransmits orderstothevariousshops.Dispatchfunctiondetermines-bywhom 

thejobshallbe doneanditco-ordinates production. Itisthekey point ofa productioncommunication 

system. It creates a direct link between production and sales. 

Adispatcher is familiar withthe productivecapacity of each equipment. Healwayskeeps an eye 

over the progress of orders which move at different speeds on different routes. 

DispatchProcedure:- 

Theproductisbrokenintodifferentcomponentsandcomponentsinto 

Operations.Aroutesheetforthepart(component)Chaving threeoperationsonitisshowninFig:- 
 

RouteSheet. 
 
 

Thevariousstepsofdispatchprocedureforeachoperationarelistedbelow, 

insequence. 

(a) StoreIssueOrder:Authorizestores(department)todeliverrequirerawmaterial. 
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(b) Tool Order:Authorise tool store to release the necessary tools. The tools can becollected 

by the tool room attendant. 

(c) JobOder:Instructtheworkertoproceedwiththeoperation. 

(d) TimeTicket:Itrecordsthebeginning andendingtimeoftheoperationsandformsthebasisfor 

worker's pay. 

(e) InspectionOrder: Notifytheinspectorstocarryoutnecessaryinspectionsandreportthe quality 

of the component. 

(f) MoveOrder: Authorise the movement of materials and components from one facility 

(machine) to another for further operations. 

Inaddition,therearecertainotherdispatchaspectswhichhavetobetakencare of, 

1. Allproductioninformationshouldbeavailablebeforehand. 

2. Variousordercards,andspecificationdrawingsshouldbeready. 

3. Equipmentsshouldbereadyforuse. 

4. ProgressofvariousordersshouldbeproperlyrecordedontheGanttcharts ordisplayboards. 

5. Allproductionrecordsshouldbeproperlymaintained. 

Routing:- 

Routinglaysdowntheflow ofworkinthe plant.Itdetermineswhatworkistobe doneandwhereand how it 

will be done. Taking from raw material to the finished product, routing decides the path and sequence 

of operations to be performed on the job from one machineto another. The purpose is to establish the 

optimum sequence of operations. Routing is related to considerations of layout, temporary storage of in-

process inventory and material handling. 

Routingincontinuousindustriesdoesnotpresentanyproblembecauseoftheproducttypeoflayout, where 

the equipment is laid as per the sequence of operations required to be performed onthe components 

(from raw material to the finished products). 

In openjobshops, since, everytimethejobis new,though operationsheets (sometimes) mayserve 

thepurpose,buttheroutesheetswillhavetoberevisedandthisinvolvesagreateramountofwork and 

expertise. 

RoutingProcedure:- 

Variousproceduralstepsareasfollows: 

a) The finished product is analysed from the manufacturing standpoint in order to decide how many 

componentscanbemadeintheplantandhowmanyotherswillbepurchased(Make/Buydecision) from 

outside through vendors, by subcontracting, etc. Make/buy decision depends upon 



 

KIITPOLYTECHNIC 
theworkloadintheplant,availabilityofequipmentandpersonneltomanufactureallcomponents, 

andthe economy associated withmaking all components within the plant itself. 

b) A parts list and a bill of materials is prepared showing name of the part, quantity, material 

specifications, amount ofmaterials required, etc. Thenecessary materials, thus, can be procured. 

c) From production standards-machine capacities, machine characteristics and the operations which 

must beperformed at each stageof manufactureareestablishedandlistedinproper sequenceon an 

operation and route sheet, (See figure). The place where these operations will be performed is 

also decided. 

Actually,operationsheetandroutesheetareseparate.Anoperationsheetshowseverything 

about the operations, i.e., operation description, their sequence, type of machinery, tools, set up and 

operation times, whereas a route sheet besides listing the sequence of operations and relation between 

operationand machine,alsodetailsthesection(department)andthe machinesto whomtheworkwill 

flow.Firsttwocolumns ofFig.aremainlythoseofroutesheetwhichshowthemanufacturingroutefor given 

component. 

