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Pr.duai•• ,;. ~ 1.1 INTRODUCTION II• I 
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NOTES 

Today the situation is diu a l)fflOn will not be treated as educ:ated if he knows 
nodling about Commen::e. Economics, S~ and Technology. Production .manage-
1net1t ia nor ~ by any one of tho,ie Seid, but i.s delic:all! blend of tht!ln all. 
The development of productlon -.ment ha$ been e;wu-emely tepid. Through 
production ,ystcm we .ma.Ire available goods and services in a V3St quantity. A c.entury 
ago, the man of education was judg,:d by his an, literature and language. 

Production/opcwlons management .is the process, which combines and uansforms 
v.uiow- re.sou.roes 113Cd in th~ production/op~ -.ub~ of the OTgatti.ution 
into v.aluc added produa/semccs in a controlkd manner ,u pet the policies of the 
organnation. Therdoi,!, it is !hat put of an org;an~on, which is concernod wilh 
che transfurmation of a .range of .wput, into me roqu.iffll (p~uctslscma:s) having 
the .n:qwsite quality le¥cl. The $Ct of inteuelatcd management aaivltict, which are 
inVOMd in ~ · certain produas, i.s called as prodw:tion management. If 
the .same co.accp( ia extended to scrvioea management, then the corrcspond.in1I &Ct of. 
management acuYl~ .ia called as Operadom ~ 

Production management tcdiniquc, arc wed in both manufu:niring and setVice 
industries. Produa.lon tn•o•gmien• re1p0mi'biliries include the miditional "five M'a'; 
men and women, madilne,, methods, materials. and money. Ptodurctio1> manage
ment, altemauvdy rcfetted to u manufuluri.ng management, is required fur truis

funning n.w matcria.ls and parrly, fahric:au:d materials in!X> finished produCIS, Pro
duction roao•grm~t dpcs .nor imply management of produ£tive proces, aloiw, but 
it c;ove.ta all there acti•ities which .go into the making of product.ion, To make 
production a concme i:alicy, one, mµst pay attention to the facnm of production 
like land, labour, capiw and organmtio,n, or to speak in the language of bu.sineu, 
mamiak, men, inone}'I inadunes and methods. Produaion inanagemenc thus calls 
fut the woxk of planning and wntrol pettai.aing to each of these factots of produc
tion. 

Production ~ment docs oor involve a mccbaoical msemblage of rdcv.ant &ctors. 
In conu:ast to mere uanafurmation of raw nwerial, into llnisho.f produeu,, it aims 
at naa11»n1iag and pamuciag rc:iouices of higher prodw:tivicy $0 that the plle$t 
outputs are obtained fro111 the least inputs. Wirh lu end in views, prodtt<;tion 
management emhrac!es the produaivc proca1 too and involves pbnning, di,a:ring 
and contmlling operation, till their sw:celllful -plerlon. Qualicy, quantity, rosr 
;and time of pro<luccion 1w an imporunt b<!a.ring on productivicy of the manufac,. 
turing enterprise. 

Acco.rdiagly. it i.s the ta$lt of productio,, roa■agcme,it to Stt that ~ 11lilim,ion. 
of iuour= is made, dine is shonelied, wasiea and smplngio are avoided. and h.ar
monlou, wnmng is made to p=ail in d,e pl.am. 

Production maoagcment .u a p.rocess of planlling, o,piizing, di.rocti~ and Q)Oll'<)l• 
ling the activities of the production function. It combines and aansfunns varioU3 
rcsou.rccs med in the prodoaion sub,ystcm. of chc orgarmation into value added 
p.rodu<:f in a controlled manner as per the poli<US of the organization . 

.1!.S. Buffa defines production managmie,ic as, "Plvdactioo ~ deals with 
decision making related to produc:tiOll processes so that the re&Ultiag goods or $Ct• 

....ice,s are prod!M:ed acco,ding to spedfiwiom, in the amowtt and by the schedule 
demanded and out of minimum cost.· 



1.2 OPERATIONS MANAGEMENT 

A f~ fur Maoa&l-. Opefflio.tu 

Managing operations can be encloxd in a fume of pnenl ro•oagcro"l'\t ~on, 
Operation managers are concerned with planning. o,ga1.1i2ing. and ()()t>trolling dte 
u:tivities whid, affect human 'bdlavior th.tough mocfeh. 

PLANNING 

Activities _that e.n;ablwies a coune of action and guide futw'e deciaioo.-ma.ldog is 
planning. 11ie opcratwllA managa- defines the objca:iva !or the operations su~m · 
of the organii:ation, and the policies, and proc.t41.u1S for acbi£ving the ob;cctives. 
This .stage iocludc, datifying th.e role and focUI of q,c,,.,inon, in the orgao.ization's · 
. avmlJ Stnlttgy. It alto iowlves product planaiug. facility d(!$'igniog and using the 
oonversion process. 

ORGANIZlNG 

Activities d111t estahlish.u a suucn,,,: nf "'•~ •nd •nth"~- ~l'cration managers 
Mablim a stractu.re of rol.a and the flow of infonnarioo within the opcrationi 
subsystem. They determine the actmties required to achieve the goals and nsign 
audiority and responsibility for canyiqg them out. 

CONTROUJNG 

.klmda d,,u-, ti# tldwl ,-fo,11 n1 r nrs de • ,oil/, jlJ. • ,./ ~ 
To CD£wc that the plan& fur the operations aubi),lt,rms are aa:ompUsb«I, the opcra
tio.o.s manager must curciae cootrol by mcuuri.qg :actual outpui:, and comparing 
dttm t0 planned operation, manag,ement, Conttolling ccm, quality, and sdttdules 
are the .impo.ttaot functions ~ ' 

B.EHAVlOUlt 

Opemlon maoagen are o:>nc:emed with how their effi>m to plan, o,ganize, -and 
conaol affect humaa bchmor. Thq also want to know ho-It the behavior of subor
dinates can affia ~•• pla.nnin& nqpioizing, ..ad wnaolling aaions. 11v:ir 
iotereat lies in decision-making behavior. 

MODELS 

& · ~fl ro•otger'I plan, oipnizc, and control the coam:nion procm, they en
counttr many probl~ and mun make many dcciaiona, They can simplify their 
difficulties w:iog ma&k lih agn:p~ plan.oing models for euroioiog how beat to 

~ ~sfutg capaci(y la short-temi, break even• analym to idcatify break m:n vol
umes, linear ~ and compuret simulation fut c:apacity 11riliutior1, decision 
ttcc analyal$ for long-temi capacity problem of &cility czp:maioo, simple median 
model fut ~ best locations of f.acllities uc. 

1.3 HISTORlq\L EVOUITION OF PRODUCTION 
AND OPERATIONS MANAGEMENT 

For aver two ceii.turica opemion. and J"O(luction managmiettt has been IIICA)gnized 
:as an .ur1ponant factor in a country', economic growth. t'hc traditional view of 
manufacturing maoagen,.cnt bt,gan in cigl,tecnth c.encwy when Ad.a.in Smith .n:aig• 
.nl-1 the econo:mi<: benefits of sp«i•liMiol' of labor. He ftlCOIDffll:Dded breaking of 

I~ II>~ 
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job& down into subwla and .=cam- worlu:rs to ~perializtd ~ in which they 
would become highly ,killed and efficient, In the culy twentieth ccntUtY, F. W. 
Taylor implemented Srnilh's theorie11 and developed scientific management. From 
then till 1930, many technique. were ~ped prev.alling the traditional view. Brief 
infunnation ahow: the co.ouihutio.m to 11W1uf.a.cmring management la shOWD in the 
date line 1.1. 

Date line 1.1 Hiatorical 11Ummaty of operatiom ID&MlffllCttt 

Dll.ht Ct1atn_fnuiffl C~uw 

1776 Sp-c:¼)iz:ation of labor in rnanu&cnuiog Ad,ux, Smith 

1799 Intcrdtanplt parts, cost acoounwig Eli Whitney and ochers 

1832 Dmaion of labor by skill; ~t of joba by akill; b:isics of time study 
Chatle,.$ Babbap 

1900 Scimtin<: management time study and work study developed; dividing plan
rung and doi11g of work Fttderidt W. Taylor 

1900 Motion of mady of jobs P~ B. Gilbreth 

1901 Sdieduling tet::bniques fot employc,e,, madlina jobs in manufu:ruring Herny 
L. Gantt 

191 .S Economic lot sizes fur in'Valrory oontrol RW. Hanis 

1927 Human rc:larions; the Hawthorne studies Elton Mayo 

1931 Statistical inti:rcnoe applied to product quality: qualky conzrol clwu W.A. 
Shewatt 

193.S Statistical sampling applied ro quality control: impcction sampling plans 
H.R Dodge & H.G. Roming 

1940 Opmtions ~ applicalioru in World War II .P.M. Bladter and oditr$, 

1946 Digital i:Omput..- John M4uchlly and J.P. Edmt 

1947 Li11eu p~ming G.B. Danaig. WIiliams & others 

1950 Mathcmat.iq.l progtanllning. on-linear and sto<:hucic A. Charne$, W.W. 
Cooper proc.cu-tS & o~ 

19!'> l Commercial digital. computer: ~ wmpuuticw available. Sperry Univac. 

1960 Organizational behavior. continued S(Udy of people at worl:: L. Cu.aumags, 
L Porter . 

. 1970 Integrating opcrations into ovenll strategy and policy, W. Skia.ner J. Od.icky . 
and Computer applicatiom to manufu:ui.rlag, Scheduling G. Wright and 
conuol, Material requirement planning (MRP} 

1980 Quality and prodl.lCtivil:y appllcatioru. from Japan: W.E. Deming and robot-
ics, CAD-CAM J. Juran. 

, Produ"100 mao.,....enr becomes the aa::epr:able term from 19305 to 19.SO~ As F.W. 
Taylor's worla becolDC more widely known, managers developed teehniques that 
focused on economic efficiency in manu~ring. Wo,:lu;n were sruditd in great 
detail to climiliatc: wasteful dfurU a.od achieve grtattt effic.icncy. At eke same time, 
psychologists, socialists and othtt social scientists began to arudy people arid human 
bchmor in the M>rking environment. 

In addioon, economists, mathematicians, ud computer socialislS contributed newer, 
more sophiltic.ated ~alytical approaches . 



With the 19701 emerge rwo distinct chmgis in our views. The .most ob-nous of 
these, rdlc:aed in the new name opentions ~t w.as a shift in the ~ 
and manufacturing sectors of the ccon<>my. & !e.r'Vicc sccto.r bcca.rne more prominent, 
the change from 'pnxluaion' to 'opentions' cmp.buizd !he broadening of our field 
to service o.rp.nizati,om. The 5eCOnd, more suitable change ~ the hegiooiog of an 
emphasis on $)'Jlthesi,, rather than jl.lSI an:il,sis, in maMgCJnent practices. 

1 .4 OBJECTIVES OF PRODUCflON MANAGEMENT: 

The objective of die production management is 'to produce ~ services of right 
. quality and quantity at the right time and right maiwfaawing cost'. 

l) Right qaality: The qwwty of prod~ is est.iblished based upon ·the customers 
needs. The 1ight quaii«y is not nea:aarily best qualit')t It is derennined by the 
cost of the product and the technical characteristics as auitcd to die specific 
reqwre:m,ent!. 

2} Right qua.atlrr, The manufacturing ruga.ruzation ahould pro.du.cc the products 
in right number. If they arc produo:d in exceu of demand the capital will block 
up in die. fonn of Ul\<Clltoty and if the quantity is productd .in short of demand, 
k:ads to shon:agc of products. 

3) Right t:We: Tmielincu of ddi""2)' i$ one of the important parameter to judge 
the dli:ct.ivcness of p1oduc:tion dcp:artl)lent. So. the prcductioit dq>mment bas 
to maloe the optimal utilli.1.tion. of input tt:$0UI«s to acllinc itS objectin. 

4) Ript ma11ufa<;twu,g w4lt: Manu&auring COit$ att ~ 1>d'ote the prod
uct ia ~ manufuxwcd. Henct, all ane.mpu should be made to produce the 
. pnxluas at I)~ll.vied CO$t, so 8 to reduce me variation between actual and 
tlic sQ.Ddard (p1e--esw,limed) · cost. 

1.5 SCOPE OF PRODUCTION AND OPERATIONS MANAGE-
MENT 
Production .Rlllll3gelllent concierns with the eo,nv.,11ion · of .inpuG into ·ot1q,uq, ming 
phpical .resot11'aS; 10 as to provide the daiied urilicies ,o die customer. It distin
guishes icself &om other functions such as pcnormd. madimng, fi.nanoe, etc., by its 
prinwy con«rn for 'conwomon by using phrsli::d aaources.' Follawing arc the ac• 
tmties which are li,ted lll!der production and opml:iom management functions: 

i} Locuion of &cilities 

U} Plant layouts and material handling 

iii) Produa cl=~ 

iv) Process daipt 

v) Produaion and pbn.ning ronrrol 

vi) Quality c.onrrol 

vii) Ma~ials management 

viii} Maintenance management. 

1~ .. ~ 
M-,,,-
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1. LOCATION OF FAcnmES: 

Location o( &cilitin for ~ is ll .1-ong-uirm apwty decision which involves a 
long term mmm.iunent about the geopphlally scatic f.laon: dlat ~ a businm 
oipniiation. It is an unport211t strategic Ind dccition-making for an · organimion. 
It• deal. wi.th the qucstiom such as 'where our main operations should be bucd?' 

The sdection of location is a key-decision u large lnvcsancnt iJ made in building 
plant 2nd lllacltinery. All improper location of plant mq lead to wasre of all che 
inve1tments madt. in pwit and macbinczy eq~nt:1. Hence, location of plane 
should be bued Qh che compaPy's exp.wion p1a.o. and p~ ~n p1an for 
the producu, changing sources of raw materials and many other &cton. The PWJ>08C 
of the locnio.11 ttttdy is to find the optimal location di.at will 1C$WIS in the greatest 
advaatage to the organizatioo. 

2. PLANT LAYOUT AND Mi\T.ERIAL HANDLING: 

Plant layout refers to the .physical arraDgl!IIICDt of facilities. It i, the connguta.tion of 
dcpartrncntt, work centers and equipment in the convcnion ptOC1C$$. '1ne ovetall 
objcocuve of the pbnt layout is to .design a phy$ic;il ur:anumcnt that meeu the 
n:quired output quality and quantity most em.t10mially. 

• 
Acrording to James Moott, "Plant Li,our is a plan of an optimum arrangement of 
&cilities including pcnonnd, opettting equipmdlt, srongc space, matmal handling 
equipn1CS11S and all odltt supporting 6el'Vicies along with the design of ~t iuuaurc 
to contain all these f.u:ilitics", 

'Material Handling' rdi:ra to the 'moving of man:tials &om the Stolt' room to the 
machine and from one machiae to the nat during the process of manufacture'. It 
is also defined as the 'art and Kicnce of moving. packing and storillg of produas in 
any form'. It is a specialized activity fur a modern manu&cturing concern, with 50 
to 75% of die CO$t of producrion. Th.is cost can be reduced by proper aec:tion, 
opention and maintenance of material handling dMcu. Marv.i.11 handling dfflc,cs 
inc:ttases the output, impnwcs quality, ,;peed. up the deli'Vt:riea a1td dea- th<: oost 



of production. Hiencc, ~i,,rial handling iii a prime considaation in the designing 
new plant and sevcr.al exi.tting plants. 

3. PRODUCT DESIGN: 

Produa design deal, wiih conversion of ideas into reality. Every bll-!inc&t organiza
tion has to cksign, develop and introduce new produm I$ a mrvml and arowth 
.strategy. Developing the new prodU<:U aJJ.d lalUlching chem iri the market is the · 
biggest dtalleng,e faced by the organiurinn.t. 

The entire ptoeffl of need identification to ph:,aical manufactures of product involves 
duce funciio1J4: marketing, product development, ind manufu:turi»g. Pmclucr de
vdopment ttanslates the needs of cusromen fi:vcn by mmre1iDg i1110 tcehnical ,peci
licarions and designing the various fulrures into the product ro these spccincations. 
Manuhctuting has the responaibility of ~ the p.rocases by which the product 
•c,an be Qjanufactured. Product design and devdopmall pl'OYide& link berwttn mar
kewig. -cu.sromcr need& and eq,eaatio.n, and the aaMcics required to manulactute 
the producL 

4. PROCESS DESIGN: 

Proceu design is a ma¢!0K0pic decision-making of an ovfflll procas route for con
verting the taw material into finished l:(Xldg. These decicions cncompus the aelection 

· of a process, choice of t.echnology, process llow ~ aod layout of tf,.t; facil.itics. 
Henoe, the important decisions in proce# daign are to ~ the woddlow fur 
converting raw material into 6.n.iahed produa and to sdea the work.scarion for ea<:h 
included in the world!°"'. 

S, PRODUC110N PLANNING AND CONTROL: 

Produ~on plannil!i and <:x>nnol can be ddined aa the pt<1=i of planning the 
production in advance, Idling the exact route of each item. fwng die ,tarting arul 
fulishing dam iiir ~ item. ro give produa;ion ordffl to sbopt aod l'il follow up 
the proiJffl$ of ptoduca a,;,oording to order,. 

The principle of production plaJ1ning and ooalr<>l lies in the Jtatemmt 'Fint Plan 
Your Work and then Work on Your Plan'. 

Planning may be ddintd as • Any infunnation which either apccincs or gu.idcs the 
~g of fu- acrio111 by its membcn geared wwards OYCrCOOU.Dg aisting or an
ticipated problffllS". Billy B. Goea. has righdy temacked planning as "funda.cw:.mally 
choosiog", and • a planning pmbkm arises when an al1mtalivc oou.ue of action is 
~•. So. in silllple,,t 'tt:lY, -we may de.fine production p.lanning as planning of 
production. But p.roduaion planning requin:s a wefuJ and daboratt ,nidy of c.oor
dinating and related activities whidi axe necdll'a.rily pc:afurmed by ~t depart• 
mcnlll. Mess.rs. Bethol, Smith and others in their book 'Industrial Orgmiution and 
~t• have defined the prodw:rloo planning as 'It is a aeries of related and 
co--otdinare activi.tics petfo.trntd bf not one bur a number of different dcputme.btal 
groups, each acuvicy being designed to sym:tnatm) in advance the manu&auring 
dfons in it, ~•. 

Atc:01'di11g to Al(,:,rd and Bcany, "Production planning and control comprise !he 
planning, rouring sc:he&uling. dispatching ad follow up furu:1ion in the productive 
procr£t, as orpnized dw the movcmenn of roateriaL pemmnan« of rnacbin~ ;u,d 
ope.rations of labor, however subdividm, are direct and wonlinated as to quantity, 
quality time and place. l t is adopting as bu.siness principle lhe old saying plan your 
work 2.11d work your plan." 

~,., ~ 
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- .-, .. ,,.,,,, ' , 
Amitdi.ag to Charles Almcpb, 'Pwduction•pl•ooing ~d control may be ddined ~ 
the ,;oordinalion of a series of functions according to a plan which will. economically 
utilize the plant &cilllit$ and ~re the orderly• movement of goods tJuoue>a their 
entire manu&ctu.ring cycle, from the procurement of all ma~ials oo the w.ppiog of 
finished goods at a . predetcnnined rate.• 

.A«.utdiug to Alfu.ld aad Beatty, "ProdUG.tion planning and control 00mp1ile the 
planning, routing Jebeduliag , <&patching and follow up functions in the produc
tion procca so (l<gi!Di:zt;d lha1 the movement& of ma1eril!J, performall<:c of .nw:him:s 
and operation of labor, however subdmdcd arc dttected and cooniinared a& to quan
tity, time and pla<:e. • 

Conclu,ivdy, producti,on planning may be defined in the words that ''Ir is the 
p,.tedetaliunation of 11W1ufaauring iequireincna suds as ~ifabk materials, money, 
men, on!~, priority; production process etc. within the acope of Industrial unit fur 
dncient prodaaion of ppoch ro cope with its sale requirements. 

Produaioo pW>Ding mainly depends on the JypC of manufaaurlng plane whi.ch can 
be dmded lllto twO caugorlt$: (a) Continuous type of rnanufacnu:ing plana ,uch as 
rayon, yam, shoes, paper planr., etc. and (h) lotermitted type of manufuct11ring 
plant& sw::b ,as Engineering type of pJ.anu and abo .repetitive type of indwtries
automobi.la; ,;ypewrircn etc. , 

Produaion planning without production control is like a bank wjchout a bank 
manager, planning inirutes action while control ia an adjusting process, providing 
concctlvc meuures, fur planned devdopmc:nt. Production control regulates and stimu
late$ the o~ how of materials in the mmufacturing process from the beginning 
tothceml., · 

Main fuacti.ons of produccion planning and co,:11:rol .includes planning, rooting, 
31:hcduling, dis~tclung and follow-up, 

1.6 STEPS OF PRODUCTION PLANNING AND CONTROL 

Produaion Planni~ and Conaol (PPC} is a process that comprises the pc:rfurmance 
of some critical: funcliolis on either sidt, m:., pl.anning aa well as control. 

l'N>Ot_ i'la...., ..... t-
·PIC4ltlfal PlaUl:lq 

Pmliq 

folle I r.A:11ttip 

~ 

Pllld11pjon Planning all« Control Pto(:Us 



1. 7 PRODUCTION PLANNING: 

Production· planning may be defined as dtc !CCb.D.ique of for,:sc;eing cvcty step in a 
long series of 11epuare ope.rations, each step to be taken at die right time and in the 
right place and each operation to be perfurmed in .maximUtD efficiency. It hdps 
e,ureprcn.mr ro wo.rk out the quamicy of material manpower, .machine and money 
requires for producing predcrerm.i.ne.i level of outpuc in pn period of time. 

Pl•ooing •• dulding in advance wbaJ: to do, how ro do it, wbe11 ro do· it and who 
is to do it. Planning bridjies the gap from where we azc, to where _. want to go. 
It makes ir p=ible for th~ ro ocau which would not omenrise happen., 

Rou.ting:: 

Under this, the operations, their path and sequenc:e a.re cseabJiwd, To ~ ~ 
ope.rations the proper d~ of machines and penonacl. n,qlliffii a.re aJ.o ~ out. 

The main aim of routing is to determine dte. best and clleapat ~ of opcMi9m 
and to ensure that this sequence is mia.ly fullov.ul.. In ocher word&, routing may be 
defined as the selection of padt which each part of me product will fullriw, which 
being troUfutmcd from raw material to futi.sh..t producm. Routing determines the 
lllO\St •dvanlllgt()I.!$ path to be fullowed tt01n ckparuntnt ro ckpanment and ~ 
to machine tilJ l'llW ma.tt,rla! fP'S ttS 6nai SNpc. Jn small CII~ tftis job .HI lloSUlllly 

· done by cnuq,=eu.r himself in a rather adhoc manner. Rooting ~ .i.o.votva 
following dil!i!:rcnt ·aa:iYi1lt$, 

1) An analysis of the anicle to determine what to ~ and what to Jxiy. 
2) To detumine the qualicy and type of material 
3) Determining the ma.nufu:twiDg ope.rations and tlM;il' sequence. 

4) A determiruu:ion of lot aiz.es 

S) Decermination of s=p facto.rs 
6) An a.nalysit of cost of the a.nick , 

7} Orpilzation of prodw:tico. co.nt.rol forms. 

Scheduli11,s: 

Scheduling dctermineJ !he programme for the op¢rniom.. Scheduling may be de,. 
fined as 'm,. 6xatio11 of time and dale for~ oper.ttion' as wdl as it detaminea the 
scquen« of open.lions to be followc:d. It means won:ing out of rune tlw should be 
rcqumod to paft,rm each opetation and also me lime ne~ to pafurm the mtiR 
series as routai, making ~ fw all facron oonc;crned. It maWy concerns with 
tirne element and prloride5 of a jol:,. 1hc paucni of scheduling diffm from oru: job 
tO anodlet which is explained u below: 

Production sc;bedule: The main aim is to scl!edule that amount of worlt which can 
ewly be handled by plant and equipment without in~ Its not inckpen,dent 
decision as it takes into aa:ou.nr following factor.s. · 

• Ph~ical plant &ciliries of the type required to process the marerial being 
scheduled. 

• Penonncl who p- thc desired skills and ~ to operate the r.:i.uip,- . 
ment and pcrfor111 the rype of woik iavolved. 

• N-1')' materials and purdwed pans. 

INmd e(r,, M ~ M..,._ 
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Master Schedul~: Scheduling u.ually,slaffll'lrid(, ptqnralioia of masrer s.·hedule which 
is wttkly or monthly break-down of the production requirement for each pmdutt for 
a definite time: period, by having th.is as a runnins record of total ptoduo:ion 
.n:quiremenu the entnplCl)C'Ul is in better position to .shift the production from one 
product to another as per the dwigtd prodw:tion requil'l:mcnl$. This furms a base 
for all $Uh$equent s,d,ed!,l)ing a«llvities. A muter schedule is followed by opcntor 
.scliedulc wtudt &cct l;OCII time requlr«i to do a piece of work with a giffil machine 
or which showa the time rai_uin:d to do- each deca.iled oper.w.o.n of a given job with 
a given maichinc or process. 

Manu&cturing .r.:hedule: It .i. pt.ep<Ued on the ~ii of type of manuf.tctu.ring ptoass 
inW>lved. It is vuy LLrall.l where $Wgle or ~ pl'OOU(:IS arc mamifactun:d ,q,eau,dly 
at ~ in~ Thus it would show the n::qu.ired quality of c:ach product ;wd 
sequc.nce in which the same to be opc,:.w!d. 

Schedulir)g of die Job order manu.&cturing; 

Scheduling acqui/u pater imporwia: in tbe job order maoufac:curing. This will 
mable die spc,cdy cx«Ution of job at each =tee po.iat. /.$ far as miall sale indusuy 
is CQMcmed smeiluling is of Utmost i.mpOl'taQa: a& it briagis out effia<!tlcy in the 
operai:io.na and .n:duca <lOllt pm:c. Th.e small cnll'Cpreneu.r should maintain fuu.r types 
of schedules to· haft a. dose scrututy of all ,cage, .IWlldy an enquiry schedule, a 
pcid.UCU!lh schedule, a ihop schedule and an arrcm schedule our pf above fuur, a 
shop schedule is the mM impOllllllt moat sui~ to the .needs of unall K.a!e indumy 
as it enables a foreman to see at a glance. 

• The total load O'n any 5CCl'.ion • 

• The opcrarional acqw:nce 

• The $fa8C, wl,kh any Job has reached. 

I oedie,g: 

The nen sup is the Cll<QI.UOn of the sdi.edule plan as per the route chalked our it 
'Includes the auignment of the wont to the operators at their machines or work 
pla=. So loaning detetmwes who wiU do die work as routing der<:rm.ines where and 
,cl,...!nling detennille8 when it shall be done. Gann Charts are most commonly .wed 
in small indwtries in order ro dctttmine the c:zistiog load and also to furaee how 
fut a job ~ be done. The ~ of du:ir tec:hn.iq1.11: lies in the &ct that they 
compaR what lw been done and what ought to have been done. Moat of a. small 
scale ~urprise fill due to non-adhelffl« to ddivcry schedules therefore they can. be 
.sucusslul if thl!y ha..e abilky to meet delivery order in rime which no doubt depends 
upon ~ of quality ~ in rir,ht rime. It make& all the more impomnt for 
entrepreneur to judge ahead of time wh:it should be done, where and when thus to 
leaw; nothing ro chance once the work Im begun. 

PR.ODUCTION CONTROL: 

Production control is the ptO<:ffl of pl.aruung production in adva.n~ of ope.r.atrom, 
establishing me at~< route of each b,dividu.al itctn pan or auembly, 1tCtting, 
Slfflillg all<I finishing .Im e;adi lmpon:anr ll,cm, -=mbly or the finishing productio.n· 
and. releasmg the nca:sniy prden as wdl a.s initimag rhe .nea:ss,uy fullowcup to have 
tbe smoom function of the ente.rpri.se. The production control ia of compli.ated 
nature in small indust.rif.S. The productlwi planning a.ad control departme.nt cm 
funaion at its best in small scale unit ollly when the work manager, the puidwe 
maoagtt, the personnel manager and the linancial amuoller assist in planning pro· 



dw:tion actmties. The production centrolle.r di=tly n:po.rcs to the vmrla nu.nager 
but in small sale unit, all -tlu: three fu.oaions namely maierial control, punning tul.d 
oonuol au often petf<¥oted by dte cntr<:p.renetU hinudt' produaion control st:atts 

with dispatchiog and· end.s up with corrective actions. 

Disrau:bing i• conceraed with the 11:arting the proa:saes. It gives mc:eJIWY authority 
so u IX> sun a particulilr wodr. which 1w already been plannocl. Wldcr 'Routi.ni' and 
'Scheduling'. Tbe.n:forc, dispatching is 'release or orders and instruction fur the 
5turing of production for any item in acaptan<:e with the route sheet and schedule 
charts'. 

Dispakh.i11g involves issue of procluction orders fur starting me opet:Ltions. Nctts/W)' 
authority aru! conformation is given for: . 

t. Movement of .a:iaU:rials c,; different womtaeiols&. 

2. Moveme11t of tl)Oa and fwu.res nec;asuy fur each operation. 

3. Beginning of work on each ope.c-won. 

4. R«ordlng of time and cost involved in each operation. 

S. Mo\'Cll'lent of wodt from one opcnlion to a.aothcr in =rdance ,rith. the 
route 5hcct. 

6. Inspeaing or supemsi.on of work 

Dispatching i& an impozunt steep as it tnnslates production plam into prodv.crion. 
Follow up: I!vC[J' produa:io.o programme involves determination of the progreas of 
wock, removing bottlcneda in the flow of work and cnmring that the productive 
operations arc i:aking platt in :accord:anoc with the plans. It spou delays or deviations 
from the production pl;w. It helpa to r.-1 d,;u,cu i.o .tOUting and scheduling. 
~ of ordm and iostniction, under loading or o-1oading of work 
ere. All probleau or ckviations are in..t$1'.ipecl and wittdia.l masu.rer are unden:aken 
to eiuure dte o:m,pletu>n of work by the planned' d.ttc. 

I11,pecdo11: This i• mainly to ensure the quality of goods. It can be r«<iuiJ:cd as 
~ agency of production oontrol. 

Co~ie measum: Co~.c ..:tion may i.nvolvc any of lhoac activicit:s of adjusting
me route. resdteduling of work clwiging the worklo..u, .repairs and maintenance of 
machinery or equipment, control over in'ICD1')rica of the causr of dmmon is the poor 
pcrfonnanc:c of the employ=. Certain personnel deciaiooa like nai.ning. uamfer, 
demotion en:. may have to be taken. A!fefflate method$ may be •~ tO handle 
peak loads. 

6. QUALITY CONTROL; 

Quality Control (QC) may be defined u 'a .system that is iucd to maintain a desired 
kvd of quality in a produ<:t ot ~•. le ia a~~ control ofw.rious factott 
th.at ~ the quality of the ptodua. Quality control aims at pte'lttllion of Ma:!$ 
at the souroe, ·relies on clinivc feed ~ l)'Jtem and cotiecti.ve actiOll proa:du.re. 

Quality wntrol c,ai, al~ he defined as 'that indllSffial management tccluiique by 
means of which product of u.rufurm acaptahle qu:ality is manufuctuml'. It ii the 
entire collection of activities which cn5ures that di.e opcralion will produce the 
optimum quality prodll<:U at .111.inimwn cosr. 

/~-~. 
~;: 

.w;1 .... · fM..,,;,J 

u 



Prwiw:ti,m 6' 0;,,.,,.;
Ma I w 

Scfh 

16 

NOTES 

d""-MI 

The main objectives of qtallty co.nuel',:ue, -

• To im~c the companies income hy making the p,odu.tibcl more aocept
able oo the cwtomers i.e., by providing long life, gteater wc:fuln., main
tainability, etc. 

• To reduce c:ompa.nia co.t tiuougb reduction of loaes due to defects. 
• To achieve wrudwigmbilicy of ma.nu&cture in large .scale pi»dua:ion. 
• To pi»duu optimaf quality at reduced price. 

• To eosure satisfaction of. custome.rs with productions or services or high 
quality level, to build customer goodwill, oon.lidencc and n:putiilion of 
ma.nufact\Uef. · 

• To m~ inspection prompt_ to e.naure qwtlic:y oo.ntrol. 
• To Ghoclt the ttriation during muufaaw:ing. 

7. MATERIALS MANAGEMENT, 

Materials management is that upect of management function which is primarily 
concerQed with the xqui.sition; control and ll$C of -.ceriala needed and ftow of 
g,:,ods and acrvices connected with. the production proceu h«ving aome pl'Cdctcr• 
mined ohjective:s in view. 

The main ohjcaives of mattriala management are: 

• To .minimize material. co,t. 

• To p~, ~ ~ and $l01'C mau:rials cfliciendy and to ffilUQt 
die related cost. 

• To cut down costs through simpllikacion, nandardiu.tion, ?alue ana.fpi.t, 
import substitution, etc. 

• To uace new ,ou.n)CS cf supply and to ~ (:Ollfi.a.l relations with them 
in order to enawe continuous supply at reasonable rares. 

• To reduce inveatment tied in the in~toriea fur use in other productive 
pi,.rpooses a.ad to dc:vclop lnglt inveatoty turnovei nttio,s. 

8. MAINTENANCll MANAGEMENT 

In modern iAdu.stry, equipment and madu.neq are a very- imponanc part of the tocal 
productiw cAun. 'Ilie.cdott, their idleness or downtime beoolllCS are w,ey ~ 
Htn1:t, it is very impo.naot that the plant mach.ine,y should be properly maintained. 

'I'M ~ ohj«ti.va of maintenance marugement are: 

• To ~ minimum breakdown and to keep the plant in good working 
@ndition at the lowest pomblc cost. 

• To laiep the mxhiAes and other &cilities in $um a c;ondition tl>at pamiu 
them to be used at !heir optimal capacity wuhout inumipcion. 

• To ensure the a-n.il.ab.ility of th.e madun.es, buildins, and sccvic.es requited by 
ocher sections of the facnny fw the pafurmaacc of their functions at optimal 
rerurn on investmmt. 

LOCATION ANALYSIS: 

The .doct:ion of approp~ location depending on the siu of the indumy can be 
done in cwo staga: 

a) Evaluation of various ~ a:rcu and the sdcction of an optimum area. 



b) Within C1Ch area there is a c:hoice of proper sitt which c;.n be urban, sub
urban or ~ are gencltlly known: as ind11$1l'.W. zone. 

Thus in the pro«.&S of location amlyw, lirrtly some appropnan, geogiaph.ical area · 
is select= and furm that area. a proper sia: is sdi:ctcd fur the esiab.loo.ment of the 

. plant. The a.ulysis for the choice of appt'OptiaDe - and Ct)fft$ponding ,ice is based 
on a number· Of mcaautt.s d...,c.rtl,ed below. 

Measuies fur me atlectioa of loaaion: 'The limd•rneora.l object of location analyii.s 
is to m•'tirnire the protirs l>y minimizing the rota! cost of production as.,ociared with 
the production prooc:.s. 

Tow com • Pmd aim • Ope.rational cmta 

Fixed oosu indude erpec,dinue on bitd, building, m•ch!oec and othet equipmena 
etc. Operational CO$ts are the e,rpcnd.itutc inair~ on• inpwi, ~rmation pt<x:ffl 
and the distribution of output. The coruriburion of variou. faclOr3 to the toc:al cost 
will vary form. place tt> place e.g. a po!ISiblc adn.llllige of' cheap labour at some pba: 
may be offset by tn()lC expenditure on fud, powe,, t:m:J .ecc, similady the conaibu0 

tlon of vuious faaori; alao depend on the natun: of the product e.g. in oil and 
chemical produ= the labour COSll represent only a !Mall pmportion of ioc:a1 costs 
wbcr.,.,. it it quite high in prmcnt and tatile indusaies. 

Ot!Kr cons.iden.tions .fur the dtola of locarion an be Low intcrcit on loans, special 
grants, poliiicll iituati<IP, .low mttal,, othcr bc:ncfiu ro enc:our1gt invaunent, atti
tude of residena toward& the indwuy. living st111.darda CIC, 

C.Onsideration of plant location: 
la particuln, the choice of plant loa.tioo. should. be hued on following consideration 

i) Availability of Raw material 

ii) Neamac to the potential market 
iii) Location ~d be near co the tl>urce of opamng pomr 

iv) Supply of )about 

v) 

'Vi) 

Tramport aod communication fu:ilitia 
· lntq,;Qlion .i.ih odlu group of co!Dpmic, 

vii) suitability of land uid di.mate 

viii) Availability of how.ing, other amenitk4 md .emces 
is:) Local building and planning ngulations 
x) Safety xtqt.llrerw:ntl 

~) Other colJSid.cr.uions for the choice cL lc>cation can be 

Futon Rapomi.ble fut Plant Location t.boil:es: 
The physical f.aaon ....... i,,ted widi location of an enu:rprue can have a aignifi<:ant 
i.tn~ on tlic operatioN of an en~ and it1 costl muau.re. 

These &ctors can be qualkuive as wdl u quandta.tivc. Qualitative nets can be 
.meuured in terms of some qualiwi-.e criteria nam.dy adcque, good, sigo..ifiant etc. 

Quantitative factors can be maaun:d on CO$( or aom.c odw quantitative basis like, 
labolll' ma1crial, ho11Sing. land, tranaport etc:. 

C:Crtain facrors arc of great importana: in the case of smaller tmbli,hment1, whereas, 
other, require areful con.ideration for large m,hlishmcna. 

NOTF.S 

Cb«ltY-Pr.g,ws 
i. Wlw is the principle 

of production 
planning and control? 

ii. Define Quality 
Control? 

iii, What is Productivity'I 
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According ro Dr. Vim:muiaya the decuion of plant lccalion should be baKd on nine 
M's, namely Money, ~al • . manpower, market, mocivc power, management, 
ntaehmc!:y, mean. of c:otntnunicatio.n and mo.._rum co an eadf swt. In general. 
• a plant should be located at a place where the inhabicanu are intel'C$ted in in 
succ:a3, the product can be sold pro6table and the produaion cost is minimwn. 

Disadvantage cl IOG91iaarinat: . 

There are many ~ of loaliMlion viz 

i) Localiution lc,ada of aca.unulation of too many workns ar one plaa: making 
the atm0&phcre crowdy md unhctlthy. 

ii) It leads . to unbalanced clevdopment and unequal distribution of wealth. 

ill) k a tlN8fe io. cue of w and. due to othe.r. afar icason. 

iv) Local Popwa,docl bea,ipes ecooonucally dcpeadcnt on ~ indu.mies of that 
aiea and may &a financial difficultr when the industries in the an:a &ii in 
~ir performance. 

:,) 11,e niarlu,t of the product may be ovu ahaucu,d. 

The l'Cl'ldcnc:y of loaliur;ion can be obeerved in variow indusuia <:.g. I.ocaliw:ion 
of jute industry in West Bengal. tmih: in Bombay and Ahmadabad. But in recent 
yeaa ~re appcus to he dmni.tc trend towuds dccentnfu:arioo of business loatk,n. 
Deanualization iJ an indica1io,,. that lhete ue .10aRy good loc:atioh.5 ror many ind.u
trics. D=tw.izatlon u taking pla.cc both on nationwide scale and within ihe 
industrial commurucia. 

l'LANT LAYOUT 

Plant layout rclen to the ~t of physical fu:ilities sum as macbioa. equip
ment, cools, fumicwe ecc. in sud,. a mannei so as to h.ive quickat flow of material 
ac the lowest rost am! with the least amount. of handlffll in processing tbe product 
from du, tc!C!ipt of raw matmal to the ddiYay of the Snal produa. 

Objec:tiws of good Plant Layout: 

A wdl daiped plant layout is one mar can be bcne6cial in adiie'l'ing the fullowing 
objec:tivu: 

• Proper and efficient utilh:ation of available floor s~ 

• Transponacion of work liom one point to another point without any delay. 

• Proper utilization of ~ capacity. 

• Reduce .macaial bancl.ling ca.sts 

• Ucili7.e labour cfliciently 

• R.educe ac:cidenu • 
• Provide for volume and product ftcn1,ility 

• Provide ca« of :wpe,visioa and mntrol 

• Provide for employee aafety and health 

• Allow eu.y maintenance of machines 'Ind plane. 

• lmprovc productivity 



Type. of la}'QUt: 
.. 

' • There are mainly fuur t)lpa of ~ lsyo,&lt: 

a) Product or line layout 

b) Pro<:csi or functional layoc,t 

c) Foo:d po,icion or focation layout 

d) Combined oi group layout . 
PR.ODUCT OR lJNE. LAWUT: 

In dus type of layout th,,- mac:hiacs and cquipmena are amopl in one lioc: depend
ing upon the ~ueace of opn.uom required for the prodi.ia. It is also called as line 
l:ayout. Tiu: material mova to anodw macbi.ne teqPC!lltiallJ without any backtrack
ing or deviauon i.e. the ouq,ut of one rn•cbioo: becomes inpw: of the nm ma.chine. 
It requires ,a vay little -1113!ttial handling. 

It u used fut tnau pioduction of smnda.tdiz.ed ~

Worltsa.tion-1 

Woncst.ation-2 

Worltsairiott-~ 

Worlawion-4 

• I.aw cmr of rnmrial lrmdlmg. due ID araigbt and ibott roucc and ab1C11c:c 
of~ 

• Smooth and QOIIOftUQUS ope~ 

• Continoow Saw of work 

• 1- iiwaatoty aad work ill progress 

• Optimum use of lhx space 

• Simple and elfccrive inspcaion of work and aimplmed p.rodwcti.on <lODaol 

• i:..o-r .manufacturi1;1g (Dst per unit 

NOTES 
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D&P.dvan~ of Product 1.-ayout: 

• Higher initial Qpita.l invcst:Qlcnt in special purpose machine (SPMj 

• . High overhead clwges 

• BreaJcdown of one machine wiU dimub the production procns. 

• USStt flexibility of physical n;$0Ul()C.S. 

PROCESS LAYOUT: 

{n this type of layout the machines of a similar type arc arranged tog«hct at one 
plai:e, This type of layout is wed for bau:h produWOfl, It is prcfa:red when the 
product is not ltaRdanliad and die quanrity prodw:cd is wry small. 

Ad-Yantap of P-. -,.,w: 

I~• I 
!Dt?t. 

• Lower initial capical inVfflm~nt ls requited. 

• Th.ere i, high dep:e of ma.chine milizuio'l, as a madi.inc ii not blocked fur 
a siaglc pioduct 

• Th.e ~ CX>Sts an, rdalivdy low 

• Bteakdown of one machine doet not discurb the production process. 

• Supervision .:an be mon, dlectiw, and spc,cialized 

• Greater llmbility of resowus. 

D.iwivantagee of PlOO!ll6 layo111: 

• Matetial lwldling Cl,Sts arc high due to ~ 

• More slcilled labour is requin:d !C:!Wtlng in higher rosr. 

• Work in prograa invcn~ry is high nccdiog peer 11onige spa.cc 

• More &eq_11a1t inspedion i& needed which results in cosdy supcrvi&ion 

COMBINED LAYOUT: 

• A «>mhinatioo of proccsiS Ile product lsyou.t is known as coMl>i.ned layout. 

• ManufactUriog c;o11cems where seftn! products arc promia:d in iq,eatcd 
nwn~ with no lilcdihood of (:Otltinuous produaion, combinal. layout is 
followed 

FIXED POSITION OR. WCATION LAYOUT: 

Fixed po&itioo la)'O'tlt involves the m<m:mel!t of manpower and machines to the 
product which ICIIWD$ .otarionary. The movement of men and machines is advisable 
as the cost of moving them would be !esset". Thi, type of layout ia p.nierred ·whc.rc 
the stt.<! of the job is bulky and hea.y. &ample of &1ICb type of layout is locomotives, 
ship$, boilers, generators, wagon building. aircnui: manuliicturi_ng. etc. 

AIR CRAFT ASSEMBLY 

Finiahed PIOduct 

(Aircraft) 



Raw material 

Machina ~ . Equipmcots 

Labour 

Mach!nts I 1--__., 
E()JiPrnllllt 

~ CRAFT ASSEMBLY 

Adftntagea of Fixed poa.itio.o layout: 

• The investment o.n layout is ver:y small, 

Fmisl>oo 
Pro<luct 

(Alrc~J 

• The layouc is amble as cha.age in job d• and operati.o.n sequence can be 
=ily incorporated. 