 

Operationandroutesheet 
 
 

The difference between an operation sheet and a route sheet is that an operation sheet 

remains same for the components if the order is repeated but the route sheet may have to be 

revisedifcertainmachinesarealreadycommittedtootherorders(jobs)onhand.Exceptthissmall 

difference, both the sheets contain practically the same information and thus are generally 

combined into one sheet known as 'operation and route sheet'. 

d) The next step is to determine the lot size or the number of components one lot or batch. to be 

manufacturedininthecaseofanorderfromaparticularcustomer,itisgenerallyequaltoanumber within 

10% of the order quantity. In other cases the principle of economic batch quantity can be applied 

to determine the batch size. 

e) Standardscrapfactors(singleorcumulative)andtheplaces(i.e.,afteraparticularoperationor 
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recorded on the control chart. Causes for points out of control limits are explored and corrected. The 

variable likeworkers, machinery andschedules may also beadjusted to minimizescrap. 

f) Thecostofthecomponentisanalysedandestimatedthroughtheinformationobtaine6insteps(a) to (e) 

above. The cost consists of material and labour charges, and other specific and general indirect 

expenses. 

ProgressControl:- 

Once the actual production has started, it becomes essential to keep an eye at 

the progress of the work so that, if required, timely corrective action can be taken. progress control 

means - trying to achieve the standards set, i.e., a certain level of efficiency or a certain volume of 

production in a specified duration. The system of progress control should be such that it furnishestimely, 

adequateand accurateinformation about the progress made, delays and under- or over- loading. 

StepsFollowedInProgressControl:- 

a) Settingupasystemtowatchandrecordtheprogressoftheoperatingfacility(productionsection). 

b) Makingareportoftheworkprogressorworkaccomplishment. 
 
 

c) Transmissionofreportto: 

1. Controlgroupfornecessarycontrolaction,and 

2. Accountinggroupforrecordingmaterialandlabourexpenditures. 

d) Interpretationoftheinformationcontainedintheprogressreportbythecontrolgroup. 

e) Takingcorrectiveaction,ifnecessary. 
 

INSPECTIONANDQUALITYCONTROL 
 

INSPECTION: 

 Inspectionisthecontinuousprocessadoptedduringvariousstagesofmanufacturingtocontrol the 
product quality. 

 Inspectionistheartofcomparing materials,productsorperformanceswithestablished 
standards. 

 Inspectionmeanscheckingtheacceptabilityofmanufacturedproducts. 
 Theactofcheckingweatheraproductactuallyperformsthefunctionitissupposedtodoor not, is 

called inspection. 

 Inspectionmeanscheckingofmaterials,manufacturedproductsorcomponents,standardparts at 
various stages of manufacturing by comparing them with suitable standards. 

NEEDOFINSPECTION: 

 Ithelpstopurchasegoodqualityrawmaterial,toolsandequipments. 
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 Itensuresthattheparts,materialsorcomponentsconformtoestablishedstandards. 
 Itcomparestheproductwiththeestablishedstandards,whichhelpsinqualitycontrol. 
 Itfindsthedefectinrawmaterialbeforeuse. 
 Itfindsthedefectivepartsandstopstheirfurtherprocessingbeforeassembly. 
 Itchecksthefinishedproducttomeasureitsdefectsorweaknesses. 
 Itcontrolsthecostofreproductionofproductsorotherexpensesofdefectiveparts. 
 Ithelpstomaintaincustomerrelationshipsbysupplyingnofaultyproductstothem. 
 Itcontrolsworkmanshipofworkers. 
 Itpreventsfurtherworkonspoiledin-processproducts. 
 Itseparatesdefectivecomponentsfromnon-defectiveonesensuringthequalityofproducts. 

PLANNINGOFINSPECTION: 

 What to inspect? –Intheinspectiontheparameters(suchas: diameter,length)are checked or 
inspectedbytheworkingpersons.Theseparametersmaybedifferentfordifferentkindofjobs. The 
inspector determines what parameters are to be inspected in inspection. 

 When to inspect? –Thereare three basic steps for the time of inspection such as - incoming 
material inspection, material inspectionat each and everystage of haltduring the processes 
andfinalinspectionofoutgoingproducts.Theinspectordecidesthetimeofinspectioninthese cases. 

 Whoshouldinspect?–Beforetheproductionprocesssomeskilledpersons shouldappointfor the 
inspection of products for their accuracy. 

 Wheretoinspect?–Generally,threetypesof placesareselectedforinspectionsuchas: 
floor,centralizedorseparateinspectionroom.Theselectionofplacesdependsuponthe 
manufacturing conditions. 

 Howtoinspect?–Thefactorswhichinfluencethemethodofinspectionincludestypeof 
product, operations involved etc. 

 How much to inspect? –The degree ofinspection depends upon manyfactorssuchas nature 
oftheproduct,accuracyoftheproduct,productionprocess,reliabilityofstandards,customers 
requirements and particular requirements of any manufacturing systems. 

TYPESOFINSPECTION: 

Dependinguponthevarietyofproductsandrequirements,inspectionsareclassifiedasfollows. 

 RemedialandPreventiveInspection –Inpreventinginspectionspecialattentionisgiventothe 
accuracy of manufacturing process so thatthe possibility of defects and wasteis completely 
removed. It is also known as constructive inspection. In remedial or corrective inspection, the 
defective parts are detectedandthegoodproducts arechosenamong the defective parts. 

 OperativeorStageInspection –Thisinspectiontakesplaceateachstageorattheendofsome 
functionaloperations.Iteliminatesthedefectiveparts,checksthecausesofdefects,minimizes the 
wastage and and controls the cost. 

 Incoming or Receiving Inspection – The inspection of raw materials, purchased parts, 
assemblies,equipmentsbeforeitsdeliveryforprocessisknownasIncominginspection.It 
controls thequality ofthe above andeliminates the material of below specifications. 

 In-processInspection–Duringthemanufacturingprocessthisinspectionisdonetocontrolthe 
quality at eachand every stage by preventing the unnecessary hand work during assembly, 
large waste, extra work on defective products. 
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 FinalInspection –Inthisinspectionthefinishedproductischeckedatitseverysurface 
manually and by using thetesting equipments for the acceptance of the products. 

FACTORSINFLUENCINGTHEQUALITYOFMANUFACTURE: 
Thefollowingfactorsaregenerallyaffectingthequalityofmanufacture. 
 Marketdemand–Itdependsuponthedemandofcustomersaccordingtotheproducttype, 

quality and quantity. 
 Manpower–Skilledpersonsarerequiredforthequalitydesign&qualitymanufacturing. 
 Materials–Materialsofrightspecificationalwaysgivesgoodqualityproducts,butitshouldbe 

selected on the basis of production cost and requirements. 
 Money–Thereisanimportantroleof moneytoachievequality. Investmentisnecessaryat each 

stage of manufacturing for the maintenance, losses and improved products. 
 Management–Managingcommitteeshouldbeconsciousaboutthequality. 
 MachinesandMethods–Tomeetgoodqualityimprovedmachineries,goodtechnologiesand 

advanced methods are necessary. 
 Motivationofemployees–Employeesshouldbemotivatedfortheproductionofbetter 

quality products by doing some financial and non-financial benefits. 
 Moderninformationapproaches–Thequalityofproductscanbeimprovedbyadopting 

modern information approaches tovarious productions and marketing processes. 
QUALITYCONTROL: 

 Qualitysuggeststhattheproductsaremadeaccordingtothespecifications determinedbythe 
customer’s demand.It comesifthe productionandserviceis ineconomic conditions withthe full 
certification of the customer. 

 The quality ofa productis known fromthe feedback receivedfrom end user or customer. In 
otherwordsthequalitymeanstoenableproductionandserviceatmosteconomicallevelsfor full 
customer satisfaction. 