• Adjustmenll OU1 be made to rMet sliomge of matcl'Wf or abs<:ncc of worken 
by changing the sequence of open.tio~ 

Diaadvantaga of Find position layout: 

• .AJ the prod11rtion pmod being very big so the QPital invearaettt is very 
high. 

• Vc.iy large spice is .required fur lltOtage of ~ and equipment ncal' the 
produce. 

• Ju sever.al operations are ~ carried out simul1ancoU£1y so th.ere .is possi-
bility of confusion and c::.ordlias among dift'vent wodlgtoupt. 

Pll.ODUCTMTY: 

Produaivity can be dc.fu.e.J aa the mion of 6naacial owput in a pattiailar interval 
of time to the financw input ill the - time inte!Val Productivity can be calcu
lated by ~ the following numericai funnula: 

Produaivity ~ Fina.acial EJScienry • 

Finallcial ouq,11t (in :a parcicuLar intawl of lime) 

nnancw output (ill the - time inunoal) 

In other woms, - can say that p.roducovity ddiJlea the quanciwive rela.tion.wp 
between ihe output produc.cd and inputs used. 

Productivity is a meuuie of the dlecdve use: of JCSOUKCS, uswil1y a:pi:aacd as the 
ratio of output .to iaput. It is also called as ~ at times. Produaiv.icy wio4 
are used for: 

• Planning workforce r.:quizcments 

• Scheduling equipment 

• P.inancial anal~ 
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NOTF.S 
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FACTORS AFFECTING PRODUCTIVlTY: 

Productivity stand& on four importi.nt pillars of Oapit:al, Qualil)S Management and 
Technology. These pillan arc al.so responsible for positively as well as negatively 
alf«ting' the Produamty of the ~. . 

1) CAPITAL: An aisting ro•cbioc "t facility i£ it i.s not funaioning up 10 full 
capacity or tumiag ollt products which are not accq,tablc can lower _p.toduc• 
tivity. A new m«dune or repair of exirtinJ maclune would ~uire capita! 
input. 

2) QUALITY: Poor quality producu would not ~cet customer requin:mcnu 
and would need repain and reworks on the p.rodun to meet the standa.n:ls. 

3) MANAGEMENT: With bctta Khc>duling. p.lanniog, cootdinar.ing and con• 
ttolling :activities of m•o•gcroeot tht' macl,iot opcmions ~ be <:an:led to 
improve productirity. 

4) Tl!CHNOLOGY: Tec:hnologiatl impr.vvemcnts have increased productmty. 
A machiru: of today would outperlorltt machi.lic of ~ but may not 
withstand machines of tomcmow. 

1.8 WORK STUOY - MEANlNG AND DEFINITION: 

One of the most imporcaot ta:lmiqUC1, which an: ~tly emp!oyul by all man
agement penonnd, is work study. It introduas the moat dffl:tive method of work
ing. Work study has pnm:d. to be the most ~ tool in the hands of nwiase
mmt. Every indumy is .lacing proWems conoeming the dllcicncy at all levds al1d 
,o a ,ysrcmatic attt.mpt is .needed to ellmimtc unnecessary wo:k and the make 
remaining work ewer. Th1" productivity would aw:o1DaUcall.y be increased. It is 
diad'ore, ,:,:,011 ry to haw: a comrmt dmrt to reduce the w.astc in evct:y phase of 
produCllOII. So. that theA: is a ~ available for divi$Klll co cbclop good life. 

Acairdmg to the ILO, 

wo.tk mad), is a 101tt -~ to emboce lhe t«hniqUC$ of mtthod study and 
work ~t, which uc cmpkl)'Cd m eJlsutC tbc best possi"ble use of 
human and 1namia.1 taoutca in catrying out s specified :aai'rity. 

~rdiag- to Brimh S~ Inmtute, 

"work study is a~ ·tam for those teclmlquu, pamculariy 'method 
study' and 'work !IW:al\J1T.lllalt', wbic.h .. are u.i ;n me e.xamiaaciol! of hu• 
man -work in all its co.nrem aad whkh lrad ~ to the in~ 
rion of -11 mors which afrea the dncicncy and economy .of the $1{Uation 
being n:newcd, in orcL:r to effect im~t.• 

Thus, the work swdy of human works in ;JI upecrs in ord~ to improve productivity. 
It is a ~tic and aiwytial 11:Udy of work proa:ss and woik memo& with rhe 
objective of increuing cfficic.ncy and reduci.og costs. Work midy hdpg to reduce 
wutc duougl,. samdudir.adon .,f ~ti.e aod qua111itatiw dttnent of the jee. 

1. 9 ADVANTAGES OF WORK STUDY: 

Following arc the advantap of work siudy: 

1. It helps to .-achieve the smooth production flow with m.id.imum in~p
tions. 

2. It bdp, to reduce die cost cf die product by efirnio•ring "'!Ute and unnec• 
cssa:y operariona. 



~. .Better worker-management rdatiOll4, 

4. Meas tb4! delivecy- commiiment. 

5. Rt:duction Jn rejeclions and ~p and higher utilization of mour= of the· 
organization. 

6. Helps to achieve bectcr workins condinoas. 

7. .Better wonq,lac.c layout, 

8. lrnp-es upon th¢ existing ptO<::C$$ or methods and hclpa in standardization 
a,nd simp.lilicarion. · 

9. Helps to establish the sw.dard nm~· fur an "JWl!Mrl or job whldt has got 
application in manpower planni.ag, and p.toductioa p.ba.nning. 

1.10 Distinction between Manufaawiag 0~ and Service Op
eratio.ns 
Following chanctcriati.cs an be a>mid.-1 fur distinguishing ~Ilg o~ 
001111 wid,. -=rvic:e op,e.tati,:,ml: 

I , TaogibleJincangih!e narure of output 

2. Col)$um.ption of output 

3. Nature of wade (job} 

4. Deg,:c,e of cwtomer contact 

5. Customer pcuticiparlon in conversion 

6. Measumne.nt of performance. 

Manufac::tUrlng is characteri74! by rangibk ourpuu (prodvctS), outpuu !hat custom• 
en CODSWDC arenimc, jobs that use b laboJ: and more cquipmenr,, .little customer 
COllw:t, JlO cust:Q-r participauon in the convcnion proc.dS (in productio.n), and 
sophmicau,d methods fur mcaawiJig pN>duaion aaivitia and resource ~n 
as produa are made. · 

Ser.ice is clwacleriud hr intaogiblt ,outputs. outputs that ,cunomtra consumn 
iroroo:li"tdy, jobs th.at use mo.re labor and lcu equipment, dirca: co&umcr ronucr, 
fn:quent cu.stomeJ' pani.cipalioa in the com=ion p-, and elcmrnlary methods 
fur measuri41 convenion actividcs and re.our« consumption. Some ,ervices a.re 
equipment based namely rail-road ICIVioes, telephone semc:z:s and aome a.re people 
b.ued namely tu consultant scrvic:es, hair ff7ling. 

CASE STUDY - SHEENA 

Shi:cna had wormi fur the same Portu~ 500 Compa.oy fur most 15 yea.rs. Aldwugli 
the company ·bad go.lM! tfuough some tough times, thing, -c starting to rum 
around. Customu ollkn were up, and que.lity and ptoduwvicy had lmpioved dr.a
mati(:ally &om what they !wt been o.nly a ·r- years artier due companywide quality 
improvement program. Sc!, it co.mes as a ttal shock to Sheena and about 400 of ,1ier 
~ when ~ were: ,uddcnly a:nninated fullowing the new CEO's decision 
to downsize th&: company , 

After .tecoverillg fiorn the initial shock, shttna tried to .{ind employment clscwhe.rc, 
Despite her ell'oN, aftc:t eight months of seardtlng she wu no doaer to finding a job 
than the day ~ mrted, HeJ' funda were being depleted and she 'MIS getting moi,: 
discouraged. Then: was oi:ie bright apot. though: She was able to bring in a Jirrle 
111011q by mo~ lawn, for her .ncighbo~ 

l~n,. PYodsv::t;,,,, 
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She got involved quite by chance when she heard oltC neighbor remark that .11ow that 
his children 'WeN, on their own, nobody MS around ro cur the gr=. Almost jokingly, 
Shoeo.a asked hlm how much hc\:I be willing !O pay. Soon Sheena. wa.s mowing the 
lawns of live Aeighbo.rs. Ocher neighbors wanted he.r to wo:k on their lawns, but 5he 
didn't fue.l that she oould ~pare any morc time &om her job search. 

However, as the rejection lcucrs began tl:> pile up, ShllCllll knew she had to make an 
impon:ant decision in her life. On a rainy Tuesday morning. she decided to go into 
business for herself taking care of neighborhood lawns. She was .rd.ieved to give up 
the streu of job huncing, and she was acited about the prospecb of being her own 
boas. But she was also &arful of being 

c:ompl~ on her own. Neverthdess, Shoen.a was dcrcrmincd to makt a go of ·it, 

.At. lint, business wu a littk alow, but once people realiud Sheena was available, . 
many asked her to take a.re of dtcir fawns. Some people were .tlmply glad to nun 
• the wo.l'k um to he,;; odiers switdied mm ~ional lawn care servi= .. By the 
end of her .fir,t rear in business, Shee.o.a ~ .she could cam a living this way. She 
also peifurmed other services such as fertilizing lawns, w=di.ng gardens, and trim
ming shrubbery. 8usinllSS became .so good chat Sheena hired two pan-time wotktrs 
to a8Sin her and, eve.n then, she believed .she could expand funbct if £he wanted to. 

Q.uestiona 

1. In what ways ,..., Sheeoa's autotru::rs most likely to judge the quality of her 
lawn catt serv~? 

2. Sheena is the opc:atiom lilaoager of her business. Among her mpon.sibilities 
are fo1ecaating. invencory management, $Chcduling, quality assuzance, and 
main~na~. 

Produa Dcw1,opmcnt Rim 

You have the oppo.rtuoity ro invM lNR 100 billion fur )'OU-I' wmpany to dcvdop 
a jet engine for oo.mmercial ain::rafu. Development will span 5 yea.rs. The final 
produce costing lb. 500 million / mm could reach a aales potential. eventually of 
Ra. 2500 billion. The new engi..tte can be placed in service 5 ~ from nO<Y, but 
ollly if it .9ualilie$ foUl' years &om now fur cadnatiQn clearing rommercial use and 
only if it nu:etB A.m.ericis Fedaal. Aviation AdmiDisnatioo's (FAA) ,:vcr tightening 
5tandards fur noilt reductioa. Cenificatio.11 also has to be ·obwnod from India's 
Dim:tor Geaeral of Civil Aviation (OGCA). There is ~tion from world-class 
.m.anufaauren like Pratt and Whitney and Rolla Royc.e who axe developing compet
ing engi11C$. If you &c.idc to p.ro<:ecd with the project, you muat also dctcrmiM 
where the new engines will be produmt and develop the inanulxturiog fu:ilities. If 
>W decline to prcued, yow: aimpany c.ould in~ iu r1:SOurces .e~erc and based 
011 its track reoot:d, get anraaive .lffllttl8, · 

(a) What would be your line of aaion? 

(b) In caae of lengthy product design and devdap.ment time, what kinda of ri~ are 
thele~ 

1.11 SUMMARY 
Production and Operations ~ent (''POM") is about the tl'allsfurmation of 
production a.ad operational .inputs i.ttto "ouipuis• that, when. di.ruibuted, meet the 
Meds of customers. ' 
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The proces& in the above dillg.llUD is .often rdi:rred to as the "Convmion Process". 
Prodw;tion and Oporations ~cnt iticotp0:ates many tasks that ,uc interde
pendent, but which cm be grouped wider me main heading,: Plant, Process, Prod
uct, Progwnme, and People. 

ANSWERS TO 'CHECK YOUR PR.OGRESS' 

(i) The p.tindplc of produo:ion planoing and c,onUQI I~ in the statement 'First 
Plan Your Work and then Work on Your Plan'. 

(ii) Quality Control (QC) may be defined as 'a symm that is used to nwnwn 
a desired Icvcl of quality in a p~ct or service'. 

(iii) ProdllGli.vity can be ddinea as the ration of fuJ.ancial output in a particular 
intctv.al of time to the financial input in the same lime interval. 

(iv) won. study is a tenn wed to em.b.raoe the technique& of method siudy and 
won: n.cu1u-ar1C11t, which are einp~ 10 ensure ,he but powbk: we of 
human and material :resources 'in carrying out s spccifu:d activity. 

(v) A O)IDbinatlon of proccas ac p.roduq klyom is known u combined la)")ut, 
Mama.faawing concerns whe~ st:VCflli prod11C1S arc produced in tq,earcd 
number, with no likdihoad a£ continuous production, c,otttbi-1. layour is 
followed 

1.12 TEST YOURSELF 

1) What do 'you t:ncan by P•«.lucuon Management? 

2) Describe objcctivea of Production Management. 

3) Briefly dioc;u.ss the scope of Production Management. 

4) Explain various s• of Produ.crion Planning and Conuol. 

5) What do you in= by :Produetion Coouol? 

6} What is Location .Analym? 

7) Write a short note on: 

• i) Plant layout 

ii) Ptoduct layout 

iii) Process la.rut 

iv} Produaivity 
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v) Work•scudy

8) What <lo you .mean hy Opentio11 Mat...ge:tm:ftt�

9) Distinguish bctwun nianunaurillg opi:tations and service operations.
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2.1 Introduction 

In biainffl and engi.t,ccring. new piodw:t development (NPD} a the tc.tm used to 

describe. the wm.pleie ,PfUCC11S of !>ringing a new prodi.itt to marker. A producr is a. 
$Ct of be,aefj13 off<:red for exchange and can. be tangible (that is, tomething physical 
you can touch} oi imangible (Jl.kc a service. apcric.nce, or belief). There are two 

p;aralld paths involved in the NPD process, one invol\>e$ the idea generation, product 
design and detail enginn:ring; the other involves market tescard,. and marketing 
analym. Companies typically see new product development as the first stage in 
generating and co1nm•tri•li2:ing new products within die over.JI strategic process of 
product life cycle nwiagerncnt used ti) maintain or grow the.it market share. 

2 .2 The process 
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1. Idea G..11aaPGCl ia ofom wkrl the "futty &ont end" of the NPD process 

• Ideal fur new pmductt can be obtained from basic research using a SWOT 
anaJygis (Sttengchs, WeaknClllCI, Opportunities & Th:eacs), Market and <:Ott• 

sumer rscnd.s, (:O~pany's R&D departmem, competiton, focus groups, 
emplo,=, salespeople, corponte spies. tnde mows, or .Edmographk dis<:ov
cfy me.thods (IICal'Cbing for user patterns and habits) may .also be uted to ~t 

an inaigbt into new product lines or product fa.wees. 



• Ult$ of ickas .ire being geaezated ahout the new pmduct. Out of these ideas 
many ideas are being implemented. The ideas U$C to generate in many fo.t:llli 
and thelr generating places arc also v.uioU$. Muiy reasoiu are ~ponsiblc for 
generation of an idea. 

• Idea Generation or Brainstorming of new ptodl/Ct, scivkc, or score concepts 
• . idea generation recbniqucs can • when you have done )'Out OPPOR· 
TUNITY ANALYS[S to support your ideu in the Idea Scn:ening Phue 
(shown in the next development s11:p). 

2. Idea Saeenit,g 

The object is to elimin:m: wuound concepts prior to devoting resow= ro them. 
Tile saeentts should aslc ~~ questions: 

• Will the customer in the target tnackct benefit nom the product? 

• What is the size and growth fo.rec.a.stS of the ~ oegm';.,ritarget mark&. 

• What is the cu1Tc1u or cxpea:ed compecitrvc pressu:tt fur the product idea? 

• Whaz are the industry sales and ~ mnd.s the p,odua idea is ba""1 9n? 

• Is it tccluiiGally feuible to manufacture the prodlla? 

• Wm the prodUCt be ptofitable whco manufactured and delivettd to the 
cust0mct at che wget price? 

3. Coa«pt Development and Tfflil:ig 

• D~p the nw:hting and engineering @tlil.s 

• Investigate intdlec::rual property issues and acuch patent data bua 

• Who is me target market and who is the decision maker in the pwdwi.cig 
prouss? 

• What product f~tures must the p«xluct ~rporau? 

• What benefits will the prodw:t prcvi~ 

• How will consumers react to the produat 

• How will the product be produocd most OOst d!iectivdy? 

• Prove feaJ1ibility through -.irtwal computer aided rendering, and Npid 
protocyping 

• What will it cost to prodUCII it? 

• Testing the C.Oncq>t by a.sliing " sample of ~ cuatomm what Ibey 
dunk of the idea. Usually ¥ill Choice Moddillg. 

4. BUJ.ina1 Analym 

• F.stimate .likd.y adling price ~ upon competition and customer feedback 

NO'IES 
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• Emmai:e ulu volume hued upon $iu of nwbt and sud!. tool, as dtc Foun
Woodlock equation 

• Estimate profitability and break-even point 

5. · Beta Teaaag aad Ma.cbt Testing 

• Produa a phpk:al prototype or moc::k-Qf) 

• Tat the product (and its packaging) in typical usage situations 

• Conduct f'ocw; group customer interviews or introduce at trade sh.ow 

• Malo. ~jll.WIWltt where tlileeU&ry 

• Produce an init:ial run of the pxoduct and se-ll it in a test matket_ area to 

dctcnnw= · cuatolllel acoepWM:e · 

6.. Teduaical .rinpfeme..1.,wm · 

• New prognun initiation 

• Finalize Qwdity m111agemcnt system 

• Raou:rce eauniation 

• ~uirement public:arion · 

• Pub&h tedwcal mmmunic:a.tions .sw:h u data sheets 

• Engineering operatio.ns planning 

• Department scheduling 

• Supplier colbbocation 

• Logi,tiol plan 

• . ~ plait publication 

• Pmgram zeview and monirori,,.g 

• Coo.ii~ - what•if planning. 

7, C,....ene,,:iaJi,wioo (cna cwidered posl'-NPD} 

• La~ the product 

• Ptodw:e aad. pJaa: ad,y,-,a,ep,cnrs •nd otlw promotioDS 

• Fill die distribution pipeline widi product 

• Critical path analysis is most usdi.tl at t1us stige 

8. New Prvcb;t Pridilg 

• Impact of new product on die entire product ponfolio 

• Value Analysi, (ioumal & ex-1) 

• Cornpetiri.on and alcemaliw wmpetitlve technologies 



, • • D~ V.UIJI: acgme.nts (pd«, Vllue',. and need) 

• P,oduc::t Costs. (fw:d & v.uub!e) 

• Fomcut of unit volumes, mocnuc, and· profit 

The.ie ,reps may be ita)lted 2S ncedM-. Some tteps may
0

be eliminattd. To icd~ du, 
rime that the NPD ptQCaS talc.cs, many compa.o.ia ue mt11pleti.llg $CV(n.( acq,, at • 

· the same time (refa1ed ro as conaam:nt aigiaetering or time to marbt). Most 
indusny lcadt.ts -« new product devdopment as a p~ proc::eas wltm fflOIJl'CIC$ 

ue ~<id to identify ~ clwlges and !Cizc upon new product oppon:unitles 
· befote they ocrur (i.t ci>nuut to a ~ ttlld4gy in whidl ncthmg -. done wttil 

prob!= oocur or the rompetitor iotroduoes an innovuioo). Many .indu.my leaders 

.sec - product devdopment u an ongoing p- (n:C,e!'t'<Xi to as ro111imwus ifwd. 
t,pmml} in which. the entire org:aniution is always looking for opportlllliaes. 

For the more innovative products, p-cat amounts of uncertainty and change nli.Y 
eiast. which makes it difficult oz impossible to plan · the complete. project before 
mrtwg. it, In tliiB =• a more flexible approe.ch may be advuable. 

B«.ause !he NPD p- eypic:ally requilllS both engineering and tuUk.eting c-qie.r

ti!C, cross-4\ulctional teams are a. common way of otganh:iog pro_iQCU. The teaJn is 
responsible for all aspects of inc projea, from initial idea gem:.nttion to final oom
mercialization, and they~)' tq,on to ae.nior management (oftca to am pleti
dcnt or Program Manager). In mote indu.ttries where prodUC1$ an: cecluiically com
plex, devdop~nt rcsea«:h is typically apciww:, and product .Litt qcl~ a.re ttlauvcly
ahort, saan:gic alliances §mong se-wml oiganizatiom bdps m spread the oosts, pro-· 
'ride ac.ccss ro a wider skill Jet, and.spc:cd& the -U process. 

Also, notice that beawsc ~ and marhul\g expertise ue usually both. aiti
cal 10 the prrxiess, dlOOei.ug an appropt~te blend of the two is imponant. People 
ieep<>nd to new producu in dlffcrtnt -i,-s. The adop(ion of a new tedlnology can 
be analyit:d uslng a variety of diffus-ion rheories such as the Diffusion of .innovations 
dtcory. 

A new prodlla prici.ag procas is impol'lllllt to reduce risk and in~ oon6dcnce 
in the pricing and marketing deci,ions u,• 6e roade. Bc:mneiJI and Maci# d,,,,cribe 
an integmed proc<a duat ol:l!U$ down: rlit COIXlpla tao: of new product p.ri.cing into 
manageable dcmeots. 

The Padi t.o Dc:vdopiag ~md New Ptod11tt1 poinis out m.r« 1"y p~ 
that can play ctiaal role in product dcveloprne11t: Talk to the dlSl<)mer, Numire a 
projitet cultu~, and Keep it fucu.9ell,. 

2 ,3 FUZZ\' FR.ONT END 

The Fuzzy Fron1 End is !he masy "gming CIKk,d" period of new product Mgineer

ing devclop!Dmt pro-. lt .i$ in the lront end where me OlpllllltiOD formulates 
a concc:pt of the product to be devdoped and decid.ea whether or not w invat 
resoun:es in the funner dcvdopmcnt of an idea. It ia the plwe between lint t»f!,

$idcmion of an opp<1mmity and wh.en it is juclpf ready to enter the m-u<;turc,d 
devdopDltnt process {Klm and Wilemon, 2002; Koen et al., 2001). It includes all 
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ac1ivities from the search for new -opportllnities through 'the funnation of a germ of 
an . idea to the development of a ptfclse concept. Tm:· ~ Ph,nt '£nd a,ds whcn 
an organization approVl:S and bq:i.tu &mnal ·devdoptncllt of ~ c6llapt. 

Although the Fuzzy Fr(lftt End may not be an ~ pan of ptodua develop• 
ment, it can comume SO% of devdopment time and it i.s where major <lOtnrnitmenu 
aic cypkally made iJM,lv:ing time,. money, a.wl the prodw:t's narure, thus sening die 
cou= for the eotite project and nna.l end product. C.ooscqucndy, this phase should 
be cons.iden:d · as an essmlial part of development radu:r than something dut h:JP
pClU "before development," and ics cycle time should be included in the total 
development cycle time. 

Koen et al. distinguish 6,e ~t front-end clements {not n~ in a particu
lar order: 

1. Opportunity Ide.ntifica.rion 

2. Opportunity Aaal}'!i& 

3. Idea Geaesii 

,. Idea Scleaion 

5. Q,nc,ept and Technology Development 

The first clement is chc oppormnicy identi6carion. In th.is element, latg,; or focrc,. 

mcnml. businaa and tt:dl9ologial cha.aces arc identified in a more or less strucl1.U'Cd 
way. Using the guidelines Mablished ~. raou.tas will evmwally be allocaecl to 

..- projccu. ... whidl then lead l'I> a IUU(tu.red NPPD (New Product & Process 
Develepmca.t) •tra~ The seoond demMt is the oppomm.ity ~ It is done 
to traflfhte die identified oppomsn.iti~ into implicadOM fur the business and ~ 
nofogr specific oonlel:t of the company. Hcte eztierum, cffi>n:s may be made to align 
ideas ID cargt,t cuatolDer groups and do matku studia and/or technical trials and 
re.seatcll. The- third element is the: kb ~. whi<:h is described as cvoluUO,D:l.{y 
and iterati~ procas prog,:cgsing &om birth to matu.r.a.tion of the opponunity into 
a tanp'blc idea. The procas of die idea genesis can be made inter:mlly or come &om 
outside inputs, e.g. a supplier olraing a new .lllllterialltec:hnology. or from a customer 
widl an unu.ual ~t. The fourth den,mt is die icka i,deaion. 11$ pwposc is to 

choose whether to pursiac an idea by analyzing its potattial businep value. The 6ftb. . 
· element is the concepc a.wl l'm'lnology development. During this part of the front
end, the bminas a.se is devdoped baaed on estimates of the collll available roa.tkd:, 
c:wocomer needs, inntuncnt teqlUh:mffllt, and c:ompetluon analysis and project 
unceruinty. Some org:aniz:atlons consider this to be die . first st:igc of the NPPD 
process 

The Fuzzy Front End is abo ~ibed in lit~ as "FfOlll: End of Inaov.uion", 
"Phaee o•, •srage o• or "PR-Projea-Aai-ritia". 

A univcmally aca:pcable ddinition fur Fuzzy Front End or a dominant mmewod, has 
not been developed ,o far. In a ~ of PDMA, it i, mentioned that the Fu:ay 
Front End gmeraUy consists of th.rec mks: strategic pl•aaiag. rx>~pt g,encnlM)j), 
am!; especially, ,-r«hnic,l ewluation. These activities arc often dtaoti(;. WIPfflUCt
able, and U11$tn1ctuaed.. In comparison, the . subseq"'nt new product development 



pro=s is typically ~ - prcdiaahl!!,, and. furmal The term Fuziy Front End 
was first ~ b)s Sm.uh and lWneraen (1991 R.G.Cooper (1988)[ describe! 
the early scaaes of NPPD ~ a four Jtep. _l)1'l)C(:$S io. which ideas a,e generated 
(l),IUbjec:ted to a. prdi,v.inouy teduiial alld .~ anr lii'"t(JI) 1,nd ni.ei:g«i to 

<lOhemit ptodit.ci concep11(Ill) which arc fuully j~ for theit fit with existing 
product -. and ponfol.io8 · av). In a. more R:Unt paper, Cooper and &!geu 
(2008) affirm that vial p~clopment aQMUC$ include: 

I. Preliminary market assasroenc. 

2. Technical assessment. 

3. SoU!Xb-Of-supp.ly-,w...,mem:: supplim and parmus or allianGc:1. 

4. Market tttearch: m.aricet size and tegmentatioo analytis, Voe (voice of the 
cuatmQcr) rescacli. 

5. Ptodua concept testing 

6. Val.,..to-the customer ...-ment 

7. Prodtu:t definition 

8. B11Sitre,s -t AnancW analpis. 

These activities yield vibl infurmatioo. to make a Go/No-Go. to Dc,,,,,topmcnt deci
sion. 

Jri the in-depth ,wdy by IOuuana and R09ClllhaJ front-end a,;tlvitH:s include: 

• prodw:t -• fonnuliatioo and mmm1!'11M:l•i.,.,, 

• opp<>.rai1'ity identilicarion and aasessmau, 

• idat gmcniion, 

• ~ de6nition, 

• p~ planning, an4 

&onom~ AMly,gis, lw:oclummug of compditive ptoducu, and .modding and 
prototyping arc also impom.nt actiYities dutiog the front.-d acti-Yitia.. 

The ouwomes of FFE are the 

• J11WiOll 91:aCCMCllt 

• CU$tOmtt ~ 

• details of the adecled a,nc.epr 

• pto<luct definition and speci.Acauons , 

• economic analyti& of me pmduct 

• the deoelop.nlfflt schedule 
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• project st:iffing aod the budget. aod a J, 

• Busincu plu aligned with corporate straqy. 

In a paper by Husig. Kohn and Huskda (2005) was pt:op~ a ooncqmw modd 
of Front-End Proceu wbidi includa euly Phases of Int\O\'ation l.'rooeas. Thia model 
~ sttUCtUd in three phaacs and duu gates: 

• Plwc I: En.vironmcnta.l screening or opportunity idmtilication stage in which 
e:icternal cbange.s will be an.aly..cd and translaced into potfflt.ial busiru:.is 
opportunitic.i;. 

• Phase 2: Pteliminazy ddinition of an idea or concept. 

• Phase 3: Detailed product, project or concept dennition, and Business plaa.
n.ing. 

The gares ate: 

• Oppo,tUnii:y $Crt!ening; 

• Idea ewluatio.n; 

• Go/No.Go fo, clevdopmcnt. 

The firia.l gate leads to a d...tic:ued new ptoduct dndopmcnt project. M~y profe£
sion.als and aademics conaider tbat the ~ features of Fuzq Front End (fuziiness, 

· ambigµity. and u.nc:at'ainty} make it diffirult to - the FFE as a ,truerl11'ed ptott$$, 

but rather u a sec of interdq,endent activities (e.g. Kim and Wili!mon, 2002). 
H-.-, Husig et al., 2005 argue that front-end n~ nm!. to be fuzzy, lrut can be 
handled ill a at:ruau.d mannet. Pete Koen argues that in the FFE fur inaanenttl. 
platfonn an.d tadi.cal pJoj~. chrte ,epante $ts-ategia and proceues arc typically 
in..,lved. The traditional Stagte Gate (TM} proctts was designed for inetC.11').e,;W 
product development, .namd.y for a single product. The FFE for developing a new 
platfutm mlllt 81:an out with a strategic vision of where the company wan~ to 

devdop prod11e11 and thia wiU lead to a funily of produa:.. Projccu fut bieala:hrough 
ptodUCIS Start out with a similar suatt.gi,c mion, but' arc a-,ciated with u,chnologi(:s 
which require new ~ It ii worth ~ wh.at arc i.ncrcmenr:il, platform 
and bcakthrough produca. Incremental products arc con.sidercd to be Ci:llt rcduc
tiO!l.f, improvements to emcing product Jina; additions lO existing placfomu and 
rcpositioJunc of exilting produas illuoduoed in matha. B~ugb. procluas uc 
new to the .:ompany or .new tn the wm:ld and offer a .}-10 times or greater .improve• 
mc.nt in. pafunnance combined with a 30· 5~ or grater n;,duction in coG. Plat• 
fuxm producu establish :a. basic archi~ for a .nelCt senmaon produa or proceu 
and are subslaUltWir larger in scope and rcsowus tlw, inaemcnta.l projecu. 

Pmduct Design 

Produa: design is :,;he p- l:,y whidi new produas a.re ~ and produo:d. 
Pnx!Uct design in ia basic form is limply oo.ming up with .new ideas to impxove the 
d&icncy or productivity of exi.sting products or tbc creation of new ones. This 
generation of ideas then leads to production. Hett, we've oudined ,ome of the steps 
that take pw:e in order to hdp give you a bcner liJMlentaodiog of cx.actly what 
produet design is: 



Coming Up With the Idea. 

There ue a number of mcclicch ,n,ploy..d by pi:od&ict de,igners to help then, co.enc 
up with ideas. These can be: 

• Needs based- Looking at th.iags chat would- hdp mah our everyday lives 
easier by fulfilling a specific task. This can even be bulldi.og on or hnproving 
an existing item. 

• Imaginative chinking- Some ~ foaas more on usi.og their imagination, 
their own .resea:idt and observation of the world around them to come up 
with their product design idca.s. 

Bringing the Prodw:t to Life 

Once the designer has come up with an idea. it's time: to put it to the test by 
creating a ptt>torype. A nurnbcr of design ilka.9 will he duell$Sed including the 
materials best suited for the prodUCl, the t«h.nolcgy .requited lot it> production and 
the way chat the product will meet the user's needs. 

Once all of the design elements have been .ddr-i, and all PC'O'SSary rdmcincnts 
have been made, the prodw:t will go into p~ 

Selling the Product 

Once the pr~ has been designed and the im_potQUit elements of how it should 
look and kd have been ~ there arc t.ro -ys th.at a product designer may 
bring the idea to the public. They might dedde to sell the product to a client or 
have been conttaaed to. come up with the idea. Tut client will rhcn ma.nuf:u;ru.rcr 
the item and se!b it to their customers. Or the designer can sell dir«tly to the 
public, having the item manufactured and marketed themsel=. 

New Tcdmology Now Makes the Proa:. :Euier 

Combinin& science, art and technology. a prodw:t designer comes up with new ideas 
for items and then goea through the proceN of making th= a tangible, 'tbtt.c 
dimensional itema. Today, there ac<: so many different compu,rer ptogta.trU and odtcr 
useful tools that help dcsignm ma:!<c their id~ come w life. From new w~ of 
actually creating item., through plastic injection molding tcchniqua to computer 
software that heJpa the dc&ip.ct map out how the ptodua will work, now more than 
ever piodlljlt designers have a nu.mbc:r of tools at hand to hdp- make their ideas 
become actual items. Nowadays, anyone can mme up with a great product design 
idea and gtt the hdp they need to make thcit produc;e a realiqr. 

Product design i$ ~re we rum. From the fumitu.ic - sit on l:o thc roys our 
children play wirh. 

2.4 Service Design 

Servioe design is the a.ctiviiy of pbnning and organizing people, infras=e, com
munication and material components of a service in ordtt to improve its q_wdity and 
the intc:raction between $CtVice ptm1idct and ~mers. ~ purpose of aervice design 
methodologie., is. to design a-xord.ing to the need., of customen or participants, so 
that the service is user-friendly, c,ompetitive and relevant to the customers. The 
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badi:bone of this process is to undcawid the behavior of the customers, thcit needs 
and motivat.ions. Service designe.rs draw on the methodol,;,gic&_,of fields such as 
ethnognphy and journalmn to gather custom.er .i.nsighi;; chrough interviews and by 
shadowing_ service =· Many obsetvations arc syntbesii.ed to gc1>e.ratc con~ts and 
ide:u rh.ar a.re typially portrayed vistw.ly. for eumpk in sketch,,. or servie< proro
·typcs. Service design may info.rm ffl•oges •o an existing service or creation of new 
services. 

2.~ Characteristics of service design 

Service design is the spccifu:alion and consrruaion of tcehno.logically netWorkcd 
social practices thlJ: ddiYer valuable <:apaci!it1 fut actio., to a particular customer. 
Capadty for action in Information Service& has the buic form of ass<:rtiom, In Health 
Sezvice&, ir has the buic form of diagno.stlc assts$ments and prC$Crlptlons (com
nwt<b). In Educational Servi<;Cf, it 1w the funn of a pro.tn.isc to produc;c a new 
apaclty fur the cusromer to, •c new promises. lo a fundamenw ~. taCMCCS are 
unamhiguowly raogil,lc,. C.mpaoies such as eBay or coU«tivu such as Wikipedia 
or Source forge az.,:: rich and tophisti(:ated combinations of basi,: lingui,tic ddi...,t.J,ks 
th.at expand cuttomca' capacities to :act and produce v.a.Iue fur themselves and fur 
others. In an abstract sens,:, sema:s are networked in1rlligcoce. 

Service design can be bodi cangible and intangible. It can involve amfu:ts and om.er 
things includi.llg co.cnmu.aication, environment and behaviora, 

Scver:al authors (Eiglie.r 1'79; Normann 2000; Morelli 2002), thougn, empha.siu: 
tbar. unlike pr~ which a:re created and "c:zist" before being purclused and 
u,cd, senice come to c,nmtM;c at the S?'Jl'! moment they an, being provided and 
used. While a <bigner ca11 ptffi:rihe die exact configuration of a product. s/he 
cannot p~ in the sa.me w.ay the mult of dte mtcfllaion between customers and 
=vice providen, nor can slhe pm,c.ribc the furm and ~cs of any emotional 
value produad by the sovfoe, 

~ueml.y. .etria design j5 an activity that suggms behoviol'a! parmns or "scripts" 
ro the acrors i.ntcn.ccing in the icrvicc, leaving a higher level of freedom to the 
cwiromers' behavior 

2.6 New Product Development Strategies 

Dmip tor Sk Sigma 

Deeign fur Six Sigma (DFSS) is a stpataR and emetEiQS busincst•proms inanago

mcnt methodoJosy rdaa,d to uadicional Six Sigma. While the tools and order used 
in Six Sigma reciuire a p.rocas to be in place and functionitig, DFSS hu the objcaivc 
of detmuining the needs of custoinm and the business, and driving those n~ into 
the ptQdui;t solution so created. DPSS is relevant to th.e complex ~tern/product 
syndic:sis phas<:, especially in the rontat of UD.p=-edc.oted sysum devclopmellt, It 
is process pcralion in Q)ntrast with pt«- improv,;menr. 

DMADV. Define - Masure • Anal~ • Design - Verify. is sometime.& iyno11ymously 
n:kmd to as DFSS. The ttaditlonal DMAIC (Ddine -Mcaaure • .Amlp.!: • lmptOff 

• Conth)J) Six Sigma pma:ss, as it is usually pnctwed. which is focused oa evoht-



tionary and continuous k~ -~ii1iact61-1ng or ,ervia: proca. development, . 
~sually occun afttr initial .syswn or product deliign and development have been 
largely completed. DMAIC Si:x Sigma a.s practia,d is uwally consumed with solving 
exi.mng manufaauring or sci:vitt process p~ and telDOVa.l of the defects and 
variation associated with dcfu;a. On th.c othec h:and, PFSS (or OMADV} ruives to 

gcn~tc a new proc.cs:s where none ciSllld, ot where an curting process is deemed 
to be inadl!quau: and in need of replacemont. DFSS aitw to aeate a process with the 
end in mind of optimally building the efficiencies of Six Sigma methodology into the 
process before implementation; ll'aditional Sc Sigma seeks for continuous impron-
ment after a process already aisu. 

2 .7 DFSS as an approach to design 

DFSS scdu oo avoi!i maau&.cturiog/~c:e pr«:e$s problems by using advanced 
Voice of the Customer technique1 and proper '>"- engi.nceri,ig techniques to 

avoia pmees.s prcb!ems at the ouuet (i.e., fitt p~n), When combined, thtae 
metltod& obiaJn. the proper neccls of the customer, and d~ cngintttlng system 
pwm.etet requiretnents that inc,- product and service dfa:rivcnas in the eyes of 
the cum,mcr. This yidd$ produas .and ·~ that p,;o,,ide gmtter aiatomer sati.5-
faction and inaeased market share. These technique1 also include roots and proc.essa 
to predict, model and simulate the product dclive!y syaeem (the proces5CS/tools, 
peoollt1d and otganization, training, facilities, and logistia to produce the product/ 
smi.ce) as wdl as the analysis of the ~ping syitem life ~ck itself to eosure 
cmtomcr satuf.i<:don with the propoted systttn ~ SQ!ution. In thi5 way, DFSS 
is closely related to cnginttring, open.lions (aolviog the Kbapstcl,. problem), systems 
arduteaure aod concurrent eaginccring. DFSS ls largd.y a design activity requiring 
spccialn.cd. tools including: 4uality function deployment (QFD), u.iomatic design. 
TRIZ, Design fur X. dcsip of eaperimeim (DOE),Tagu<'.hi methods, tolero>cc design, 
Robuatilk:ation and Response SUtfaa: Methodology fur a single or mukip.le resporue 
opwnizalion. While~ took arc aom.etlnte$ used in the cb.ssic DMAIC Sa Sigma 
p.iocess, they arc uniquely used by DFSS to aalyzc new and 'Ullprecedented systanJll 
products. A graphical f1owdiart of common DFSS lllols cai, be 96eil at DFSS ~oadmap, 
All additional ro11Wnap fut the metrics that may be utiliud to deploy DFSS on a 
compaay-wm level may ~ :teen at DFSS Metrics. 

Flexible Product Develop~nt 

Plaible product dev~t is the ability to make dwlp in the product being 
developed ot in how it is deYdoped. even rdativdy late in devdopmeru, wichout 
bcing too di.truptive. Conscquco.d)'I the later one GUI make changes, the more· flcxlhle 
the proce&S .ii, the less cli.wptive the ch~ •• th~ greater the Bemility. 

Flciibifity is impomn~ hcau,e r:he dmcp.tnent of a new product na!Drally involv,,., 
change from what came before it. Ch;.ng, can be apectc:d in what the cu.sro.mcr 
wants :and how the cunome:r might use the product, in how compecitots might 
respond, and in the new tt:dinol~ being applied in the product or in itt manu
facturing prooeas. The mo~ innovati~ a new producr is, the mo.re likdy it is that 
the development team w:iU have to make changes during development. 

Nnu ""'""Dn,l,p,,,mJ 
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i. What is product de• 
sign: 

ii. Explain service design? 

iii. Define opportunity 
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Flocible development OOWltd'aCIJ the tendencies of muy ronwnpowy rilanagtmtnt 
approccbes to plan a project mmpletdy at ia outset and disl:outaS',' change tb.cre
afccr. The,e ~elude Six Sipm. which aims to drive variation out of a p~ lean, 
which acts to drive out wutc; and traditional proj«t management and phased 
development qatems (iodud.ins the popul.u- Stage-Gue model), which e1>COUtll6C 
upfront planning and follo-wmg thc plan, Although these methodologies have saength&, 
their aide effu:t is encouraging rigidity in a procoess that needs fle:s:ibillty to be 
dfeaivc, e.,peaa1ty for t?Uiy innovatm pmducu. 

For more mature produa cnegoriet, .llcrihillry tecbniqua ue not ott.ly overly e,:pe11· 

aive but often unwise. Comcquendy, llcxibilicy ced!.niquee must be wtd with cfu. 
cre!ion, for imtancc, oaly in dit ponions of a product likely to undergo clwige. 

Wl,en applied to die developm.ent of softwat:c produm, theat methods arc com
monly lmown ~ agile ~ de,,dopmcat. H~ agile soliwan, methoda geo• 

erally my on special chanctaisti.a of the ~ medi11m, espccwly object ted, • 

. nologies. which an, not available U> non-software producu. Cotiscqueady, .tkirible 
product developmcar dra,,,s fro.111 aome•of the toou of agile aofurue (bdopment but · 
tcnda to we othu root. and 'Pl'roache$ dw apply ~ad the software medium. 

Fleaible den:lopment uses --=n1 iecbni4Uct to mp the rosr of dwige low and to 

mal:c deciaiOJ1.& ar the bat respoosibfe moment. These techn.iq11C1 i.nclude modular 
a.tdutectu1a w enaipsula change, a:pcrimmtltion and iteration to 1111mple results . 
and chtdt thClll out with the customer fmi11e11tly, •-based design to build 2nd 
mai.ntaia options, and emergent pro=sa that develop during a project in respoase 
ro im needs. 

Quality function deployment 

Quality funcaoa c1eplo,- (QFD) la a 0 method to tranafurm uaer demands into 
deaign qwt.lity; to deploy tM funCOOll.l furmiag quali~ and tO deploy methods fer 
adlieving the design quality into subsystems and component paru, and ultima1ely 
to specific elcmcnu of the nw1ufu:ruring process.", aa described. by Dr. Yoji Akao, 
who originGlly developed Q.FD in Japan in 1966, wru:n the author combined his 
weal: in quality &mJrance and quality control poiml widt funaion deployment uaed 
in value enginuri-s, 

Q.FD is designed to help plannm fuCllS on charactttilltics of a new or cmtlng 
ptodua or aervi« from the 'l'icwpoiats of mulret scgrneno, a,mpaay, or iechnology
ckvelopmmt needs. The technique yields gnqihs and matrica. 

Q.FD hdps transfurn> QUIOJDct nct:ds (me voia of lhc cust0mcr [VOC]) into cn
ginee.ri11g ch.a.tamriatk:t (and appropriate test mcthoda) for a product or acmce, 
prioritiung each product or seni.« chanctcristic while ,imulianeously xtting devel
opment ~ts fur product or aemcc. 

Area4 of application. 

QFD is applied in a wide wriety of smiccs, awwncr produm, military need& (auch 
a, tM F-35 Joint Strib, Fighter), and emerging technology products. The technique 
is ~ used ro identify and doc:ument competitive imrhting ttrategia and tactics 
(8CC example QFD Hou,e of Quality for Enterpri,e Product Devdoptnent, at right). 



QFD is co.nsidtte:d a key p.rac:ti,:e of Design for Six S.igma (DFSS • as seen in the 
refc,cnced roadolap). It is also i1npl~ted in !he new ISO 9000:2000 standard 
wh.idi fucuses on customer sat:is&aion. · 

. Results of QFD have hem appliccl in Japan and elsc:wha,: into deploying the high
impact controllable facll>ts in Stntegic planning and Stl'alegic management (also 
known as Hoslun Kanri, Hoehin Pl•ooin& Acquiring matht n.cais by listening to 

the Voice of Custom.er (VOC), sorting the need&, and nlUDl:rically prioritizing them 
{usi.og ttd:in.iques such as the ~ Hicrardty P-) are the early wk$ in QFD. 
Traditionally, going to the Gcmb.i. (the •n:ai plu,e" where value is aeattd for the 
cu.nomer) ill where these cuatomer needs are evide~ and <X>mpilccl. 