 Qualityisthedegreeoffitnesswhichservesthepurposeatthelowestcost.Thequalityofa product 
can be defined broadly in three aspects: 
i) Quality design: - The quality of designconcerned with durability, 

strength,interchangeabilityandchemicalcompositionsofmaterials. 
ii) Qualityofperformance:-Thecharacteristicssuchasmechanicalfunctioning, 

relativeassembly measure the performance of the product. 
iii) Qualityappearance:-thecharacteristicssuchassizeconfirmingtothedrawings, 

finishand workmanship result in the quality of appearance. 
 Quality control prevents the product formrejection. It helps to maintain andachieve the 

qualityasperthespecificationanddemandofcustomer.Qualityistobeplanned,achieved, 
controlled and improved continuously. 

 Qualitycontrolisamechanismbywhichtheproductsaremadetothespecifications 
determined by the customer’s demand. 

 Aqualitycontrolsystemperformsinspection,testingandanalysistoknowwhetherthequality of a 
product is as per laid standards or not. 

 Qualitycontrolisindustrialmanagementtechniquebywhichproductsofuniformacceptable 
quality are manufactured. 

NEEDOFQUALITYCONTROL: 
 

 Toassurethatonlygoodqualityproductsaresenttothecustomers. 
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 Tobringdowntheeffectiveoverallcostsoastosurviveinthemarketcompetitionby 
controlling the processes and reducing the waste and scraps. 

 Findoutaway-outofmanufacturingdifficulties. 
 Tobringtheconceptofinterchangeabilityintheproducts. 
 Toreusetherejectedproducts,ifpossible. 

STATISTICALQUALITYCONTROL: 

Statisticalqualitycontrol(SQC)isamethodofapplyingthestatisticaltechniquestothecollectionand 
analyzing the inspectionand other data toachieveand maintainthe economy in manufacturing process. 
It base onthetheory of probability to control the quality deviations. 

AdvantageofSQC: 

1.Cost effectiveness 2.Timereduction 3.Efficiency4.GuaranteedQuality 

5.Easytoadopt 6.Suitablefordestructivetests 

BASICSTATISTICALCONCEPTS: 

Conceptofvariation: Weknowthatnotwoidenticalpartscanbeproduceinmanufacturing,but 
specialcare may betaken for preparing similar parts, considering some negligiblevariation. 

Causeofvariation:Variouscausesofvariationaremachinevibrations,toolwear,poormaintenance, friction 
or loss of lubrication, unskilled worker,andimproper temperature etc. 

Variables:Thesearethecharacteristicswhichcanbeactuallymeasuredsuchaslength,mass. 

Attributes:Attributesarethedatawhicharediscreteinnature,i.e.Characteristicsshowinganobject 
confirming or not confirming the specification. 

Frequency distribution: Frequency represents the number ofrepeated data or value ina lot or how 
manytimesadata/valuearerepeatedinalot.Tocountthefrequencyofavalue,themeasureddatais 
tabulated inascending or descending order.Thisisknownas frequency distribution. It is used for 
analyzing the quality of the product. 

Therearetwomethodstorepresentdata.Suchas:Graphicalrepresentationoffrequencydistribution and 
Empirical description of distribution.Graphical representationincludes two methods such as: 
Frequency Polygon and Histogram. 

Frequency Polygon: Itshowsaplotbetweenthefrequencyandobservation.Itgivesapictureof 
frequency distribution. 

Sorteddimensionsoflotof7items Datagrouped&frequencyadded 
 

Sl.No. Dimensioninmm  Sl.No. Dimension Frequency 
1 25 1 25 1 
2 26 2 26 2 
3 26 3 27 3 
4 27 4 30 1 
5 27  

Groupingofdataforafixedrangeinterval 
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Classinterval Frequency Midpoint 
24-26 3 25 
27-29 3 28 
30-32 1 31 

 
Histogram: A 
histogramrepresentsa bar chartwherethebaseofrectangularbarsrepresents themidpoints ofcell 
valuesandheightisproportionaltothefrequencyofoccurrences ofmid-points.Itisusedasatoolfor the in-
coming inspection. 

Ifthehistogramissymmetrical,itindicates thattheoverallprocessisnormalandthevariationsare dueto 
thechance causes. If the histogram is unsymmetrical,itshows the unreal process variation which needs 
improvements. 