While nw:iy hooks and articles on "how to do QFD" are availabl~ there is a rdativc 
paucity of c:zamplc matrices rrulable. QFD matria:s ~ highly prnprifflry due. 
to tbc high dcnaity of product or service inrormalion fuund then:in. 

2 .8 . Stage gate model 

A stage gare model. also referred to as a pbase-gare procas, ~ a projea management 
technique in which an initiative or project (e.g., new product ckvdopmcnc, prooess 
;mpro\'CGlcm, bll$UIOIS ~) is dmdcd into saga (or phNe$} .separatt:d by gaiea, 
At each pc. dii OQ.Qanuatlon of the process ls <iecided by (typically) • manager 0r 

a steering coJWWttte. The dcc.ision is lwccl on the information available at !he time, 
induding the businas c:ax, risk ~is, and miilabili1:y of nw:.ary ~ (e.g., 
money, people with ooma ~). The ~pc mO<WI J113Y al,o be known 
as stage-limited commitroellt or accping oommiunent. 

Stages 

A common modd iJ composed of the following stages: ideaaon, prclimin:uy ~. 
business case, devdopmcnt, testing. and launch. 

A stage-gue model is , conoeptual and operational road map for moving a new 

project &om idea to launch - a blueprint li:ir managiag the lleW•producr pl'OCCSll to 

improve effectiveness a.nd elnciat.cy. · 

The traditional •~~ f't'OCleSS has ~ ,rages and me gates. The stages att: 

). Scoping 

2. Build ~ case 

3. Dcvdopmeat 

4.. Tesung a.n.d. validation 

5. laUD.ch 

Convcntioully, the gati:s between stages bavi: t.he - n11iobcr as t.he s12g1e follow-, 
wg chem. 

Ahead of this ~ there is often a prdiminaty or ideation plwe ailed discnvay, 
and after the 5th scige the proo:IIS ends with the po•-bun.:h review. Major new 

product ptojeffl go through lhe full fivwagc process. Moderate risk pmj«t.s, in-
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eluding extension&, modi6c:ation and imp.rovcmcnts, use the $hon XPms version . . 
Vay minor m•np (e.g. sales (ruu and nwuting_ .requests) may be executed using 
a ugbicr prOC<!SS (stage--gatc liw}. Each stage oonsists of a .set of pnscribccl, .;cm,, 
funcrio.nal, a.nd pualld acri.iriea undertaken. by a ~ of people from dl.Acrent 
functional mas. Stagcl havi a ,:ollllll(>n smactute and Q)l)ai,t of three main c:lements: 
a) Ae1mties, b) In~ Aaalysis, anif c} Ddivmahles. ktivibe$ consi.n mainly in 
info~on gathering by the project tjealn to reduce by pmject un~tics and 
risks. An integtated anal,sis of the =ults of the acivitica is undcttaken by the 
project iean,. Deliverables of stages arc the mults of integrated analytis that are used 
as input fur the .next Gate. 

Gates 

Gares pR>Vide varlOU$ points duri!r,g thc procea where an assessment of the quality 
of an i<lea is WJdertlkm. It includes three malii iasues: 

• Q,111/ny of ~n: elms whahu rl,e previous m:p ;s aeam:d ill a quality 
fashion. 

• Btumns l'tl#IM•ft: 0-- the pro;cc. cootinue to look like an atttactive idea 
from an eoonomic a.od busill.e$$ pmpeaiw:. 

• ~n pl,,n: The pmpoud ~ plan and the ttquesied tcsourcea t'<!aSOnablt 
and sound.. 

A gate .11-«iDg aw lead ro fuur raults: go, kill, hold. or rcc:ycle. 

Gata ~ a ClOlllD\OO suuccwe and oo.osist ol three ma.i.n demtnts: 

• Ddit1tr11bks: What tht project 111a11agtr and team deliver to the decision 
poiM.. These delM:nbla ll" d«idcil at thc ouq,ut of the prmou.s ptt, and 
au hued on a ltal1daxd menu of ddm:tablta fur each gate. 

• Crirm.t: Q_ueslions or metrics oo which che project ~ judged in order co 
detmnine " iaulc (go/killJholdh:eqdc} and make a prioriti>.auoo deciaion. 

• Ot#pllls: Results of w pee t'C\tic:w--a decision (go/k.illlhold/recyde), along 
widl. an approved action plan for du: next gatt. and a list of deliverables and 
date for the next pre. 

The ataga in detail 

Stage 0: DiiCG,at 

Dmding what pcvje<u ibc cotRplDy wants and .it~ to pursue. During this stage 
it ia a,mmon fot oompanies to take pm in idea gcncmion activities audt a, brain
~ or odu:r group mioking ~ Ona: tht idea genmtion n:am has ~ 
a project that they would like III go fuiwud wiih, it mun ~ J?8S$Cd on m die lint 

• gate and lhen{ue ~ by the otpniialion's decisioa tnalcerL · 

When aeardung fur .new plO(lua ideas it if bcne6cial for an mp:aiilarioo to look to 

!he ouuide wwld U> suggm business oppormnitia. Uling methods such as thote 
found in empad,ic c1esip can be quite helpful. C,ommllftia,ting with cuat0mm to 



undcmand how and why they.- produa. am1·p~ gnat suides in idea gen
eration. Spccili<:ally; communicaling with lead uscn can provide great .feedback to 

tbc developers, as these customers are most likely to kc! mos.t pa.vionatdy about the 
product. In addition to oommun.icu:ion widr lead users, it may be hdpful for de
ve!ope"" to communicate with rupplim. .By under,«snding all of the. type$ of busi• 
ness that their materials ate beiilg used fur, devdop= may be able to act upon 
previoU$ly untapped powl>ilities. 

Stage l: Sct.ping 

The ;second ,iagc of the product development pl'OQ:SS is =ping. Ouruig thia Jlq) . 

the .main goal is to evaluate the product and iri comsponding market The reswch
ers mus< remg11i,,j) the ,~ and ~ of the pl:Odua and' what it is going 
l'G offer to the potential oon.sumer. The romp«ition aum; also be evaluated during 
this 5¥ It is important fur the ttSellChcn ro ~ wh.o and what is alieady 
in the market as well as what can potentially be dewicped. By determining the 
relative level of threat from 00.a,petiton, the managc.cnent team will be able to 
=ognizc whether or nor they .should go mnvard with die produe1ion of the product. 

Stage l: Bailding the btuina. cue ud plan 

Once the new product passes tlin,ugh gate one after the scoping ph•, the net 
p,h.uc in the stage-gate model i8 buildiog die busillelS cue and plan. This stage u 
the last stagt of concept deYclopmmt when: it is etueial fot aimpanies to perfunn 
a solid analygis befure they ~n devdoping the p.Nlduct. 1n rompati&on to the ocher 
sap in the stage-gate model this phase is gaienlly diAiculr, oomp!C¥, and taoutcc

inte.lJSivc. HOWC'ICI', tompanies must put funh a strong dfun in this mge for it is 
di.reedy rdar,ca to the sua:aa and devdopment of a new product. There are fuur 

main 1teps that compriac !his stage: prod11cc ddinitio!l and analysis, building the 
businn, cue, building the project plan, and msibiliiy lffiew. 

P,od11tt dcfiMion and ~ 

The fint step. product ddlnition and aiwy.sis, is compoecd of a series of activities 
that will provide thc inii)rmnion to ddine and juatify the development of a new 
ptodua. One of d,c, fim of ~ aaivitiet is thc IIJCr needs and wants study where 
cusroJlier val~ is determined. This :addn:aes qucstio"' about the product such a1 

what bcndiu doe, thc produce pl'OYide and what features should the product have. 
During this time the company should c:o.oduet iurveys and intd'mYIS with ai.tring 
and potent.w customen, along wich staff .tn<:n>ben. Ne:xc, the company mu,c con
dua a ntarlcet analy$is. They must detamine !he matket ,itoe and tegmenwion, rate 
of gwwdt, cum)mtt umds and behavim-, and what cbannd. ztacll these ~tomcn. 
Once the ma:rkct analysis is coinplete the company mu.st then ronduet a oompelicivc 
anafyais. It is impol'tallt co know hOll'I' your compcritors ~ in addilion to their 
socngms and weaknesses. Tu.is will .oot ordy help Yotl build a gtat product, but will 
al'° help in clet.-rrnining liow and whm to lallllCh yout MW product, Togetb.et these 
actMtics will help define the ptodua and provide a fonnclation fuz the marketing 
strategy. Next, the company must build a rcchnially &uiblc product concept, 
which includes the sub,tance and method, nffllcd C<I produce the oew product. 
Once this is completed the a>mpM>y can then produce a produaion and opmtions 
cost ana!pia along with a market aod lauru;h c:o,cs analysis. Nm, the company can 
begin to test the concept they have developed. This uo when early prorotypcs are 
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_developed aad pracntcd to mJf and consumers to gain feedback and gauge customer 
reaction. Ftom tlm the <lOmpany can make the D«-'}" dwiges and tte me sales 
potential of the product. This feodbac.k will abo help the company build a solid 
product ddin.ition. ~. the company will then a>nduct the buswss wil}'llis, risk 
analy,iu, and iu-cial lllla.lysis of the new product. 

8#.ilJillt. ~ ~-
The bus~ Gl$C is a document that de.lines the product and provides the rationale 
for dcvdoping it. This document will vary in fonnat amo~ companies; but the 
primacy components are the following: resulis of the activities of product ddinition 
and analysis; legal and uguluory- requirements; saftty, health, and en'rironmental 
considaation.s; assumpc:ioru needed to draw the eottcll.1$iolls made, and why it is 
bdit"Yed dtq, a.re "2lid and nwonablc; and out-of-bound$ criteria that indicate ~r
wn chanpttena which will 11W1date an emergency bu,iness cak t<!Vi..w. This 
doaunent will lK. telem:d ro throughout tht de,,dopmoit procas and edited when 
n~., 

&iVJnc • ~ pt,,,, 

The project pis indim a sched.ul«i lat of wla and events along with timdi= 
.fur milctto11C$ chrougbout die dcvdopmcot proc:c,t; the pet'$0Dnd, t.ilne, and finan
cial resoura:s necdod to complellC the project; and an ~ launch date fut the 
re)- of the D""' ptodti<:t 

1-ti"1#J m,w 

The last mp of building the bU&i.nes5 cue and plan is the C-ibility rm-. This is 
when manag,ctnfflt, along with odit:r Mputmffl,!S of the company, .reviews the ra.
tionale for pursuing the p.-lua. They analy,.e the inform;.tion PfOv:idttl by tht 
p«Tiouf ~ps in this proo:as to deci<k wbcthc-r of not the product should 11\0\"£ 

furntd. If it is decided to be 9-ursucd th.en it _pa$1es duough gate nro and moves 
on to the product dcvdopment stage. 

Su.ge 3: o-.iop-t 

During the de-tdoplDCllt phase of the •¥-g= process, plans from pttVious mps 
an: actually executed. The prod11ct's de3ign :,nd devd.l)pmcnt a arried out, includ
ing $0111C early, simple ~IS of the p,roduct and pctl>ap$ .some «irly cll$t0tntt' u:sting. 
The pn,dw:t's nwteliag and production plan. are abo developed du.ring this qt. 
It is impon::ant that !he rompany adbaa to their lffl:l'a!I goal of the pioje(:I. whkh 
is tdkQcd in these producrion and mada:ting plans. Doing this will allow them to 
ddi.nitively decide who they will market their produa to and how th<y wiU get the 
ptoduct t0 that ~t audience. 11i.e devdopment team maps out a ieafutic ciin~linc 
with specific milestones tbat a(C described as SM.A.RT: qecific, m~le, utlon
ahle, r,:alistic, and time-bound. The nmeline is neqUC11dy .reviewed and updattd. 
helping the team my on wk and gi,ing management infomwion about the product's 
prog,:ess. The development smgc is when the product truly builds momentum as the 
compuy conuniu more rcsoura:s to the project and mu.es fuU use of aost-fun<r 
tional team.wmk as the marlr.etlng, technical, manufactw:ing. and sales deputmenu 
all come together to olfet thci.t cipett op.inlons. Having a di~rse dcvdopinent :nage · 
ensuies that the product continues to meet the 00111.pu,y'• tcclmi~ and finandil 
goals. A divene team ~- $pCci& role$ and leadenhip p<»itions to devdop as tcUn 

membtrs make conuibutions using their monp attribute&. With members having 
clearly ddiaed roles, tasks can be performed concurttntly ensuring a much mo.re 
efficie,,r development procieu. The ultimaee ddivenblc of the devdopment stage is 



the prototype, whidt will W1dcrgt) emnsiv¢ testing and c,v,duation in the non stage 
of the process, 

Stage 4: Tening and wlicladon 

The purpose of th.i& stage is to provide yalidation fur the entire project. Areas that 
will . be cvalualled include: the product imdf. the procluction/manu&cniring ptoee$$, . 
customer acceptan~. and the financial merit of the ptoj<:,ct. Th" sugc is broken up 
into 3 phases of testing: near CQting, field testing, and market teJring. 

Nu-r tntit,,g 

The main objective of near testing is to find any bugs or .iasues with a product A 
hy point ro remember here ii that the product .is no loDFf a _prorntype -and that 
it has almost all the features of the commercial model. Testing will be done .initially 
by in-house staff, and customer• and _pattllffl who are cloee to the firm. It is 
imporwn to ensure that tbotc resting have ui und......,.ncling of how the produce 
should pd'-orm, so they know wlw it should or shouldn't be doU1i, Membffl of the 
r=ardt and devdopmem team are usually plC$dlt to obeetve the panicipanu ~ 
the producr and iake any no~ or daca. that may be UMful. 

Fiddt-.g 

Field u:u.iag, or beia testing. .is done by those who can provide l'llluable feedback on 
the product. This WJually WI! a long period of time and the partlcipanis can include 
cUStomers, panncrs. or anyone who ia not fam.ilia,; widi the producing (lOmpany. Al 
tlw junct\lre the prodw;t fully resembles its planned launch model iii all »peas; 
tbucfure the puticipana • inwu1:iQn rare will be hipr becawrc they know all the 
katures and benefits. During this phase, there arc three prim91Y objectives ro be 
adlkvcd. The first ob~ .i$ u, sec how much the paruclpant ii intmtted. Jt is 
auo worthwhile to note which individual auribute mey ptdcl' and if they would .buy 
the product. Ncxr, determine how the automer wes the product and evaluate its 
durability. Confirm the a.v:ironmi:nt in which the customers will be u.ting .the 
product. R««ding and analyzing customer feedback is the .final seep in the field 
testing phaac. Tlus feedback may be used to hdp inform any minor dedign improve• 
meblS that need to be made. Tu .sales and marketing r,:am will aho be a beaenciaty 
of Sdd testing feedback; th.,,. can l.1$C this information to help fucui t.bc.ir .sales 
prcte11tation. 

Mltnrlt tntu,g 
The .last phase of the tffling and validation 5tagc is market taciog. Unlike the other · 
two phas<s, this one is ronsidcred optiooal. A JOlid ma&tcting and launch plan aloog 
with oonfidence in the produ.ct' s ability ro sell helps to inform the key da;:ia.ion 
rnaun at the rest and validation gate. If there is any uncertainty in the mar.k.:ting 
or launch plan., tbelC ate two options to consider. FirJt, a simulaa:d m.arktt test may 
be run, in which cunomcrs will be 'Xp0ile4 to new produas in a staged adverti.sing 
and p1m:hasing •ituation. The goel of this te$t is to obmin an ~y fofea.st of sales 
and make any necessary ad,juatments to the roadrcting plan. Tiu, =nd ten imolvcs 

· trial sales, and is done through speci6c channds, n:gions, or consumer dcJnographia. 

Stage 5: P.roduc:t launch 

The pmduu launch is the filth and final sugc: of the sage-gate piocess and is the 
c:ulmination of the product having passed all pre\-ious pea. The: producer must 
(lOffle up with a marketing mat,:gy to gene,aic CUltoll\Ct demand fur the product. 
The ptodUQCf mun also decide how large they anticipate the market for a new · 
produa to be and th111 determi.nc ~ size of their .ranii,g volume prodw:uoo. Pan 

NOTES 
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0 UIC lallllal stage is thi.ning sales Ml4 support pcrso11iid to be f.tmiliar with the 
producr m that th.ey an assist in sal~ of this produa. Setting 1..producr ptice is an 
aapcct of the product launch ti= the produ= must consickr. Tlu:y should :rvoid 
either undershooting or overpricing the powitial 0>a.rket. F.inally, distribution is a 
inajor deci&ioo making part of the launcli. process. Selecting a <futriburor or value
added i:aellcr for a pftldw;t must be done with cazdul though and potential sales 
in mind. 

Haviog a .$1J)O()m latmdi pro= that includes drectl-.e marketin,g and a knowledge
able and. prq>affll ~ for.:e may result in faster time to profit due to early customer 
aoceptance. 

2.9 Effi,c:tl'Vl: gating 

MOit fums sufkr &om having fu too many projcas in their product de....:lopment 
pipelines, fur me lim.ill:d resources available. "Gates with teeth" help to prune the 
d~mcnt pordolio of weak projcc,s and deal with a g,idlockoo pipdinc. Al!o, a 
.robust inn!Mltion strategy, coupled with amt.:gic buc!cca, rcfoc:~es ruources on 
high value development initiatives. 

Nore tlut gates are not meidy project review points, sr:atus repons or information 
upclatcs. .Rather, th.ey a.re tough decision meetings, where t!it: critical go/kill md 
prioritization decisions arc nwlc on projt:CIS. Thus th.c gates become the quality 
~ c:hcck poina in the proccsa ensuring that you do tlte right projecu and also 
do the projects right · · 

Gaea m~ ~ve dear and Yisiblc criteria so th.a1 senior managers can malr.t: go/kill 
a11d priorimation decision.s objectlvtly. Most imporwttly, th= criteria must be 
cff«:titt,,chat i.,, they mun be opcntlonal (easy ro USI!), realistic (mili use of avail
..ble infurnmion) and duaiminarmg (d.ifferenti2te the good proj«is from the mc
diocr,e <>Mt}, These c;rimia can be: 

• M,u1 mm, Knodi:-.,ut qucmons in a died< list, daigncd to kil poor projlletS 
ouuight 

• Sl#tJJ ~ Higlily dainblc ~a which are rated and addM in « 
point-<10Wlt scheme 

A. -pie li8t of aitcrb is mown below, &o-m which a scom::aid can be developed 
mat .an tho, be uacd to ffl)J.1: projects :it a gate meeting. 

• Moat - (diecldiet -. -yet/oo,) 

• Suau,gic alipme11t (fiCJ b11m1e,i, unil strategy) 

■ Reasonable lilidihood of t«boical bsibility 

■ Mm EH8c5 policies 

• Posid:,c retum vtnn11 ri,k 

• Shauld - (SQ.>le(f o.n 0-10 acak) 

■ Stra•«gic 

■ Dcgrtt to whidi pxojeas aligni with burio- wut strategy 

■ Strategic lmponuce 

• P«>duct advantage 

■ Unique, bene6u 



■ Meets customer needs better thUt exitting or competing product 

■ Value fur money 

• Ma.iket annctiveness 

■ Market su.: 

• Market growth 

■ Competitive Jitw.1ion 

■ Synergies (leverages core compete.ncie5) 

■ Marketing synergies 

■ Techno!ogical synergi~ 

■ Manufacturing I processing ~rgie, 

• Tt:cltnial ka.sibility 

• Tedtnica! gap 

• Comple:oty 

• Tedwkal unc.trtalnty 

■ upected profitability (e.g., net preacnt value) 

■ Return (e.g., intema.l rate of n:t'I.Ull} 

• Payback period 

• Cc:n:autty of mui:n 

If the answers were •oo• or "low" to any of these qucsiiom, die dee.won ccrwnly 
would nor be to kill the project - hen(:( they're poor go/kill criteria. 

2.10 .Advantages and disadvantages 

'Ihele are a 0U1Dbet of aihan~ to usiftg the ,iage-ga~ modd for produa devel
opmmt, which typically remit ,from its ability to identify prob.lam and U1CS1 prograa
bcfore the projea's conclusion. Poor pro;eca can be quickiy ttjccud by disciplined 
u.,c of the 01.odd. When using the stage-gal'£ model on a large proj«t, tht model 
can help rr.ducic complexity of what could be a large and limiuog ianw.uion procea 
i11to a straigblfu«ward rule-based approadi. When a •"'P-fll" model inoorpc>r.ll" 
cost and meal analpia Q>O)s $UCh as net pracnt value, the otgan.ization can pocal

tially be p.rovidt.d with quantlrativc information iegardiDg the &.ibility of dmilop
ing potetttial p.tcduct ideas. Finally, the scag~te modd. .is u oppoman.ity co vali
date die updated bus.inaa c.uc by a project's c:sCQIU~ spon.on. 

One problem. with the stage-pre process ia the polaltial fut sauctwal O'li!niwicw 
to intc.t:fe.rc with creuivity, u overly strucnlred pivcascs may cawic a.uuwy to be 
reduced in importance. 

The stage-gate proc:cM needs to be modified to include a top-down link to the 
buainess scratcgy if applied to ~ and olhct non-product development projeca. 

~-· • :wl ltftatlittJ ... rr ... ~ . - __ ,.._ -- 4S 
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The oppoteunli:y ~t funnel is ~ visual .rep1:C$CDtWOn of stage-gate decision 
making. Opportunity nwiagerncnt hat bcttt defined as "a proa:3$ co identify busi
ness and conunumiy devdopmcnt opportunities tha.t could be implemented to sustain 
or improve a local economy.'' The componcn.cs of oppommlty tnanagellle'Jlt are: 

1. Idcntif?i.ng oppomuiitica. 

2. Ev.al!ladng and ptio1ittting- these oppot1Unitieii - This may involve developing 
criteria, ddiberadng, and .ruking the alreroativC$. 

~- Df:iviog opportunities - IIM>1- =iping kads, accoUlltability; aaion plans, and 
project management 

4. Coll$Wlt UlOtlitoting - Mq require one of mt followi.og actions: 

• Ad,wice - Commit additional rc.sol).ICQ to .ttlOVC the idea fotwud 

• Rt;work - Mon: invt>ttigationl rethinking 

• Kill - St:0p W'Odtiag on die idea and, move on 

The goal of tbe oppomwty ma.oagement funnel ia to elimioau: weak or bad ideas 
befuz,: mo:iley or tdOlltas arc contributed to ~ d,e,e opPOrtwl.ities. The bendit 
if th.! oppommlry ~t fuqnd when utilmng ~tc dttbion making is 
Wt the funnd generarca efficiencies where weak ideas are efficiently c:litninated 
.lea.nag a strong iet of v.iable altcmat.iv", To fulfill its mandate. the opportu.nity 
nwiagement funnel fi.lter1 tbe broadest range of opportunitiea and ensures that all 
priority secro.rs arc rcpracnll:d. When sd«:ting whid,. oppottunitlt:s to filrc,- through 
the process. economic di:velopm should be awa1e that initi2.l.ly, there arc no bad 
ideas or limits. The un11iab!e alttmativcs will be filtered out tllroughout the process 
using mgc-gatc decision naking process 

2.12 User Centered Design 

In broad m:ms, wer-a:n-=d design (UCD} is a daign philosophy and. a p[(>CC1S in 
which the needs, wann, md liroiatio.ns of cad wen of a product a.re gi'ffll e1'tcQlive 



attcation at each stage of the design process. UM(-«Rllered dwgn can be dwacter
ized as a multi-scage probkm iolvitig process that not only IUJ_wres designers to' 

an'alyze and foresee h6W users arc .l.ikdy to we a p~ but ;Jro to 11:St the wlidity 
of their a$$11n1ptioll$ with rcsa,rds to 'Wet behavior in real world tests :with actual 
users. Such testing · is necessa.ry as it is o~n very diffu:ulc for the designers of a 
product to undcrst2Jld inwitivdy what a Mt-time wet of their design txperien=, 
and what each u,cr's learning curve may look like. 

The chief difference Crom other product design philosophies is that user-centeN:d 
design tnC$ to optilnizc: the produce around how •UIC<l cm, want. or need to use the 
product, rather than fu1Ung the users to change· their behavior to acoommodate the 
product, 

2 .13 UCD .models and approaches 

For C11amp.le, the u,cr-ano:r,:d design ptoOCt.S can hdp l!i>iw.are c!esigncis 10 ful.611 
the goal of a ptodua engineered for thea user•. Us«:r ~uiremena - . «>ntridcned 
right from the beginning and included into the whole produa cyclt. Thae requiro
mcnts art · noted a.o.d ,dined through investigatM: methods including: eth.noppbic 
atudy, contextual inquiry, prototype testing, wability testing and other methods. 
Generative medMids may a.l.$o be used includitljr- card sorting, affinity ~ 
and panicipato.ty design Sffliot)S. In addition, uaet requirements can bt wmed by 
careful analysis ·of usable products similar to the product being designed. 

• Cooperative design! involruig dcs.ignea and usen on an «:qUa.l fuoting. This is the 
Scaru:linavian c:r.aditioo. of design of IT arti&cts and it h.as b- CY<llviog 1ince 
1?70. 

• Parncipa<ory design (PD), a North AJncrian ttt,n fot die aan\t c:on(:CJ>t. intpin::d 
by O:iOf)crativc Design, fucusing on the participation of users. Since 1990, there 
has been a bi-annual Pm:ici~ory Delign Conference. 

• C.ontcXnial. design, "tllX~<.enltn::d d•" in die ~ con1cn, includir:ig 
some id<:as &om ParticipW>ry design 

All thae approaches follow the ISO 51anda,d Hwn&ll-<lmtered deaign for in.te~ 
system& (ISO ~2-41-210, 2010). 

Pwpo.te 

UCO a.nswers questions about users and their tasks and goali, then uses the fin4iap 
to make deci&i.ons about da-dop~u and design. UCD of a web site, for inmnce, 
seeks to ~r the following qt.lfflioi¥: 

• Who are the usm of the documel!t? 
• What arc the use.rs' wb and p? 
• What are w -• eiq,ttienoe kYds with the doawcot, and documenu like 

it? 

• What funcrioo, do the uaers need h'OlU ~ document! 

• What i.nf,:,tm.ation might the users need, and in what fonn. do they need it? 

• How do usm thlnk the doairoent should wo~ 

N,u, l'rtltl,,a D,wlq,.,.,11 

NOTl!S 

CIHdt Hlwr Progrus 

iv. What i.s ll.uiblc prod· 
uct deveiopMcllt? 

v. &plain Quality Func
tion Deployment? 



NOl'ES 
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Ee1111ents 

Ju t:Untpb of UCD viewpoinm, the cssendal detnents. of UC[) of a web site ue 
considerations of vuibility, ~ibility, k.gii,ility ...d language. 
Y-1&ibility 

Vtsibility helps the U$Ct QOn.strua a lllfflW nwdd of the dOa&me.llt. Model& help the 
user pN:dict the eff'ec:t(a) of their actions while us.iog the document. lmporunt 
de.menu (sudt as tho,e thal: aid .osvi~) should be emphatic, U$e%5 roould be 
able to tdl fiom a gla.iioe what d,ey can and cannot do with the docum.ent. 

Acceasibility 
U~ should be abk IO find information quiddy and cw1y throughout the docu
ment, ~ of it$ ~. U$Ct$ should be otTercd V1rious ways to find il>funna
tion (such as .tiavigalional d.e.menu, =It functioas, table of contents. dearly la
beled Sfflio111, page nu.ndiers. color coding, etc). Navip.tio.ml clements sboukl be 
(X)Rlimnt with the geore·of tha. 4oc:wne.nt, 'Chunking' is a .useful strarcgy that 
ii>.voba breaking infurruatHn uuo small pie= dw an be o~ into $Oll'le type 
meaningful order o,: hier.udty. ~ ability io skim the document al.lows uatl'S to find 
their pm of infunmtioo l,y IICU1l!ing rather di.an midiog. Bold aJ1d ialic words are 
often uaed. 

Legibility 

Tat should be easy to read: Thraugb. anafysis of the mctarial sinwioo, me clcsigncr 
shoukl be llb1c to deurmlne a u.sdid font .style. Omatnffl~ fonu and wn in :ill 
aip.ita.l kttas are haid to nad. bia itali.a and bolding can be helpful when used 
conecdy. Lage or small body text is alao ha.rd co read. (Sacen size of 10-12 pixel 
IWl$ serif -1 12-16 pm! sc:rif is recommended,) High ~ contnst be
tweeD tat and backgiound increases legibility. D.vl<. «:n agaillBt a lij!ht badcground 
is moo lqibk, 

Luguage 
Depending oo me ~rial ,irwation, certain types of language are needed. Short 
senteno:s are helpful, as well as short, wdl-writtm tats Wied in crplanatioos and 
.unilar bulk-teir.t ,iru,ationa. Ualete the &ittllldon calls !or it, do not uu jargon or 
tffl:U'lical term$. Many writas will choo.e to use active ~ice, verbs (instead of noun 
ming, or aominals), and aiinple .sentcnce ttrUaurc. 

CASE STUDY 

Jyoti had gi'lell bet b~ laptop fur scmcing ,to an authori7.cd sema: cenue to repair 
a damaged USB port. 'The lapu,p was to be gi'l,m die nm: day, but when she wenr to 
take it that dty, she was told that it was not ready. Jyoti had to wait fur four moie day:; 
before she wu finally gms he.r lap1111p, Beo.usc she - in a luucy whik rcceiviog the 
repaired laptop, she did not ched< the woiking,I of the bptop at dtat time. On reaching 
home and switching on the laptop, she noticed that th.tt LCD display had become 
p.1&blemetic, The ne>:t day. alu! again went to the servi« Clellln' and n:ported the di>
play pr•blem. Jyou wu lghast when me wil& informed that u she had sig.t1ed th.e 
ddivay documenta, the setvia ocotrc cannot take responsibility for the display prob
lem. She wu asked co fill up a ~ 1'CMCC requisition form ro ger the problem .rectified 
aod further wu toJd tlia! all espt,llltS inwmd in iectifying the problem had to be paid 
by her. 

(a) Do you r.hink that Afur Sales Sc:tvi,a, duougb a r.hird party is a a.we fur concern? 
Justify. 



(b) Thei,i seems to be a~~ pf tr1µt in me given aselet. How is m11eh of mm re!aced 
to quality of scrvia:? 

(c) In the context of the giVCll ~Jeti formula«: a Quality Service Policy to ensure 
customer satisfa.:tion. 

2.14 SUMMARY 
New product ~t cal) play a van1111 of roks in ddlning corpora~ smitegy 
to i:-ln oompetitive advantage. Tb.is v.irw,iliiy make$ the process of new product 
devdopmcnt subject to the emctging · o~nal Wile$ of the day. In general, a 
long-run, focused, and ongoing strategic commitment to attractive market oppoffll
nities should ddiru: the role of new product d.evaopmeot. New product develop
ment should be in~ in.to an organizations su:ategy and signiliantly Q:lnuihu~ 
to ia pttpetUlll renewal. .Achlrnng mis inll!gtation rti{uii:es the ckdkation of intd
lectual t~Utces at all org,inizuional lovds. Th.is inulleau.;il proce&s b{:pns with 
respom.iveness to the , business environment. 

Turbulent global bu.si.oess envirotuncnai :lit the $0~ of new product opponunities 
and ptoblem.s for an organization. Consequ.encly, die critical factors defining the 
oiganization , market environment fur ru:w procluas mu.rt be sanned o.n a ttgt1l2r 
ham. In putjcular, the ~ of ~logy that 1eduu the life ~ of a firm's 
prodU<U and tttViccs mu.st be ~ monitored. For Q'.2.Dlple, the e!Fa:t., of chang
ing wforination ~IOj!j,V will oontin.ue to alter the \\11.y organizaciollS innov.ttc, 
design, man~ and ~ new proc!.ua,i, aa wd.l as q,,e way consumgs and 
other mkdi~I~ respond ID ~ piodum. Tli!o/ may even ~ madrea from 
traditional ~~t iNJ:!l:utiont tg dirur, intua<:tm exchanges betwecn 
buyers and scUen. ~ may dlal up a ~•s electronic catalog, scod 
in speciucatiom, 1\114 .«;a:ivc a <;UStOmizcd product (ftom. 6exible manufac~uring 
proc,;ssa) ~up an qpte$5 ddiv,:ty Wl'ia in days. 

The a= of new p,:oduq; ~t is identifyi.llg tJie. unmet aecds of potential 
bll)'Ca a.nd other kq mul(et stakeholders as th~ bws fut ddining market opportu• 
~ and translatjng thCQ1 iotl) core new product concq,n. Potmtial buyers who are 
a.lfeaed by wrbulent slobal ~nincnai respond lalply ro their own needs and 
prol,le,m. I<!entifying the needs of potcotial bu~ and fli!RICDling markets accord
ing to thGSC nqid.c is a cbollenging prospect, bu~ one that enhani:es new prodoct 
~- lt teq,Ulll:$ a vari_~ of tesea«.lt :appn:iac.hcs that should bring the iono
VW!lg organiwion ~ cLl\St to po,tc::9'ial bu~ as powble. In &cc; for ma:ny sitll• 
atiogs, new P??~UGt devd.op,n?t should be Yiewed as an i.tm:nctivc telatio.oship 
betwllCll the innova,i:ng ~ and potmtW, bµ,= (and other key stwhold
crs) to jointly ddlru: and d~op the n~ proquct. T.li.e best way to anticipate 
.rna.du:t response fur a new produq is to joi.¥,y create it ,i,im potential buyers, then 
~-when ~d h!Jl'Y, ~y ~umcn might enter the ~ to buy. 

ANSWERS iO 'C~ YP'OR l'~OGRESS' 
(i) Product desi,gn is th~ proce.ss by which new produw are designed and 

prodw::c;d. Product ~ in iri basic furm. is simply coming up with new 
ideas to Lt!tptqve the c:ffi~~ 

(ii) Service duign is the acti'vity of planning ~d organizing people, 
inmamuaure, communication aod material co.cnpo.ntnir. of a service 111 order 
to improve its quality and the interaction between service provider and 
custo.ltM:n. 

• 
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(iii) Opportunity .m•n�meai bas f,- �"f-;i� to identify business
,and commuflity clc,<efopme:nr Of)P,:OttUIIJ� diai, oould be implemented to
iWtllin or impJ1DVC a local economy.• 

(iv) Flexible product cicMlopmmr ill the• ability ro make ch� in th� product
being developed or in how it is developed, even relatively fat� ln 
development, without being too disruptive. 

{v) Qu.alicy function dcploymeut (Q.FD) i$◄a "method to uansfor.rn U$er 
demand. i.o.to design quality, to deploy the fuoctio.o.s forming quality, and 
to deploy merhodis for achieving the <ieaign quality into 1ubsystems md 
C4>mpo.oc.at plflll, .3tld ultimatt:ly re spccifu: elements of the manufacruring 
ptC>CffS, • 

2.15 TEST YOURSELF 

1. What is New Prud!J.(% o-Iopinenli' f)plain in your e>wn words.
2. l?;q,laio the vwious steps of New Praduet D...-el.opmea.t Pxooas.
3. What are the wriow c:rron that �y aop up while �ng a new product iclca?
4. Briefly aplain the application of QFD in moclun day bl1Siness environment.
5. How ilnpruu.nt is the daip of a product while developing it?
6. Wtite do,m the niajo,; clwacteristla of � de.sigµ.

2.16 REFERENCES 

2.17 FURTH£R READING 

�II .-I o,-r...,;- MIIMglfmntt "' $. Alfi/ lGmwr MUI N. SurtJb

� IINi 0,-•'1-,i M-.gu:::.nl DJ S.N. 0-.,

• OJlmtlisn, M.-,..-t l,y J« K. Shi,,,_ /HI G. Sil:gel

• • 

• Adam, E. E., & Ebert, R. J. (2021). Production and operations
management (6th ed.). Pearson Education.

• Ahluwalia, A. (2019). Production and operations management.
Kalyani Publishers.

• Aswathappa, K., & Bhat, K. S. (2020). Production and operations
management (2nd ed.). Himalaya Publishing House.

• Balasubramanian, K. (2018). Operations management. Vikas
Publishing.

• Bedi, K. (2019). Production and operations management (3rd ed.).
Oxford University Press.

• Chase, R. B., Aquilano, N. J., & Jacobs, F. R. (2018). Operations
and supply chain management (14th ed.). McGraw-Hill Education.

I t 

.... 

I 



3 ' ✓ INTRODUCTION AND 
. . 

MEANING OF .MATERIA_L 
T1le au,,ter Co!NS : 

3 .1 INTRODUCTION 

. 3. 2 TYPES OF IMTERIALS 

3. 3 MATERIALS ~AGEMENT 

3, 4 MATERIALS MANAGEMENT ORGANIZATION: 

3, 5 SCOPE OR FUNCTIONS Of MATERIALS MANAGEMENT: • 

3, 6 INTE~TED CONCEPT Q' M,'TERIAU\ MANAGEMENT: 

3, 7 OB.ETIVES OF MAlERIALS MANAGEMENT: 

3, 8 ADVAHmGES OF MATERIALS MANAGEMENT: 

3, 9 OVERCOMING MATERW.S MAHAGEMENT PROBI.Et,45 

3 .10 FIJNCTIONS Of MATERIACS MANAGEMENT 

3 .11 SUMMARY 
3.12 TEST YOURSELF 
3.13 REFERNCE 
3.14 FURTHER READING 

• 

• 
ABlr goiog lhm,p du, d,,,pu,; )'OU d>ould 1,e 111,l., to 

• E,q,Jai,t type< cf ........ and nwaW Jll•mgrrncl't 
• o..cribe vuiow ol,joc.li- ...cl ia,pe cf ......,;,l .....,.meat 
• I'Juclda1t l\iDaiom of nwmil ma•ap:mc,,t 

• Clarify~ of ......... -·•..-• 
• -w.,y. to ........,,,. • ...-rial ....,..,. ... ~ 

[~,,,.,/~,f 
Mlkri,J 

NOTES 

Stifl,,,,►• . . I,,_,_ 
,1 



NOTES 

$,,fA•• · e "-"vi 

3.1 INTRODUCTJON 
Mau:rial.t are the mM important rcsoun::cs fur any company since no goods can be 
produced without them. Material .man35Cmcnt controls the procurement, storage 
amount, mo~t and COl>liumption of mawial& diat can be u.sed by the company 
for production pro~. Materials management is a function, which aims for in~ 
grated approach towards .the management of materials in an industrial undertakitlg. 
Its main objective is cost reduction a.ttd efficient hatidlislg of .mate.rials at ·ill stages 
and in all s,:ctiotl$ of the und<:mking. Its function includes several important aspects 
connected with material, 9ud, as, purchasin«, stor;ige, inventory' control, mate.rial 
handling, standardization etc. 

Accord.izig to Bethel, "Material management ~ the fel:!)1 used to connote ronttolling 
the kind, amount, location, movem<:.nt and timing of ...ariows oominodirics tm:d in 
and produced by the industrial cnterpri3C." 

3.2 TYPES OF MATERIALS 

The v-.uiol1S types of mawials to be managed are: 

i) Purchue!d mauri.:la: They are raw materWs, components, spa.re parts, oils, 
~. cono11 wmc, consumables and tools. 

ii) Wotk i.o pro.0.CN (WIP) .maretials: These are semi-finished and finished parts. 
and componenu lying on the .shop floor. 

iii) Pini•bcd goods: These are the final producu eid,cr waiting IQ be usc:mbkd in 
the :a91eO'lbly linu or in stole$ which are .stOckcd fur final delivery waiting to 
sell. The variom ~ts invol-1 in these materials are ba.nc prioe, purclwing 
costs, invealX>ry carrying cost, transportation cost, materials handling coat, office 
c:ost, po.eking cost, marketing cost, obsolescence and wastages. 

3.3 MATERIALS MANAGEMENT 
Introduction 

.Mace.rials M.magemOllt is ,imply the pro=s by which an organ.izario.11 is supplied 
with the goods and aervices that it needs oo achieve irs objectives of buying. storage 
a.ttd movement of m:ucrials. Matctials Management is relaU!d ro planning, procuring, 
storing and providing the app-topriatc material of tight quality, right quantity at 
right pm in right time so as to co-ordinate and schedule the production activity 
in an inugr.ative W3J' for an industrial undertaking. MD6t industries buy materials, 
uanspoi:r thC!ln in to the p!Ant, ch.:ange the materials in co pans, assemble _pQrtS in 
to finidied producu, sell and ttlll>sport che prod..,ct to the customer. All these 
activities of pu.rchase of mate.rials, flow of rnau,rials, manu&ciure them in to the 
product, supply and sell the product at the market rcqui.ies various types of materials 
to ~ ,and control their stor~, flow and w.ppJy at various pla.oes. It is only 
possible by efficient mate.rial.< management. 

The mate.rials n,quircmena planning, purchasing, inventory pwuiing. sterage, in
,oentory cont.ro1, materials supply, ttmsportation and materials handling arc the 
activities of rnarerlals management. They will be discussed jo detai'5 in various 
chapw-s ro follcw. Abow: 20-25 years ago, there was no cut•tbroat coolpetition in 
the market to sell the variow coruwner items manu£a.ctwed by dii'erent induarrial 
Wt~ and the availability of materials to manu.facaue these items was not 
scam:. 'Therefore, mao:rials JWU1agelllCJlt wu not thought co be so important and its 
iqwace ide.ntiry in the organi:a.rion was not felt. But today it lw become an 
imponant manag,:inent ~vity to mcamline production • .Aaually befurc the pro
duction begins it is necessary to cnsurr availability of all the types of materials 



needed for production and io supply at ~ >'arloll$ produ.ctioo centers. Planning, 
purchasing and achcdulmg are the mafo functio.m of materials nianagcroent. It aims 
at improvcc productivity. It is used to ~uc:c the cost, which UJCl'Ca.SC$ pro.6cahility 
and mea.ntlines the production . .Ap,ut .&om management of material oosc and its 
supply it helps in its proper ualiutiQn, tlWlSJ>Qrcaiion, stongc, handling and dis
tribution. The marlcet .research and fou:cuting both for sales of company's product 
and purdwing of various .materials n,quircd for poodl&cing the product are nccdod 
at tbe pla.nning st3jje . 

.Purchasing, procurement of nwerials, transportation, storage. inventory conttol, quality 
co.nttol and inspection of mate.rials and goods supplied at various produaion centers 
before produtti<>n a.re aho ma.nagec! as routine work. Maccrlals handling. packaging, 
warehouse plannlng, acrounting. scrap, SW'plw, and obtolcre m:atcrials disposal, 6n
Wlc:d goods safety and care a.re the aaivitiea managal by the materials management 
department. Selection of penonnd for marketing, purchasing, .ia.ventory control, 
stores management and material! handling and their training and placement is also 
to be seen by the mattrials m:anagtment ~t. Thi$ ind.icareg wt it u ..:ry 
-1tial to have a mawials management dtpan:mmt in any o~n to support 
the management in me produaion activities. It alao .help, in the maik.eting, sales 
promotion and control of all tbe l}'pes of mat.erials. for its quantity. quality and oost. 

Ddio.ition 

The Incemalional Fcduat:ion of Purcb:asing and Materials Management aca:pt the 
de6nition of materials management given below. Ac,oozdiog to ir, matmaf..s manage
ment is a rota! conapt haring its ddini~ o,gaoimrion to plan and control all types 
of mamials, ie& ,upply; and its .8ow fumt .raw stage to fuusbcd mge so as ro ddiver 
the product to customer as per his requirements in time. Thi$ illV()!va materials 
planning, pwdi.aaing, t«ieiv.ing, smring. inve.nto.1y conuol. ad>eduli.ng, produ.:tion, 
physical distribution and ma.r.kfting. ]t al.so conuols the .materials baodling and its 
traffic:. The materials ~ has to manage all these functions with p,oper authority 
and respon&ibility in ~ material ro•n•grm<"nt depa.rtm,mt. The hiswrical background 
about the material. awiagemmt 'i, aa follows. 

looorical &drgroand 
The .au'city of matcrlals. which was felt during World War I in USA to a ve,:y large 
extent and if, Im become dlfficult fur prod~ managm to ,upply th.c ~ goods. 
Thi$ lw m,au;d it ncc:cssaiy to organize w Matetials M~nt deparoucnt fut 
managing larg,:: inveororiea jn stores and to ~ the problems arising to control 
and economize inV1:ntory cost problems and ,ho!Uflt elimination. The materials 
m.an~menr was included as an important furu:cion of the management. 

With the ~r of pcincipla of scicntitic management by RW. Taylor in 20th 
century, the CXlOhOmic we of matcri:als in all the organizations was critically felt to 
~uce the cost of production. 
The early years of devdop.menu in the field of marerials purdwe and supply sys
r=atically begins fumt 1850. Charles Baggage's book on the «onomy of tndinety 
and m.a.nu&cturing published in 1832 refers ro the imporca.nce of purdwing fu= 
cion. Baggage is also known as "M.atcriab Man•. 

The growth of Rail Road indumies by 1866 swted in America. The Book on 'Tu 
Handling of Rail-, Supplies and their Purclwc and Disposition' in 1887 discus.sed 
the purchasing issues. l\uchuing gai4cd imponan« during World WM l. Howud 
T. 1.-is was a purdwing prof-.ional .&om i905 ro 1945. He devdoped impot• 
ranee of soimd proCU1elDCllt to company operation. 

NOTES 
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The concept of matel'.ial, rnanapmcnt was widdr spread duriiig World War II. 
Professor Howard T. uwis of the Har»atd B11111laa School made the exrensive studies 
in Indwu.ial ~ ~ W.N. Michelle, N.F. Harriman, L.F. BuH"y,. Don;ald 
G. Clark, Edwa.ld T. Gush~, Ruasell Forbe,, Stuart F. •Hewritt and George A. 
Reward had oontributal largcly IX> pw-dwing and materw< m•o•gcrricnt · in procur
ing, n:amng. inventory ronuol and S11pply. Wodci War II intnwluced a new period 
in p1.UCbuing hi.story. The emphasis on o~ning required and scuce materials 
influenced a growlh io pw:diaai,ig intClffl, In 19.33, nin~ colleges ofreroo -cour= 
related to pwdiaaing which was inaeued to forl)"-ninc colleges in 1945 in America. 
The membenhlp of the National .A&!ociatlon of Purclwing Agents increased from 
3400 in 1934 to 5500 in 1940. The po.<t•war pcrlQd •w the ckvdopmcnt of the 
value analysis tcduiique, piooee.ul by Genem Electric Company in 1947 on the 
evalu4tion of which materiala or changu in the specilication and design would 
reduce over all product cos,;, Prom 1947 to 1960 'WCIC 13 rears on further devefo_p
meots in materials "'•o•grmeo• Films ipiciated dramauc growdt of the materials 
~meot during 1960.1970. ~ v-._ Wa.t resulted iJJ UP"ffld price and 
m:alttials availabiliiy p.-- Duti(,g 19'10 Finns e:q>c:rlencc,d wi<bpr-1 maw.ials 
problems tclated m 'oil .lhonap and einbatp', 
Widespread agreement bccween countries ralu:n place with die ov,:raJl objt:trlvr to 

sol..-c -i.als ptohklJIS induding DU=i.w planning, inYCnft>ry connol, pll<dias
ing, quality control, stores rontio.l, malCl'.ials movc.mcnt and suq,!111 dispos,J. The 
pt•,,,.bairing .<tl'lli:cgie, and bcha,,ioq diat ,m,lved ever in 1980 ~ rise to furcigll 
global competitiori. 

The glo~ c,- of tradit,g in~- 1970 and 1999 fut lllall!riala m~mcnt 
iocteaeed. Pudwing appJl!adies •n.i 2000 ~ a clw,gi.ng einph.w towards 
the impmvemmt of quality of tnac:enah. ,uppliet tdaiomhip, snore <»-opcr.itivc 
approach. long-ttnn swu,,gia of <:ost man~ge•nc,n and daooase mawials snan.g,,. 
ment gystffils fur materWs planning and utilization in induatties to brlug about 
tmnll iniprovclDent Ul produc!ion S}'Jtd'Jls, i4-<oo: redUOOOt> dmmsb economy and 
inaeased sales. In ordet tv aerve the cozpotate goals and perfultD 1t1ateria!a activicies 
cfficleody, a functlo.rud otpnizarion of die mauriala management mU3t be estab
lished IX> ful6ll die objectives of material& program, elimination of matcriala wuuges 
and duplication of eili>ru to do so in -,,;y mpnlr.adon. Then only the abovementionecl 
goals of manmh ro•n•grment can be ach.ieved. · 

3.4 MATERIALS MANAGEMENT ORGANIZATION: 
The major resoutca in any ~oii:atioli to manasc an; the matcriala out of seven 
main ~urces required to .nm my cxga»izarioi,. They are management. Jllatuiak, 
money, man ~ machines, met.bods and matrix or f.icilitia which indude ·SJS
tcm$, pbnu, location and buildings etc. The purpose of materiala management · 
">g:ilQitarion in any industiy is to plan tbe roattrial, requircmcnas fur tbe productioo 
of good, ~ scNCeS. The sU'llctu.rc of the nqpoilrati'ID mil.SI: be sw:b so as to haw 
the e.flk:ian manag,cmeot of malleriab oontrolliag iu flow, conservation and utiliza• 
tion. Iu objeaiYC is to use judiaoualy and eamomically. The product miut be 
~ fiont the available material, puidiued at chc ewnomic price and bring 
mgc:dicr under one: oiganizacional component sharing tcapomibilitic:s of all the a»
pa:u aKffl:ing &w, ~on, ucilizarion, quality and cost of materials. Materials 
maoagrtn~llt includes in...eolOC}' managemenr, purdi.ase management, value analy.sis, 
store keeplng. maintenance and upl=p of die inYtntoric:s in hand and in p.!00CS$. 

Orpmatioalll Stn.lCCllJe 

In MarcrWs following oigimizational units are relt,,ant: 



• CliC111t • icprcsents the . oornpaey or the group. 
• Company Code • the: balance sheet kgally iDdepcndent unit (e.g. individual 

bd.) 
• Purchasing Olplization - responsible for che procurement. 

Note purchasl.ng orpnizauo.t11 ca.a: 
i) Pn:cisely re1ponsible fur the work, across p.larua fur each company code to be 

accive, cimdar ffilGS or acx:ounti.og for all plants to be active. 

ii} W1Xk - me predispoaing and leading nods: unit 
iii) location • can so that material stocb within a plant ()Qntained le:ld 

iv} R.ei;ommended sro.ragi: locations arc QSigded to a -~. 90 can the number 
llllliglunent oc:au · tl)Orc than once. 

Material. plene1ng: 

In me IIO-<:llilcd oonswnptio.n-bued p!anniiig procurement proposals are baMX! on 
p~ ~ decisions (e.g.. &rung ~ ~ may mx¼}, or determined by 
fo~ takulalio.aa. The identified ll«G$ will be saved as ddault. These proposals 
either be as.signl!d p the rapoosibl,e putd,asing reqwsitiona or given as a p.lanned 
order to production (PP), Additiooal ~uirements can be captured u a manual 
purch!IH requisition. 

Sboppiog: 

These requisitions are now &om shopping in order or be implemented under (Oil• 

trace.. In the purch.ac ptOC:C$1 will l>c distinguish whether ordfft can be tnade 
immediately (due ro macing agn:emenc.s such as fur c:umple Contnas) or ,vhcthet 
it olkra must be obained by mt:;UI$ of queries. Procurenimt is dierefure fur rapo11-
11"blc for a ffriety of casks: dealing with inquiri1111 and quotations, supplier telcaion, 
order p,.,,.._;ng, vendor evaluarion etc. 

hsfflltory M-.-,.t: 
J'Jiventory management bu the tad( of wt~ suxks and ~uc to coJlea timdy and 
accounting for. These include all opencions, · which the 5tock of goc,ds change, e.g. 
~ rocc,ipa and outpu11, transfers and 1codt transfers as wdl as material .rescrva
tiol\8 and lfflll'tt ~ The quantitia :att in every maraial move-nt updated. 
The -..luc update ii ummally dooe an automatic aaiount dcremiinaaon. The S)'31elrl. 

prmid,s hands • Hdp if fur c:umplt a goocla receipt: (GR) with .rapcct to an ordu 
to be posted. Herc, all relev-ant dab &om the system prorided. 

Wud.ouae Managemeoo:: 

With the warch(lUle ~t system wuchouae oompla suuctutes can be CSlab
li,hed and monitored. Difli:n!nt mahod& :att o£ impons and oublOurcing support. In 
WM be l,eading stoclc proa.ues audi ~ good$ n,;eipu, atock ~ so depimd. 

Audit: 

The audit repracnu du: link bctwoen che ~terialc ~t and accounting 
(Fl) Here. Ri.lceivi:d bills can the .rekn:na: to a goods receipt (GR), or an onlet, have 
fut cnacbd, chcded alld then ponm. Funbermorc be U&ing infunnatfon &om the 
material master. 

Further Settlement depends 011 several assumption,: 

i) Qlautl the billing ct- with pre-planned dw. Booking, -.re done automari• 
cally and w i.ovoicle is rd.ascd fur paymena, . . 

ii) For cwwding spc:cifi~ iolm, d,c invoice is for payment blocud 

/~'" :( ti-,,lllltlJ,t,4,u.ng;,f 
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iii) A further possibility is the invo,a auromalically ~ be created fur goods 
n:ceipt. 

Another impOrt:1.11t iuuc is the procutemwt of marketin& By th.is i.s mean.t d:iat. the 
company has the taslc of building and care o! (('O"'lhk) long•tttm. ttlarionahipa with 
.reliable &11pplicrs gwuantee supply. Buis for dfective ooopmtion between oompanie& 
is the advanuge that for both ~ so cwtomen and $tl()plier, and ia daired by 
both objccrivc and is. 

3.5 SCOPE OR FUNCTIONS OF MATERIALS MANAGEMENT: 
Materials .tuarJa&c:mcnt is ddined as "t/u jimaia,t ~Ii for tin cr,,m/i,wi,m of 
pi,mninr, -mng; ps,rrb,Jm,g; IMVing; s10ring ,mJ ¢ntrol/int 'f1IIRmlU1 in an qprimum 
"""'"" rq as h> prnule II p".J,tidd ,m,i"' tq ,he <:tlfflml" M II minimum am". 

From dte definition it is dear that the scope of marerials .management is vast. The 
fu.nctiom of awe.rials management an be wc,garized in the fol.lowing =ys: 

1,Saopl'orM1111!181.~ I 
I 

I I I I 
Malltil!J 
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I) M,ateriala plann.iog attd controJ: ~ on the saw fotetNt and ptocluaioo plans, 
me materials planning .and oontr-ol is done. This invol111:1 estimating the iodi• 
vidual ~ulnemen~ of pans, preparing tnateriab budget, futte111ing the leve!t of 
in-wries, IICbeduliag the orders ~ monitoring the pcrfonnan<;c: in n::lation to 
ptoclualon and sales. 

2) l'wdiaainir- This includes sdcction of •90lllCCS of supply finalization in terms of 
pwcliase, p~t of pi;.n;ba,e mdeli, .ti>lkM--11p, .main=-:e of tmooth tda
rions with suppliers, approwl of piiyments ro aupplien, er.duating and rating 
suppliers. 

3) Stoces ~t or manapmaat: This iDV()lves phyt.ial control of matc.rW.t, 
pR&CMltioo of srora, mininuwion of obeo.leaomce and dami.ge through timely 
d4posal and efficient handli.og, nwnt:c.o.an,;e of stores rv;cord&, proper localiot.1 
and atodang. A 1ton: is also responsible tor the physial vuifialion of sro<;b and 
=-o.aciling them with book figures. A store plays a vital role ii, the opc:mions 
of a company. 

4) ht~ry --.I o• _a,gemm•· Invcncory pcrally refut to the 
0

malle.rWJ in 
stock. lt is also alled the idle rcsour« of an enm-pri#. Inwmtoriel ~resent 
tho.se items, whkh are eith« atoclr.ed for sale or chey are in the process of 
ooanufuturing or dlC)' are in the form of mate.rials, which are ycr to be utilized.. 
The intenal bctwcc:ll ~ the p~ puts and oou,,&,mting them ~co 
lloal prodlletS wries &om industries ·ro iDduscries de~ upon the c:yde time 
of manu&ctuJe. lt is, thetdott, -arr ro hokl invcnrories of variom kind& ro 
act as a bulfcr between supply and demand fur efficient opcntioo of the~-



Thu.s, an df«tive oontrol on i.nven!Oty is a mu.st fur smooth. and efficient run• 
ning of the produa.ion cycle with least interruptions. 

5} 01hcr zdated actmtiea 

a) 3S 

i) Standardization: Standardization means producing m;oomum variety of 
produas fuun the minimum variety of mate.rials, pam, tools and pro
~. It is the p= of emhli.shing SWldards or uniu of ~ by. 
which extent, quality. quantity, value; pcrfurmanoe ere. snay be corn
pared and measured. 

ii) Simpllfieuion: The ooncept of &lmpl.ific:alion ~ c:loscly .tdated to sran
d.t.rcfuacion. Simpli&ation is the prows of 1edudng tht variety of prod
ucts man11faaured. Simplification is conce.r.ned. with the reduction of 

produet ranp:, »tembli~. pans, material. and deaign. 

iii) Specincadona! Ir refers to a precise statement that fonnulitts the require
ments of die cu.stomet. It may relate to a procb:t, process or a service. 

F:sempl,,, Spccincatioos of an axle block are Im.ide Dia. = 2 :1: 0.1 cm, 
Outside Dia. ~ 4 * 0.2 cm and ungdt ; 10 z 05 an. 

b) Value an.aly,is: Value analysis is concerned with. the costs added due to 

iJ>dlicic.nt ot 1111n1:ceasa,y spedfiauiot11 and fuanues. It mam its contribu
uon in the last stage of product qclc, llall)dy. the matw:ity ~- At this 
slage research and development no longer make ~itive oontributions in 
terms of improving the eliicicncy of tht functions of tht product or adding 
new fu.nction1 to it. 

c) Eagonomics (Humaa EagiMerlag,l: The human factor, or hwnan engineer
ing ii concerned with. IIJan•machioe system. Ei-goooraics is "the cbign of 
human tulcs, RW\-maclune sy,rero, and dfeaive aanmplishment of the job, 
including di.splays for p,acntiog infurmation ro human seiuon, controls for 
human operatic.ns and Q>inpk:it man-tnadiine sysretnS.• Each of the above 
functions is dealt in der:ail. 

3.6 INTEGRATED CONCEPT OF MATERIALS MANAGEMENT: 

Traditioully, various a,qivlties related to ~g materials were looked am:r by 
varioua dq,a.nmcn11. While p~ were gmcnd.ly ananpd by cop management 
·wld, the a&iswlce of a Pun:h,i,e Agent or Pwchue Officer, store keeping and stodc 

<X1Dtrol WllS the retponsibi.lity of the produaio.a head with the assistance of a store 
keepc:r or Sro=i Officer. Apart from theae cwo mai.o acti~tie,, d.im:il,ution of man,
rials (ttio.nly finished goods} wu the rei;pmulbillty of mar~. 

After .rnlizing •lie prontability potential of Materials M:a.o.aeement · fu.nctioo, when 
attempts were made ro aploir this potcnrlal, .it was realim:l that thm: were maJI}' 
ptoblC111$ in achieving the objc:ai.ves due to inhc®t conffia:s amongst various di:,. 

partmental obje,;,lws. When pwdwing personnel wants to purdwe in bulk to get 
price discounu, invento.ry of the stores pcrso.11.11cl bcooma hieh, . . 

• The conclu.sion is d,at in the tta.ditional scr up one penon could nor be hdd 
iuporuible fut all the functions of mamiab manapent to at:hl<'ft: over.ill 
economy. Therefore necessity of placing .:U lhe function:s tt.bted to materials 
RWl~enf e.g. purdtuiiig. srodw.g, invmtory control and distribution 
under one deportment headed by an csec:utivt of statw at N with other 
departmental heads, was felt. 
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• Thus evolved the conctpc of ia~ted mareri:.4 managt.mcnt which can be 
dcflru:d as the function which is responsible for the coordination of planning. 
~leering sou•=• purchasing and mewing. storing a.od controlling materials 
in :in optimum man.nee 50 as to provide a pre-decided se.rvia: ro the c1.1S1omcr 

· at a minimUJJl cost. 

NEED FOR INTEGRATED CONCEPT: 

In an uiiegraicd set-up, tht materiala manager is R:Sponsiole to eutcise control :ind 
coordinates with an overview that en.su.rcs proper b,;J;inoc of conff.icting objccuves of 
the individual funoiom. Inn:gracion also bdps in the rapid tr.ans!er of data, througlt 
effi:.:tivc and informal communication ch:inncl1. This is ctuei:d as the materials 
management function u.wally in-.ol....:s handling a vast amount of data. Therefore, 
inregr,11:ing the varioua funclions cruu.res chat ~ cban.tteb an, aho~cd and the 
various functions id,miify dielMdves to a common material& .manage.menc depart
ment which, in tum, .rcsulu in greater co-ordinatiQn and better OC>nttol, 

ADVANTAGES IN INTEGRATED MATERIALS MANAGEMENT CONCEPT, 

Orpnitttions which haw: gcme in a big way for the .io~ matcriali IJlaJ:lagffllcnt 
usually enjoy the followiag advantages: · · 

1) Bettes'. aca,uatal,.il.ity, Through. ccntrilizacion of authority and rcsponsibility 
for all upc,cts of materials function, clear CJJt acrountability is eru.blished. 
This helps in ~g the performance of ma1>:rials .1Xl2!1agtmcnt in "ait 
objcccm, manner. 

2) Bmer co-onllutioru When a central matcriab manager is respon,tiblc for all 
funai.om, the depvunenw under the manctiab manager create an .identity 
which ~ conunon. This 11:$Ults in betcer auppott and oo-opmtion in the 
accompl.i.mmcnt of the materials function. The we.r departments also find 
that they h.ave to lpproac.b one di,partmcnt for discu4sing and .901ving their 
mate.rials problems. This creates an auoospbetc of uu,n and gcncnlly ben,er 

rdations betw<:en die user dcpararu:nt1 and me macerial.s management dc
J)2rtmC11t. 

3) Better ~: Af. all the inrer-cdaud furu::tions arc inugated organi-
2.atlonally, greater speed a.nd accuracy .resulti in improved ~mmunication. 
Need fut matctial.t arc promptly brought to notice by materlals planning. 
Purdia,e depanment iB fud with uock levels and order ,iatu.s by $tOl'CS and 
in'l'ffllmy control depattnteins. All this calls fur judidOU5 decision, leading 
to lower com, berier invmtoiy in paper work. 

,) Adaptability 10 EDP: The centnlization of the matezials function has made 
it possible to design data p.-ing $}'$tent. All informatio.n with rega,xl to 

nwuials fuoi;rlon • · centtiliu:d under the integtatc:d materials m~nag,m.,nt 
fun,:,iion. This bas facilitated the coDCClion and al>a!Y$ls of data. leading to 
better decisions. A,:l,.,anced and efficient elea:roruc data processiag syne.ins 
~ be cc.on.amically introduced under in in~ .set-up. 

S) Mi,all......,.,. a.hantage: Under a Ce.otrali:z.ed Material. Managtt, a t~ 

tpitit is inculcated and this .resulu i1;1 better mon!c and co-operation. The 
opponunirles and csposwe available for du: indi"iduals fut growth and de
velopment arc better in an integtal'A'd s«-up. 

3. 7 OBJECTIVF.S OF MATERIALS MANAGEMENT: 
The objl0Ctive$ of integrated materials management can be classified in n.o cairgo
riu; 



• Primaiy and 

• Sccondaty. 

These are discussed below: 

P.rullaf}' Objc:aivcs: 

Following may be identified as pri=ty objeam:s which are to be achieved. 

a) To purchase the required materials at minimum possible prices by following 
the pr=cibcd purchase policies and encouraging healthy competition. 

b} To achieve high inventory turnover i.e. to meet materials requirement of the 
organization by keeping low average stocks so that die capital loclced up in 
materials is turned over a large no of times. 

~) To incur minimum J!0$1il>le expenditurt: on admiaisu-ative and other allied 
activities .related to purchase of ri)atcmls and al,o to keep the materials in 
stock till they are finally delivered to the users. 

d) To ensure that continuity of supply of mate.rials to the users is maintained 
by avoiding out of stock $ituatio.n. 

e) To supply materials of consistent quality i.e. of quality which meets u.ser 
specification and it is fit for servi«. 

0 To keep the wage bill of the departinent low by c:ruiuring proper distribution 
of_ work among staff and not employing surplus staff. 

g) To maintain good relationship with the suppliers of materials and also de
velop new suppliers fur the products for which reliable mppUen do not exile. 

h} To ensure ~ and development of pcminnd employed in the dcpan- I 
ment so that good industrial relations are mainta.i~. 

i) To maintain proper and up-ro-darc tte0.rds of ill stores tl".msactions an<i 
purchases. 

Secondary Objectives: 

a) To uiist tedmiad/design dq,-t in (kVe)oping new materials and prod-
uc:t3 this IIIJIY be more pmfit:ahlt to ,the orpow.a•ion. 

b) To mah economic 'make or buy' decision,. 

,:) .To ensure standardization of materials 

d) To contribute in the prodllCl i,mp.rovmient. 

e) To contribute in the development of inter depanmental harmony. 

O To follow sciendfic methods of fuR!CaSting prices and future consumption of 
materials. 

3.8 ADVANTAGES OF MATERIALS MANAGEMENT: 

1 ) Malierial management has created a nidte in many organizations, which ha~ 
lmplmicn1ed the integmted materials management. These orpnizatio.n& usually ! 
enjoy the following advancaga: 

2} Better a.:couotability on part of materials as wdl a.s other departments as no 
one can shift blame to others, 
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3) Ju mate.rial& management is n;uidlcd by single authori'f, it can iesult in 
better coordination, as it bocomcs the antnl point for any mate.rial related 
problems. · 

4) Mace.rials management deparunent makes sure that better quality material is 
$Upplied timely to the requesting departments. This can result in better · 
performanoc of rM o.igan.imri.on . 

.S) A marerials ~t syitcm is typically controlled through an informa
tion system, thus, can help in taking decisions related t0 matcria.\ in the 
orga.nu:atioo. 

6) One indirect a~ of mate.rial tnanagcmCJ?t i. that good quality material 
~ the Wlkal and moral standard in an o.rgaruiation. However, please 
note there ·is no study on this issue. 

3.9 OVERCOMING MATERIALS MANAGEMENT PROBLEMS 
Materials ,,;ai,.agement 4 con«tned with planning. OtgiU>it'ltion, and control of 
maurials inveotmy, production, stocking, a,,d disui.bution. In the 1990s, both the 
economic 2nd industrial environments are dynamic. Thus, m.ateriah management 
p~ and ptoa'durcs mun be, c,apabk of supporting cffiictivc d,,cision-mak.ing in 
these dynamic cnvuonlD.Cnts. 

The growing lntcrnarionaliiation of business lletivity further complicates the process 
of materials management, in terms of 

• Devdoping accurate and time!; d.ata on production -aiid stocking levels, 

• Dcvdopw.g aDd projecting accurate and timely data on rnarcrial and product 
ri:quitcmenu. and 

• Iu.coq,orating a wide vatiety of multinational and international economic 
data into matctials management activities. 

The growing illtetnatiotialmtion of busint$3 acu,.ity hlli been ao.ompswied by the 
introducrion of high. t:ech.aology (high tech) procedures into .rna.o.ufu:tu.ring pro
asses. With respect to materials managemellt, the greatest !ignificancc of the inrro
duaion of high tec:h pto«ldutl!S inm n,anuli=uing pro«ss,C$ has been th" devtlop
ment of the jwt in time (JIT) mamiala pro=sing procedure. The widespread 
application of the JIT procedure will not oaly rontribure to revolutionary chaogc in 

,the proc I of IDIUl.~ it will aho usher in 1CVO!utio113Jy chal1ge in mmu• 
facturing support pt'OC«114la and proccsa, such as materials snanagemenr. 

Cod in,olwd .in_ Material Managanern: 

~ material .invol'les varlous costs that are: 

• 

• &sic: ~ of ma~ paid by a company to a supplier. 

• Gcm,,woent levies and _,.., Cost paid ro the goverrune.ot such as e::rercise 
duty, sa],._ tu ete by a company. 

• Onlaiag: Costs aur.h as ccnde.ring, acat.iol>:lry, postag,i!, receiving. inspa:!ion 
and bill payment, staff and the delivciy that incurred while purchasing 
lnatcrial. 

• lolmtory curying: Costs such as losses due to deterioration of material,, 
insurana pIClll.hun 2nd storage and ptacn2r:ioo cspcadirure that inamed fur 
maintaining inw.otory of material, . 



• J>o<:k•ging: Cost that incurred while pacluging the products. 

• Material lwidling; CO$t that incuaed while moving and storing the .mate

rials. · 

• Shipment: Cost that incurted whUc ttansponing materials &om suppliers to 
buyers. 

• Iruur.ince: Premium cost that incurted for insuring inatenals. 

In addition to this cost, there aze certain costs tha.t ocai.r due to the defects in 
designing produ('.t, poor q_ud.ity of maQ:rial, rework a.n.d rejection of prodllCC during 
inapection. 

3 .10 Functions of Materials Management 
(J) Primary PW>CCions 

To JW:et the primary ob;e<:tives, w primaty funa:iom of the materials management 
arc gi\'C:11 as fullows: · · 

(i) M11rriw ~ Pl;mning (MRP) 

Pla#niJig of materials rcqulxemcnts in mJIJlunauti.ng .is a .. eoeste::y fun<:tion in 
any orga.tt.i2arion, as i.avencory of mare.rials involYcS about 60% of the total 
inYemncnt of w organizatioa. The p.ront earned depends on the utilization. of 
th= .materials and teducing the invcaro,:y of the .materials. 

The latest ccchniqw: uacd ill called Just in Time (JIT) is nfured practically to 
no inven,o,:y. 

However, in the present situati0ll$ in any of the otpni•etion partiaalarly manu-
. fu:twia.g o.rg;ani.t.atio11, it i$ not absolutdy ~iblc co kttp no inventory of 
materials required for produaion. 

The MRP is a tedllli'lue used to pla.n the matei:i~r staning from the raw 
materials, finished paiu, componcntl, sub-uscmbliCll a.n.d usemblies as per Bill 
of Materiab (BOM) co procure or p~ thein tO suppon a Master Produaion 
Sdie<luk (MPS). It .is used on computers productively by any company that uses 
~ MPS ro manulacturc produ<:tt that require asaicmhlitS. cnmponcnu and nia«>

rials m prodw;e the final produas. The MPS ia czplodcd. using -the bills of 
marerials ro determine Rqu.ircme.nu of lcmer-leve.l -mblies, romponenis, fin
ished parts and raw .materials. It plans oofcn to meel' these no:d.s. 

(HJ &,I 'sg 

All the orpn.izatiom ne:ed an dlkie.nt and economic pwdiasiag and ptOQl.t'c,. 
mem of ia v.anour .supplies of materials &om the suppliers. The materials mall· 

age.meat depamne11t bas 10 perform ibis function of purc;hasing and proai.rc
mcnt of materials va;y efficielldy. Sina: 50% to 60% of s;,lcs tumover it apcnt 

on the pur:chJl8e of variow; materials, the amount of profit earned on this ,ale very 
much depends how ccoo,omically the IWIWialr are pun::hucd llll(I •11ili2«1 <n tb.e 
organization. The profitability d~ on the efficie:ncy by which. this p,aniQl1ar 
function of pwchasing and p.rocwing the: ""lu.isitt ~ at approptiarc time 
will be done and its 3.Vlilihillty is usured. • 
Tile function of purc:baail2g aLtl be stated. as ~: 

(1) The requisirion of material. is necessary by proper authority to initiate ia 
~lu$c. 

(2) To ~~ proper s11ppliu for the =tm~ .requi.aitioa.ed, before pl,dng ln 

o~cr. 
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(3) To ~ about the~ of thc niat'erial fuw tlie supplier artd lt will be 
purc:.ha9ed at thc cheai,at price. 

(4) ne quality of material musr be U111ted and should not be compromised 
with the cost of me matcrw. 

(5) The material .should be purchased of tight quantity and right quality at 
proper time at the cheapest cost. 

(6) To $et the prope1 putcllasc policy and procedure. 

(iii) lm•l#IOl'J Pl,..a ' z 111114 w,urol 

The modern concept of inventory pl~•u1ing is that the materials should be 
purclwcd and biougb.t in the sto.ra jwc befo.cc it enten w production or sold 
out so that lnvcmruy CO$! is negligible. The zero inventories arc the ideal plan
ning. Thicre a.cc thm: rypcs of invent0ri,;s. 

(i) Raw materials (ii) Purclwcd goods (iii) Finished parts and componen~ 

The invcnroiy CJ011tr0l of theac v.uiow snaterials liei with the materials manage
ment dq,artmmt, ))rocluctlon department and ~cs department. !Q'ftlfltory at 
dilkl'ffit lcvds i& neceaaiy to rnioo, lutt' about W availability of all mesc cype.s 
of materials and goods and thc:ir proper flow .&om one facility to another at 
dilfcn,nt lcvds of pmduction ccn!d$ in a IDllD.u&ctUring cooccm. 

Th sroring uf .atious cypcs of .IDllll:rials and parts as invt:nmry i$ tlierdi,r,; vay 
e111entiaf before ia delioc,y aod we at diffi:rent ptod!.ICtion ceall:n. This involves 
.invcnto,:y planning and m.nttol of materials in the stores dq,an:me:nt.. Many a 
time, the tuppl.iec 1nay not be in a po,i.tion to •upply the materials of !he 
ordcml. quantity at the proper time. To maintain the continu,ey in production 
aad line bwncc in U11CMbly worlc, the v.uious types of inv,:11roties ve l>tCC$$al)' 

1U be mainQined. aPd lrept in the ftOtes, 

The raw matcri.als befute he.ing supPlicd to a produc;tion plll0CSll, some of it is 
SCllt to store as .i.avcntAMy and rat is sait to production fu:ility as per its .ccqui.re
n,enp and in the same W2Y, v.i.rioli! puts nwu.i&ctuttd a.nd aswnbled as eom
pone.nts and aaemb.lie& arc also SIIOml as 6.nimcd parts inventories ac the differ
ent pl.aa:s in the stores. The fuutl. products belore being supplied to the cwtom
e1$ aze tlao S1Ddoed as invcnb)iy of the fuial produ<n of Ifie ors-nwtion to meet 
the !lua,;iating demand aad to regulamc the ,upplies in the ~ Thw, the 
iilventory co.ntrol is a very .impomnt function of the .mau:ri:w management 
~l. The Yarious types of in\'Cl)U:>ty modek are developed fur the dilfer
ent materials to ecoru>mise the purchase, supply, in"""toty control .a.tu!. produo
lion a>nlrOI to analyac and opcimize the com involved in otdcring. set-up· and 
iinentoty Qtt}'ing of materials mpi.ized in the procluction. 

(ir,)~"l 111114 Miiill#itti"I II# P1- ,m,i Supply II/~ 
Distribution of materials rcquisiti~ned by the various pro®':tion ccntcu and 
othu d,,panmtats must bt: ~ and its flow and coatinu.icy of supply 
must be .maintained l>y the m2.ruials management dq,arunent. lnsuffi<:ient or 
2CIQ ir,venn,ries many times create the siruations of nock-outs and leads to 
stoppage of production. Fallwe of materiab handling devicrs is also responsibl~ 
lor di.sruption of mau:rial >11ppliea. Alt>emat.nno.'1 or cmccgenc:y supply ')'ffl:lnS can 
be uacd fur -ring production lines to co.ntinue. 

Unartainty in dema.nd. ~d ptoduccion quantiry is the ~ factor. AJ the 
cummer n,quiremcnm as per bis nee$ and liking. are changing Ver)! fut. The 
managc:m.ent has to mainwn co.ntinw,y in production to meet. this \lDCCZWRty 



in demand, and rootrol .~ ... Nill'l#~,l>J, proptt 80)I,' of m:i.~riak $upply and 
distribution at v.arious producaon fuilitie3 and ~ depanmcnts as per changes 
in production quantity. 

(s,) ~ Contffl ef M'1kri4/I 

The quality of the p~ manufactul'ed by the orp,iwioa. depends upon the 
quality of the mareriala used to manufacture that p.toduct. It is a very imporunt 
and necessary funclioa of matcriala management to putdwe the right qtwity of 
lna(Crial,. The inspeaion, quality connoL !bnpli&a.rion, specification, and stan• 
dardizarion are the activities which ;uc to be followed fur the measurement of 
quality of the mate.tials. The quality assurance is d,ccided by .ia.specrion and 
checking the '1'11rious properties of n,.atuials .a& per chei1' specifications and stan
dard. Th.e siu and dimemional measurcmencs within tolen.nce limics assures the 
in~bility and reliability of mmpon,ents and part:i. 

Quality a largely d.em-mined by a>n&UJDer tute and liking. The market i& under 
buyer's <.0nuoL Cwti>mer decides the quality of the pn.,duct. Ma.te.rial quality 
conttol aims at delivering product at higlw- and higher quality at lower cost. The 
p.lOOU<X will be ,pccilied not only by ia dlmcnaional accuzacy but ia quality 
standards, dunh.ility and dependability, high perfurmana:, rd.i2hility and aes
thetic value:. Eadl of thi& fa=r aids CO$t to die product, In otdtr to achieve high 
quality, the materi.ala input ro the product diould be of high quality. which will 
have higher cost. The pe,furmauce decides the reliability,_ which is obtained 
through high quality production. The pcm>rmanc.c is c.beckcd by quality i~_peo
tion and. aa:uracy. 

Thi, also aids ~ m tbe product. The quality of the msrerial, alto decida the 
sde<:<ion of ffndon and the .rdatioosbip beim,en buyer, and .suppli.en. The 
1peci&11ions, size and quality of materials must be "n:fu-red and if possible the 
stlllldard should be followed fur ~rions and mes. The types of tests ~ 
quirtd fut ~ the quality should be ap¢ified and conducted to dtablish the 
atand.a.rds. 

(vi) ~rA, mtlll E~ 

Tbe objtccive of tha function is to ensure the dlicicncy o( the $)'Stem adopted. 
If the syium and ptocedure adopted for rnawiala llllUlagmlent are i.befficient or 
f.tulty, none of the objecsives .mentioned abow: can be fulfilled, howsoever the 
proc;odute niay be g,,od. .I.Q order to maib.Wl'I the things in proper way as per
planning an i:fficient ron(tol ia n«eP111y in the dq,artmmt <Wet each and ew:ry 
prooess. Management Iofurmalion System (MIS) and fued back control at ~ 
~ of working must be adopted to a>nttol and make the .management and 
employee work as dliciendy as poaibk m ~ the best caults. 

(ll) Seooi,duy P11DC1iont 

There can be number of teeonclar:, funaiom, Some of them are ~ below: 

(i)S~-'S~ 

The lllalldards and spi!cilk.uions of wrious types of maN:ri.al& art fixed by daign 
and =lutlal depa,:tmmt of the orgamwjcm. and di.cy are foUow,.l by production 
depanlnmt, Suuid:udt define the qualky, reduction in ,itt& and vanetr, inter
dwtgcability of puts and prodoccs. It cnsura effident utiJiw:io,. of .rna~rials and 
teduca ~- Standard matuials are always available at ffl!sooabl" 005t. It al.so 
helpa purdwing department in selection of materials and ~is. lf las ~ 
of ia:m4 pwchased and put jn the stonos the t:ypes of .imaltories will be reduced 
and ut d1iB w,q the cost of canying the inw,ntorics in the stores wiU be rcdllCed. 
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The objcci:M! qf thl$ funqjpn will be to ~ ~d pl'l><jjlCt reducing the 
ove~ cost of the product. · 

{ff) Duign and D..&,pn .. 11, of ti# Prod,u;t 

The v.uieiy in product and filoalonallty an: the. ~t fu:tor& to promo~ 
the sales of a produa. The new ~ of daigning a prodi.u:t using Com. 
puter Aided. Design (CAD) has made pomble ro dcvcwp variety of produces at 
futer rate. The new teduiologlcal devdopmesit in manufacturing U&iitg Com• 
putcr Aided Ma.nufaccuring (CAM) can produce variety of products at much 
faster n.te with all type. of flexibility in the tnanuf.acturing as compared to 
conventi<>~ .methods. 

M'.atc:riab -.-~t has to act aocording to use of such =iay of 
materials ro produce variety of pans and ensure rhe supply of stidt .lllaltriak. It 
should also be draded how to purawe and produa: such variety of proclucu 
with , .flccibillty and economic cosr. 

(iii)M,,/w-' 8-:, D«ui#,u 

'I'M&e types of ~ns arc rhc policy dtdsions of the manag,,,na,t, The capacity 
of the organization and tb" ~riow &cility developed by the organizwon to 

manufu:nuc varioua items is the main objective of evezy orpniz:won. This is the 
lmpolQltt pwmiog activity of e\'ety ~ But when a company grows fut, 
iu ~ in.~ at "'t'id rate dicn it bea>ma an imporwi.t matter to decide 
wli,edicr the company should b~ the pam and componcnu or increase and 
estab&h iis &cilitici ro cope up with the increu,;,d demand and sales. This will 
be ~y con~ to malZriab management dq,.utmest. It will help in sdecling 
the suppliers to buy the itans at redua.d cc.u. 1'1le marcrial evaluation, in av.ail
abilit)I ali:e,;nati~ materiala adcaion, pi:ucu.tttru:nt and inv~uo,y control arc the 
functions in811C11Ce the -ice and buy dec:usions. 

The ~ and buy decisions are largely be.8iCd on cost economia and 00\lt benefit 
analy1is ~ by the o~ization using the c:xisting produaion cap2city of 
labor, akill and madlil>CS available with the m=,y and how best they can be 
util~d. 

(ir) D,J;,,g -' ~ ef M,,uritd, 

'flus la an impon:ant function of the mam:ials management to help the produc
tion and p~ depuunent of evety ~izai:ion. It U$C!l its ~ mtthods 
of classitication of materials used to ma.o.uf.acture the product or a c.ompany 
selling various s-di,. ABC .analysis ii one of the tiinple and stutdard methods 
used by most of the fums for classification ami storing their -.arirty of materials. 

The materials are o:mgniwl to purdwe and SIOre aa an ioventory by ia 00<les 
and Do.metldaturet. The various m~ods of coding arc uaed by every organi:i.a• 
tion to conttol r.be variety of nu«ri-1£ and iu quantity and price rates. 

( .. ) p,,., • .a.,i,.,. ..Ni DI I ~ • 

Materiala tequi.lemcbts planning are b,-d on correct foreQS!in.g of sales and 
demand of die prod'IICU in r.be marlu:t. The macm fluauations a,e to be ob
sem:d to ClOCltll>I produaion of the o,gwiatlon. The varioll! methocls of fore
cuting arc &VaiJable and the materials manap:mtett dcpanalent can choose the 
Ollie which pa r.be best results to the company. 

Foreaa of ful\l.le demand of sales seu the planning of materials supply. ~ 
methods a,e adopted fut ~ futealdng .and planning to procure tilt various 
materials .rcqund fur produaion. 



In case of flucttminr; tlfflwuk, dlere c:u, be uucmaintiea in supply ,as well. Th.is can 
he overcome by maintaining thi proper quantity in invaunty of short Sllpply ma
terials at proper ti.me. The d.ifl'auit tcdiciqnn available to use correct for11ean.ing 
have to be utilittd by materials nuu,ag,er ro p!ui cbc procurement. piucha.se, supply, 
managing the outllide and wide transport and sroring of cbc materials to maintain 
the supply dwn lines at cvccy production &cility to meet cbc changa in production 
quantity and .schedule of producuon to meet d>.e flu<:Waring demand of sales of 
products nwiuf.u:rured by tht o.rgani2.ation. · 

To fulfill the objectrvcs and functions of .IIL>tetlals management and com:rol the 
=ivitics of chis depamnaot, they arc thoroughly studied and analyzed. The toplc.s 
fur th.is srody and an~ arc giYen as foll..-. 

(I) Materiili management organ.nation 

(2) Materials requiremena planning 

(3) Fo~ng 

<•) Purdwing 

(5) Invtnro.ty contr0l 

(6) Storing, warehouse planning and oonm,l 

(7) V;Jue analysi.t 

(8) Materials h.tndling 

(9) Just In Tune 

The main funaioru or Malft'Wll .ma.ni.gcmcnt ue sum.mariud u follO'ii'S: 
' (1) Material& planning as per ptodw:aon tequln:rnenll fur qwtntity and time 

(2) Purchasing the required m.aa:tials 
(3) Mala: or Buy dcci&ions 

(4) Reoeipts and inspectious of muctials 

(5) Storage, ~i.ng securities and p.iaemuion 

(6) Distribution of materials 

(7) Tt:tn,ponation shoul<i be ~ted arid musr be ecM1omiadly done 

(8) lml!ntory con~ 
(9) Di,po,ial of over xock, suaplus, anp aod salvage of maierials 
(l 0) Deftioping new 501Jta:S of supply at compctici,n, way 

(11) Ancillaria industrial 'devdop~nt 
{12) Indige.aous source of .mpply £or furdgn .rnan,riab 

(13) Maa:.rial cost mntrol aod 1m1: rcduaion 

(14) Co-oroination and co-open.lion widt me ocher departmenu 

{15) Research and devdoplncnts in mateei.ida m~~t aod their use 

CASE STUDY 

Rajccv Sehgal ii a middle level sales and service manager in a company en~ in 
electrical cquipmencs' cte. He is aa:ounnbk fur hiring. milling and maD31PJ}g his 
~ ,calf, dlt da~y epetadollll, planning fur targets on wmly as well 
u 111onddy basis and dealing with the critical situations mch as htealcdawn. non
dd.ivery, eu:., which keep happening all the time. 

Yesterday, he attc.nded a oonfurencc on .mar.kttiag and aptllt about thnic hours 
mcctlng ddcgat~ all over. He picked up 11JOme 1-1, too, which ht intcb<led to 
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rouow-up once nt ~ omi:! today morning lttimed ottict at 9.30 a.m. and 
realW diat ht lw ailed a group of four ala ~IMt wfio joined last wed< for 
bridi11g, at 9.30 a.tn. Aa he 1'eaChcd bis ahin, his .sc:aewy ~ him and then 
proceeded IO tdl him. "Shah and Sons people wanted to wk to you aince yem:rday 
about deliveries of tbt:ir ordet The markw.og di=tor, Mr John, 1w c:alkd a ·JDttting 
today. The production en,gjn«r, Ramesh, had co.me co discUAS about the delay in 
wotk ~y. The four new people aie waiting outside•, she nid in .. row, handing 
ove,: rhc L:w:rs, he had wanted to see ycst.erday. 

"Runa. send thae ex,:,cutivcs and pleax send a cup of co.fl'cc also." Raj«v SP6\t next 
kw minutes talking m rhe new a'C>Cllti*, He fuwlzed rhei.r !r.Wling sessions and 
fixed up things with Ullinillg manager and rus direct assistant, the aui.stant sales 
ma.nagcr for 1raining schedules. Once tbq left Rttna came apin with ha mail, 
which had lw=. enquiries and reports. She i:ariinded him of lhe meeting and the 
problem with Shah and Sons. 

He stuted ro tiptalt on the phone 'IYl4t N=-aj Shah. one of the panncr and Neecaj 
said. "Out entire schedule is upset because your people didn't give the material 
~ Now I-will ba-.e to n:scbedulc everything. Since ymenlay. customert are 
ailing me ~tly and I have no aMWer fur them." He then called Ranu:sb and 
dis-:1.Wed the dday in delivery, "Rame.ih, i want chis order out by l. O' dock 
wbaa:vcc happen,/' Ramah told him that only an hour's · job wa.s left. 

.Rajeev pn,a:eded fur the meeting and fuund s.ix membcts of the committtc waiting 
in marketing d.ucc:tor's cabin for hint. The mtt.ti.ng swted with ~ of targets for 
the Mn monlh, die perfottnance of die n:ams and ocber issua. It was over by l p.m. 
and Rajeev immediately NShed to check up the dcliveiy scatw. To his rd.id', the 
mate.rial was ddiven:d on time. 

THE TASKS OF A PROFFSSlONAL MANAGER 

He reached hls abin and looked at his appointments. He had to meet the general 
manager of Sudarshan Fumaa:s, a new buainas be w:u trying to devdop. 