8 10 

6 8 
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2 4 

 

0 2 
25 26 27 28 29 30 

 
(FrequencyHistogram) 
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EMPIRICAL/QUALITATIVEDISTRIBUTION: 

Therearethreemethodsofrepresentingcentraltendencysuchasmean,medianandmode. 

Mean/Arithmeticvalue/Averagevalue: 

Thearithmeticmeanofagroupofvaluesisdeterminedbyaddingtheitemsanddividingthetotalby the 
number of items. 

IfX1,X2,X3,……Xnarethenvaluesoftheitemsinasample,thentheiraveragemeanisgivenby: 

̅X=𝑋1+𝑋2+𝑋3+ ⋯+𝑋𝑛=∑𝑋; 
𝑛 𝑛 

 

IfX1occursf1times,X2occursf2times,X3occursf3times,……Xnoccursfntimes,thenwecanwrite: 
n=f1 +f2+f3+ ..................... +fn 

 

And ̅X=𝑓1𝑋1+𝑓1𝑋2+𝑓1𝑋3+⋯+𝑓1𝑋𝑛=∑𝑓𝑋=∑𝑓𝑋 

𝑓1+𝑓2+𝑓3+….+𝑓𝑛 ∑𝑓 𝑛 

Median: 
Whendifferentitemsinagrouparearrangedinaserialordereitherascendingor descending,the middleitem 
of this series is termed as median. It shows the average position. 



 

 
Ifthereare‘n’observationswherenisodd,thentheirmedianis givenby:(

 
Ifthereare‘n’observations whereniseven,thentheirmedianisgivenbytheaverageof(n/2)th
𝑛 

+1)thvalue. 
2 

Ifthedataisgroupedinfrequencyformat,thenthemedianisgivenby:M=L+

 

Where, M=median 

L=lowervalueofclasshavingmedian N = 

total number of values 

fc=cumulativefrequencyofcellsbelow

fm=frequencyofmedian i 

= class interval 

Mode: 

Modeisthemostcommonvalueinthegroupoccurringorrepeatinglargestnumberofitems.Itisthe value of 
the measurement which occurs with the greatestfrequency or it
to the high point of graph. It is used toindicate a group.

Considertherecordedobservation:2,3,2,4,5,2,7,6,2,4,2.Here,2 occurs
thus,mode=2.Iftherewillbetwovalueswhichoccurs equalnumber oftimes,thenthetwovalues 
considered as mode. 

Theempiricalformulausedtocalculatemodeisgivenby:Mode=L+

lowerlimitofclassofmode 

f1=frequencyofclassbeforetheclassofmode f

frequency of class after the class of mode

i=classinterval 
Dispersion: 
The extent towhichthe data or valueis distributed aboutthe central tendency is known as the 
dispersion.Itgivesabetterideaaboutthegroup.Thereareseveralmeasuresofdispersionasfollows.

1. Range: 
Itisthedifferencebetweenlowestandhighestobservedvalueinthegroup.Itisused
controlcharts. 

2. Meandeviation: 
 

Itisdefinedasthedeviationorvariationofeachfigureinthegroupfrom itsarithmetic
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isodd,thentheirmedianis givenby:(𝑛+1)thvalue. 
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iseven,thentheirmedianisgivenbytheaverageof(n/2)th
 
 

 

(
𝑛 

Ifthedataisgroupedinfrequencyformat,thenthemedianisgivenby:M=L+2 

𝑓

L=lowervalueofclasshavingmedian N = 

cumulativefrequencyofcellsbelow‘L’ 

Modeisthemostcommonvalueinthegroupoccurringorrepeatinglargestnumberofitems.Itisthe value of 
the measurement which occurs with the greatestfrequency or itis the observed value corresponding 
to the high point of graph. It is used toindicate a group. 

Considertherecordedobservation:2,3,2,4,5,2,7,6,2,4,2.Here,2 occursrepeatedly; 
thus,mode=2.Iftherewillbetwovalueswhichoccurs equalnumber oftimes,thenthetwovalues 

Theempiricalformulausedtocalculatemodeisgivenby:Mode=L+𝑓2×I 
𝑓1+𝑓2 

=frequencyofclassbeforetheclassofmode f2 = 

frequency of class after the class of mode 

towhichthe data or valueis distributed aboutthe central tendency is known as the 
dispersion.Itgivesabetterideaaboutthegroup.Thereareseveralmeasuresofdispersionasfollows.