Around 2. p.m. he called Rccoa and asked if the.re was anything of importance. 
•Seema won't be coming fur the ru:u wbok 'Wfflt'.. Her c:alla need to be handed over 
to someone dae. We had to fi~ the "eddy !lUgCi. by roday evcn.iog", replied 
~ 

Rajeev came back at 3 p.m. after meeting the GM of Sudarshan Furnaces and 
thought that they migbc p him some busineaa by /lat mondl. The GM bad found 
the prodllffl 1uite suitable for their :work. ~a told him, "The e>:ecucives arc 
OOJDing .. t 4 p.n;. fur pcrfotmaDA;c .review rneeting you had finalised last week». 
Rajc,:v spent the nm: half an hour at their repom, wgoeis and .revenue Jtarus. The 
ptffO.lmanoe rcv:i= meeting got over at, S O' clock:. Rajeev rudden.ly felt very tired. 
He just sat for some time and thought "What ht...e I ~ coday - some n-ouble
abootiog. 6nding ways out of cmis, meetinp - iJ all I did most of the day. I ~ve 
so little time fur planning or t"'ak••ring wbat's been done. Thai: dayg, all my time 
I tpcnd trying to i:haK d.iffuent production tarps so that my eximng dients a.re: 
satimed. The ldnd of planning or obj~ed wodc, I wanr to do always takes · 
a back ~t. Rat of the time I am sitting in meetings and liscmmg to all the details 
about othed plam axid tarps. I wo.ndcr why am I not able to do trus myself". 

RlME'4V QUl!S'llONS 

l . What are the demands of Rajeev't jol>? What are the cons~ts in his job? 



2. What kind of illl'UpfflOnal iole is Rajdev ~ 
... 

3. "The m~t must have a protlClivc role in me orga.nisation'. In this context 
~ die wot\ing style of Rajeev in the case. · 

Ju.utrMTEO QUI! .ANAll'SIS 

The case i!lll.!tratcs the mul:tiple job responsibilities, oonsminrs and apcc12tions 
from a iypical. miuiager's tole in most of the organisations. T~ basic model of 
management defutes functions of management as pwmmg, orpuaing, dirutlng and 
control. Howel(c:r, it is unlikdy chat role of a mamgu would be limited to these four 
only. At. diffin:nt levels, managerial mpoiuibilicies Ir.up changing and at ti.mes, ~it 
proportion is diffierent in a m~ role. 

3.11 SUMMARY 

Materials maoagcincnt ooacept is ro maruage rcsourccs in an in~gratlve way for 
· national economic ckvdopment. This i& poail,le with the di:vclopment Management 
lnfu.rmation System • 

(MIS), technological innovations a.od seleaion of economic and newly-developed 
-tcrials fur inanufu:ture. It ia die roanagerne.nc'r rapOJU.ibility to develop the 
m,ue.rws management sys11:m, which will 6.nd die -)'$ and JllelD8 fur most efficient 
and most elfec:tive u.se of iu laOUKe$ using new 11:dinological p•o, 9 cs, methods 
and ideaa. The various tt:soun:ics t<I he fully urllized a.re men, mon~ and materials 
and therefuic there is impotw1a: of materiala management. This will be further clear 
from che examples given. below in the table about the apenditure incum:d in the 
materials resource. 

Materials worth ~ 30,000 crores ftow in variotu production ch.annd annualJ.y 
in India, out of wh.idi about R.upeea 15,000 crorcs a.re held up in me stock. and our 
of which Rupees 1200 crorea wotdi mal¢riab ·..-C inurive, ob.solcte and saap. 

ANSWERS TO 'CHECK YOUR PR.OGRESS' 

(i) M.arcriali Management is simply the process by which an orpnization is 
supplied widl me gooda and savices that it needs ro achieve its objectives 
of buying. storage and -m.ovein.cot of nuiter.W.. · · 

• 
(Ii) The various [)'pell of marcriab ro be managed are: 

(a) Pun:based nwetials 

(b} Wolk in proei!SS (WIP) mawials 

{c) Pinished gll<>ds 

(iii) O!dtting: C.otts ,~ as cclide.ring. mlionary, postage,. reooving, inspcwon 
and bill paymeDt, •calf and ,the ddivery that incurred while pwch:asmg 
nu.terial. 

{iv) There are duee types of invernorics. 

(i) Raw materials 

(ii) Purchased ~ 

(iii} Finished pam and cotnpooc,na · 

(v) ~ MRP is a technique used to plan the mawiala smning from me raw 
materials. fini~ed pans, components, sub-uiemblies and aamblics as per 
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Bill of Materials (BOM) to procure or produce them to support a Master 
Production Schedule (MPS}. 

3.12 TEST YOURSELF 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

What do you mean hy, die, terr:n 'Mate.rial'? 

Explain organisation -smicrure of �erial.s Management Dcp.arunent. 

Dtsctibe functions of Material, Mmagcment. 

Explain in� oono,pt of Material$ Management. 

What are the adva.ncap in integtaUd. materials management ,;oncept? 

Wlu.t are the ol>jecrivcs and adva.niap of Materials Ma.nag,emcnt? 

&plain the wrious funclioos of Materials Management. 
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4.1 INTRODUCTION 

Purchasing is• an impoiunt functlon of mawiala niaiugement. In any industry 
purdiax means buying of equijnllCnt&. maN:rws, tools, parts de. rcquirtd fur ind~ 
try. The importance of the pwdi.ase function "1riei, with nature and size of i.ttd\1$1!}', 
In small industry, this function is performed by worb man:igcr and i.tt large manu
facnuing concern; this function is done by a aepuate department. The moment a 
buyer places an order he com.m:iis a mb.si,ntial portion of the fi!Wlce of the corpo• 
.ration which affects the working capital and ash flow ~icion. He is a highly 
.r,:sponsible person who n>J!eU w:riom .salesm,n and thus can be oomi.de<N to have 
been ,contributing to the public rdations dforts of the company. Thus, the buyer can 
m~ or mar die a>11>pany's .imag,: by hi$ acclltnt or po6r rdations with the ven
dors. 

Acc:ordiag ro Alford and Beaty, •Pwdw.i.ng ii die procuring of materials, supplie$, 
machine tools and sema:s ttquucd for che equip-nr, ~ltlJance and operation 
of the manu~ plaat." 

4.2 OBJECTIVES OF PURCHASING: 

The bale objectm: of di.e pwm••ing function is to ensure ccntinuity of supply of 
taw m..terials, flll><:olll'.lll<:ted i~ and spare pans and to raince th~ ultilJlatc cost 
of the finished goods. hi oditt words, the ob;«:tivc is not ouJy to proc,.io: the raw 
.mate.rials a1i di.e .lowest ptice hut to reduce the cast of the .6oal product. 

The objectives of die pu«hssing deputmcnt can be outlined as u.nder: 

l} To ~ the -te,tw,,, svpplicn and eqlliptl,cuts ~t the .tu.inim1UD pONiblc 
CAlffl: These are the inputs in die manuf.&cturiog ope:ruio&. Tu oiinimiza. 
don of the inpnt cost illCfflllCS me _p{oductivity lUld rcsulwltly the · profit
ability of the opetatlon.s. 

2) To enaun: dae amtmuoua llaw of produaion th.rough continuous supply of 
taw -~. componcnu, wols etc. with rep.we and roainrc= ,icn,i«. 

3) To m.Cffllle du, - _, ·The investment in the invenmrits should be 
kej,t minimum in .-elation to the wlwne of sales. Thi$ will inCTease d,e 
turno'l'Ct of the :mets and thus the profiability of the romp.any. 

4} To develop u ahero.atM 90im,e of supply: F.zploration of alwoative soul= 
of supply of matmal.s inaeaaes the bargaining abillry of die buyer, m.ini.tlli
zalion of cost of materials and itlCRascl the ability to mctt the emexgencic,. 

5) To fflablish ud -.iniaio dae p>d ~ ..,id, the supplicti, Maint<> 
na.mie of good relations with the wppllcr hdps in evolving a fuvorable image 
in the businc,s ciJ;da. Such relations arc be.ndkW 1n the buyer in tetms of 
changing the rea.sonable pri,;t., .prci,mltia.l allocation of .tnatctial in case of 
mau:rial shonages, ere. 

6) · To ~ IUD!IIUDS iiltegt,lti<m with other cl.epanment of she company: 
The pu.rdwe function is related with ptoductio.n dep&rancnt for $p«ifia.• 
001>$ and flow of nw.crial, en~ dc:pan:ment fur the purchase of tools, 
equiplneli.lS 'IJJd .o,acllines, marketing ~ent for mt forecasts, of .salei. 
and iu icnpaa oti. procurement of materials, financial department for the: 
purpose of mai.taaunl&lg level& o.f matetbl& and ~g the worhng c:opiral 
re<iuired, pcnonnd depan,nent for the purpoac of mannl11,g and developing 
the pet~ of pu.rchasc dcputment and maintaining gopd w.ndOl' rdatim
ship. 



7} To u:ain and dffdop dte penonael: Purclwing dqiamncnt is manned with 
varied. types of personnel. The company mould try lO build the imaginative 
employee force through training and devdopment, 

8) .FJEicicot NCOrci laieplog and m.augement .rcponiiig: Paper pro~ing is 
io.bueot in the purchllle function. Such paper ,-ing should Ix stan
dardized so that record keeping can be .f:aciliuted. Periodic r,epomng io the 
masiagcmcnt about the purcbae activitie& justiics the .indcpend.::nt existence 
of the dq,;imncn" 

4.3 FUNCTIONS OF PURCHASING DEPARTMENT: 

Tu .onai.o funaions of the Purchase Depanmcnt att defined, as fullowt: 

l) Procurement of stores through indigenous aod fure.ip sources as ttq_uired in 
=rd.aoce with the rula' in force. · 

2) Checking of req\U,Sitioo.s/pu~ indent$. 

3} Selection of suppliers for issue of enquiries. 

4} Issuing enqui.ries/rendus and obtaining quot:atlolli. 

5} Anal ping quotatio.aa and bids etc., and prepuaoon of comperacive statement 
(quocatloo dwte). · 

6) Consult&tion with the Indenter fur selection and approvd of C[UotWOJl$ and 
with .Accounu Officer for pre-audit. · 

7) Negociating '°ntracts. 

8) Ch.«:lang legal oondio.ons of oontracts. 

9) Cinsulmig Adminimaiivc Officer or Scaeta,y, N~ - where necessary. 

10) fMue of Pwdiac Oiders. 

11) Follow-up of ~ ordm for ddivuy in due time 

12) Verification and pat.sing of supplier,' bills to see that paymenu are made 
promptly. 

13) C.0-pondeaa: and dealing with suppliers, carriers etc., reprding shortagu, 
rtjecdom ~c.. n:pomd by the SU>n:s Depanmcnt, 

14) Maintenance of plltdwe reconts. 

15) Ma.inu:11ancc of progressive czpendi.twe statement. ,ub-hea.d wise. 

16) Mai.nrcnan(C of vmdor peiforma.aoe reoorda/data. • 

17) Ar.nwgancnt fur Jnsuranc,c s~. as and when nccasary. 

18) Clearance of foreign~. 

19) Keeping various Dcpamncnu/Divislons Wormed of Ult progress of their in
dents in asc of dday in obcaining 1Upplia. 

20) Sctving as an i.afor.111atio11 t>!nter on die mataiala' knowledge i.e. cb.eir prica, 
souroe of wpply, specincuion and other allied ma~ 

21) Dcw:Jopment of reliable and alier.1111te source, of $upply. 

Ncm!S 
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4.4 PARAMETERS OF PURCHASING: 
The sucass of any m.anufac:wring activity ls largdy dcpei>dent on the procurement 
of raw matttials of right qualiiy, iP · tlue rigltt quant.icics, fTom right source, at the 
right rime and at right pri« popularly blown as ten 'R's' of the an of efficient 
pucdwing, They ate described as the basic principles of purchasing: There a.re other 
welt lo.owii para.mccen such as right (;C)llttictual tam3, right material, right place, 
right mode of transponatlon and right. attimde are also coosidercd fut putchasing. 

l) Right price: It .is the primary cone.em of any .QU.hUhctl.U'i.ng organization to get 
an irem at the right price. Rut right price need not be the lowest price. Ir is vc,:y 
difficult to determine the right price; ~ guidance can be had from the cost 
snuctu.rc of the _product. The 'tender system' of buying is normally used in 
public seaor otgaai.tationi but the obje,;tivc should be to identify the lowest 
'.responsible' bidder ~ not the lowest bidder. The tediniquc of 'lea.tnit,g curve' 
abo help$ the: pU!di;ue agent to detennine the price of items with high labour 
contellt. The pria: can be upt low by ptOptll' pl•noiag -and not by rush buying. 
Pri« negotiation also bdps to determine du, right prices, 

2) Right cpulitr, Right quawy implies that quality should be a~le, meuurahle 
and undcm:andablc as fu as pr2cticablc. In order to determine the quality df a 
prodoo: ampli.ng achelXICi will be useful. Tu right q,:ialily is determined by dte 
cost of materials a.nd the techni<:;a! chatacteristia as suited to the specilic require• 
ments. Tu quality partkulais arc normally olnain.cd ftom the indents. Si.nee the 
objc«ive of purchasing is. to ensure com:inulty of supply to the user depwmenu, 
the ti.me at whidi the material is provided to the user department assu.ma great 

impona.occ. 

3) Right time: For dewminiog the right rime, the pt11'clwe manager should have 
I.cad time infunmu:ioo fut all products aDd analyze iu components for reducing 
du: aamc. Lead ~ ls the total time dspsed between die .recognition of the need 
of an item till the item anivcs and is pnmded fur we. This -.is the entire 
duration of the materials cycle and oon&ists of pie-co~ administr.itivc lead 
time. -~ and ttansponing lad time and inspection lead time. Since 
the i.Gvcntoty iru:reases with higher lad time, it is desirable to analyu each 
component of the lead time so as to reduce the first and thitd GOmponenu which 
are controllable. While determining die p1m::hMe1, the buya: has to consider 
emergency situation$ like .Roods. strikes, ttc. He ,hould have •~ pl:ans' 
when force major clauses become operative, for inscance, the .aiatmal is not 
available due 10 suilr.c, lock-our. floods, and eanhqualcc$, 

4) ltight sowa: The source &om which the material is pl'OCllrCQ should he depend-
able and capable of 1111pplying item$ of utiiform quality. The buyet 1w to decide 
which item should be d.irecdy obtained from the manufacrurer. Source sel«rion, 
SQ11,fCC development and vendor wing play .au impo.ttant role in buyu-sdlcr 
rd.atiomhips. In anergencies, open. ma.rlcet purdi~ and b.:m.tt purdwc, are 
renored to. 

S) Right quantity: the rif;bt quantity is the inost imporuuit parameter in buying. 
Conttpu, sud\ as, economic order quantity, econonu<: purchMe quantity, Axed 
period and fixed quantity ~. will serve u broad gu.i.dclines. Bur the hayer 
has to uae 1w kno-odedge, cr:perit:na and common .sense to determine the: quan• 
tity after 00ns~ing &ctors such as pm Slt'IIC::tU!:C, discounu, .i:vailabiliry of the 
item, faw.r.able .reciprocal .relations, and make at buy c:on.tidmuion. 



6) Rlght attitude: Devdop.i.11.g the riglit attitude. .coo, is 11ecessary as one often 
comes across auc.h statement: 'Purcha.,_ing ltno,u the price of c:vef}'thiftg and 
value of nothing'; 'toe buy prioe and not Qm'; 'when will our order pMCCi'S 
beoomc purdtase ma.naset$?'; 'Purchasing acts like a post box'. Therefore, pur
cba,ing should keep 'progteN' as ms key activicy and ~ be futwe-orie.nl!:d. 
The purclw-e manager «hou!d be innovatiw: and his fong-t«m o'!,jffliw: ahollld. 
be to minimize the COit of the ultimate procl.ua. He will be abk to achieve th.i& 
if he abns hitmdf with ~niqucs, wch a,, value allalyais, material, inrelljgcna,, . 
purcha.ses research, SWOT analym, purdmc budget lead time lll'lalym, etc. 

7) Right contracU: The buy« has to adopt separate pol).ciel and procedures for 
capital and consumer items. He mould be able to dlmngwsh between indig
cn.o\1$ and inl'ffllalional pui.-:basicg proa,dw-e& He &hould be aware of the legial 
and oontt:acrual a.spect1 in international prac:tic:ies. 

8) Right !Date.rial: Right type of ma<eria.l required for the production is an impor
ta.nt ~ in ~ Tedwqua, such u, wlue ~ wiU enable !he 
buyer to locate the right o:werial. 

9) Right uusponarjoo: Right mode of uan,ponaoon has to be identified a5 this 
furms a criiial segment in the cost pronle of an ir,em, It is an esrablished fact 
that the cost of the shipping of ore, gta...:l, sand, «c., is notnlally more Ulan the 
cost of the item id. 

10) Right place of ddmry: Specifying the right plac:e of ~. .l.iu head off'u:e or 
wom, would often. .mi.ni.mm the h.andling and ~cion eott. 

4.5 PURCHASING PROCEDURE: 
The procedure dcscriba the sequence of steps leading to the co,,;plcrion of an 
idemifted speci&.: task. The purdiasi.ng proccdwc comprilcs the following mps as 
indicated in figure, 

1) Recopitio.o of the need: The initiation of~ mm wid, tltc ri:c.ognition 
of tbe need by the needy section. The demand is lodpi with the purchue 
depattmi:nt in the pmaibed .Purchase Ri:qu.i&ition Fonn forwarded by the au
dioriwi petl<ln either directly or th.rough. che Stores Dcpanment. The pun:hase 
n:quisition dearly spccifiea the detail,, sud,. u, specification of materials, quality 
and quanticy, auge&led 111pplict, ct(;. Genually, the low value sundries and i-.s 
of common U$e ate purcbatcd for stock while costlier and ,pecial items ate 
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pwclia.<ed acwrdi.bg me production progr.unme.s. Generally, the corpor.&re level 
aecutives are autnoriud ,ignatorle, to ,ucl, demands. Sv.ch pwdlues are ap• 
provi:d by 1he Board of Directors. The referenoc of the approval. i:, made 'On 
ttquisition and a copy of the requaiiion is $Cllf to. the leCtelaly fut the purpo.se 
of overall planning and budgeting. 

2) Th,, ul~on of the llllpplier. The procies1; of sdection of .supplitl in'l'Olves two 
buic aspecis: sean:hin.11 fot all pouihlt sour= and sh.on listing out of the 
identified soun:es. The complete information about du: supplier is available &om 
Yarious sou,:ces, such as, 1:r2dt dim:totie$, advcnisctncnt ii,. trade journals, direct 
malling by the supp.lie.rs, interview with siq,plien. salesmen. suggestions from 
business associ•ta, visit to tr.adc fair, p<ittlcipatlon in illdustties oonvmtloo, ttc. 
Identification of mo~ and 1110te sowces hdp,s .hi selecting betu!r and econornk:a.1 
supplier. Ir should be noted that the low bidder .ia not anrlll}'l the best bidder. 
When eveC)'lbing "-""Pt price is equal, the low bidder will be .seleetcd. The 
imponant conside.ratiom in the sc1cclion are the price, ability to supply the 
te~d qua:ori,;y, .maintenance of qwllty srandaros, 6.nanci.1.1 swtding cu:. Ir 
should he noted that it is not n~ to go fut th..ia prooe# fut all typ,:9 of 
pim:lwe&. For the R:petitive orders and fur the ~ of low-value, anull lot 
iter0$, genetally the prnlous supp.liels with good rec:o.rds are ptt:fcrred. 

• 3) Pt.c:i.og the arder: Once the 5\!Pplicr is ~cd the nt1t mp is to pia(:c the 
pwcha,e otder. Purchue order is a letter sent to the suwlier aaking to aupply 
the .aid -ial. At least six copies of pu~ order arc prepared by me 
pwdia,e aection and cadl copy is aepuawy signed by the plltdwe officer. Out 
thcle ~. one oopy each is sent to s.rore-keeper, iupp&r, accounts aeaiqn, 
ioapection clq,aranent and to the depen:m<:nt plap.ng {he requisition and one 
copy is reiained by the pu,d,aoe dq,.vuuein for rccoJd. 
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4) FoD--up of die onler: Fol)_..up p.lOCICdure should be eropl")"ld wherever rhe 
COits and risks rnuhing from the ddayed deliveries of materials are greater than 
the coat of follow-up proccdu:e, the follow-up procedure tries to sec that the 
pu,:clwe order is oon&-mtd by t.he supplier and the ddivczy is ptomiaed. It is 
al.so ~ to review the ow:smnding orders at regular intavals and to com• 
:nunicito: with the supplier in case of need. Geaerally, a routine u,gc is made to 
the supplier by smdiog a printtd post card or a circular lcttcr asking him to 
confirm that the dclivay is on t.he way or will be made as per agreement. In 



abe.nce of any reply or umawifu:tory reply, the suppUer mzy be contaet through 
personal letter, phone, tdtgram and/or even p,:~ vis.it. 

5) Ri,a,mng a.ad ta.p«:Ci.ou of the materials: The .receiving department reccives the 
materials supplied by the veruior. The q1wnity m: vmfied and tallied with the 
putdi,u,e order. The receipt of th• materials is r«oided on the a_pcaally designed 
receiving slip, or forms which also specify the nainc of th~ vendor and chc 
pu.rdi:.ue order number. It :alao records any ~ damaged condition of 
the consipincnt o.r inferioiity of the materials. The pwclwe department is 
i.nfunned immediately about the r<=ipt of the materials. Urually a copy of the 
tecciving slip is sent to the putchasc depanmen1. · 

6) hymmt of the invoice: When the goods are .rccei-1 in sarisfsamy condition, 
the inv<>ii:e i$ checked before it is itpproved for du: payment. The invoice is 
cheeked ro see that the goo& were duly authorited to pwchase, they were 
propefly ordered, they arc prl,::,:d .t$ per the agreed terms, the quantity and 
qualtty confum ro the oroe.r, • the calculations are arithmctxally correct cte. 

7) ~ of the i,eQOi:d,: MailJ!t:ll•Da: of the rcco.id& is an important part and 
parcel of the efficient purdwe function. ln the indu.cuial fow. moot of the 
purdmcs are .repeat o~ and hence die pa.st m:o.nh 5ef'll'C as a good guide for 
the fut111t action. They arc V1!t)' usdul for deciding the timinSII of the p~ 
and in selecting d,e bat source of the iuppJy. 

8} Maintmaace of vendor ... 1,mns, The qll2llt11m and ~ of the transaCUOI\$ 

with the same key supplicn provi.de a p.lat:furm fur the pw.clwe department to 
C$tablish and maintain 11,0od relation& with them. Good id.itiollS dev,,lop mutual 
trust- and confidence in the oourse of the tiJu which ia bencfu:ial to bom the 
panics. The effiarncy of the pu.rdlate deputment can be .nseuu.red by the 
arno11J1t of the goodwill it 1w with irs supp!i,:n. 

4.6 SELECTION OF SUPPLIERS 

~dection of the right supplier is tbc responsibility of the purclwe deparunent. It can 
contribute substantially to the fimda01en1al objec;ti""' of the business enterprise. 
Diffi:rcnt ,rnrcgi~ arc Mqoired for acquiring diii:rent types of materials. The 5dec
tiOJJ of supplier for st.andudizcd producu will diKer &om non-siandardized prod
ucts. Following ~ are considered for the sekaion of m.ppliets: 

A. SOUllCES OF SUPPLIER. 

The bat buying is poaiblc only when tbc decision matt is familiar with al.I 
possible sources of supply and their r,iapa:tivc terms and rondicions. The pur
chllle dq,anincnr lhould try to .locue the app.ropriat.e :oouwes of tbe rupplil:t of 
various types of materials .• This is known as '1um:y stage'. A survey of tM 
fullowi.n& will hdp in developing tbc p,oiiible soun::a of supply: 

1) Specialized trade ditectoiies. 
2) Assisranoe of professional b~ or ronaulwiis. 
3) 1"hc: buyer' a guide or purdwe ba.odl:,ook. 
4) The :manu&c~•• or disuibutor's cai:alogw,. 
5) AdYCttiscmcnt.1 in dailies. 
6) Adverti.te.mmt i4 ~ md,: joum.als. 
7) Trade f.ur cdtibitions. 

B. DEV.ELOPMENT OF APPROVED UST OF S(!PPUERS 

The survey stage biglJights the c:dste.nce of the 10urce. A businas inquity is 
made with the approptiati: ,upplicr. It is known as 'lnqyiry Sage'. Here a slron: 
lisriog is made out of the given sources of supplicn: in terlXI! of produaion 

Cl,«l,Yoar.Prog,u, 
l) What is purchasing? 
2} Wha1 do you mean 

by ten R's of 
purclia.sing? 
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faci.litie.s and capacity. financlii staiid"w.g, product q\i'IWty. possibility of timdy 
supply, tech.nical competence, mmufuturing dncicncy, general business policies 
follawed, standing in the industry, competitive :attitude, and interest in buying 
orden etc. · 

C. EVALUATION AND S.l!l.E.CTION OF TilE SUPPLlER 

The purclwe policy and pm<:edure diffu acrordlng to di,: type of items to be 
purcli.aed. Hen«, evolution and sela:tion of the· rupplkr differ ac(;Otdingly. The 
following variable, to . be o:,rwderw while cvalwttit1g the quotations of the sup
pliers, 

1) Cost Faaon: ~ monsponarion con. iMallarion CO$t if any, tooling and 
other operations cost, incidence of sales w and excise duty, terms of pay
ment and cub di.!cou.nt an: considered in CO$t faaor. 

2) I>dmty: Routing :and F.O.B. tennS a.re, iJnpo.n:ant in dcterntiaing dte pojnt 
at which the lide to the goods pwes from vendor to the buyer :and the 
responsibilicy for the payment of the payment chug<:$, 

3) D-.ign aacl Specification Pa<:ton: Specification complianc,e, ipecification 
deviations, apeafia11ion advantages, important dim.cnsiON and weights are 
GOnsidued in Linc with the ·demo.a.ruarion of sample, ¢qicriwoe of othe,: 
wen, arw· sale .. ~ etc. . 

4) I.cpl Faoon, Legal fu:ron include wananc:y. cancdlacion p=ision, patent 
protcaicn, public .li:ability, federal laws and reputation compliance. 

S) ¼adot Rating, The -.luarion of supplier or YMdor .rating pro-rides val~le 
information which help in irnproving the quality of me dcciiion. In the 
'!elldor .rating~ basic. upea.s arc coll8idctt:d ~ quality, srrvic.: -and 
p.ti«. How much ~ght ahoul.d be 19-vm to each of thae factors is a matter 
df jv.dgnient :and is decided «ccording to the ,pecilic need of the organiza
tion. Q.uality would be the ~ consideration in the maruifaauring of the 
eiec;ttiaa.l equipmenlS while price would be the prini.c consider.>tion in die 
product hm.og a teDK c.omperitivc marlr.:t and for a c.ompany proairi.og its 
teqairetnc'IJU under the blanket contract with :ag,ced price, the $upplier 
ratlas would be done on the basis of two variables namely quali.ey and 
dclivuy. 

The Development Pooje,ct Cotnlll.ince of the National Auocia.ti<>n of Purclwing 
Ag(nlS (U.S.A.) has SUllfltcd follawi.og methods for evaluating the perfomwlce of 
part suppliers. · 

l) The caeegoriad plu: Under th.is method the mt;mber. of the buying staff' n:lattd 
with the supplier like rca:.iving section, quality wntro! dcparuncnt, man~
ing depanment etc., arc tcqUin;d to me.u the pafumw>ec of ea.ch mpplier. The 
rating .sheeu ue provided with the reoml of the supplier, tbci.t product and the 
lilt of fu:tors fot ~ evaluation purp0te$. The members of the buying naff are 
requited to assign the plus or minus notatiom against each &ctot Tu periodic 
mectingis, usu:dy at the interval of one month, are held by ><nior man of the 
buying naff to OONid.t the uidMdual rating of eadi section. The con,olidation 
of the individual raciag is done on the ~s of the net plus vawe and aca>rd· 
ingfy, the supplien :aie U&igned the categories such as 'pmcrred', 'neutral' or 
·wuati.sfactoty'. Such rarings are used for the future guidance. TM is a very 
simple and i.oezpeuive method. Howc:nr, it 4 not p.tcci.!e. lu quality heavily 
depatds on me a:perience and ability of the buyer to judge the tituation. .Nl 
oompared to other methods, the degree of mbjective judgment is very rugh as 
rating is bua! on penonal whim and tbe wgue impn:ssions of the buyer. As tltc 



quantitative dara supponcd by the pl'olits do not exist, it is nor possible to 

in.sritute· any ~~ ~tiop with the Vdldar. The racing i.s done 011 the basis 
of memory. aod thus it becornes only a routine exercise without any critical 
analysis . 

.2) The weighted-point method: The weighted-point m.ediod proi,ida the quanri
tative data for each factor of ev.iluation. The weights are usigned to each nctor 
of evaluation .acco.tding to the need of the organization. e.g., a company decides 
the t!uu facrors to be considered- qwtl.itr, price and timely delivery. It assigns 
the ·relative weight to each of th~ .fa=rs as \llld6: 

Qualiiy . . . . . . . . . SO points 

Price ......... 30 poinu 

T.uuely ddh-uy .•. .....• .20 pc:,illts 

. Tu t'\'aluation of eadt supplier is made in ac;;o.rdance with the afurc:said nctors 
and weights and the compo,site weighted-points arc a,a:n:alntd for each suppli
c,n,..A, B and C- are rated under thi.s method. Fir$! of all the spa;,fu: rating under 
each lactot will be madc and the,, the comolidation of all the factors will be 
made for the purpose of judgment. 

3) Quality ratillg: Pctt,cniage of qll'1!ltily ac:.cepted among che total quantity is 
called qlHlity nting. In other words, the quality of the material& is judged on 
the basis of the d~ of accepta.licc and i,,,jectiom. For the pwposc of .:ompari• 
son, the percentage degree of w;epiance will be <:alcu.lated in relation to the total 
lots received. Price .rating is done on the bas.is of nc.t price charged by the 
supplier. Tuncly ddivcry mi11g will be done c.ompu.ing wich the avet:>gc ddivery 
achedule of the wpplier. 

4) The coct-rado plan! Under this method, the vendor rai:ing is done on the bad$ 
of.v.irious coses inauted ·for p,:ocuring -~ materi21$ lmm vuiotl$ wpplicrs. The 
cost-ratios are am:.rta.ined ddivcty etc, The coat-ratios arc ucecuined for' the 
diffi:rcpt ~ variables such as quality. prkc, timely ddlvety ere. The: cost•ntio 
is calru.lared in perantage on the basis of total ip.dividual <Xlst and total value 
of ~- At the end, all such cost-ratios will be adjumd widi the quoted 
price p,=r w,.it, Th.. plus CO$Matio will incteMC the llflit ~ while the IIUDU$ 
coat-ratio will dc:c- the unit ptio,:. Tht net adju.sted Ublt price will indiwe 
the vendor ruing. The vendor with the .lowat net adjuared unit price will be the 
best supplier and so on. Ccnaln quality costs can be lrupea:ion oosr, cost of 
d4cctiva, .reworking cosu and manufuauring loocs on rejected items etc. Co
tain ddivery costs <:an be postage and ~. ldq,honcs and <:ma ~t for 
qu.idt ~ty etc. 

4. 7 SPECIAL PURCHASING SYSTEMS 

The following are some of the imponant pwdias.ing ')'$telll$: 

FORWAJW BlMNG: 

F-orward buying ot ODOl1llitting an otganization. liar into the future. usually for a yar. 
Depending upon the av~bilii:y of the itffll, the financial policia. the economic 
order quantity, the quau.cltative <WIWllllts, and the staggered ddiveir, the funm 
commitment ia decided. Thi! type of furw.ard buying i, d.ifrue.nt &om speculatm: 
buying where the motive is to make c:api.tal out of the price ~. by scll.i!!g the 
purchased icems. Manufacturing organizations nor-11:y do not indulge in $Uch 

buying. However, a kw orp,,iiatio.os do 'Hedge', panicularly in chc commodity 
.m.arlctt by ding or buying conuacta. 

NOTES 
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TENO.ER BUYING: • ~ 

In public, all .sembian(:t of favoritism, personal pn:k.renc.es should be avoided. As 
sud!. it i& common fur govern.mmt depattmentll and public sector w,.demk.in~ to 
pwchase through <tnders. Priva<c stctor or~i:.arions adopt tender buying if th" 
v:aluc of purdl.ucs is !Qorc than the ptacribcd limia as Rs. 50000 or Rs. 100000. 
The .m:ps .involved are to establish a bidders' !in, solicit bids by con:ipa.l'i.ng quota
tions and place tht ordei with the lowo:st bidder. Howcvi:r, care 1w U> be taken that 
the lowest bidder is respomiblc party and is a.pahle of~ the ddiv,:,y schedult 
and quality Cefluircmenti. Open render .syitem or advertisement in newspapers .is 
comm.on i.o publi<:: - o:rpnizations. As advenising bids is oo.tly and time con
suming, most priwrc secror org;aruzations solicit tenders only from the renowned 
suppliers capable of supplying the m:u:eriili. 

BLANKET ORD.ER SYSTEM, 

This syswn rn.ininii2'IS the ad.ounlnrativc C.pcns,$ and is useful fu 'C' type ittms. 
It is an agtmneut to pn,vide a n,quiml quantity of specified ite.lJll, ov"r a _period of 
ti.me, USU2ily fur o~ ,at, at an agi,:,ed price. O,:livcries an: made dcpehd.ing upon 
the bu}'el''s nee<b. The system rdiev,:., me buyrn from routine work, giving him 
more time fur fuouing attention on high wlue itelllS. It requires fewe.r purchase 
orden and thws mluc;a clarical wotk It often achieves lower pri= through quantity 
lliacoWllS by grouping the tequic=ents. The supplier. under the sy3tem maintains 
ai:i~ io=i.tory t0 meet the blanket orders. 

ZERO STOCK: 

So11te fimia try to openrc on dlc basis of .zioto s1'Jclc and the suppllrt holds dlc stock 
fur dlCIC firms. U,ually, dlc 6rms of the buyer and sclltt arc clo,c m each. ott1(:r so 
that the r.lw matctiab of one are die 6niahtd produeb of another. Alw-11ativcly, the 
systtm rould vrod,; wdl if the relier holds the iavento.ry and if the two panics work 
ill da.t: coordinuioa. HailW.'Ver, the price per item in this sy.srem will be slightly 
higher as thc ,upplier w;u include the invenmiy canying cost in tlit pri.e. 1!l rhis 
system, the buyer aced not lock up w c:apltal and so the purch.asia.g roulinc is 
tc.d~ This jg also signlfi<;a.ndy .redu= obsolesc.cnce of inventory, lead time and 
derical dfom in pap« 'WO& Thus, the sdl.er can devote his ~ng dfo~ to 
other cust0111ers aoo pmductioa achcduliog bccomCl> easy. 

RATE CONTRACT: 

The syn:m of me: co.alract is p.revalcnt in public sectOt organiutioos and govern
inent ~ena.. It ii oommon .fur the suppliers ro advertise that !hey ai:e on 'rate 
contract' fut the .spc,ciJic period. .Afu:.r negotiali.ons, tht sdler and the buyer agree ro 
the rall:S of iwm . .Application of r.Kc conuact has hdped .1JW1y oip,,i:t..ttiolll to cut 
down the incemal admin.isuative L:ad IXDle as individual 6ims nffll to go through 
th, ocncral. p~ ~ and can place orde.ls di=dy with the ,upplitts. 
H~, suppliers always demand higher pri= fur piompt ddivcty, u • ra~ diffi. 
culty has ~ a~ided by cnauring the ddivc,y of a minimum quantity at the aped 
ratc. This procedUtt of fuiing a minimwn qumti.ty is called the running contract 
and .ii; being pnctia:d by the t:allwaf$, The DUF al90 ha., an option of increasing 
the quandry by 25% more dwi the agreed qll,Ultity under this proceduce. 

RECIPROCITY, 

~roc:al buyfog means pwdwlng from one's cwlODlers in preference to others. 
It ii; bued on the principle "if you kl1.l my at, I will kl1.l your dog", and •no unto 
your cwromen as you would have ·theiu do u11:to you•. Other tbingt, lilte .soundness 
from the ethics and econorn.ic.s point of~ being equal, the principles of Rcip.rocity 
can he pn:o:tic:ed. Jiowe,;,er, a pu.rdwing ea:curive mould not indulge in reciprocity 
on his wtiatlvc when the ierms and conditions are not eqUIOI. with other iuppliers. 



It is ofu:n sowid those las efficient manufactWas and diitril,uron; gain by ttciproc
ity what th!')' are unable IO gaiu by pria and qllllity. Since this tends to ducoungc 
comptticion and might lead to higher process and kwcr suppliers, ttciproclty ,hould 
be practiced on a se.lecth,c buis. 

SYSTEMS CONTRACT: 

Tlu5 is a proce:lure inte.odcr to help the buyer and the se!.L:rs to n:duc.e adm.inistta
tive u:pcnscs and at dtc wne t.il:llc cmure suitable controls. In this sptcm, the 
original indent, dilly approved by comp«ent authorities. i& shipped back with the 
item& and avoids the usual documents loo: pu.rdwe otdcn, materials tcqui,itiom, 
expediting ktu:n and acknowledge.menu, ddivuy period price and invoicing proco
dure. Caroota.r.idum company i.n the US claims drutic reduction in invcnoory and 
elimination of 40000 pllldwc ordc:n by adopong the S)Sleln a,nuaai.og procedure. 
It i.t suiesb]e fur low unit ptice iwn.• with high oo~. 

4.8 PURCHASING ORGANIZATION 

Prom the Materials ~cnt and Purchasing view, the pwdwing oiganiu:tion 
ia tuponsible for all pu.rd:wing actirities (incluofog the processing of .n:quem for 
quotatioM a.nd purclwe orders). · 

The purdaasiog orpnizacion is integrated within the o~ooal atructUtt as 
foll(IWS: 

• A pw:dwing organization can be uaigned to scvci'al tompany codes. (• ~ 
rate-group-wide pu.rchaaing). 

• A ~i.ng oapni:taoon can be usigned to one company axle. (• Company
spccinc: pW'cba&ing). 

• A ~ o~ can also exist without bdng assigned to a aimpany 
«>de. . 

o SinQC each ~t niuat be assigned to a company code, the lam:r can be 
determined via the plane at the time of each proc:w:anent ausaaioo even 
if the procuriIJg putmasing o.rg;anization has not '--n aAigned to a. company 
axie. 

• A pn•chasing orpnizatlon miut be :Wign,ed to one or more pla.ot;. (= Plant-
specific purclw.i~. 

• A pmcba,ing mgaoiz•rion can be l.inbd to one or more other purcbuing org;a• 
nitatioN, (• rc:fen:nce pu.tclwi.ng otganh:ation) 

• A purcbuing <>,g,ni:utinn can be divkkd into --1 purdw:ing groups that are 
.responsihle for diffen:nt operational area.,, 

• Each purclia.i.ng otpni1;aiion ha& iu own infu .mcmds and. coodkion.s fur pricing. 

• Each: pwchuing organization has illl own .,.,;ndor m.ulCI' ~ta. 

• Each _pu.rd)a$ing "'Poi.,,,i,.n ewl.uatc:s its own vcndon ·using MM Vendor Ewlu-
ation. 

♦ Am:hom.ation,s for proces.sing pwdwing transactions can' be aajgned to tach 
purchasing otgasib:Jtion. 

• All iwn.s of an atcrnal purchuing document, that ii, request for quoutioo. 
pu.rcbase order, conaaa, ot scheduling agreement, belong to a purd>Mlng orga,
nizatioo, 

• The purdwing oiganiwion is the bigl\cst lcvd of agpgation (alu:r the o,ga
nizational Wlit • dient") fo.r purdwing statistitlb 

NOTES 
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• The pwdiasing ,&rganiu.ti!W' JICM!S '# die sdmiu. aiaion rot of one plant, 

All of ~ forms can oo-exist within a iiogle dient. 

Cotp0tate-gn,up-widc purcba.siag 

A purclwing org,uiizadoo is n,spons.ible fur the purcha.i:iag activities of dilfuent 
company codu. In this cue. you do not assign a mmpany axle 10 the purd,asing 
orpni:wion, but .specify dtt company axle c»ncemcd fur each individual. purdwing 
~n. You IWip plana fron1 difrerent company codes to the pllKh.uing or
g;uiiiation. 

Conlpany-ipecific pu.tchaeuig' 

A pw:chasiag org;ioiaat:ion is rapow:ible for the purclwing activities of juat one 
company code. In this cue, you usign a c:cmpany co& to the ~ o.tgani
ution. Tu pu:diuiag orgaaw11ion may prowte only for dus company code. You 
auigo only plana of die company code conc.etned to the purchasiag organiz.atlon, 

Plaat-SfWific p_.b-,ing 

A putdwing organimion is respo•nible fur the putdlaaing activities of one plant, 
Jn this ca,e, you usig,i me plant and the oompany code of the plant to the purchu
ing organization. The pmdwing org;amzation may procure for this pb.nt only. , 

~ Pw:dwc Orpoifflion 

If )'OU wish to wotk with a mixtun: of the above orgmizational forms, the refere.na: 
pwchasiftg o,ganizadon is of significance to you. It is poaible to allow one pur~ 
iag otpttization to a«e.q the conttaeu and conditions of another • a so-called 
refereru:e purcbaslng o,gaoimrjn"· Thi& makes it ponible fur ::advancag~us terms 
negotiated by one purchuing organiut:ion to alJo be wed by other purchasing 

.o~tiom. 

Swadud pwc;huillg O'IP"'izatio'\: 

"If -at pwdtMlng oqpoizadoris procui:c for a certain plant, yoo can denne one 
of cbeJll as the ,undar<i pu.rcl,aing organiution fur the uansactions • pipeline pro
wremcnt", "col'l'ipme11•• and •stock transfers.• (Matthew, Fii:st Post), 

"In, SOW'Ct. determinatioo for scock truisfus and co.osiga.mcnt. the i)'lteln automati• 
cally utili:w this smnd.w pwdwing oqpnintion. In ·the we of goods i.r&ues of 
pipeline materials, die ptllclwiag i.tlfu record. of the mndard ~ o~ 
tion are read.• 

Vebdorltaaillg 

Vendor rating is the rault of • fomw vendor ettluation syswn. V@don: or supplkr$ 
are given ,Wlding, statua, or tide ~g to dtcir anaitunent of ,omc level of 
~ce, such as deliTery, lead rime, quality, pria,, or tome combination of 
variablc,g. The motimon fur the m:ablishment of such a rating sytwn is part of the 
effort of manu&ctum-, and ,emae fums ti) eruwc chat the deaired characceristics of 
a purclwed produa or service is built in and not determined later by tome ffltt-

• rhe-fu:t indicator. TM vendor rating ma:y take the lbnn of a hietudtlcal ranking from 
poor to acdlent and ..... _ ranlcing,: the rum choo.ses tp inacrt in between the 
nw,. For ,l0DlC fuma, dte YCn.Clor rating may come in the funn of oome sort of :ntr.lld 
system or u some variation of cezdAcation. Much of dus attention to vcodcr racing 
i5 a direct rault of the ~ i1nple1neniaaon of the jusr,in-tiinc concept in the 
United Stares and iu focw on the critical role of th~ bu:,eNUpplie.r rdatiolllhip. 



Most firms wuit vendors that ~ ~ all of the ptoducu and scmces defcc;t. 
free and deliver mem jwt in time (Of.' a, ~ to this ideal aa =sooahly possible). 
Some type of vdudc is n=:L:d to decennine which mpplying firms ue capable of 
roming Mtis&cllOrlly d08C to di.is and th\1$ to be .retained a, rottcnt .suppliers. One 
such vehicle is the vendor rating. 

In order to llC(IOIXlpli.,b th<, racing of ve.adora, 80111!: aort of mi.ew process must take 
place. Tu process bqiln, w:ith the identification of vend.on who not only can supply 
the needed produa ot $Cl'Vk.e but is a m-ategic man:h fot the buying 6nn. Then 
important fu:ion to be used u criteria fut Vffidot evaluation m dccermined. The.11: 
are usually variables mat add value to the procas through incceased s.:rvice or 
decttallcd cost, Amr det«miniltg which f.v:tors are cri.tk.al, a method is devised that 
allows thc vendor to be j~ or rated on cxh. individual fu:tor. 

It could he nu.meri<: .raring or a. Lil<ett-scale ranldng. The individual ~• can thtn 
be weighted according l9 impon:ance, and pooled to arrive at an ovetall · vendor 
~ng. The pl'<)O!&S can be M>mewiw OOl!lpltx in that IIWlf lactors can be romple
mc.nwy or conflicting. 1"hc p- ls funher <'.Dmpli<:a.ted by fu:t th.at some fu:ton 
are quantitatively meuured and odius sub,icc:tivdy. 