Itisthedifferencebetweenlowestandhighestobservedvalueinthegroup.Itisused

Itisdefinedasthedeviationorvariationofeachfigureinthegroupfrom itsarithmeticmean
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−𝑓𝑐) 

 ×i 
𝑓𝑚 

Modeisthemostcommonvalueinthegroupoccurringorrepeatinglargestnumberofitems.Itisthe value of 
is the observed value corresponding 

thus,mode=2.Iftherewillbetwovalueswhichoccurs equalnumber oftimes,thenthetwovalues will be 

 Where,L= 

towhichthe data or valueis distributed aboutthe central tendency is known as the 
dispersion.Itgivesabetterideaaboutthegroup.Thereareseveralmeasuresofdispersionasfollows. 

Itisthedifferencebetweenlowestandhighestobservedvalueinthegroup.Itisusedin 

mean 
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andallsuchdeviationssummedupanddivided bythenumberofitemsinthegroupwillgive the 

mean deviation. i.e. meandeviation ( ̅X) = ∑(𝑥− 𝑥̅) 

𝑛 

where ̅Xisthearithmeticmean 
3. Variance: 

Itisobtainedbydividingthesumsofthesquaresofthedeviationsfromthearithmeticmean divided by 
the number of observations n.it is also thesquareof standard deviation. 

∑(𝑋−𝑥̅)2 
i.e.variance= 

𝑛 

4. Standarddeviation: 
Thesquarerootofvarianceiscalledasstandarddeviation.Itisdenotedbythesymbol‘σ.Itis 
definedastheroot meansquareof thedifferences betweentheobservationsandthemean. 

i.e.standarddeviation(σ)=√
∑(𝑋−𝑥̅)2 

𝑛 

 

5. Averageofsampleaverage: 
Tofindoutvaluesofthestandarddeviationforwholeproductionlotwhenanumberof 
sampleshavebeencollectedatrandomfromaproductionlotwithaverage,𝑥̅calculated.For 

∑𝑥̅ 
eachsample,averageofthesampleaverage,𝑥"iscalculated. i.e.𝑥"= 

𝑛 

numberofsamples&𝑥=̅averageofasinglesample 

,wheren= 

 

 
6. Averageofsamplerange: 

Toknowtherangerepresentativeofthewholelot,averageofsamplerange ̅Riscalculated.At first 
therange of number ofsamples is calculatedand thentheaverageofsample rangeis calculated. 
i.e.𝑅̅=∑𝑅,wheren=numberofsamples 

𝑛 

NORMALDISTRIBUTIONCURVES: 

Normalcurveisagraphicalrepresentationofafrequencydistributionwhichindicatesthedistribution of 
thecharacteristic among thewhole production lot. It may be of different shapes. 

Characteristicsofnormaldistributioncurves: 

1. Thenormaldistributioncurveisbellshapedandsymmetricalaboutitsmeanvalue. 
2. Apopulationbyinfinitesizeisrepresentedbyit. 
3. Themean( 𝑋̅) andstandarddeviation(σ)ofthenormaldistributionfullydescribeitscurve. 
4. Theoreticallythenormaldistributioncurverangeisfrom-∞to+∞.PracƟcallytherangeis 

considered from3 σ values tothe leftand 3 σ values tothe right of the mean. 
5. Meanisshownaszero. 

In figures symmetrical bell-shaped normal curveis shown. It extends from -∞ to + ∞. Thearea 
containedineachcolumnofthehistogramisproportionaltothefrequencywithinitscell.Thereare 

twostatisticalcontrolsaverage( 𝑋̅) andstandarddeviation(σ)usedtocontroltheconstructionof curve. The 
number of cellsisincreased by decreasing thewidth of the cell, when number of observations islarge. 
It isdivided intosix equal cells. The topline of the histogramapproachesa 
smoothcurve.Theheightofthecurveatanypointisproportionaltothefrequencyatthatpoint& area 
betweenany twolimits is proportional tothe frequency of occurrence withintheselimits. 



 

 
Themathematicalequationofthenormal
isgivenbytheformula: 

1 (𝑥−
y= ×𝑒𝑖 where,i= 

𝜎√2𝑥 2

y=heightofthecurveatpointx
variable 

𝑋̅=populationaverageoraverageof lot 
σ=standarddeviationofthepopulation

 
Binomialdistribution: 

Thebinomialtheoremisusedinbinomialdistribution.i.e.theexpansionof (p+q)
ofanycombination of ‘p’ and ‘q’ where ‘p’represents the defectives and ‘q’represents good or non
defective parts. The binomial theorem is stated as follows:

𝑛 𝑛 𝑛 𝑘𝑛−𝑘 

(𝑝+𝑞) =∑ (𝑘 
𝑘=0 

 

)𝑝𝑞 

 

Probabilityof‘r’defectives=nCr

 
Theaverageofbinomialdistributionisgivenby:

𝑋̅= average number of defectives per sample
size of random samples taken 
fractiondefectiveofsample 

 

Thestandarddeviationofbinomialisgivenby:σ=

Poisson’sdistribution: 

This distributionis applicable where the probabilityof failure ‘p’is very small.When there is large 
number oftrials thenfailure occur at largeintervals only. At this time Poisson’s distributionis 
applicableforcloseapproximation.Thelargerthevalueofnandsmallerthevalueofp,the
approximation holds well. 

InthePoisson’sdistributiontheprobabilityoffinding‘k’defectivesisgiven
 

P(k)= 
𝜆𝑘. 𝑒−𝜆 

 

𝑘! 
where,e=2.71828+(thebaseofnatural

λ=np(theaveragevalueoftheexpectednumberof

Fortheprobabilityof0defectivesP(k)=e

AverageofthePoisson: 
 

StandarddeviationofPoisson: 

CONTROLCHART: 
Acontrol chartisa graphicalrepresentationofthecollectedinformation.Itisusedfor thestudyand 
controloftherepetitiveprocesses.It detectsthevariationsinprocessingandshowsthedeviationin 
specifiedtolerancelimitifexist.Itisusedtoidentifythequalityvariations andgivesthegoodquality 
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Themathematicalequationofthenormalcurve 

−𝑋̅)2 

2𝜎2 

xofthe 

=populationaverageoraverageof lot 
σ=standarddeviationofthepopulation 

 
 
 
 
 
 

 
(NormalCurve) 

Thebinomialtheoremisusedinbinomialdistribution.i.e.theexpansionof (p+q)ngivestheprobability 
ofanycombination of ‘p’ and ‘q’ where ‘p’represents the defectives and ‘q’represents good or non

rem is stated as follows: 

 𝑛(𝑛+1) 
 

 =pn+npn-1.q+ .pn-2q2+……+qn 

rqn-1pr; where,nCr= 
2! 

 

𝑟!(𝑛−𝑟)! 

distributionisgivenby:𝑋̅=np 

= average number of defectives per sample 
 

ofbinomialisgivenby:σ=√𝑛𝑝𝑞=√𝑛𝑝(1−𝑝) 

is applicable where the probabilityof failure ‘p’is very small.When there is large 
number oftrials thenfailure occur at largeintervals only. At this time Poisson’s distributionis 
applicableforcloseapproximation.Thelargerthevalueofnandsmallerthevalueofp,the

InthePoisson’sdistributiontheprobabilityoffinding‘k’defectivesisgivenby: 

where,e=2.71828+(thebaseofnaturalalgorithm) 

λ=np(theaveragevalueoftheexpectednumberofdefectives)

Fortheprobabilityof0defectivesP(k)=e-λ 

 average( 𝑋̅) =nporλ 

 standarddeviation=√𝑛𝑝or√𝜆 

Acontrol chartisa graphicalrepresentationofthecollectedinformation.Itisusedfor thestudyand 
controloftherepetitiveprocesses.It detectsthevariationsinprocessingandshowsthedeviationin 

ifiedtolerancelimitifexist.Itisusedtoidentifythequalityvariations andgivesthegoodquality 
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Mostcommonlyusedcontrolchartsare: 

1. Control charts for measurable quality characteristics or control charts for variables (𝑋̅andR 
charts; 𝑋a̅nd σ charts) 

2. Controlchartsforfractiondefective(P-chart) 
3. Controlchartfornumberofdefectsperunit(C-chart) 

Thecontrolchartsforvariablesareusefulforcontrollingtheprocesses.Thecontrolchartsforfraction 
defective and defects per unit are the attribute control charts. 