Once C$Ublished, tht rating sy,tc:.DI. must be introdu<:od to the supplying firm 
through 50me sort of formal education pn>CCS$. Once the buying firm is assured thar 
the vMdor undentands what is apected and is able and willing to pan:icipatr:, the 
evaJuation process can •· The evaluation could be an ongtJing process or it muld 
occur widun a: p.redetennined rime fi:a.me, sUch ~ quattcdy. Of Cl)une the .rating 
must be <10nveyed to thi: pa.n:icipadng vendor with SO'me firms ac111Jdly publishing 
O¥U1ll1 vmdor llaildings. If problems are ~ the vendor mould futmally present 
an action pbn designed to oniwme any pt0IIR:lt'I$ diat may have surfu:ed. Many 
buying firms ~uirc the venifor to llhow continuing improvement in predetet:mined 
critical atea.s. 

4.9 CRITERIA FOR EVALUATION 

Vendor pcrionnance is wiually CYlih1atixl in me attaS of piicing. quality, delivcy, and 
scrvia;. Each area h2i a nunibc:r of fu:tnrs di.at some firms deem critical to successful 
vendor pc:rfumwicc.. 

Pricing &.:tors include the followtng: 

• Competidft priciAg: The prices paid should be c.oinpat:tble co those of 
vc.odors providing similar product and KtVices. Qµote requests should com• 
pare favorably to other ffitdors. 

• ~nClC' stahiliiy: PtK:<$ should be reuonabJr mhlc aver time. 

• Price' accun.')': There should be a low nu.nib« of ~<;CS li-o.rn purd\25C
Olftj:r priw on invoiced· .receival. 

• Aclva.oa, IIOcicc of prioe c:btn,p The vmdot should provide adequate ad· 
vance notice of p~ c:b.ange.s. 

• Sc$i.tive ro comr The vcntior should dei:nonsuau: respect for the customer 
firm's botc:om' line and show an undeitmtdfiig of iu needs. Possible cos« 
aviiir, could 'be ~ Th ven®r ihocld al,o miibit knawledgc of the 
markc< and shan: diia insight with the buying fum. 

• Billiag: Are vendor in.oices arc accurate? The average length of time to 
receive aedit memos should be zasonable. &t;m.ac,,s should not vary signi.6-
candy from the final invoi<:e, .Elfmive vendor bills a.re timely and -r to 
rad and undmund. 

NOTES 
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Quality lactort include: .i:. 

• Cmo~ widi pmmue ocder:' The vendor should'~y with terms and 
. oo.nditiom as swcd in the putdwc otder. Docs the vendor show an undct
$tanding of the customer firm's c:a:pectation$? 

• Coufunnity to lf0dlicacio111: The pmdua or --..ice must confunu to the 
sp«ifu:,ationa identified. in the requac for pcopow and pwdwc otder. Does 
the product pafurm as cxpccced~ 

• Raliabilily. ls the ratc of produce failure widw, reasonable limits? . 

• Reliability of repairs. Is all iq,ait and iework acocpiable? 

• Du.nbillty. ls the time until rep.lacemmt is necesmy reat0mbld 

• Support. Is quality suppon available from lhe ~od Immediate raporue 
to and tt$0)ution oC dtc problem ia dmrable, 

• Wlffl.Dty. The lmgtb and provwons of wananry pm=tion offered ahould 
be reuoou,lc. Axe warnnty probkms ffllO!wd in a timdy manner? 

• Seate-of-the-a.rt pmdaa:/,aorice. Does the vendor offer prodtl.Cl3 and~ 
rhat are consistent w:itb die i.Ddu,uy state-of-chc-art? The vendor should 
consiatently refresh. product life by adding enhancemcnu. It should also 
work with the buyiog 6,n, in new product demopme.111. 

Delivery factors indude the following: 

• Tune. Does the -vendor deli= prodw::ts and services on time; is. the actual 
rc<ICipt date on or dO# to die proiniscd date? Doc, the promisd date 
amespoDd n> the wndor's publiahcd lead ti.mi:a? Also, are n:qw:m fur i.nCor

. tnation, ~ and (lUOW$ 1Wiftly ~ 

• Quantity. Does the va:idor ddivcr the comet iicms or services in the oon• 
t111cted quantity? 

• · Lead time. Is the avenge lime for delivery cornpuable to th.at of other 
vaidors lot sitnilat ptoducts and servi.oesl 

• Packaging. Padagiog diould be ~ suitable, properly IIW'ked. and un
d.unaged. Pallets should be the piopet size wid, no O'IC!hang. 

• {)ocn-,,ra,um. Does the -,dor fur.ni&h p1oper docmnmts (padcing slips, 
invoices, technical 1na.nual, ett.) with correct ma1ttial c.odcs and pmper 
purdia.te otder numbcr,r 

• 
• ~ ddiwry. Does the fflldor dc:moNtratt' extra df'ort to roeet ~ 

quircmcna when a.n ~ delivery i$ requested? 

Finally, these = IICl'YUle 6iaors to consider. 

• Good ~t Nfl'IINDtalM!S lu.ve tlacere deeine to -· Vendor reps display 
oouneow a.nd profesai<>nal approadi, and handle compbints elfo:tivdy. The 
vendor should also p.nmde up-tt>-da«, catak,p. pri.a: inforaialion, and ted,. 
nial infurmatioo.. Doea the vendor act aa the buying Ann's ad¥ocare within 
die· supplying nrm? 

• lmide ules. Inside ms should display knowledge of buying nnns nee,ch, It 
should alao be helpful with customer inq~ involving ord.:r oon&rmation, 
shipping ,cbedulcs, shipping cliacrepanc:ics, a.nd invoice cl'1'011, 



• T«boical iuppo.rt. 0-- the vendor provid.: technical support fur roaintc• 
.oanoe1 . ~~r, and iM:alla~oo situations? Doc:s it piavide t«:hnical. iMtruc• 
tiom, · 3ocuincitiatioo, genml infoi'lru\l:ionr kc support pentmnd o:1urteous, 
profc,.,ional, and k.nowltxlgeablc The vmdor should provide training on die 
ttfectM: U$<! of its prodl!Q3 ot aenices. · 

• Emetiencr ,uppon. Does die ~r provide emergency support for •• 
or repla=ent of a f.wed. prod.um 

• P.rohlem reiolution. 'The vendor should respond. io a r:imdy =n~ ro n>-
1011,e problems. A». exa:llent vendor provides ful.low-up on status of problem 
com:crion. 

A 2011 uti.c:ie in Supply ~t llOtes t!iat while _pricing. quality, delivery, arui 
service :uc sllicmle for supplies tbar are not -11tial to tbc eontinued suc::ces, of the 
buying fun,, a mo.re coro.p.rchcnsivc .tpproadt I& ru:cded fur tupplicn that are critical. 
to the ruo:as of the .6.rm's atratcg or competitl-.c advantaGC, For finns that full into 
the latttt ~ ~ may need to be measured by the following 7 C'$. 

1: Competffiq - mai,agttw, teclmical, .Mitninistrative, and promsiorud oompe--
tence of me supplying fum. 

2. Capacity - supplier's ability to IDffl plr,sital. intdlec:tual and° financial .require,, 
ments. 

3. c.oa-;._, - supplier's willingnas to amuu.it phYJia,L inaclkctual and fuu.n. 
cial ~urccs. 

4. C.Oiittol • effi!ctivc "lantg,eQINlt ,;,>oirol and .infurmation l)'lltffl!S, 

5. · C..h re.o1UCC& • .6n&llclal resowas and ltlbility of the supplier. Profit, ROI, 
· ROE, asset-turnover ratio. 

6. Cast - total acqulsidon <:O$t, not jllS't prii:.e. 

7. Con,,iffl,Acy - supplier's ability w ah.ibit quality and idiability over time. 

If two oc JllOrc lirm$ supply the same or similar products or .services, a standard. set 
of aircria can apply to die vendor's peef onnance evaluauoi,.. However, fur diffi:n:nt 
types of firma or 6nm supplying difwent produets or SCffffl, s~ evalu
ation criteria may not be valid. In this case, the buying firm will have to adjmt its 
criteria fur the individual vendor. For example, Honda of Alnaica adjusa its petfut.. 
111a11a: c:rilaia to aa:ount for th~ in1paa of supplier prob!cms on c;oD$UfflU satisfu:
tion or safety. A supplier of brakes would be held to a m-icta: staru:Wd than a 
supPlier of radio knobe. 

4.10 AWARDS AND CERTIFICATION 

Many buyittg fi.mu ui:ilize awards and. llc:rtifi.cario.n programs to ~te wndots. Attaitt
menr of cenification '1aruS or an awatd xt\'a u an illdkator of cupplier ~en«. 
Cettincalion and a,vards..progmn recognition .n:procnts a li.otl step in an intc.we 
journey that involves rlgol'OU$ data collecwn. undet the toaal'"'lua!ity-m:anagemcnt
rubric as wdl ~ mul1it114cs of 1,U,:,ennp with ,upplien aid putdtasing internal 
cu.stomer,. Scriows buying firm1 view- dJae prugraim aa an integral part of their 
overall dfom to improve the total value of die w.mpany. 

The attainment of a suppliec w.ard 1UWllly - as an indication that the ven~r 
1w bt:ai meld as e:x,:dlcnt. Intel awaids their bffl supplien the Supplier Continu.ou.s 
Q,wity improvement Aw.a.rd (SCQ.l). Other firms may utillu a hlcnrt.hy of awan& 
to indicate varying degrees of performance from .ati,facto.ry to excellent. 

~ 

NOTES 
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NOTES 

o lm •tiff "'ttinc. 
DaimluC!t.rymr aw:ud.t iu best suppli= the Gold Pl:rit ~ .A-.L Several hund<ed 
vending firm$ receive this award pet year. How;evcr, only a .huclful (less than a 
dozen) of DaimlerCh.ty,lcr's vendors i.s good enough to garner the Platinum Pent sw
Award. 

for other fums, supplier , a:rtificacion is desirable. Supplier certification can be de
fined :u. a process foe ensuring that aapp~ maintain specific Jeveb of porfonnance 
in the a,cas of price, quality. delivery, and $CtVk.e. Cenifu:ation implia that pa.ctici
pating Srms have reac:hed a level of cxcdlencc that other firms were unable or 
unwilling to achieve. For example a quality cert:ined finn maintains a levd of quality 
such tnat custo1Dct•reoei"f'ibg irupectlon may be utilized with decreasing frequency 
up to the point where it is d.iminab:!d 'a.lrogethcr. Theoretic.ally. this will cnswe that 
all of the supplier's prod11Ct5 meet Ulf customer's pnduct specificario.o.s. In !his case, 
the goal of supplier ccttllk:won is qua.lily at the sowu. 

While it is ~rtai.11 whether individual firms are conmtent in the manner in which 
they c:ettify vendors, a quality ~n would likely requitt rhat the w:ndi.og firm 
be part of a formal education ptogram, utili:t.e statistical ptocess control (SPC), and 
ha.., a quality UNrance plan {set written procedures}. 

4.11 BENEFITS 

Benefits of vendor rating systems lncludc: 

• Hdping minimize subjcc;t.ivity in juds-nt and make it possible to consider 
all rel~t critcri:i. in 3JISCSlling suppliers. 

• Ptovidmg r.lback &om all areas in O(te package. 

• Pa.c:.ilitating bem:r communication with vendors. 

• Prowwig ow,rall control. of the vatdor base. 

• Requ.iribg sp«inc action to couea identified perfunnancc weaknesses. 

• l!n4>lishi.og continuous teview scanda.tds fut _.endon, thus c:.nsuring continu
ous imp~ment of -dor ~ : 

• Building ..cndor partncnhipa, especially with aupplien liaviog strategic links. 

• Developing a pe.do~wsc&-baaed culture. 

Vendor mini, l)'lltelDS provide a ptoce&S fur mcuuring thox fuaors tliat add -.alue 
m the buying 6nn through value addition or decrcaacd cost. The pro<:es$ will con
tinually evolve and the aiteria will change to meet current isrues :i.nd concerns. 

For enmple. some ~ uw Npplicr ~uatlon must llOW ttflti:t the strategic dli=
tion of the buying company's environmental initiatives. As a mult, $0fflC 6rm• lu:vc 
:ru:andy developed aupplicr evaluation $)11Cctll$ ·ttw place ,ignifi011tt weight on en• 
vi,ronmencal cri~ It would •IICCDI that the roncept. will remain valid fur .some time. 

CASE STUDY - Hal plu,. u, t..ndk iiwl!ntllty through matuial -o•gcmenr 

The compai;iy i1 a.I.so deploying iis entire portfolio of bt:a.n<Ls in the marketp~ co 
tqpio. 1M ~ . cutting pric:<:, and rda11nching brand.s to drive growth rates, "The 
str:mgy of '.straddling die pynmid' at a lime like tlus giva us lh.e ability to capnuc the 
up uadi.ng opponunities wni.le simultaneously insuring us against the inevitable down 
trading that wo occurs in a downturn. 

This allows us to Main and su,:;ngdlen our compctittftltCII through the power -of our 
pottfulio even i.n uncertain times,• he aaid, He -.s rcfm:ing to the inherent «>mpea
tive adva11• that HUL cnjo,ed through its po.rtfulio of po,mful brands, padci :i.nd 



product formau at varying price points th.at makc:a its olwings affordiible and acces
sible ro conslltll't1$, Hind1.1Stan Unilever cha.irnun Hamb Manwa.oi said at the company's 
76th AGM ~ Mumbai on Friday. 

HUl has rolled out a new ~-ro--markct dimibution model. This model reduces com
plexity at the ftont..md and enables dlicicncics across one extended supply chain and 
consequently oonsideublc tduction in oon. HUL is pumping in higher investments 
in adve.rusing and pl'l)motlng smaller brand$, such as Reso~ Bret!te or Ha.roam in 
soaps. 

It also dropped prices of brands Ii.kt Whed or Surf and resu>red gramrruige or product 
quantity across brands, such as Whed and Lux, to uh on the growing competition 
fiom more price compecirlve .national and regional brands. 

Currently, HUL is implementing risk .initigation st1augies sud,. ,as shorter rcspo= 
and pwining cydi:a to deal wii:h the high volatil.ity in business ope.rations related to 

input com, demand trends, commodity prices, wlati.on and i.o:cerest rares. 

4.12 SUMMARY 

Purchasing refers to a businus or o.rpnization attempting for acquu:ing goods or 
sem«s ·ro accomplish the goals of the entetpti$1!. Though there are sei-e.tal o~
zations that :u:re.mpt to set smndards io the purclwi.og process. prOttSSC$ can vary 
greatly between organimtiom. Typically the word •puidu.sing" is not used inter
changeably with the wotd "procurc.tnettt", since procurement typiul.ly includes 
Expediting, · Supplier (blaliry. and Ttaflic and Logistics (T&l,) irt addition to Pur-
chasing. · 

Purchasing managers/dirccton, and procurement roan.rs/directors guide the 
organi=tion's acquisition procedures and scanda.rd$. M06t organttations ll.Se a th=
W/l'f check as die foundation of their pu.rclwing progn.au. This i.avolves three de
panments in the o.rga.niutioa completing seraxatc: pam of the acquWtiou pro= 
The three depanments do not all ttport to the s.ame senior m~ tO prevent 
unethical pr.iaice. and le.ad credibility ro tb.e process. These dcputments can be 
purcbuing. receiving; and accounts payable or dl.giw,c:ring, pw.dtasing and accounts 
~•• or a pbat manager, putcl.-a•ing nid a<lCOu.111'.$ p,.p.ble. Combinations an 
vary QfilliScandy, but a purcha$.ing dep;1tt1Dent and ~unts pay2h.lc are usually two 
of the di.rec dcpanmenis · involved. 

ANSWERS TO 'CHECK YOUR PROGRESS' 

(i) ~Purchasing is the procuring of materials, supplie.s, machine tools and 
services req_idred for the equipment, maintenance: and operation of the 
· manufactWing plant.• 

(ii) The suc«ss of any manw'acturing activity is largdy dependent on the 
procurement of raw materials of right quality, in the tight q1W1tities, from 
right source, at the right time and a:t right price popularly lmown as tc:n 'R's' 
of the an of efficient purchmng. 

(iii) Percentage of quantity accc:pta! among the total quantity is called quality 
rating •. 

(iv) A purch¥ing organl2ation it ,:apomib~ for the pun:huing activities of one 
pwit. In this case, you assign the plant and the company code of the plant 
to the purchasing oipoization. The purchasing o.iguizarion may procure for 
this plant only. 

~ 

NOT.ES 
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5.1 INTRODUCTION 

Capecity plaooing is the pr= of detenniniog the prod~pn Clpl!City needed by 
an organization to meet clianging dc:mands fur il:s pio~cu. In the contc0:t of capac
ity planning, • capacity" 1:, the .tnaximwn amount of work that an organ~on is 
capable of oompletuig in a gm,n period. 11ie phru: is also used in bu.uness co~
puring as a synonym for Capecity Management. 

A d.isaepancy between the c.ipacity of an orguizati.on and the demands of its 
customers results in inefficiency, eith.er in under-utiliz.ed resources .or unfulfilled 

cwtomers. The goal of capacity planning is to minimize this di.s=pancy. Demand 
for an org;inization's c;:ap<lcity _varia based on changes in production output, such as 
.in~ or decreasing the production quantity of an cmti.ag produa; or producing 
new produas. Better u1illia.tion of ciwting · capacity can be aa:ompfuhed tht0ugh 
jrnp.roveroents in ove1'lll equipment dfcctiven~ (OEE). Capacity can be w.creased 
through inaoduciag new ~. cqu.ipment and materials, increasing the num
ber of worlrer$ or machines, inqeuing the nun:ihc.r of $hifts, or icquiring additional 
production fu:ilitia, 

Cap,acity is calculated: (number of machines or worlttts) x (nwnbcr of shifu) x 
(utilization) " {dficiency). 

The btoad clasie,s of capacity planning are lead Strategy, lag stral<:gy, and match 
strategy. 

• 1-i strategy it adding capacity in anticipation of an increa&e in demand. I.cad 
smtegy i,s an agg,-.euiff &tl'ategy wich die goal of luring customers ~y from the 
a:,mpanfs compeotol'i. Th.e p<Xl'Slhlc disadvantage to th.is matc:gy is that it often 
results ill - in-.iy, which is eottly and ofu:n wastdi,J. 

• Lag ~ re.kn to 3<1dihg capacity only afu:r the organization is JUnning at 

full capacity or bqvod due tO iDCl'ea$C in <kmand, This is a mote coNern1t.ive 
1trategy. It dcc:n:3Ses the risk of waste, but it may result in the Joss of pos&ible 
cust'l>mera. 

• Match. ~ is adding capacity in small amounts in ,response to c:lwiging 
demand ui the madr.et. This is a JnOk ,nod .... ,.. strategY, 

In the context of sy11cms engine,;ring, capacity ~nning is u.,cd during system 
deaign and !yStcm. pafurm.ancc monito.riag. 

Capacity planning .is long,rerm decision that esublishes a fums' overall le>e.1 of 
resowces. It accnds over time: horizon loog enough tp obc,,in resou.tccs. (Apaci,:y 
decinons aflcu the production lead time, cwtomer i:c,pomivene,,, opeiating cost 

and company ability to compete. Inadequate ~ty p.l.uuiing can lead to the loss 
of the customer and buaness, E.xa:&s capacity a.n drain the company's resources and 
p-nt iftvtstmcntll into more lucrative vc,nturcs. The queniitn of wh.en capacity 
should be inctcucd and by how much ls the critical de:asion.s. 



Capadty - Ambhle or Iwtw....J? 

{ From a adtedlaling 0peis~ it .is very easy to ~ how much capacity (or 
time) will be required to manuncture a quantity of pans. Simply multiply the 

' Standard Cycle Time by the Nu.aibcr of Pam and divide by the pan or pro= OEE 
%. 

1f production is scheduled to produce 500 pieces of product A on a m,.chinc having 
a cycle time of 30 seconds and the OEE for the p~ is 85%, then the time co 
produa the pam, would be alculaud as follow5: 

(500 Pans X 30 Seconds} / 85% = 17647.1 seconds The OEE index makes it easy 
to determine wlM:chcr we have ample ~ty to run the: required production. In th.is 
aampk 4.2 hours at &ta.adard versus 4.9 ho1US based on the OEE index. 

R~ating tbi.i process for all the paru chat run through a giv¢ll machine, it is 
powble to determiM the total <:apacicy required t0 ru:tt production, 

C-apadtr Avallal,k, 

If you are considei'i.ng new work for a piece of equipMCnt or machinery, knowing hGw 
mudt capacity is available to run the wo.rk will eventually become part of the ovenll 
p~. Typically, an annual ro- is used to dttUmint how many hollt$ per year 

are required. · It i, also paeciblc that -na1 Wluenc:a aist within your machine 
requiremcn~ so pethaps a qu.rtedy or even monthly apacity rcpolt is required. 

To calrula1.1:, the tow apacity av.ailablc, we can uac the furmula &om our earlier 

example and simply adju,c or change the volwne acoocdi.uJly b.-1 on the period 
being <lOnsidercd. The available capacily is diffettnoe bettetui the required capacity 
llllii pbnned operating cap.acity. 

Capacity ~t :Planning (CRP) - h occurs• the kvd of MRP. It is the 
p~ of dfflnnining in detail amount of labor and machine ri:aouwes ~ to 

acb~ the .rcqwred produaio.o. - 'This p- ailllide:s the lead time of opetatioDi 
and offiaeu the opetations it work center ~ 

5.2 Manufacturing Resource Planning 

Manufacturing raource planning (MRP II) is defined 'by as a mcmod for the cffi:c
tlYe ~rung of all resources of a manu&cruring company. Ideally, it addmscs 

opcnwonal planning in units, nnancial plmning, ani! has a simulation capability to 

answer •whac-if" quc:stimu -and e:ttcn,ion of dosed-loop MRP. 

This is nor e.:cimivdy a software furu:tio.n, but a marriage of people skills, dedication 
to data base a<:all'acy, and computer resources. lt ia a total company management 
concept for using human rnouroes mo~ productively. 

NOTES 
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~•n d- aprn,n..., 
M,_.,.,w 

,o 

--

... 

- --•.--
~-.... ~.,.,_,I).._~~~ atlt 1'1l"~•wtO• 
-~-............. ...._. ........... l.....,.11 ..... & 
....... : : 1 . .............. .-..t 

5.3 Key functions and fa.tures 
MRP n is not ,a. propricwy software system and can dill$ take =ny fu.r.lllS. It .is 
a.l.rnM impossible ro v.isualix an MRP II sym.m that docs not use a computer, but 
an MRP Il ¥rem can be based on either purdwed-1.iccrucd or in-house 3onware. 
Almost every MRP 11 system is modular in construction. Chanaerisric basic mod• 
ules in iU1' MRP Il sysr,:m arc:: 

• Muter production schedule (MPS) 

• Item muter daa (technical data) 

• Bill of .mac,:rial, (BOM) (tecli.n.ical. dala) 

• Production resources data. (manufacturing technia.l data) 

• Invcnrotil:s and onlers (.invcntoxy control) 

• Pwdlasing ma.nagcmmt 

• M~ttrial requirement& pbnniDg (MR.P) 

• Shop floor control (SFC) 

• Capacity pla111>ing or capacity tfquitemencs ~ning (CR.P) 

• Standard COIiing ( oost conuol) 

• Colt ri:poning / managemelit (<:an connol) 

iogetbtt with awciliary 511tems such as: 

• Busi.ness planning 



• Lot traceability 
• 

• Contract management • 
• Tool management. 

• Engineering change control 

• Configuration management 

• Shop floor data collection 

• Sales anal~s and fore=ting 

• Finite capacity SCMduling (FCS) 

and related systems such as: 

• Genctal ledger 

• Aa:ouna payable (purchase ledger) 

• · .Accounts receivable (sales ledger) 

• Sales order management 

• 

• Disuiburion requiremenlS planning· (DRP) 

• Automated wa,cl,ousc management 

• Project management 

• Technical records 

• Estimating 

• Compurer-:udod design/c.ompute.t--aided nwiufu:tuting (CAD/CAM) 

• CAPP 

The MRP II syseem integrates these modules together so that they use common data 
and ftcdy achangc information, in a model of how a 1Q111uf:acturing enterprise 
should a:nd can op.crate. Th.e MRP JI approach i, therefore va:y different from the 
"po.int solution· approach, wbete individual systems are deployed to hdp a company 
plao, conuol or manage a sped.Be aaivi')'- MRP II is by ildinition fully in~red 
or at lea&t fully incert:M:ied. 

5.4 lndusuy Specifia 

MIU' II systems haw: been impleme11red in most manufacturing industries. Some 
industries oocd spa;ializ.,,d functions e.g. lot uacabiliry in regu)atui manu&auring 
such as pharmaceuticals or food. Other industries c:an afford to d.iarq;:a,d facilities 
required by orhers e.g. the tableware indusay has few swriog materials - mainly clay , 
- and docs not need complex matttials planning. Capacity planning is rhe key to 
success in this as in lnal!Y indwtries, and it is in those that MRP II is less appro• 
priarc. 

5.5 MRP and MRP II - History and E"°lution 

Material rc,quircmel\1$ pbMing (MRP) and inat1u£a.:ru.d11g resource planning (MRPII) 
are· pred«-rs of eoWpri.k resource planning (ERP), a bu.inns infonuation inte
gration system. The dcvdopruent of rhese manufacturing coordination and integra
tion methods and toohi made today, 'i ERP ~terns pouihle. lloth MRP and MRPII 
arc still widely used, independently and as modules of more comprehensive ERP 
systems, but the original vision of integrated infonnation systems as we know them 
tllday l,,,gan w:ith the dcvdopmcnt of MRP and MRPII in manufaauring, 

Capam, Plamtillf AM 
M,mef.a,,ring lln,urr, 
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MRP (and MRPII) eYO!vcd 6:orn the earliest commercial dat:d:>a.se .manag,:ment pack
age developed by Gene Thomas at IBM in th,:- 19605. · The original structure wu 
®led BOMP (bill.«-tw11ffla!s pl00e$$W), which evolved in the•ncn gi!nffition i.uw 
a more g'clletalized roo! called DBOMP {Dat2bm Organiiation and MaiotelJallce 
Program). These were nm on .mainframes, such as IBM/360. 

The vision for MRP and MRPII was to centralh:e and integra~ businm infurtnation 
in a way th.at would w:lliiatt: decision making for production . line managezs and 
ina:easc the efficiitncy of the production line overall. In the 1980s, manufu:tutcrs 
developed systems for calculating the resource :cquitetnents of a production run 
baaed on sales forccasu. 1n order to calculate the raw ma:uials needed to produce 
p.rodw:u a.<1d to sdiedule t!tc puscbase of those rnaretials along with the 1W1chine and 
labor ti/Ile .needed, production inanagcts re~ that th,:y would need to use 
computer and ~ wdinology to manage the information. Originally, manufac
nuing opei:atio.a& built cmtom software programs that ran on ma.infu.mes. 

Material ~ents plmning (MRP) was an e.i.rly itA:ration of the integi-ated in• 
fonnation sysee.m& viaion. MRP infum1ation systems helped managers determine the 
quantity and timing of raw matesials purchases. Information systems that would 
a.smt ~rs wich other pans of .the manufacturing pro·cess, MRPII, followed. 
While MRP was primarily ooncc:ned with material$, MRPII was concerned with the 
integration of all aipecll of the manufacturing pioc=, including materials, finance 
and human relations. 

Like today', ERP systems, MRPil was designed to integrate a lot of informacion by 
~ of a centralized dal;lbue. However; the h.a.rdware, software. and rdational daia-
~ tcduu:dogy of the 1 !J80s was not advanced enough to provide rhe speed a.nd 
cap,,icity to run these S)'flC.IIIS in n.-»-time, and the cost of these systems was prohibi
tive fur l1I06t ~ Nonetheless, the viaion had been arabli&hcd, and shim in 
the unde.dying buainess processes along with rapid advances in icchnolog)' Jed to the 
more aJJordable enterprise and application integration systems that . big businesses 
and many medium and smaller businesses we today (Monk and W:agner). 

5.6 MRP and MRP II - General C.Oncepts 
Material requir=ents planning (MRP) and manufuturing rao'urce pl~ing (MRPTI) 
arc ·both incremental information integration buainen process suatcgies ·that are 
implemented uaing hardware and modular software appliC-'ltiom lir>hd to a c:e11tral 
da~ that stores and clcliver.11 business data and informuion. 

MRP is concerned primarily with manufaccwing materials while MRPII a con• 
cetl!td 'llrith the coordination of the entire .l!Wlu&auring production, includiog 
nwuW.. Unttl()C, and lnmian tt.btions. The goal of MRPII is to provide com.istent 
dau to all pbri,ett in tht .IIWlufacruri.Dg procas as the product moves through the 
production line. 

Papec-b,itc,d Worm.arlon l)'S~ms and oon•i~ compu~ systCll!S that primdc 
papet or disk outputs result in many infotmation errors, iocluding m.i.,.,ing data, 
.redundant dai:a, .numerical errors that iault from bei1lg incorl'<'!Ctly kqed into the 
sy,ll:ln, in,;omx:c calC\11atiOD5 hued on numerical mo.rs, and bad decisioll$ based on 
inoottcct o.r old data. In 2ddition, some data is u.nrel1ab!e in non--i.ategrated 'YJtemi 
~ the same daia is caugoriud dilfercntly in the individual daiabues used by 
diftc.rent functional an:aii. 

MRPII symms begin with MRP, .material rcqllircmcnts planning. MRP allows for 
the input of sales fureca.ts ttOll1 sal'-i and 1W1tkei:ing. Thae fu=am detaminc the 
raw mate.rials demand. MRP and MRPII systems draw on a mastet production 



01:limtflM t •'•r.-,. tQC · 

· ~edulc, the bre:akdown of tpecilis plaos for cac;Jl product on a line. While MRP 
.Uoffl for the coordination of raw, materials pwdlui118, MRPII facilitates the devcl. 
opment of a ae1ailed production scliedule that accounts for machine and labor 
capacity. scheduling the production runs. ai:cording to die arrival of materiaa. AJl 

. MRPII output is a fin.al labor :llld machine sdil'dulc. Daa. about the oost of pro
duction, induding mac.hinc time, labor time and materws wed, as well as final 
production numb=, is provided &om the MRPII system .to aa:ounciJ,g and nnance 
(Monk and Wagner}. 

5. 7 Benefits of MRP II 

MRP II sym,ms am provide: 

• Better control of invencoiics 

• Improved scheduling 

• Prodwctive tdationshl~ with supplier., 

For design I cngjne,:ring: · . 

• Improved design control 

• Better quality and qualir:y control 

For financial a,,d comng: 
• Reduced working capital for inventoxy 

• Improved cash flow· through quicker deliveries 

• A.:curace in-renwry record& 

5.8 Enterprise resource planning 

• 

~ taollttle planning (ERP) .,.,-ns integtac,e internal and efflmai manap
men1 .information across an entire Olp.llimtion, emlmcing fuumcdacc:ounting. manu
facturing, sales and service, customer relationship management, ere. ERP sysa:ms 
automate this aalvity with a.n inugra1ed sofr.vatt appllcation. Their purpose is to 
liu::ili.t&tc die: flow of information b<:twccn .all business funaiom wide ~ boundaries 
of the organization and manage tlie connections to ol.llsidc ~olden. 

ERP S)'Stl!W am run on a variety of (X)mputcr hardware and nctwonc conngu.wions, 
typic.illy employing _a datab- as a replltil:Oty for information. 

Char:acteristics 

ERP (F.,itcrprue Resowce Plaruiing) systems r:ypically include die: fullowing dw:ac
teristks: 

• .M ia~ ~ that o~ in ral lime (or nm: to ral rime), without 
rdyillg on pcriodi<: updaia. 

• A common databue, which Npporu all ;applic:ariona.. 

• A oonsistent look and fi:oel duoughout eadt module. 

• Insiallation of the system without elaborate appli.eationldatt i.rnegralion by die. 
Information Tedtnology (IT} departmeni. 

Fi.nancc-JM:Ouoting 

General ledger, payahlu. cash management, lilD!d assets, rccdvablea, budgeting, 
c:onsolidacion 

NO'nS 

CWY..,.Progn,,s . 
l) Define 

Manufacturing 
R.eaout<:c Planning. 

Z) "What is ERP? 



s,,p,,,nri d M.,;,rt.J 

" 

Hwnim ,_,_ 

P.ayroll, ualnlag, benefiu, 401 l<. reauiti.ag, diversity management 

Manufututiag 

Engineering. bill of materials, work or&r.s, ,checl111ir,g, ~acity; wotkflow ~ 
ment, quality contcol, cost tn.a.nage.tn<!llt, manu&cturing pro~, tnanufu:turing 
projeca, m.anufuttuing ftow, activity based coot:ing. ptoduct lifecyd.e managancnt 

Supply c.baia managemetit 

Order to ash, inventory, order cnuy, purchasing, product configuration, supply 
chain planning, supplier sched~, inapecrion of f,OO<D. cl.aim p~ing. O)lllffli$
sions 

I'lQfect maaagement 

Costing, billing, ti.me a.ad expense, performance units, activity managcm.cnt 

Co,wu,er Jclatioulut m•oageOIMrt 

Sales and maila:tinc, oommi&slons, servlce, custolller contact, call unter $Uppon 

Data~ 

Vatiow •.eif-xmce• i11terfac.a fur eu1to1neri, suppliei:s and/or employees 

"- "108tl'01 

Management of uxr privilcg= for 1l1lriolu p=ses 

Origin of "ERP" 

In 1990 Gartner Group first employed 1:bc acronym ERP a.s an ~n of malerial 
requirements planning (MRP), later manufaauring rcsouree planning and com
putet•fotegr,.ted m~ufacturlng. Without supplanting these cerma, ERP came to 
rep-t a larger whole, re&cting the ~lution of application intq\l:'aUOll bc:yood 
manufacturing. Not ;oil ERP piu:bgea weu dev~d ftorn a tnanulw:uriog rorc. 
Vcndon "11Iioualy began with -11ring. toa.intcnanu and ho.nun tC$0utca;. By the 
mid-t990, ERP~ ~ all core functions of an cntttprise. Beyond cor
porations, P"eromenu and non-pxofit o,:pniutions ilio began to employ ERP 
systems. 

&pan,ion 

ERP S)'5lm1S cxpcrimced rapid growdi in dte 1990s because the year 2000 p.ioblem. 
and introduction of tbc Euro dia.ruptcd !ep;y $)'$terns. Many wmpanies took th.is 
opporcunity to n:plact. sud!. synemt with ERP. This l':lpid growth in sales w:as 
mllowtid by a slump in 1999 after thc.e isNes bad been addtc,oed. 

ERP synems initially focwed on ~tornat:ing back office functions that did not 
din:cdr affi:ct eu5tomers and the gencr,d public. Fronc office functioru such as cus
tomer rdationsrup ma.llaJICOlffit (OM) <kilt duecdy with c11Stomeu, or e-businers 
systems ruch aa e-a>lnJntr<lt, e-govcrruttent, <>-tdecom, ;ind e-finan«, r,r supplier 
rmtionsbip nwiapncnt (SRM) beame iutegnt,:d lamt, ~n the Inu:mtt simpli
fied communicu:ing with eim:rnal patties. 

"ERP n• wu coined i.n the early 2000s. lt d=ribes web-baed software wat allows 
bod, t:lhployeei; and partnas (sllCh as suppljers and cuatomers) real-tiroc a<:>eac to 
the synema. "Entaprise applk,uion suiu:" is an alternate name for su.dt systems. ·. 

C.OmpOMDU 
• Transactional dacaba.c 



• Manage1J:1ent portal/dashboard 

• Busine$$ intdligenc:c sy11tcm 

• Customi.zablc reponfog 

• Enema! access via · r«hnology such as ..-eh SC1'Via8 

• Search 

• Document management 

• Mcssaging/chat/wiki 

• Worldlow management 

Best l'raaica 

Best practias = incorporawi into mosr £RP systerru. This means that the software 
rcllecu the vendor's intapfl!lmOn of the mG$t dfe,;:rive way to perfunn eaclt bumcss 
pt00e$$, S:,swns vary in the ronvenic:ncc with which the wsto.me.r can modify these 
pn.aiocs. Com_pani;,& that lmplcwmtcd industry best pncti~ redu<>ed timo-oon
suming projffl: caskt ,udt as configu,.uion, docwncmalioA, ti:sting and a:aining. In 
addition, best pra<:t>clCS reduced ri8k by 71 % when c:ompan:d to ocher software 
impkmentatiom. 

ThA: use of best practices eases compliance with n:quiremeam such as IFRS, Sarbane,. 
Oxley, or Basel II. They can abo hdp co.cnply with de faao indl!Stry SQ!ldards, such 
as dectronic fu.ads m.nsfcr. This is because .thc ptvcedurc can be .readily codified 
within the ERP software and .replicated 'With confidence = muldpk businc.sscs 
who share that businesa R:qu.ircmcnr. 

Mo<lulatity 

Mose ~ms ate modular to permit automati113 some funcrioru bur not others. 
Some common modules, sw:b. as finance aod m:ou.oting, an: adopted by nearly all 
users; odrers such as bum.an resowcc ~t arc not. For aampk, a servia: 
COlllplllY ~ has no need for a manufaaucing module. Othct companies al
rudy have a syn.cm that tber believe ro be adequate. Gencnlly speaking, the greater 
the number of modules sd«ced, the greater me integration benefi_ts, but also the 

gteater the -· risks and changes inv<1J.ed. 
eoa-:tivity to Plallr Floor ~n 

EilP l)"tcm5 <=0nnect to tcd-rimc <lata and transaaion <Iara in a -.aricty of ""'18· 
These systrms uc m,ically configured by systems integracon, who bring u.nique 
kn~odgc on pmcesa, equipment, and vendor solulions. 

Dir«% iatcgtaaoo- ERP -,,.:ems ha"¢ coaneclivity (cx,mmunications to plant floor 
equipment) as pan of their product oi'ering. This requires the vcndots to offer 
$pCCUic support for the plant ftoor equipment that dieir customers oper.a~ ERP 
vendors must be expert io. their own products, and a,nru:,aivity to other YCll.&r 
products, including competitors. 

Databa.c integnuoo.• ERP systems conned to plant floor <I.ta sou~rcc, tbrol!gh 
staging tabla in a daabllse. Plant lloor ~tcnu deposit the neccswy infomw:ion 
into me databaK The ERP syscem n:tda the infurmacion in the table. The bclldlt 
of Sbging is that ERP vendors do nor ru:ed to muter the aimpleuties of equipmott 
integration. Connectlvily heQ)IXI('.$ die nsponsibiliry of the sptcms intq;rator. 

~me appli•ncc .,,..nsaaion. moclales (l!ATM)- These dc,viw communica~ di
reedy with plant floor equipment and with the ERP .,-n via method. supponcd 

NOTES 
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by the ERP system: EATM all emplc:ry a &tagiii,g table, Web Se~, or system• 
specilic progtatn intufaces (APL,). 11ic benefit of an 'P.ATIRis dw' ~ offeni an off
the-shelf solution. 

Cwcom-integi:ation so!utio.m • Many gystctn int~- ofttr Cll$tom solutions. These 
systems tend to have the rug.best level of initial intcv,itioD cost, and can have a 
highCI long te.rm maintenance and reliability costs. Long term co.ts cw be mlni
roiw! through cardul sy.scem ttsting and thorough documentation, Custom-inte• 
grated solution.s cypiQ!ly tU.I\ on wotkstation or server clas.< computers. 

5.9 lmplemeotation 

ERP's scope usually implies iignincant dwiges ro swf wo.rlt processes and practices. 
Generally. threc.- types of armcc,; are avai1ahle to hdp implement such changi:s
consulting, · ~tonU2lltion. .and support. Implementation tlrne dep~d.t on business 
size, nVJ11ber of modules, customiution, the scope of proces, dia.llges, and t,he 
readiness of the CU$- to wr.e ~ lor the prajtJCt Modul.r ERP syru:m, 
can be impltmenri:il in mp. The typiai project for a large encuprisc ro1JSWncs 
about 14 .months and ffilllUCS uound 150 conrulwus. Small projeas an require 
months; multinatiOMI and othet large implementations can take }'CU$. Cwtomlzatlon 
an suhstancislly increase in,plcme11tation "time,. 

5.10 Process prcparatioa. 

Implementing ERP rypkally requires changes in existing btuine&S proct:S\les. Poor 
understanding of needed proass changes prior 10 starting implcme.ntuion is a main 
reason lor project &ilwe. It i.s thenfore cruc:w that organmoons thoroughly am.lJ17,C 
business ptoaS9CS befo~ implementation. This analysis cab .identify opportunities 
fur pro«.U 111odcrnisetioc. It alJo enable; an uaeasment of the alignment of cun-en, 
procases with thoee provided by the ERP syttt,n. Racucb .indicaus that the risk 
of bUAin"55 process, tnilmatch .is ~ by: 

• linlting cw:rent proa:sscs m the o.rg;anization's strategy; 

• analyzing the elfecci- of each procas: 

• Uru!im:utdiag e:timng aummated aolutioll$, 

ERP .i.tnplcmeot.1uo11 is con.tidcnbly more diffiatlt (and politically c:harpl) in de
~ org,aniDrlon,, because lhc:y often haw: cliilerent pro=-, busine# rulo, 
data leb!Antics, authorizali.on hicrm:h.ie& and dcci.,ion oentel:$, This may N!qUi~ 

migating some businesa units before 01hcn, '1e{aying implancntation to wotk duough 
me lltcWal)' dwip for each u.nit, possibly teducing· integta1lon (e.g. linking vi:a 
Master D.ata ~) or custoinizing me S)'Wttm to meet spcd1ic needs. 

A potmtial ~rage is that adopting "sundatd" processes can lead to a ·I0$1 of 
OOl!lpltitive' adhntag,t. While this has happened, kmes in one area ate often ol&et · 
by p in other #ea:s, ina:taaing ovenll competitive 91ivanlllgl', 

~.ll 

Conl!gurii,g an ERP S)'l!tA!lll i& wgely 1- maner of balancing the Wfl'/ the eusu5met 
~~ die sysi:- to W11tlc with the way it w.is dcsigo«I co work. SRP $)11temS 

typically build many cban'pblc paiamcters tl,at n!u4ify SJ"'IX:lh opcr,atron. For C"K• , 

ample, an oqpnizarion ca11 Id= the t;pe of invento11 ac.counring-PIPO or UFO
to employ, whether to recognize revenue by geographi<:al unit, product ll.o.e, or 
dlsuibution channd and whether to ~ for shipping ,;osts whffl a eustomtt tcruros 
• purchate. 



C11.1commtioa 

ERP systems are theoretically based on indu.ruy best praaires and arc intended to 
. be deployea "as ia •. ERP vendors do olrer cummers conffguration options that allow 

oig:anizations to incorpo=e their own hu.tlll!:# 1'll1cs but then, :uc often fumti.ona.lity 
gaps tanainiag even afu:r the oonfigur.won are oomplct•. ERP cwto=rs havi: ,everal 
options to reconcile fuiiaionaliry gaps, each with their own pros/cons. Technic:al 
,olutions include rewriling pett of the delivaed funaionality, writing a h~ 
bolt-oniadd"9n module with.in the .ERP sysrem, or inttrliiri.ng to an =:al $)'Stem, 
All three of these optio.ri.s are vatying dqpeca of system CUl5t0roiz.ation, with the first 
being the mosr in>'aSivt: and costly ro maintain. Altcmatiwly, there a.re non-tcclu,ic:al 
options su.ch as ch:angi.og bll$inC$S practi(:c$ and/or orgawzational policies to better 
match the delivered ERP functionality, 

Key diffucnoes between customization and oonfiguruion include: 

• Custo.m.ization ii always optional, whueaa the so.ttw.aa: m.ust always be ronlig
urcd bdorc use (e.g., setting up ooat/pro6t center stn.lCl.'Utt5, organiw.ional trees, 

purdt.M,, :appl'OYJII cul", m.) 

• The ,ol'tware was dais-' to handle various conllgucarions, and beh.m:s pmli.ct• 
ably in any allowed con6gumtion. 

• The ell'ea of c.on.ligun.lion changes on $Ylltall beha~ and pcrliumance it pre
~le and i.s the ~blliey of the ERP vendor. The dfcct of c:UStomttation 
is leis prediciable, .w !he CUS10mt1's .respo.qaibiJ.itr and increucs c:tating activities. 

• Configuration changes sYrvivc upgrades to new aoftwue veuions. Some 
cusroroiz.aUOII$ (e.g. code th2t uses pco-dc6ned "hoolai" diat :uc called before/ 
aftu d.isplayiog data. aace.na} turvive upgsad-, though they ttqui~ reracing. 
Other 01Stomizations (e.g:. diosc invomng ~p to fundamenca.l data struc
tu~) arc ovtrwritten during upgndes and mun be mmplcmented. 

Cust0tl1.iradon ~ 

• · Improves ~r acceptanct; 

• Olrers tbe potential to obtllin competitive adftlltage ~~-vis companies u.sing 
only standard featu.res. 

Customa.abOIJ. DW-cap 

• Incn:ases wne and reaoutQCI requil\ld to both implement and mainwn. 

• Inhibits sc::unk.ss communicatioi. bawcen ,upplic:n and cum:imen who 1.11e me 
wne ERP S)'ltclb unCU&tomircd. 

• Ova- rdiance on cuivmii:arion undetmines the principlf, of ERP as a &Uru!.ud-
izing sofiware p.lacfont,, 

Exteosi.GD$ 

ERP systems can be ateAdcd with thitd-parc;y $Ol'tw~. ERP vendors typically 
p.rovide ac<;es, (O data and functlol)ality through pul>U.hcd interfaces. Exten&ions 
offer fearu.rcs such as: 

• archiving. reporting and tepublhlung; 

• aprunng transactional data, e.g. usiag scannen, tllb or R.FID 
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• access ro specialized dawcapabiliOC$, such as syndican:d nu.rlc.:ti9g daa and 
usociated tttnd analytics. 

• adva.o.c.ed planning and achcduling (APS) 

Data. migracioa 

Dara mpon it the pr«e&s of moving/copying and rettrw:r:uring data from an 

existing ~tem to the ERP system. Mignrlon is · critical to implementation su=s 
and requires significant pwining. Unfununately, since roigtation ill o.Dt: of the fuw 

, activities before the production phase, it often rcc:civa1 insuflkicnt attention. The 

following Heps can sttuaure migration planning: 

• Identify !he daia ro be migrw,d 

• Determine migqtion ti.caing 

• Generate the daia r.amplaus 

• Freeu the tool.et 

• Decide on inig,auon-rdated setups 

• Ddinc data arduving policlC$ and pioc.edum. 

Advantage& 

T~ fundamental ad.van• of ERP is that integrating the myriad processes by 
which businc:ac. operate saves ti.cae and cspcn.se. Dccitions can be made more 
quiddy and widi ~ crron. Daia becomes visible across the organization. Tasks 
that benefit &om tbis intcg,atio.n include: 

• Sales fo,=,t:ing. whid,. allows invutory opiilDization 

• Chrono!ogial history of every tr.anaaaion through rdevant d.tta compilaion in 
eve,.y area of openwon. 

• Order aaddag. from accepcaru:e through fulfillment 

• Revenue traeklng. &om invoice ihrough wh ~ 

·• Matt.bing purdwe orders (w!ut wu ord~), invcnln!y n:uipu (what arrived), 
and costing (what the ffndor invoiced) 

ERP systems centnlize buaines.1 data, hri.QJing the following bcnefiu: 

• They cl111linate th~ ~ed to $fllChronize cluutgea between multiple systeiru• 
coruolicution of &ana:, markmng and sales, human resourcie, and manufactuz, 

i.ng applic.uiona 

• They bring lcgi~ and rnm,-ncy in • each bit of statistical dam. 

• They CQablc standard product naming/coding. 

• They pnmde a oompn:hensivc entctprne view (no "islands of information"}. 
They nu.ke real-time information available to ~t anywhere, any time 
to malrt proper decisions. 

• They pmtcct aemitive d:wa by consolidating multiple 1CCUrity •ystcms into a 

single structure . 



• . Customization is problm>alic. . 

• ~neering businC$$ p~ to fit the ERP ,yHcm may damage c:ompeti• 
tivcness and/or diven: ~ from other aitlcal acti\lilic:$ 

• ERP can am more than less inl'eg!lll'ed andior less COl!q)fchcnsivc solutions. 

• High switching aicts uaociated with ERP an inaeuc die .ERP vendor's oego
ti~ring power which can n:sult in higher suppon, .m.ain11enana:, and upgrade 
apcnses. 

• Ovet(X)QJiog resistance IO sharing sensitive infu.l'J!l,alion between departments can 
divert management a'"3ltion. 

• lnc,egration of truly independent bµai- can a~ unnc:cessaiy deprndencies. 

• Extensive tr.aining m:iuircrru:nts r:w, rcsoW<:CS from daily operatioJ1S. 

• Due to .ERP', atclsiffiXlln': (OLTP. O.o.-Line T~o.n Pioa:s1l.o.g) ERP synems 
are not well ~ulttd for ptoductio.o. planning and supply ~n m~ement 
(SCM) 

The limiratioru of ERP h2ve bcc!l ~ spaniog new mruls in ERP applka• 
tion devdopment. the four agnincaat devdopmcnts being made in ERP =• c.reati11g 
a moi:c 11.ajb.le ERP. Wel>-Endble ERP. low eniap.rise ERP and e-Business Su.iQ:s, 
eadi of which will pottniwly add,as the f.allinga of the i:mwtt ERP. 

5.11 JUST IN TIME 

Jun in time (JJT) is a production ~ dtac saivcs to impm-e a businas return 
on invaancnt by «>ducing in-procas invenwry and :usociated etrtying com •. Ju.st• 
in-time producdon mttbod i.s also called the TDjlOta. Production Syttem. To m= JIT 
obj«rivl::s, the prooesa relies on signal& or Kanban <n Kanban?) between different 
poi.nu in the proo:$$, which !di production when to make the next pm. l<anbm 
m mually 'tickeis' but eait be simple ~ aign., tudt as the praen~ or ahset\1% 
of a. pan: on a shdf. Implemenmd c:om:cdy, JIT focuses on continuoua improw:mcn1 
and <:an improve :a manufu:turing o.rganiza•ion's n:ru.m on innsnnent. quality, and 
cffidency. To achieve continuous impnM:.Q!ent key areas of focus could be ilow, 
employee involvement and quality, 

Quick notice that soodc depletion ~ui!"'1 pctSOnnd to l).fder new stoek is c:ritica.l to 

the in-,y reduction arc the center of JIT. 'This saves wuehowe space ana C0$13. 

H~ the oompleti: mecluaniam fur making this wolk ia often misuhdemood. 

For imtaa.ce, its cffi:ctive applkatlon annot be i:ndeperuknt of other ~ romponentl 
of a lcaii mao:uf·acwring .ysrem or it can • ... end up with the oppoa.i11e of me desiR:d 
result.• In r«ent years manufaciuren have continued to uy to hone fotecaning 
mcchods such as applying a tniling 13 week a"l!rafF as a bcttff prediaor fut JIT 
pla:wiing; hc,w,,ver, some ~ demon.maces that buing JIT on the pn:swnption 
of sa.billcy is inherently tlaMl<I. 

The philoaophy of JIT .ia ample: inventory is -· JIT inVfflroty sys-. cxpoae 
hidden rost of keeping inventory, and ate therefore not a simple solution for a 
company to ad~ 'The company must lollow an uny of new mechods m manage 

Cheefr YoMr Progm, 
3} What do you mean 

by just-in-rime? 
4) What is the process of 

Da~ Migration? 
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the ronsequences of the change. The ideas in this way of worku,g ,coinc &om many 

dilrtte.nr di.sciplincs including sta.tistics, indwirial cngina:ring, prod)lci~.n man~ 
ment, and behavioral .scienct. The JIT inventory philotophy ddines how 'invi:ntory 
is viewed and how it relaro ro m.truigen>e1Jt. 

Invcn10ry l$ Ken a, .i.ocw:ri.ng costs. or waste, instead of adding and no.ring value, 
conmry to uad.itional ao:ou.nting. Thi$ d«:s not mean to say JIT is implementm 
without awareness rhat te1noving inYcntory exposes pre-existing m.anufu:turing is
sues. ~ way of wozlrillg encour.tges businesaes to eliminate i.nYentory that docs not 
compcnsau: fur ~ p.tocess issues, and to conswid.y improve those pro
cesses to n:quire Im .m.vcnrory. Secondly, allOMng .a.oy sto<k h~tuaua ina.aag,,mcnt 

to stock keeping. Mamgemcnt may be rempted to lcttp stoc:k ro hide production 
prob!Cfflll. Thest problems includt' backups at work centers, machine reliability, :and 
pr- variability, lack of flwbility of employees and equipment. and inadequate 
capacity. 

fn shon, theJwt•in-Ti.me inventory &)'ttem locus is bav.i.og ''die rigltt material, at the 
right liiru,. at the right pla,cc, a.nd in dte =t amount" •Ryan Grabou:y, without the 
safety net of inwncory; The Jrr S)'3t4'1U Im broad impw:arions for implementers. 

T ... nMcrion <lOSt api,ro.ch 

JIT reduces U111CRtory in a .fum. Howr:ver, a firm may simply be outsOUrciog their 
input inveatory to suppliers, even if those suppliers don't use Jwt•in•1ime (Naj 
1993). NtwOla.11 (1994} invescigar.ed dw dfect and fuund that aupplieu in Japan 
ch-:uged JIT customers, on average, a 5% price premium. , 
En-.ironm.:nw mna:nu 

During the binh of JIT, multiple qaily deliveries we.re often made by hicydc. In• 
a:caased scale has requ.ired a move to vans and Lorries (uuck.s). Cuswnano (1994) 

1 
highlighted the pottJtW1 and :actual problems th.is Cl.l.t$'CS with regard to gridlock and 
bu.ming of foai.l fud&. This violata three JIT w~te guidelina: 

1. T une--wutcd in uaffic jams 

2. lnventory--a~d.fk:ally pipeline (in transport) .inventory 

3. Saap-fucl burned while not phyucally · moving 

Pri~volatilily 

JIT implicidy aMl.ma a IC'ld of input p~ $l@illty that ob\l.i.ues the need to buy 
~ in advance of pric:e ris~. Where input prices are expected to rise, storing 
inventory may be dainblc. 

Q.u.lily volalility 

JIT implicidy ~- that input parts quality remains oosuwit ova time. If not, 
llnns may hoard bigh-<J.uality input!. As with price volatility, a solution is to work 
with rdeaed supplien t0 hdp thctn improve thd.r pn=aes to reduce variation and . 
oosts, Longer - price .agreements can then be rqoaau:d and ag=d-on quality 
.standmls made me ra_poll,Ubility of the supplier. Fixing up of standards fut volatility 
of qualicy aa:ording to the quality cude 



Dm1and sal,iliry 

Karmatker (1989) highlights the importance of relatively stable dema11d, which 
hdp.s ~u~ d!icicnt capital utiliution rates. Kannarlu:.r argues that without signifi
cantly stable dcm:u1d, JIT becomes unrenable in high capital cost production. 

Suppty atabillty 

In the U.S., the 1992 .railway mikes caused General Moton to idle a 75,000-worlu:.r 
plant beca= they had no :supply. 

JIT iaip.kme,,t.>tion. design 

Based on a diagram modeled alter the one used by Hcwlett-.P:adau:d's Boise plant to 
aca.mplish its JIT program. 

1) F Daign Flow Ptoa$ 

- F Redesign/relay out for flow 

. L Redua: lot sizes 

. 0 Link openit.iorv; 

. W &b,nce wotk!ltuion capcily 

. M Preventive ~ntcnance 

. S Reduce setup Tmtes 

2) Q Total Quality Control 

. C woe.leer compliance 

I Automatic inspection 

. M quality meuu.ru 

. M fail-safi,~ 

W Wotktt pan:idpatlon 

3) S Stab.ifue Sdiedulc 

. S l..evd schedule 

• W &tablish ftttu Mndows 

• UC Undcruul.bic Capacity 

4) K Kanban Pull Systtm 

• D Demand pull 

• B Bacld'lush 

• L Reduoe lot si:us 

5) V Work with Vendon 

L RedU()C lead time 

• D frequent ddivctie, 

• U Project uaat!" reqwremen11 

Q Quality c:apeaationa 
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6) I Further Rt,d~ laYC11tory in Other A=5 

• S Stores ' 
- T Transit 

C lmplelllCnt ca110uacl to redua: motion waalJC 

- C lmplc!llcnt i;:om,cyor heh, to .reduce morion waste 

7} P Imptovc Product De.sign 

- P Standard production configuntion 

- P Standanliu ~d mducc: the numbc:r of pam 

- P Pmcess desigi> with product design 
• 

Q Quality apecwion.s 

Ef&cu 

A sutprisiog drect was that factory response wne fell to aliout a da.y'. T~ improved 
customer aatisfaction by ptariding vehidea within a day or nvo of the minimum 
economic shipping delay. 

Alao, the faaory began building many vdiiclu to order, c:.liminating 'the rials: they 
would not be .t0ld. This impnm:d the company's rerum on equity. 

Since assc:mblers no .longer had a clloice of which part ro we, every part had tx> • fit 
perfectly. Thi, cauacd a quiluy assurana: aisis, which led to a dramatic improvement 
in product qu,ality. Eventually. Toyota ~ t;VttY pan of j" vducles to wukn 
tolennd:s, while simuli:aneously impleineniing wdul mdstical c:ontrola for quality 
co.otl'Ot Toyota had to ti:n and tQin pans supplieD to :!§Utt quality and delivery. 
In some cues, the company eliminated multiple suppiien. 

When a procas or pam qaalicy pmblcm. swfaced on the pioduaion line, the entire 
production line had to be $)0'1'<ld or cv,:n stopped. No invcnroty meant a line oould 
not operate fiom in-procas inventory while a pJOd~n pmblem WM liud. Many 
people in Toyota prediclJCd mat the initialive would be abandoned for this res.son. 
In the first wa:k. line stops o<1eurred aim06t hourly. But by the end of the first 
monlh, the n.te bad fallen to -a ti!w line stops pa- day. Afu:r six .l'DOlltb&. I.inc stops 
had so linlc eoonomic effect thar TO)'OQ installed an OYffllw! pull-line, similar oo 
a bus bell-pull, that let any wotkcr on die line ordtt a lint mp for a pl'Oa:9$ or 
quality pl'Ob)(!DI. Even with this, line stops fell to a &w per wa¼. 

The n:sult wu a factory that has beeli fflldttd worldwide. It has beell widely eaau
.lm:,d, but not alway$ with me apea~ results, a many Anns fail to aidopt the full 
$fSttm. 

The jU5t-in,-lime philosophy was also applied to otbcr aagments of the supply chai~ 
in seve:al type, of indusuies. In the ~al seaor, it meant eliminating O.llC or 
all of the warehouses in the link between a &aory and a retail csubllihment. 
&amples in sales, marketing. and cwitomer 3ffl'ice involve applying information 
systems and mobile hardware to deliver customet infiol'm!ltion as needed, and rcduc,. 
ing waste b,- video confumcing to cut ua-.cl ci.nle. 



Btnefiu 

Mlllll beiiefits of JIT include: 

• R.cduwl so:tup time. Cuuing setup time allows 'the co~y to n:duce or 
eliminate in~orory for . "clwl~vet• time. The to.ol UKd here is SMED 
($ingle>minute cn:h:angc of dies), 

• The flow of goods fiom wa.rehou.sc to i.hdves improves. Sm211 or irulh,idual 
piece lot sizes .redua.- lot dela.y inventories, which simplilies in\1!11tory How 
and il3 management. 

• Employees with multiple wlli - .used more elfu:lcntly. Having employ= 
trained ro wctk on different ~ of the process allowJ 001npanies to move 
workers when: they are needed. 

• Production tcheduling and work hou.c 0>.118isttncy synchroni=l with de
mand. If thm: is no demaod li>r a product at !he time, it is not wade. This 

S3\'eS die c.omp<111y mOllcy, citb<:r . by not having to pay worlws overtime or 
by having .them fucm on other work or puticipe.11e in ~ 

• Incrcued CD>phuis on $Upp.lier rdatiolwtlps. A company without in"l'ffl110ry 
does not want a iupply system pl:'Oblcro that aeatea a put ,hortage. This 

nubs supplier relationships eitt.rcmdy icnportant. 

• Supplies come in at rcgulac inre.mils throughout die production day. Supply 
is synchn,ruzed wich production demand and the opum.al amount of inven
to.!Y is on hand at any~ When para D\<m: diN,cdy from die truck to the 
point of U1C1Pbly, !he need for storage Wties ii ffiiuoed. 

• Minimises -,norage space neci!cd.-

• Smaller chance of inve.niory brcwag:/apiring. 

s.12 Problems 

Within a JIT syttan 

JUSt-in-tinle opcmiQn -kave$ suppliers and ~ GOl18Ullle.tS Opell to $llp

ply shoe.ks and large supply or d=and clianges. For internal teU>On&, Ohno saw 
thla lU a feature radu:r ~ a lnig. He ulCd an analogy of lowering die wattt bd 
in a river to ap!>'C the rocb to explain. how n:moving inYCrttoty showed where 
productio.n Bow was intfflllptcd. Once battiC(S w,erc exposed, dley could be 
tclnOVed. Sin« one of the main barriCI'$ wu rework, lowering ia:ffncory furced 
each .bop to improve its own quality cii cause a holdup dowmtmun. A key tool 
to manag_ thu -koen is pccduction 1-1ing to mnoYC these v.uiations. ]lltt· 
in-time is a means to improving petfurmance of che ay,tem, not an end. 

Very low stnck I~ lnGJl$ shipn,¢nts of the ~ pan: can come in sev=l rimes 
pet day. Thi, means Toyor.a is e&~ awa:ptibk co flow i.oc«ruption. For that 
reason, Toyota 1UCS nro suppliers for most usemblia. & noa,d in Liker {200.3), 
there WllS an ~ IQ th.is Nie that put thr: eni:uc ,company at ri,k bteau,ie 

of the 1997 Aisin 6n:. H-r. since Toyota also makes a point of .inainQ!ning 
high quality rdationa with its eotlre supplier nei:work, ,cvtta! other auppliel's 
imm.ed.ialdy tuok up ptoduaion of the .Aisin-built pans by using existing capa
bility and documenartion. Thus, a ntong. !ong-tettn rdatlomhip ""ith a few 

NOTES 

,, 

MY.,,..,.,,, NMm,,I 

103 



~IS <)' t)prr,ui1J1U 
M~WI 

NOTES 

• 

suppliers is better than short-mm, pricc-b:ued tdatlomhips with many compet
ing mppUm. Toyota wes this long-term relationship rn send Teyota mir ro help 
suppliers improve their pro~ Theie interventions have been going on for 

twellt)' years and rum: creared a more rdiable supply chain, improved margins . 
fur Toyota and suppliers, and lowered price, fur c.usromcrs. Toyota encourages 
their suppliers ro use J!T with their own suppliel'$. 

Kanban 

Ka.oban (;ti y /~Y1) , lite.rally meaning "signboard" or "billboard", is a concept 

related re k:ao. and jtl.St-i""time (Jl'tJ produaion. Aa:o.rding to iu creator, Taiichi 
Ohno, Kmban is oru: means through which JIT is ~eved. 

Kanban is not an illv;:ni;oiy c:onttO! synem. It is a ac:heduling system that helps 
determine what to pnxl~ when to produce i1, and how much co produce, . 
The need to mainwn a high rate of implOVmient led Toyoca to devise the 
Kanban system. Kanban became an dfec:tivc rool to support the running of the 
produccioo C}'Jteln as a whole. In addition, it proved to be an cxceUenr way for 
promoting ilnpl'OVen\Cllts because reducing the nwnbcr of Kanban in circulation 
highlighted problem arcas.[4J 

Origins 

In the late 1940a, Toyota l>eg,m S!Udying supcmwkets with a view co applying 
,tote and ahdf-1toddng ~ques tO die factoiy floor, based on the idea that 
in a ,upermaitct, custimiers get what ~ ru:cd at the needed time, and in the 
needed amount. Furtherm.ore, the supcrmar~t only stocks what it bdieves i~ 
will sell. and customers only take what diey need because future supply is 
allllured. Thia led To,vta to vinv a ptoceas as being a customer of p.reoediog 
pJOt J, and the p,e«ding pro~ as a kind of 11on:, The customer ptocas 
goes «> this st<>rc to r,et needed comporu:.nts, and the store mttodc.s, Originally, 
as in supcrmadr.cts, sipbo,uds were used to guide "shop~• processes to specific 

ttnodciog locations. 

Kanban uses the rate of demand to conuol the rate of production, pwing 
demand ft.om the end <:ustorner up chrough the diai.n of custotncNtote pro
ces:scs. In 19S3, To,oca applied this logic in their main plant machine shop. 

Operation 

Ar. imporcanc detennin.ant of the 1U<:CC8S of ptoduction scheduling based on 
"p~• the demand is the quality of the demand fuiewt that can .rcceive such 
''pu,b.ft 

Kanban, by <lOntrut, ia part of an apprOl!dl of receiving the "pull" from the 
demand. Tb.ucfure, the supply or produccion is detennined :accotding to the 
aau.al demand of the <::Uffl)J)laS. In <lOnnms where supply time is lengthy and 
demlllld is difficult to forecast, the but one can do is io re!pond quickly to 
obaerffli demand. This is aacdy what a K.anban syi~ can hdp with: It is u,ed 

as a demand $ignal that immediately propagates through the supply chaio. This 

can be u,ed to ensure that inrermediAtc stocks held in the supply chain are 
better managed, usually ,mailer. Where the supply mponsc cannot be quiclc 



enough to meet actual demand fluauatioQt, cau,i..g ,ignifica.nr lost sales, then 
srock h.ailding "'lay be deemed :as appropriate which can be achieved by issuing 
mote Kaiiban. Taiic:hi Oh.no stares that ·m be cffi.cti.,c .Ka.nban mwt follow srrict 
rules of U$C (Toyota., fur example, has six simple rufos, below) and that close 
monitosi.ng of these rules is a nevcr-<11.ding iaslc to tnallk that the Kanban doct 
what is ffl)Wled, 

Kanban catd.s 

!unban cards :are a key compo11c.n1 of Kanban that uses cards to signal the need 
to move materials within a manula<:tW'ing or produaion facility or move mate
rials from an owsidc supplier to the production facility. 

The Kaiibao. card ill, in dfect, a mes.sage mat signals deplecion of product, pans 
ot inve.nt01y tb:it when r=r,;;d will trip d>t "lf'IClliibtn~llt of that prodnct, 
part or inwmory. Comumpaon drives demand fur more. Demand for mott is 
signakd by .Ka.nban cud. Kanban cuds chuefure hdp to create a dctnand-drm:n 
system. It is widely eapoused by propone.nts of Lean production and manufu;. 
turing that dernand4tiven $)'$(dnS lead to futer turnarounds in produaian :and 
lo-1vu il\vtnt0ry levels, hdping companies im.pkmenting such system. to be 
more c.ompetitive. 

Kanhan cards, in lmeping with the pnn,:iples of Kanhan, should siniply co.nvey 

die need for more matuials. A .red cud lying in an empty parts can would ca.uly 
CQ.llvty ro whomever it wauld o»ncem that mott ~ are needed. 

In lhe wt few years, dcaronic Kanban systems, which send Kanba.n 1igo,.!1 
dec:nonically. have ~ mon, wl~ Wlille di.is is leading tO a bduction 
in the use « Kanban cards in ~e. it .is rommon in ~n I.an prod11c,. 
tion facilities co still find widespttad usage of Kanban cards. In Orade ERP, 
lwlban is used for signaling demand to vmd.o111 through email .aotilicarioM. 
When ttcck. of a particular component is depleted by quantity assig.ned on 
K.anbao. card, A "K.anban tri@ger" is cteaicd which ~ be .rnanual ot automatic, 

a pwd'l2.lle orde.- is rdeaaed with preddi.ncd quantil:y for die vendor defined on 
the card, and che vendor .is apecttd to dispalcll material within I.tad tirne. This 
S}'Stcl)l is a1eo a"'Wabic in emuprise rc.)urce plaruung toltwarc sl.!Ch as SAP ERP 
Ot Miaosoft Dynamics AX. 

Toyota's siic ndcs 
. • Do not send defective produca to the fflbeeqisent p,-

• The .nibeoqncnt procaa como to wilhdniw only what i, needed 

• Produce only the ~ quantity witbdmm by the subtequent pro=s 

• l.cvel the produaion 

• K:anban is a means to fine nUling 

• Stabilize ~d nuio.nal.ize the proca, 

Three,-1,in symm 

A simple eumplc of che Kanban systc.m implaneot:WOJl might be a "th=-bin 
syw:m" for the supplied pam {where tbae is no in-ho\l.lC manu&aunng) • one 
bin on the faao,y &or (defnlllld point), one bin in the f.aaory store, and one 
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bin at the suppliers' store. The bins usually have a removable card that ront:ains 
the product dCl2ik and other relevant information - the ~ban card. 

When thc bin on the fu:toty Boot b«.oma empty, i.e., the.re is demand for pans, 
the empty bin and Kanban cards -arc mumed to the lactory siott. The factory 
store then· replaces the bin on the factory floor wich ~ full bin, which aho 
cona.iru a Kan ban card. 11,e factory slOrc then oon131:ts the supplier's store and 
returns the now-empty bin -.yich its Kanban <:ard. The supplier's inbound piod
ua: bin with its Kanba.n c.u:d is tht:h delivered into the factory &tore wmplering 

dtt fuial Sttp to thc symm. Thus the plOCCSS will never nm out of pioduct and 
could be described u a loop. providing .the CllaCt amount ieqwted, with only one 
spare to there will never be an o=aupply. This 'spare' bin allows for the um::et
t:ainty in supply, use :and truupcm that arc inherent in the system. The secret 
co a good Kasihait ,ystem is 10 c:akulat1: how many Kanban c:atds arc .n:quircd 
for each produa:. Most factories using K.anban ~ the colored boa.rd system 
(Hcijunka Box). This consists of a board created. especially fur holdi.og the Kan ban 
card.a. 

FJectronic: Kanban systems 

Many mapuhawas have implemented dectronk Kanban systenU- Elccuonk 
Kanban systems, or E-Kaaban system&, hdp to el.iminarc common problems 
sud, as manual entry mots and lo.t audi. E-Kanban systems can be integn.ted 
into c:lltcSptiJe 1(11()Ulce planning (ERP) 1ysrems. lntegnting E-K.anban systems 

into ERP s,sa:.ms allows fur real-time demand signaling across the supply chain 
and improved visibility. Data pulled from E-I<anbtl.n $}'Stem$ can be 11Sed to 

optimiae invco.toty levds by btttcr trad:ing supplier lead and rcple.nialunent 
time.. 

CASE STIJDY - JIT ia Action 

A new phenomChOn called ~pud on Demand' is slowly inaking ia pn:senee fdt. It is 
an mcnaioo cf JIT linking r~en and nwiufacturcrs for a just-in-time u,ponsivc
ncss. NaaR Clothing la<:., promoted by a yowig manag.:ment graduate has -tly 
'\'Clliuttd into the business of making rcuo.aahly pricul cusrom jcaru for women. It 1w 
partnered with many stores selling WOM(ll garmcnl$. Io the notes, women are clec,. 
tronically me:asun:d and infurmation like colour, fabric, style, eK., i& rcoorded. The 
information rcaCM$ the NaaR. manufu:turiog facility at Ahmedabad almost immedi
ately through a sutc-of-the-«rt· information aystcm. NuR guarantees delivay of the 
wstom jeans with.iD. 10 clay,. Wlth ~ 

growing a<:lOCptall<le of jealU among the women in India, especially in the urban areas, 
the madret fur women's jeans is growing at a fut i:-:c. NaaR with iu unique: business 
modd hopes to gamer a signmcant dwe of chis market. The promoter of NaaR along 
~th her top C(ecutivcs is confident that their concept of )IT~ would wotk. 

(a) . Do you think NaaR's sttategy would work? Why or why not? What is the 
imporwwe of rttaile~ in its businesa stnt,:gy? 

(b) · Will ai.nome.rs wait for l O dayi to have die jeans delivued? What can Na.all do 
to compete on =mer service if delivery takes this much time? 

(c) Comment on the necasiry of a mbust supply clwn in the contest of NaaR 
Clothlog Inc. 
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5.13 SUMMARY 

Capacity planning has seen an inaeaaed cmphuis due tQ the Ma.fJcial benefits 

of the efficient use of capacity plans widiin material tt:qu.ircmcms platming 
sysrems and other infol'ffl'1tion syst,:mS, Insufficient capacity can quickly lead ro 

deterior:ating ddivCI)' performance, unn=ily inacaae work-in•PfOCC'SS, and 

frustrate sales personnel and thoce in manufa.cturin.g. H-, "'""'SI capacity 

can be ~dy and unnecessary. The inability to propuiy manage capacity ca.a be 
a battier to the achievement of maximll!ll firm perfumwioe. In addition, capacity 
is an imporw,t f.u:tor in the organization's clioioe ol o:chttology. 

Capacity u usually usumcd to mean th,!· maximum ~ at which a i=forma
tion S}'3t1:m ptoducei; or processes inputs. Somctll!IC$, mis rate may actually he 
"all at once• s with the capacity of an airplane. A more usable definition of 
capccity would be the volume of output per ~ tim.e and me producuon 
¢apability of a facility. · 

Capacity planning is the process used to dctenn.ioe hO'W much capacity is nooded 
(and when) in otdet to lllallufacturc g1eatet pl«UU:t or \,,egin pioduction of ·a 

new pioduct. A .number of .factors can affix:t capacity .IIW!lber of work=, ability 
of wor.lr.:rs, nuo,bcr of rnach.illes, Wtitt, sc~, d.ef«ts, eriors, productivity, sup
pllen, gove.tnment regulations, and prt:11c.ndve m.llintcnance.. Capacity planning 
is rd=t in both the long ll!rm and the short tet:m. ~, there ire diffinnt 
issUe! at Slake for c:ach. 

ERP (enterprise r~urce pla.n.ni.ng) is an industry term for the broad scr of 
acimtie. that hell>$ a busines.s mu,:ogc.s the lmporwit pans of its busin~. The 

infuunation mule :ivailable through 11.n ERP ~ provldcs visibility for key
perfurmance indicatorl (ICP.b) rcqaited for meedng corpora1e objccu"ecs. ERP 
SO'ftwlu-e applicatiotl.$ can be usa:I to mamge product p.la11ning, pam pun:hwng, 
inventories, mti!ractlng with suppliers, p.roviding customer x.rvice, and tracking 
orden. RR.P can aho .indude application modules fut the finance and human 

resources upeca of a business. Typialty, an ERP sys~ use.s ?r is integrated 
with a relational database ,ystcm. 

ANSWERS TO 'CHECK YOUR PROGRESS' 
(i) Ma.nufaauring resource planning (MRP II) is ddi.ned by u a met.hod fur the 

cffi:cti.ve planning of all £C501UCC$ of a n.anufaauring C()mpany. · 

(ii) .llntctprise resource planning (ERP) system, in~ internal and Q:tcrnal 

n,•oagernent infurmaticin across ail entire o~tio.n, cinbracing linanct/ 

accou1uing, manufacturing, sales and service, customer relatiomhip 
management, etc. 

(iii) )<at i.11 time Off) is a prodw:rio.n strategy that sames to improve a buai~ 
rcrurn on investment by reducing in-process invct1tory and aJ>sociatcd 

carrying C041CS. 

(iv) ERP's scope u.sually implies signilicanr changes co staff ~rk processes and 
pcwia:$. 

(v) Data ni.igtation k the prvceu of moving/copying and rauuctU.ring data from 

a.n existing gystem to the ERP system. 

o.,.,,;r, Pla,m;,,t ,m.J 
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1. ·Fa:phin what ia meant b.,- Capacity planning and the t.traa:gics telatcd to it.
. . 

1. Dac:iibe the historial evolution ol MRP and MRP Il.
. ·, 

�- What is the � conapt of MRP m

4. Hiplighc the -..rlou.s bencfus .usodated with. MRP Il.

5. What is the uae of rhc c:.o.oa:pt of Juar in Tune in modern day bwincM?

6. What do you 11.11dcn;tand by the meclwiism of Kanban?
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6,1 -• 1 ••••·- •v-.&Vl.1 

The objective of rnau::rlal$ tnailagc:me.nt i, to have the right ma.t.erial requited fur 
manufadllriog. or production, in thc right amount, at the right place, and ar the 
right rune:, and, as woe bl.ve almdy noted, thi.s implies that the what, how rnuc:h, 

and when of material tcqu.itements must be dctcrmiMd first. This is dt~ basic 
obje«ive of the materials planning md budgeting function. The questions that must 

be answered arc the fu1lowiog, 

• Whic:h in.aoerial inputs must we geu 

Note, The inpUQ ffljUimi a.n, dependent on the outputtlcnd products planned tx> 

be manufactured. · 

• How much of rad> of lhe,e inpu18 do we need. and based on how muc:h is · 
available in stotct and/or has already been ordered (illvento.iy on hand and 
or oixlu), how much of each of these should be ordered? The gross · miuire
mc:nta of eadi of du: requued niaceria.l inputs are calculated fuu and the net 
""4~111l< m derived by iUbuaa.ing from it the on hand and on order 
invencoty. 

• When should the oroen for each of these materials be plattd? 

Material planning ii a scicncinc i.:chni.que of determining in ad.van~ the require
ments of raw .materials. ancilwy parts and components, spares ere. as directed by the 
production programme. I.t is a Sl.llwyatem in the ovcn.11 planning a.:xivity. There are 
many &cton, which influence the aaivity of maeeria.l planning. These f,taors can be 
classmed as macro and micro systems. 

l) Macro naon: Some of the micro &.:tors wrudi aEtt:a material planning, an: 

pria ll'elld.,,. business cydes Gon. import policy ctG, 

2) MiCll> facto1': Some of the micto factors that ~ material pl.a.nning are 
plant ~ty udlirado". rejection raw, lead times, ,inv,:nrory kvds, work
ing capiw, del9ti°Qn of po-ws and Q).lnmw,i®ion. 

The impon:anor, of .IIUll:aW i.n inanu&au.ri.n1; wncern needs the explanation because 
in its ahscnGC production is not pouibk. Moreom it aftects the efficiency of all 
madiiaec, money &: m.ada:cing division of an indusny. But there are so many ptob
lcnu. awudcd with the management of materials. such as investo;1ent in materiah idle 
funds, storage of obsoL:sa,ru;e problem. .,.,..,. of mw:rial in handling etc. wbicli 
ffl(Uire immediate aaention of management. So that the moct of production may be 
reduced ro the minimwn &: the quality of produa may be maintained. As material 
coMUme lion's shaie of the investment and that too with a possibility of turnovtt, 
its ellkien:t .management romumed ro tbe pto6tability of the organisation. 

Material planning is the .im.porwtt acti.my of materials managcmenb, It should also 
be noticed that invcnroiy 'Control' .is an in~! pan of the materials production 
material. 

Material planniJig meaJJ$ to develop a purchasing prOGedurc. For procurement of 
materials, it is ~tial to know how mum quantity is required. Based on these 
information the procurement program is dtawn up & linandal prov.Won is made 
materials planning Ill programming is also essential co place the order, well in 
advance (lead ti.me) so that ddivery at, right time is ensured. 



The starting point of the planning of marerials procun:i:atnt is .the production 
schedules & bill of mate.riab ·sooru & spate parts, planning is done with the help 
of foteca&1led demand & the coo.rumption patterns. Based on the annual foceasr. 
production schcdul~s are made. Working backw.ud,$ on the scltedules th.e da1CS on 
which the dif&rence materials must be in planr, ate calculated, .Appropriau: factor 
ofsaf«y dtould be wed in worlcing our l.aJ:ett date of arrival. The quantities required 
ue also calculated with be help of biU of materials. · 

Mare.rials planning for projea: work can be done in the similar way, in such cases use 
of network ted,Qiqucs can be ~ co arrive ar later <b.te of· tnaraials. 

In batch mu\ufacnuing, where ittms are -,nbled in b:ucliC$, · a:naib 00mpo.w:ms. 
nu.y be required in la.tgc quantities at infu,qucnt intctvals i.e. to suit batch uaemb!y 
schedule. There will be liu:le benefit in .DWlltaining stoda of ail pam · & items at 
all i!C.lllS sinoc at most times these stocks will not be dmm 'upon. Thus th.c prooc
dute can be devdoped by which tb.08e items required fur a-=bly arc available at 

• the time requiml stodta of tbeac iteln$ are not maintained or are maintained at a far 
lower .lt:vd.. 

Thus marerial.s planning .iimvity a.:ts as a dfeaive link bctwccn the purclwing or 
procw:ement & the nwtuw:turing function. Ir ~uiru the knowledge of. .•. 

• Bill of matcrlal q11&11tlty. q~i:y &: ~cation of material 

• Produccion of Ar.senlhly $Cheduk. 

• Supply lead ti.mes & dependabiliry. 

• Man~ring capacity. 

• Overall economy. 

6, 2 Ma1erial Planning f\lJ1CUOIU and Obj«lm: 
• 

1) Tl'al)swio!> .of the sales p11)~ons ioto lo.ng term iequimncntt. 

2) On the basis of u.pdatcd produawn plan adjUffecl to the la=: sales denWld 
to adjust du: ~rial, acw.rdingly. 

3) To projea the &cilities ffljUi.red fut the m1.teriab nwiagcme11t. 

.() St;tting up of comumption a~, fut wotking out requ.ir<:lnta". 

5) To perform value analysis to determine ihe .inoinsic wo.ttb of malllrials. 

6) To decide whclher ro Make or Buy. 

7) To b.igblight aa:prum &: priorities. 

8) To keep invcnrories as low :as possible. 

9) To procure pans as &: when needed by the produaiooi/-bly s<:hed~ .. 

6.3 Tec:hnicp.ics of Material Planoing: 

One of the tedt.o.iques of material plau11.ing is !,ill of material aplosion. Material. 
planning through. bill of wawial. e-¥oaioo is shown hdow i.n fisw:e. 

NOTES 
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The !>am for material pla.eni.tig is !he fom:a.st demand for the end ptodu.= Fore
<:.atting todmiqua wch as weighted avenge mcdwd, exponential smoothening and 
time series models a-re wed fur the same. Once chc demand fureart .is made, it is 
po!lhble go throogb du: e=cisc of marerial planning. 

Bill of materials is a document which shows llst of material$ requi.r«I, unit co!IAlmp
tion location code for a given produa. An cxplouvc die.rt i, a SCfie$ of bill of material 
grouped in a matrix foun 111> that combined mquirc.ine.D1$ for diffietent components 
can be do~ requirelnmta of varioua materulls are arrives at &om tht demand fun:cast, 
U&ing bill of mat.rials, through ex:plosion dwts. Th.u.s material requirement pla.n. will 
lead to be the ~pment of delivery scheduk of the materiab and purchasing of 
tboee material reqWN1111ent1. 

6,, 4 Scope of Materials Plaw)iog in Manufacturing 
The ~ fiw.aion of MRP S)'3tem includes i.nventoty QOnaol, bill of material pro
a:asing and elemenmy acbeduliog. MRP helps o~tloni to maintain low inven• 
tory lm:Li. It ii 1.11od to pJui ma.nwaaurinJ, purchuing and delivering aaivirics. 

''.Manu&auring orpnizalioa.t, w~ their ptoch.un, .face the aame daily praclical · 
problem • that autom~ want p:roducu to be available in a shorter time than it 
takes to make them. This meam that some k-..d of p.lanwng is required.· 

Co.lnpanicf Med to control the types and quanliti~ of materials they p!ll'dwe, plan 
which p~ are to be pxoduc.«I. lllld in what quanril:lcs and ensure that d,ey arc 
able ·to meet Qllffllt and future customer demand, all at the loWetr pouiblc co.1tt. 
Miking a bad dcciiion in any of the8C areu -,yjll make the company loae money, A 
few -.,les are given below: · 

• If COnlpany plU.Ualel insufficient quantiliea of an ille$1l wed in manufacturing 
{or du: wrong Item} it may be u.rutblc to meer contraer cbligatiom ro supply 
psoduas Ob time. 

• If a company purchases excessive quantities of an item, money is wasted - du: 
cscas quamiry w:s up ash while: it n:ma.ins as stock and may never m:Ji be wed 
at all. 



• Begin.n.i.og producio11 of ~ . order at the wrong ti= c:u, cause cu.ttomer dead-
lines to bt l'IP$$ed. 

MRP is a tool to dcid with these pi:oblcms. It provilb ""-"~ fur scveial quettion.s: 

• What irems are required? 

• Haw many are required? 

• When a,c they required? 

MR.P can be applled both to iten}I; that are purdla&ed &om outSidc suppliers and 
to ~biles, prodwic:d internally, diat uc oomponentt of mo.re complex items. 

The (bia that rnu.n Ix considered include: 

• The end item (or ircm.s) being ~ti:d. This is .SO!Mt.itnes <:ailed Independent 
Demand or Level "O on .SOM (Bill of rnatfrlals). 

• How much is required at a lime. 

• When tb.c quantitica ace tequ.ilcd to meet demand. 

• Shdf life of st0red cnate1'iah. 

• lnvcnrory star;us record,. R£<>1rds of net maceriah al'iliW>k for u.sc already it> 
stock (on hand) and rwttimk on order 6:Qm supplias. 

• Bi&_ of materials. Dcraili of the matcriau, tompo~a; and suh-&S&emblies re
quired to tnalu: eam product. 

• 'Pbnning T►.ua. This indu~ :all th.: rumims and direction.s w p!Odu« the eRd 
ittint. This .includq iuch itemll as: .R.outihgs, Labor and Machine Standards, 
Q!!aliry and Testmg Studard,, Pull/Work Cd.I and Push commands. Lot si>lng 
w:boiq•its (i.e. f.bt.ed Lot Siu, Loe-For-Lot, and Economic Order Quann{)'), 
Scrap Pm:entap, and otbc.r inputs. 

6 .5 Pro1Jlems with MRP systems 
, 

• 

• The lll.ljor ptubkm with MRl' syftenl$ is the intqVity of the dau, If ~ ar,, 

all)' errotJ in the in\!Wttoty dau, tht bill of mmriab (wminM!y, referred to as 
'BOM') data. or the lfiastcr prodticuoa sch,,dnl~> then the output data will al,o 
be inooma (colloquially, "GIGO": Garbag,e In, Garbage Out). Data. iiucgrity is 
alao affected l:,y iliacwr.ue ~ wunt adju!Ullenis, .IWI~ in i,cciving input 
atld dupping outp<1t, scnp not repotsed, waste, damage, box count urors, sup• 
plier container COUD.t errors, production reporting errors, aad J)'&tem iMles. 
Many of the.9e types of en'on can be mini:la:iz.ed by iniplementiog pull S)'IWIIS 

and using bar code sQIIUUtlg. M~ '\'CIM:lim in d\i$ type of fy$tffit tt<»mmend 
at least 99% datt ~ty fut die IYltecn to give uaeful l'Clluhs. · 

• Anodter major problem wid,, MIU' systems is th.: requirement that the user 
specify .bow long it will alee fur a maory ·to .mde 'l procllact from its component 
para ~ng tfiey it.re all a.aiht.h!e}. Additionally, the S)'ltem dc,ig,t, abo a&

su.ma that this "lead time" in manufacturi-.g will be die .same C$Ch ti.me the 
item is nwle, without reprd ro qqantity being made, or other itc:mS bci.r,g made 
.sicnulaneouslr in the faaory. 

Matmal Plmming (Ml')., 
A{.,..;,,J~ 
P/,v,•ing (MRP) ,mJ 

Budg,ti,,g; 
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• A .manu.liaaure.r may have fu:tories in different cities or ~n countric:s. Jt ii not 
good fur an MRP '}'!tem ro say tlw wr d1> not need to ·otdcr some m.iterial, 
because we have plenty thowiands of miles away. The ovcall ERP sys,rm needs 
to be able ro organize inventory and .need$ by uidividual factory, and imer
rommunica~ the nttds in order to fflab!e eadl fu:io.ry to ~ibute compo
nents, ao u to isrtve the overall entetprise. 

• This means that. other 3}'StemS in the entcrpmc need to work properly, both 
before implementing an MR:P system and in the future. For example, syscems 
~ vatiety .teduaion and cnginecriog. which maku su.o: mat product comes out 
right first time (without defcas), must be in P•· 

• t>roducti(lll may be in p~ fur some part, wh- de&iga. ~ts changed, with 
CllltOmt:r ordei:,; i.n the system for both the old design, and the ,new O!)t, con
aurendy. The C¥Crall ERP sy,wn .needs to have a sysrem of coding pam ,uch 
that the MRP will CGtJecdy cakulate needs and rradang fur both vmioll$. !'ms . . 
must be boobi into and 1>ut of srom moic regularly than the MRP calculations 
take place. Note, these other systems ,;;an well be manual systems, but must 
inr:e.rfu:e to the MRI'. For Cl'llJDf'le, a 'walk azound' s<ock .in• done jun prior 
to tbe MRP calmlations an be a practical solution for • i;mal1 invmcory (espe
cially if it is an "open store"). . 