AdvantageofControlchart: 

1. Controlchartsareusedtoindicatewhethertheprocessisincontroloroutofcontrol. 
2. Ithelpsindecisionsonacceptanceorrejectionofmanufacturedorpurchasedproducts. 
3. Itdeterminesprocessvariability. 
4. Itdetectsunusualvariationsoccurringinaprocess. 
5. Itgiveswarningintimetorectifytheprocesssothatscraporpercentagerejectioncanbe 

reduced. 
6. Itgivesinformationabouttheselectionofprocessandsettingoftolerancelimits. 
7. Theinspectionworkreduces. 
8. Itbuiltuptheorganizationreputationthroughcustomer’scertificationduetogoodqualityof 

products. 
TOTALQUALITYMANAGEMENT: 

Total quality management is an effective system adoptedfor quality development, quality 
maintenanceandqualityimprovementofvariousgroupsinanorganizationtoenabletheproduction and 
services at the most economicallevels to fulfillcustomer satisfaction. 

Objectives: 

1. Developmentofproductspecificationbasedonneedsofusersandeconomicalconsideration. 
Meeting the customer requirements. 

2. Interactionwithproductdesign. 
3. Reliabilityanddevelopmenttesting. 
4. Processcapabilitystudies. 
5. Continuousimprovementofqualityateverylevel,ateveryplaceandateverystage. 
6. Qualityplanningforcontrolofproductionprocess/assemblyoperations. 
7. Qualitycontrolofincomingmaterials. 
8. Vendorqualitycontrolandvendordevelopment. 
9. Interactionandtestingduringmanufacture. 
10. Interactionwithserviceengineering. 
11. Trainingofstaffandcustomers. 
12. Costreduction. 
13. Qualityauditetc. 

BenefitsofTQM: 

1. Itmakesthecompanyaleader notafollower. 
2. Itcreatesadirectconnectionbetweencustomers,managementandworkers.Itleadsto 

effective team worm. 
3. Itmakesthecompanymoresensitivetocustomerneeds. 
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4. Betterproductquality. 
5. Staffsaremotivatedandqualityconscious. 
6. Productivityimprovement. 
7. Reducedqualitycost. 
8. Enhancesproblemsolvingcapacity. 
9. Increasedmarket. 
10. Increasepositionincompetitivemarketandprofits. 
11. Improvementofhumanrelationsandworkarea. 
12. Bettercustomercareandbettersatisfaction. 
13. Employeeempowerment. 
14. Enhancementofjobinterestandsecurityforemployees. 
15. Moretrainingandimprovementinskillsofemployees. 
16. Morerecognitionforstaffs. 
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Reference: -i)ATextbookofIndustrialEngineering and 

Management by O.P. Khanna 
ii) AtextbookofInspectionandQualityControl by 
J.S. Narang and A. Gupta 
iii) A Textbook of Industrial Engineering and 
Production Management by Martand Telsang 

ReferenceLink:- 
i) https://youtu.be/OshyCwH3TJM 
ii) https://youtu.be/0BVzjOzllrE 
iii) https://youtu.be/BWbnKgFNcKg 
iv) https://youtu.be/a2QgdDk4Xjw 
v) https://youtu.be/4fMhJbnRT5I 
vi) https://youtu.be/0x6A3YXOAtY 
vii)https://youtu.be/ilIPJaK9mnU 
viii)https://youtu.be/oIG_NDb2g3U 
ix) https://youtu.be/gUPUuhVZfFE 
x) https://youtu.be/z03knktfqY8 
xi) https://youtu.be/pzzku4PqdHQ 
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