• The other major drawback of MRP is that take. no aaiount of capacity in its 
a.lcuhuons. 'fhi& .rneana it will give resultw that a.re impossible 10 implc:ment due 
to .IIW\po1ftl" or machine or supplier capaciry constraincs. However th.is is wge!y 
dealt wid, by MRF II. 

• Gene.rally, MRP II rekrs to a $)'$telll with i:niq,:ated llnancials. A.n MRP II 
system can include finite I infinite capacity pluwing. But, co be oocuidei-cd a 
true MRP II system must also indude fin.ancials. 

• In the MRP JI (or MRP2) conapr, fluc:t11atlons in foreca,r dat;l are ween into 
account by indudi.ng sim~n of the master production schedule, thus creat
ing a long-cetm control. A more gcnel111 fuature of MRP2 is iu cxteNion to 
p9rdwi.ng. to marlcr:iing and to nnance (~ion of all the function of the 
company), :ERP has ~ the next step. 

6.6 STORES MANAGEMENT, 

Sto,:,:s play a vial n,lc in tb.c openrions of a,mpa.ny- It ill .in direct touch with the 
mer deparanena in iu day-UKW.y acrivities. The .l'l10ft wpo.n:aot pwpo.,e sem,d by 
the ston,a i$ to provide wiinttnup<ed savice to the manufu:turing divisions. Further, 
stores ate omn eq~md dim:tly wir.h mo.ncy. as money i! locked vp in the stores. 

6. 7 FUNCTIONS OF STOW, 

The fu.naions of stores can_ be classifu:d as follows: 

1) To rc:aive raw materials, componenrs, ~Is. equipme.nt's and other items and 
account for diem. 

2) To provide aw,quate aod proper storage and p~ to the various item$. 

3) To meet the demands of the consuming depar:tmcnts by proptr iesues and 
account fur the COMUOlpti04, 



4) To ininimir.e ob.telescencc, suiplus and SCl1lp wough proper oodifa:ation, p~-
ervalil)n and handling. · 

5} To highlight stoclt a=ulation, dlsa,:paucie$ and abnomw consumption and 
effect control measures. 

6) To cn~un: good hou.se keeping .o that material hmdl.ing. material preserv.ation, 
sroclcing. ~pt and ~ can be done adequai,:ly. 

7) To assist in verification and provide supporting informalion fut dfective purcltasc 
action. 

6.8 CODIFICATION: 

Coding is the maw. fum:tion of specifying a unique idemifu:ation to the material in 
tbc ®res or in irm:ntory. Coding is essential ~ i.tquisiriooing materials for the 
opcwional deparu,,eli~ placing orden, rca/riag nwerials from the supplier, and 
~ unique .r«otd fu, cadt Jnaterial in thc itOtt4. It also helps in. having Sood 
CODtt'OI over the invcruories and pilli,rage of '113attrial.s kept in w :stores. 

Unique idmtification Q[ matmal.s sud, as n.w matmal, ~inilroce!l& marerial or 
finished. good is a good pntdcc. C«llog is imporunt for those pbnts tlur rui.ve 
varieti~ of raw-materials with s.imilar nomend~. 

lt is one of thc functions of 11ores .q,aoagemmt. Codification is a pNlca.t of .cq,rc
. senting QCh item by a number, rbe digit ·of wbidi in.dicata the group. the sub
group, the type and ihe dimens.ion of the i- Many oiganizatiOIIS in the puhlic 
and prinle -~. railwa)" ba~ lhclt o,,in ~em of cotl.ifkaaon, varying from eight 
to thirteen digits. The fust tw0 dlgits represents the major groups, iudt a.s raw 
materials, spate paru. sub-cont111Ctcd. items. hardware itcma, packing material, rool., 
oil, stationery ecc. The nm two digiu indiate the s~ps. sucll as, futcUJ, non• 
krroU& etc. Dimen.sional cbanctcristia of lcngib. width, head diameter etc. con&ti
rute further d,n,c digits aod the 'last diiPt is reserved for minor variatiom. · 

Whau:n:r may be the bari,, ~ oc)!le should uniquely <qresellt one iiem. It should 
be iimple and c.pable of beiog U1tdearood by all~ Codification should be Q)lnpact. 

concise, ron.si.mnt and flmble enough to aanmmoclate rrN itcm8. The groupings 
should be: logical, holdlng .similar para near io one another. Each d.igit must be 
significint enoiigh u, represent .some chancte.ristic of c.hc item. 

6.9 Charactemtics of good coding 'iystem: 

A good ceding system has the following diancteristica: 

• FlczU,illty: A ooding systtbl altould be ~ lasting so mat maimum bcndin 
could be aduevi:d. ~ term ~ui!mwlt of an l'"IJIDirarioo. should be kq,t in 
mind wllile applying any axllng method.. 

• Prccuioo: The codification method ahould ittlply 1hat a unique code is gNe.D ror 
~ material. A prope,: and logical cxiding should be gh'f:it to ,-;ry mairrial so 
that no confusion oc ~nt O<Xlll$ in fut:Utt. 

• Bu.ity: While ~ a material, tbc length of the code should not be vu:y loag 
or very ahon. The code should be such that the maCfrial should be easily 
idemifiabk by jun lookh1g •t the rode. 

M-WPi,,,,rtin[(Mi') •r 
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• Comptehewmaaa: While classifying a material fur c:,oding, the narure of the 
mawrial, name of die supplier and end wen should ~ taken into acrounr. Tu 
code should be web Wt all these f=o.rs = implemented in the code. Th.is 
helps. in tracking info.rma.cion about the material. 

While coding a mamrial, answer to the following qucstiooa should always be lcept in 
rnind: 

i) Who is the user? 

ii) What is the U5le of roding the matccial? 

iii) Whic:I. method is me most appropriate fur coding? 

Objecsives 0£ Codil!carion· 

The abjccrive. of a ntionafucd matu-ial coding $J11tcm are: 

1) Bringing all items rogediet. 

2) To cnmle putting up of any fucun: item in its proper place. 

3) To clauify an item aa:onilng to its dwacrerist.ia. 

4) To give a unique code number to ear:lt item to ;n"Oid duplication and am• 
higuity. 

5} To reveal exa:saivc variety and promote standardization and varwy reduc-
tion. 

6) To C$Cabli1h a common language fur the identification of an itern. 

7) To fix eswttial par.unetm for specifying an in,.m. 

8) To specify i- a per national and international standards. 

9) To ~nahle data p~ and analyii& 

Ad.imtaps ai Codi&atioa: 

As a result of rationalized codification, many firms have reduced. the nw:nber of 
items. It enables systematic groupmg of similiu- i~ anii avoids confus.io11 cawed 
by long descrip.tio.o. of items since standard.i:ution of names is achieved duough 
codification, it sencs a, dte 1wci11g point of $UttplJllcation and $Wldardnation. It 
help, in avoiding dupliaation of items and rcsuka i.o. me minimization of the number 
of i-,s, leading ~ aa:u.wc rccord. Codincation enables easy m:cpltion of an item 
in stol'<:$, thereby reducing clerical efforts to the minimum. If item& are coded 
accoidirig to die sources, it is pouib.le to bulk the items whllc ordering. To m.u:imit.e 
w afu.moald adv.tnagcs, it is necessary 1i1> develop ~ codci u concerned, .n:amcly, 
peno.o.nd froin design., ptoduction, c.nginccring, in.peaion, maintenance and mate• 
rials. 

6 .10 STANDARDIZATION: 

Standanfuation means producing maximum variety of produca. &om the minimum 
v.uicty of nwedals, pans. tD<>ls and proc;QSl:6, It is the p((I~ of (:.Stahl.i.shing mn
dan!s or uniu of m~urc by which eim:nr, quality, quantity, val~, pcm>rmaooc etc., 

may be c»mpued. and mea.sured. 



Adv.mcages of SWldardiu.ti.on 

All the so::tlons of company will be beneficed from stan~on as mentioned 
below. 

lkndits to Desigii Dq,artmcnt: 

I . Fewer specifications, drawings and part li$t have t0 pupated and iuucd. 

2. Mote rime is available to develop new detign or to improve cttahli.shed dtsign. 

3. Better resource allocation. 

4. Las qualific.! pcr.sonncl can handle routine Jcsign. work. 

Jknelits co Manu&cwring Departmeat:. 

1. Lower unit C05t. 

2. Better quality produca. 

3. Bcm!r ~thods and ttioling. 

4. In~d .intetchangeal,iliry of part$. 

5. Better utll.wu:ion of manpower and equlpn,.ent. 

6. Acc111att ddivety dates. 

7. Better accvio:s of production com:rol, srock ()()tli;rol, purdia.sing. ere. 

8. Mote effective tiaini.ng. 

&tidlu to Matlmiiit ~ 

1. Bemr· quality p~ of provcn design ar «-1nable ccst leads· ro gt<!a(el mks 
-.olume. 

2. lnci-ed margill of profit. 

3. Better product dclm:,y. 

4. Easy ~ty of sales part. 

5. Less sales piessure of aner-sales scrvica. 

Benctits to Production Planning Deputmmt: 

1. Scope fur improved medtocls, p~ a.ad layoou. 

2. OppoltW\itieJ fut mott efficient tool deaign. 

3. Better .IC!IIOUC<:C .Jlocation. 

4. Reduction .in pn,-pr,:tduetion activitia. 

Bendia to Production Control Inpanmmc 

1. Wdl proven duign and methods impl'O'VC planning aod c.ontrol. 

2. Accurate delivery prot:oi,r;s 

3. Fewer debys arise .&om waiting fur materials, toak, cte. 

4. Follow-up of 1nwl badies consumes leu time. 

Mlllmlli~g (MPJ qr 
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Bendiu io PutdlMe md Slock Conl!OI Dcpartmut: 

l. Holding of stod< of sw.dard items I~ to 1- paper wot.Ir. a.nd fewer requmtions 
and otden. 

2. Storage and ,pan location can be unproved. 

.3. N~r u:duuqu,:s can be 11$1:d for bemt rontrol of stocks. 

4 . Because of large putdiue quantities imroh,,:d, f.tvorable putdiasc contracts can be 
made. 

Bcnc£illl: to Quality Conuol ~r, 

• 1 . Better in~n arul quality control is poail:,k. 

2. Quality standards can be defined more dearly. 

3. Operators becr:,,me familiar wilh the. wodc and produce jobs of a>~ 4ualicy. 

Other Bencfiu: 

i) Work .a;idy section ia benefited w:idt cffic.ient break down of operarions and 
eltectiw work measurement. 

ii) Costing can obtain better ro~uol by .iMalli.ng standard costing. 

iii) More lime ia zvailable to the iup:m,on to make useful n:cordJ and preserve 
statistics. 

iv) RA:duced reduaions and scrap • 

. v) Ht;lps supervisors t<> run hi$ depua:ne11t dlicimdy and ~vely. 

Oieadv.mt•ea of ~: 

Followiog :lit the disad:wncages of standardmtlon: 

i) Ral.uction in choice because of reduced variety and ccnscquendy loss of 
bu.sine$! or rustomer; 

ii) Standatd once set, resist change and thus standardization nu.y become an 
ob&l2Ck to progte,15. 

iii) It tends to favouc only large c.o~. 

iv} lt beconu:s wiy difficult to introdua new models because of Jess flexible 
prod=ioo facilities and due to high cost of spcdaliud pmduaion equip
ment. 

Cuc ScMfr- Problem Desc.ription 

Material rtquite«icnt planning (MRP) is a lr.ey clement in managing resources in a 
manufaawing environment. MRP sym:ms were developed to help companies man
age dt:pe11dent dtnw>d ~ and schedule rcplcnisbment orders. MRP .sysrems 
have proven to he bl!flefu:ial to many ccmp<111ies. 

The aim of this projea is to build a .support systan that would gen=te makrial 
n:quitetnenu plans lot a manufacruring c.ompouiy. This support system shoold be 
build using the principle. of MRP sysccm,. We ti.IC a $Unpic eiainple to show how 
MRP systems work; bmm,er, to learn more about ~ systems - .rd'cr the studenca 
to ~jcwski and Ritzman (2002) and Nahmi» (2000). 



MRP S)'11te.m 

.Ar. MRP iyKCm tranalatcs the master produaion $CMdule (MPS), bill of tnattrials 
(BOM), IIDd .imeotory .records into a material requitemellt plan th.at 3_pecifies ihe 
tcple.nishmcnt schedules of all the subusembl.les, ()()Jnponencs, and r;iw materials 
needed f?r the final p.rodua:. We ill'IISttaU! the inpuu of die system and the fi.oal 
MRP plans using an aample. We consider a mmufacimi.og company that produ= 
chaiu. We proenc the BOM, MPS, and MRP plans for the lad<kr-back chairs 
produced by du$ company (Krajewski and Riaman, 2002). 

MPS p-ts the lot me and due dace fur the fuial pn>ducu . 
..... , ..... 

• : $ • •• • > .. 
l_. ... ,_.,_:.•ll•hilr tll' tt·o 

Ktl-oll•~ •11•11' - -.. , ei ... ~ .. ,., • ., uo ,. . ••• ...... ,..,.,. 
,,.,~.,,.JJ.Ji.a 
,.,. "···••ttt 111/1' •re, 

Fig,uc 1: MPS for a Family of Chai.is. 

The BOM p.R:9e11a the ,;omponcnu required ro nwiu&crw:c the fuial pioduct, the 
pattnt-<»mpoac.ut .idaoolllhips, and the usage quantities, Imattoiy RCOl'G& praco.t 
an item's lot-size poliq; lead-time, and otbet- time-phued data. Below - p!C$1:nt 
the BOM, MPS, inven11>ry records, and the material n:qulremcna plan for a I..addtt
&ck Clt,ur, 

Figiue 2: BOM for a Laddtr-&ck Chair. 
.... ~, .,....,...; . .., ....... ~ .. ·• Le,l~t-;a,e.,.-. ,. ....... , ....... 
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Yrgwc 5: l.nVl:'lltoty R«.onls fur the Seat Suban ~\bly of dte ladder-Bad< Chair. 
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F~ 4: Patt of MRP Plans for the Ladder-Back Cbafr. 

Excd Sptead.bc:ea 

1. Build a spreadsheet that prew1.ts for each fuw produi.:t the name aod quan• 
tity of all the components wee! tx> produce the product. 

2. Build a rp......fsbw, wt presents for each iwn the amOUAt on hand and 
scheduled rc:ccipu. 

;. Build a ,p.rcadahc:et that presents for each final p,oduct the amount and the 
due data promised to customen. 

User Iniemcc 

1. Build a wdoome form. 

2. Build a form tided "Bill of Materials." The fullowing aJC suggestions to help 
you (bjp. this .form. IJUCrt a combo bm: tirled "Chcosc a Product." The 
COlllbo bo.: an-, tbc user to sckct one of the final producu listed. Upon 
selection, a lin of the ro.cnpontnts u.sed to produce: the produa ii di.splayed. 
The user should be able to IIClcct more man one componen.t from the fur 
as, more dwi one 00mponcnt .may be wed to produce the final product. 
Include nw, conunand buttons in this fume, one titled "Continue" and the 
other •submit.• If the ·uxr clicks on the •eo.atinue• command buann, for 
boxes appear. one fur eacb a>mpoDCnt. The use.r selects for each irem the 
oorrupondi.ng components and submio; the .infurm:arion. The same process 
oonnnues unril we have defined all pamit•crunponent relalionshlps of the . 
final p!'Oduet. If the user dicks on the •Submit" co.m.mand buiron, then a 
fonn lided "Enter U~ Quantltiet" appcan. This form pre.tents all the 
components used by a p1'0duct. Nm to the name of each component, insert 
a ten b,n for the U$er to type "in the quantity used. lnaen a command 
button chat, •hen clicked on, ,ubmits the data and creates the bill of 
material for the selected pxodua. 

3. Build a Conn titled "Malter Production Schedule." Insert a command but
ton. When die 1.1#1' dicb OJl this buaon, the daia about the amount of the 
final product due and the oottcspooding due date (Sptcwhecc 3) are used 
to pROpate die MPS. The MPS i& p.rae.ntcd to the uaer. 



4. Build a form tided "Invenwiy .R.coords. • The fuuru: coruirts of a combo box 
and a command bunoo. The combo bo¥ .lisu lhe names of the final produetS 
and compcncnn. The user ~ a 'produa or a component and cliw on 
the wmmand button to generate the 11l"C.ntol)'· n:cw for the selecred item. 

5. Build a form tided «5ee an Eample." This furrn p.n:sems a simple example 
that demonscram how the MRP systems work. 

6. Build a form tided •0eate the MRP Plans." 'The frame includes the follow
ing: 

a. A tcl{t boic where the user types in the knp of the bd-timc. 

b. A combo box c:luit allows the wer ro select a lot-azlag rule (FOQ, 
POQ, or IAI.J, 

c. A oommand button that, when dk:ked ,on, uses the BOM, M.PS, 
inve11rory records, lead-time, and lot-~ng rule, to produce tbc: 
MRP plans. 

7. Build a fonn tided "Rtpons.. • The form has a number of option buttons and 
a <Xllnm:md button·. The option butt0m alk,,v the (I.let ro select OM of the 
iepons aeated. When the user clicks on the command buttO.b, th<: adected 
report is opened. 

Design a logo for this project. Insert this .logo in tbc fur.ms created above. Pick a 
background color and a funt color for the fumis created. Include the following in the 
forms cn:aa:od: record navigiation command buttons, rcc,ord operatioos command 
hllttoru, and funn ope.rations wmmand bum,ns as needed. 

Reporu 

6.11 SUMMARY 

1. Repon: d,e OOM for the final prcdllct(s) produced by the com
pany. 

2. Report dte MPS fur the final'pxodtict(s} pn,duced by the com
pany. 

3. Report the MRP plans «eated uwig the tbw: diff'e:cnt lot
sizing rules. 

Mataial phuuiug (MP) o, Mal4l'ial Requiwat Pl-ing (MRP) .is a pmduction 
planning and invento.ty rontrol $pt.em used to manage mmu&cturing processes. 
Most MP sy1re= are software..bMed, while it ia possible to conduct M.RP by 'hand 
as well. 

An MP system is iniended to simultme0usly meet three objcciives: 

• EnNre ma1erials are availabL: fu, _productiOII and products are available for de
li.-e,y to cuaromers. 

• Maintain the low= poaaible material and piod...a )t\fds in srore 

• .Plaa rna.oufu:turi.JJg aaivllics, ddiYety schcdu.la and pu,cbasing activities. 

Prior to Material. Planning. and b,eforc ~mpureis dominaud indu,ay, ieon!Cl'-poim/ 
nootdu-quantity (ROP/ROQ} type methods liltt EOQ had been used i.a manu&v-

M""1ial Plam!int (MP)'" 
M..tlmal~ 
Pi,,,,,,;"l {MI/P) ,,,,,1. 
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turillg and inven.toty management. In 1964, Joseph Orlicky as a ™ponsc. to the 
TOYOTA Manuliicturing Program &moped. Marmal Requimnents Planning (MRP). 
Fint company to use MRP was Black & Dl:cket in 1964. with Dick Alban as project 
lead.:r. ln 1978 Oliver Wight and George Ploss! ihe.n dm:loped MRP l.nm mmu
fu:auing ,.,,.,wee �g (MRP U). Orlicky'P.s book .ia enrided The New Way of. 
Life in Pxocluction and lnvmtory Management (1975). By 1975, MRP was imple
mented in l 50 compr111ics. Thia number had grown to about 8,000 by 198 I. In the 
1980s, Joe Orlid:y's MRP evolved into Oliver Wight's manufacturing resource plan
.rung (MR? II) which brin� muter scheduling. rougb--cut c:apicity planning. capac• 
icy requ.irementt planning. S&OP in 1983 and <>ther ooaa:pts to dwical MRP. By 
1989, ah<>ut one third of the software industry was MRP II software sold to Ameti• 
can indus,ry {$1.2 hillioo worth of software). 

ANSWERS TO 'CHECK YOUR PROGRESS' 

(i) Coding ls the main function of s�cifyiog a unique identifi.catlon to the
material. ln the srora or in inventory.

(ii) Standardization means producing maxi.mum variecy of produm from the
minimum � of materials, pms, tools and ptocascs.

(iii) Material pb,nning me/Ills to develop a purchasing pro�durc. For
procurement of mawials, it is cucnrial ro .know how much quantity is
�llired.

· 6.12 TEST YOURSELF

l) Whar do you nw:an by Mmrial Planning?

2) Wh.lt are the furu:tions and ohjeaives of Material Planningl

3) What are the tedmiqUC1> of Ma1crial Planning?

4) Describe the term 'Sro� Management'.

5) What do }">U mean by Codification� Explain its objiictives and advaal»ge$,

6) What m csamtial. characteristia of s,:iod. coding SJSUm?

7) Wtice a $bore nou: oil Standardization.

6.13 IREFERENCES

6.14 FURTHER. READING 

• �n PU Mtllmltl M� Ctmdijf #Iii G,,t,,,ni

• Adam, E. E., & Ebert, R. J. (2021). Production and operations
management (6th ed.). Pearson Education.

• Ahluwalia, A. (2019). Production and operations management.
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• Aswathappa, K., & Bhat, K. S. (2020). Production and operations
management (2nd ed.). Himalaya Publishing House.

• Balasubramanian, K. (2018). Operations management. Vikas
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Wma o-O;nmiw . 1.1 INTRODUCTION 
~ 

Invencoiy means a lilt compiled for some formal purpose, such as the details of an 
estate going to pro• or the contcntS of a hou.e le1 fum~ed. 1rus remains the 

NOI'.l!.S prime meaning in British Englwi. In the USA and ean. the re,n, has dt:vdt>ped 
from a list ofgood& and materials to the goods and material available ln swck by a 
busiMS$; and tbia ha,s bc,iotne the primary meaning of the tenn· in North American 
English, equivalent to die term "stock" in British English. In accounting. inventory 
or stock is considered an ..-.et •. 

Soft w:".!~ 
1:24 

7. 2 What is Invmtory Management? 

Inveiitory inaoegemcnt ii the ~ of efficic;idy ovmecing the con$Wlt flow of 
units into and out of an e<imng inventory. This p~ wually involves contt0lling 
the tranafer ln of wiits in order to prevent dte invmtoty .&om becoming too high, 
ot dwindling to levds that could put the <>petition of the company into jeopardy, 
Compotenr lnvcntt>ry management al$o ~ to control the costs associatttf with the 
inventory; both .&om the perspective of the toW Yaluc of the pds included. and the 
tu bwde.n generated l,y the cwnular.ive Yaluc of the inVffltory. 

Balancing the wrlous udr.s tif i.o.vcntory mattllgffllCnt means payi,;g attention to 
three kiey :aspeas of arr, inventory. ~ tint a.sp«r has tO do with time. In tenns of 
.mate~ wiuitttf for inclusion in the total inventory, thls IJlCUlS undet$t:anding how 
long it tllUI fur a supplli:r to proceu an order and c:xecute a delive.iy. Inventory 
management alro demands d,ar a soUd u,,dcmanding of how long it .will take' for 
those materials ro cransfu out of the inventory be established. Knowing these two 
important fead times maka it p<l"ible to know when to pl.ace an order and how 
many units muat be ordered to keep production ruoning smoothly. 

Caladating what is known 3' buAi:r stock is also key to c:ffective inventory manage
ment. Es!ientWly, buffier $1:0ck is ~dlrion:al units al»Yc 311d beyond the minimum 
numbtr required. to maintain production levels. For example, the manager may 
detetmine that ir would be a good idea to l=p one or tWO extra units of a given 
machine part on hand, just in caae an emergency situation arises or one of the unit.s 
pioves to be defccti..c once installed. Creating this cushion or bu.ffi:t hdps to tnlni
.auu the cha.nc;e fur production to be inte.truptttf due to a lack of cssentw patts in 
the oper,.tion supply ilm:o.to.ry. 

Inventory ~nt is not liauted to documenting the delivery of raw mate.rials 
and die movement of moae mat<:rials into operational pto=· The movement of 
~ matcials as they go through the various stages of the ope.ration is also impor
Qnt. TypiC1lly known as a goods or wmk in props8 ilivffltoty. uaduig matcri.als as 
they arc .-d to ere.ate finished go<Xb also hcl,P$ to identify the nt:<:'4 to ~just 
ordering amoun1s before tbe raw inaterials inventory geu dangeto11$ly low or is 
in&ted to an un&vorable levd. 

Fimlly, i.rm:atory manapne.nt bas to do with keeping accurate rcx:otds of finiahcd 
goocla that arc teady for &hii,ment. This often means posting the produ,;tion of n-ly 
romplered go<Xb to the inventory totals as well as subuacti.ng the most ream 
shipments of finished goods to buyer& When the company bas a return policy in 
plac.t, ~ is Uiually a suh..:ai:egory contained in !he finished go<Xb inventory to 



account for any returned goods that are reclassified as refucbished or second grade 
quality. Accurately maintaining figures on rhe finished goods inventory makes. it 
possible to quickly convey information to sales personpcl as to wlut .is available :and 
ready for shipment at any given time. 

In addition to maintaining control of the volwne and movement of various inven• 
tories, inventory management also makes it po.s.siblc to prepare =rate rcoords that 
are used for accessing any raxes due on each invffltory type. Without precise cbta 
regarding unit volumes within each phase of the overall operation, the company 
cannot accurately calculate the taX amounts. This could lead to underpaying the 
taxes due and possibly incurring stiff penalties in the event of an independent audit. 

7, 3 Business Inventory 

Th.e reasoas roe beplng stock 

There are. th.ru b:wc reasons for hleping an iD.VC!l~ 

1. Tune . The time lags pment in the supply chain, from suppl.ict to user at 
every scagc, require. that you maintain ccn:ain amounts of inventory to ll$c 

in this lead time. However, in practice, inventory is to be maintllined for 
comwnprion during "variations in l~ad rim~•- Uad rime iaclf can. be ad
drased by orderiog thar many dap in advance. 

2. Uacenainty • Inventories are maintained as buffi:ts to meet uncertaim:ies in 
demand, supply and movements .of goods. 

;J. Economies of scale• Ideal condition of ·one unit at a time at a place where 

a user needs it, when he needs it" principle tends to incur lou of costs in 
terms of logistics. So bulk. buying. movernc<!t and ,wring bring, in econo• 
mies of scale, thus invetltoly, 

All these uoc:.k l'Ca$ORS c.u, aipply 10 any ow.ner or product 

Special tfflns wed in dt-aling with inttntoty 

• St«k KNpi11g Uni., (SKU) is a unique combination of all .the components that 
uc ™"'bled in.to the pt.ttcba..able item. Th1:refu.~, any change in the p,tck· 
aging or prodll(.t is a new SKU. This level of detailed specincatio~ aasisa in 
managing inventory. 

• St;H:k out means rwuung out of the m11\'!lt01f of an SKU. 

• "New ~Id stock· (somelimes abbreviated NOS) is a term ~ in bll$in¥s to 
Kfu to rncrchandisic being olrcred fur sale that wa.s manllhCtuted long ago 
but chat has never been used. Such merchandhe may not be produc.cd 
:anymore, and the new old stock may rcpCC$¢t!t the only market IOutce ·ot a 
rrtkular · item at the prcscn t time. 

TypolOBY 

1. Buffcr/safuy stock 

2. Cycle stock (Used in batclt processes, ir is the available invcoroty, ududlng 
buffer stodr.) 

NOTES 
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3. Do-coupliQg (Bulfer s~.lt hckl between the m~.nes in a sing.le proass 
which. serves as a buffer for tbe l\c:xt on.:: &wing smooth flow of work 
instead of wailing the pmiiooi or ni:xi machine in the same p-) 

4. Anticipatioo .melt (Building up = nod: fur periods of in=scd demand 
- e.g. ice aeam fur summer) 

5. !'ipelinc stoek (GOO<b still in transit or in the process of di.stribution - have 
left the factoty but not amved at the ~mer ~) 

lo:notory cnmplet 

While .acoountanu often diacuss i.avc.ntoty in terms of goo& for sale, orga.nh:atioru 
- manufu:turers, servic:o-providers and not-for-profit,. also h.ive inventories (mture.s, 
furninue, supplies, eix:.} chat they do not inrend co sd.l. Manu&aurers', dlstribu
rors', and wholnalm' in-w:nto.iy ~nd.s co cluster in watehouaes. Retulcrs' ~nto.iy 
may ~t in a wa.tdiouac or in a shop or store .wc.emble m customers. Inventories 
not io=ded for sale ro customers or to clients may be hdd in any prem.ise.s an 
oigr.nw.tioo uses. Stoci; tit;S up cuh and, if ll.O.()()nttolled, it will be impossible ro 
know the actual level of stocb and therefore impoaible ro control them. 

While du, n:aaona fur hddiog swcll; were covered earlier, mon manufacu.triDg orga
ninrion• •1$Ullly divide their • goods fut, aile • inVC!lto,y into: 

• Raw materials - materials and componcots scheduled for use in maldng a prod• 
uct. 

• Work in procas, WIP -· materWs and components that have begun thei.r lr.ln.s-

formation «. finishai good$. 

• Fi:n.isbed goods • good, ready fur sale to cusiom.ers. 

• Goods fot resale • reruzncd. good.$ that are al.able. 

For ccunpk: 

M-~ 

A canned food manu:faaum-'s materials inve.cuory ind• the ingrcdi.cnu to futm 
die foods to be caoned, e1npty cans and their li<b (or (.Oils of st:cd or alu.ininwn fur 
oonstruc:lii:ig those componellts), labd&, and anything else (solder, glue, etc.) that 
will furm part of a liniahea an. The Jinn's work in process includes those materials 
&om du: rime of rdeuc to die work. .floor wttil thq become comp.lt:te and ready fur 
sale to wholesale or ma.ii cu.st01nel$. Thls may ht Vllts of p~ fi)od, filled cans 
nor yet labeled or sulHtssemblies of rood =poncnts. It may also include finished. 
can& mar are not yet packaged into cartons or palkts. Its lini.,hed goad inYMto.ry 

consists of all tbe filled and labdt:d caD3 ol food in ics warehouse char it 1w ma.au• 
~ and wishes to sdl o:, fuod distributors (whole&alen}, ro groo:.ry !rotes (re
m.ii.en), and even perhaps to con.swners through amingemem• like fllctory scores and 
outlet centers. 

7.4 Type. of Invma,.ry 

There arc two buic typca: n,erc.handisi.ng and .cnanvfaaur~. Manufai:ruring ia 
further divided into dtree more componencr. raw material, work. in process and 
finished good,, 



Me,cna:ndise inven&ory: If you buy items fro~ other attisis and crafteri to sell in 
your own gallery or sh.op, you'll have a rnerchandiae invenrory. Remember though 
- any items in your shop on conlign.tncnt are not part of your inventory. 

Maomcturiog inventory: If you make your own am and c.rafts, you'll have a manu
factuting invenrory. The: term 'manu&auri.og' might not seem to fir a hand crafted 

~ of busin=, but a quick miew of the classilkatioos within the term, wiU make 
the ·relationship clearer. 

A manufuawing inventory comists of three different pans: raw materials, work in 

procc:ss and finished . goods. Using a leather crafting bwin~ as my sample qafr 
company, here arc definitions and CWX1plcs of the th«c: 

·, 

Raw maaeriala: Everything the crafu:r buys to make the product is classified as raw 
mao,rials. That indudes kathcr, dyes, snaps and grommets. The raw marerw ,inven

tory only indudea items that have not yet been put i.nto the p1'oduction process . 
• 

Wotk in prO<leSI: lb.is includes all ahe leather ra,v, mao,rials that are in varioU6 stages 
of devdopmcnt. For the kathct c~ bus.incaa, it would indude leather pieces cut 

and in th(' pto«s$ of being scw.n together and the leather belts and purse etc. that 
an: partially constructed. · 

In addition to the raw marerials, the work in pr«<:s$ inventory ,includes the cost of 

the labor di=tly doing the work and .inanufaauti.ng ovubt!a<I. Manufutu.ri:ig over

head •• a catchall phraee fur any o~r e,:penscs the lfflher ctafting bu.siness has that 
ind.itcct.ly relai,; tO rnal'cing the ptoduas. A good ex.ample is dq>r«iation of leather 

making fixed -· 

Finished good.: '\11/hcn the leather itemS arc complcu:ly ready to sell at craft, shows 
or other venues, they an: finishai goods. The finished goods invcntmy also consists 

of the GOSt of raw materials, labor and mannfactu.ring overhead, now fur the encire 

prod.11<:t, 

Inventory is probably one of the largest costs for men:handi$.ing and manulacturi.og 

businesses.. Find out how ro account for invc:ntory ~ea if you are a mailer or 

manufacturer. 

7. S Principle of ln"R.lltocy Proportionality 

PUtpO<le 

Inventory proportionality is the goal of demand-drivm inVcntoty managcmfflt. The 
prinwy optimal ouroome u to have the same number of di.ys' (or hou,s', etc.) worth 

of lnvenwry on hand across all products so that the time of run out of all produas 

would be simultaneous. In auch a case, !here is no "cxccS& inventory," that is, 

inventory' that would be left. over of anotht-r ptvdt1ct when the .first product runs out. 

Euess inventory is aul>-optima.1 because the money spent to obtain it could have 

been utilized bem-r daewhen:, i.e. t<> the product that juat ran dut. 

The scwndary goal. of inventoty proponiooality is .u:ivmt.Ot}' minimization. By inte

grating a(:curate demand forecasting with inventory managcmc:nc, teplenishment 
inventories can he d,eduled t0 arrive just in time to replenish the pwduct destined 

to run out first, while at the same time babncing out the: inventory supply of all 
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produ~rs to make their invtntotll!$ ino.tc propottioru,l, an'd cbcrd,y dottr to aclik:v
ing the prim:uy goal. A.:cuntc dcraand_ fuRCamig also allows tire desired inventory 
propottions to be dy,,amic by determining cltpected ules out into the future; this 
allows fur inventory to be in proportion to expecx,:d short-tam sales or coasiunption 
rather man 10 past ~. a much more ac.run~ arul optimal <Jutcomc:. 

Imx:grating dcllland .fonoc:aning into invcntozy management in this way also alloM 
for the prediction of the ., can lit" point when invcnt<Jry 1t0t:age is limited <Jn a per• 
product ba&is. 

Application& 

The ttdtniquc of lll\'CU)I)' proportionality i$ lllOst appropriate fur inventories that 

remain WllttD by the consumer, as opposed to "keep full" S)'Sl:CDI$ where a retail 
consumer would like to see full sheku of the prodw::t dley a.re buying so ,u not to 
think they arc buying somahing old, unwanmd or scale; and diffumtiatcd from the 
."trigger point" systems where product is reordered when it hits a certain Jevel; 
im-cnto,y proportionality is med ~ by jun-in-tune -~ p~ 
arul retaJI applicatio.m where the product .is hidden &om view. · 

One early cxa1J1pl• <>f lnvcnco,y propc,ttionality used in a retail 11pplicalion in the 
United Stain wu for motor fuel. Motol fuel (e.g. ga.,olinc) ia perally stored in 
w,dc:,groutid Mragc ww. The ltlototi.ta do not know w~ 'they are buying 
gasoline off the mp or bottom of the tank, nor need ~ are. Additionally, these 
stor:age tanb have a maximum capaaty and cannot be: overfilled. Finally, the product 
is apemive. lnveni:ory proponionality is used to balance the inventories of the 
dilfacnt grades of motor fuel, each $t0rcd in dedicated tank&, in proportion to the 
sales of e;dt ~- &ass i,\-toty•i& not seen or Vlllued by the oonsume.r, so it is 
,imply ca.sh aunk (litenlly) into the ground. ln~to.ry proponio.iulity minuwzes the 
amount· of acea inve1><01y caniai in undrtground stO.t.agc ww. Tiiu application for 
lnOll)t fud was fu.n dcvdopcd and implemented by Pectol Soh Cozporalio~ in 1990 
fur Chevron Products CompjUly. Most .inajor oil oompmics u.sc ....::b systtms today. 

It sce111s that a!Qund 1880 there was a change in ma.1111factu.ring practi<:e from 
c:ompani& with rdati~ homogeneous lioes of prod= to horizonially ina:g,:md 
C<fla.(Wlia with ~ted diversity in procdllCS and ~- Thoce eompaoies 
{eapcciaD.y in metalworking) attempted to achieve ·succ:.ttc chtoUgb coonomks of 
soopc • the pins of joilldy p.todllcil>g tw0 or moa: p«odw:o in one facility. The 
managcn now needed wormatiort on the effect of ()lQdw:t-uiix de&ions on overall 
profits and themore needW ~ ,Fodua-c<l!lt information. A variety of attempts 
to achieve dw were woucce&1ful due to the huge ovetbead of the infornution 
processing of the ame. 8-cver, the burgconibS need lot finandal rcpo.ning aft.er 
1900 c~ ~le praaure fur financial aocnuntlng of stodt and dtc ~ . 
mcnt ttted to coct man.ag,e producta beame <m:nhadowed. 111 panicular, it -·the 
need fur audited acoounts that sealed the fate of .inanagcria! cost u:«IW!tiog, The 
do,:run:uice of financial repo,m,g accounting over .mamgement aa:ounting ran~os to 

this daf with f1:w ~dons, and the financial reporting definitions of 'ca&t.' have 
distoncd ctTcctivc management 'cost' ao::ounting since that time. lbi.a ia patrlcwady 
t.rue of inventory. 



Hence, higb,-levd &nancial inventory h», dtese two ooic f,mnulas, which relate to 
the accounting period: · 

I. c.o.t of Beginning hm:ntory a.t the start of the period + inve.ntory purdiascs 
wilhln the pt:tiod ,. oost of pmduotiqn within the period = cost of goods 
available 

2. Cost of goods availal>Jc ? cost of ending ilwcntory at the end of the period 
= rost of goods sold 

The benefir of these formulae is that the fmt absorbs all overhead& of production and 
ra,v material ()()$ts intlO a value of inventory fur reponing. The s«ottd form.ula then 
cre1res the new start poo,.t !or the n= period and gives a ligurc to be iubtnaed 
&om the u.les price to determine some form of Mb-margin figure. 

M.anufaawing management is more itttercs!M in iMrmltJ,:, _,,,,_ rlllio or 11wn,p 

4Js tQ srll mllfflRIIY ainae it tella thclJi somahi.llg about mau~ i1111cnroiy kvd,. 

l.nY<:lltoty tutnove.r ratio (also known u invem:ory tu.11>$) a coot of goods sold 
/ Avenge lnvcnto.ty = Colt of Goods Sold I ((Beginning lnvcmo.ry + Ending 
lim.atory) I 2) 

an.d iu invcnc 

A~ Oaf$ to Sell bntentoty • Number of Days a. Year I Inv.:ntory Tum.
over Ratio = 365 df.yi a. ')'Ml I lmr.cnlnry Turnow:.r R.acio 

Tlw ratio estimata how IJ)ally rimes the iJm:ftu>.ry t1lml over a year. This number 
tells how much ~ a.re tied up waitil_lg fur the process and fa a critical 
mc:;1$urc of p- rdiabilil:y and ~n,ess. So a ~ry with rwo lnmuory rurns 
1w .si:z months ffl>Ck on mm!, which is ~ not a good ~ (depmdi.llg upon 
the induaay), whei:eu a facto.ry, that moves from lix turns to twelve turns has 
probably improw:d effi:ctivcnm by 100¾. Th.is in;ipn:Jvemmt will h.m: some nqp.· 
rive resu!IS .u1 the nnancial rtportiqg, since the 'wlue' now Jtott.d in the f=oty u 
invenwry u n:dua:d. 

While ~ ac-,oounting measures of mveni»ry are .wry wd\al becawe of dr.eiJ sim
plicity, thoy arc al,o fnugb.t with the danger of that awn .awnpli.oru. There are, 
in &a, so ma.o.y things that c:a11 "Ill)' hidden uo.det chis .apptataoce of $lmplicity that 
a -micty of 'ad,iwring' ..umpti.ona may be .ed. Thete iodudc: 

• Spccilk ldcntilicalion 

• Weighted AVC!J'lltF c.o.it 

• Moving•A=agc Om 

·• FIFO and LIFO. 

lnvCO'll!>ry Tum .is a. linancial 11CG011.ating tool fur evaluating in-..entoiy and it is not 
necessarily a management iool, Ittveatoty managmwu should be fu.rw.ard looking. 
The methodology applied is based on h.iSlotical cost of goods sold. The ratio may 
noc be able to rdlect the usability of future production demand, u well as customer 
demand. 
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Businea models, indudlng J~t in 11me 0.IT) Invcntoty, Vendor Managed lnvenroty 
(VMI) and Cuatomer Managed Invcbtoty (CMI), attempt to minimise on-hand 
inve.rttory :an4 inctca$C i.immtory turns. VMl and CMI lulve gained· consider.able 
attention due to dte $UC(t5S of thinl.-pa.n:y vendors who offu added expe.nisc a.nd 
knowledge thar o.rganization.t ma.y not ["'""""'· 

• 

Accounting for lnffllto.ry 

' 
Each QOllntry hu ill! own rules about aco:,unting fur um:ntory that nt with their 
final\cia1-reponing rules. 

For aampL,, organiutiom in me U.S. define ilmnto.ry ro . suit their need& within US 
Gener.illy Acceptm Accounting ~ (GAAP), the rula defined by die Fmanci.al 
Acciounlillg Standards Boud (FASB) (and oth=) and tnfol<lCd py die U.S. Secw:it)cs • 

wd :Ex.chui~ Commiaaion (SEC) and other li:deral and state ~- Other t:<>un
trtt$ often ha\le simwu' arnngements but with their own GAAP and national agencies 
instead. 

It is intentional that financ.ial accounting US1CS standarda that allow th« public ro 
compuc fumi' petfotmaa«, coar IICCOUl'ldlltl functions internally to an otptiiz:ation 
and potc:ntially with much gmiter flexibility. A d.iscuaion of inventory from standa.rd 
:and Theory of Co111tnini,-bakd (du:oughput) cost accounting perspeccivc follows 
aome a:amples and a discussion of inventory from a fui.ancial 'a«nunti,ig pcrspecive. 

The internal oosting/valuation of iSIYClltOry an be CXJIDpic:c. Whereas in the past 
JUM entapri.la ran simple, o_.proccss faaom, such enwpracs are quite probaldy 
in the minority in the 21st century. Where 'one ptoa:ss' fu:tories aist. there ia a 
maiht for the good, c.tcm:d, whid, esobli!l,c, an independent nwlcct value for the 
good. Today, witb inolri•'"9'•p.tocers comp1illics, there ia mw:h invenroiy that would 
once: han been finished g,:,ods which i, now hdd as 'wo.dt in iu-' (WIP). This 
nc:cds ro be valued in the =unts, but the valuation ia a ~nt dc(ision since 
there is no nwker fur dlC puti2lly lini$hed product. This somewhst ~ittary' 'valu, 
atlon' of WJP combined with the allocation of overheads to it has led to some 
u.nb1tcndc:d and undesirable results. 

F,c,aorial accoua.dag 

An orpnization', inventMy can appear a ~ blessing, ainc.e it oounis as an asset 
on the balaore .l:ieet, but it also ties up money that oou.ld serve fut other purposes 
Uld reqllires ~tional ~ for ii$ proceccion. In-TOJY may also cal1$C signifi
cant taX eicpensu, ;:lepending on p.utiadar countries' laws regarding depreciation of 
inventory. as in lhor Powet Tool Company v. Comnussionet. 

l11V1:ntory appears as a cur:rent a3$tt on an organi2ation'1 balance sheet because the 
ocganiwion can, in principle, turn it into cuh by &elling it. Some o~lions hold 
~t in'WClltories than their operation, requite in order to inflate their apparent asset 
muc and their pe«:civtd profuability. 

In addition ro the money tial up f?y :acquiring inventory, inventory alao brings 
associated com fur · wa:dtOU$e ap«,e, fur utilities, and for insurance to cover staff to 

handle and p-.:t it from lire and other du,ums, obsoleaccooe, ahrinhgc (theft and 



em,n), and others. Such holding co,u can mount up: between a third and a half 
of ia acqui,ition mue per ')'Ut. . 

Busincs,cs dw nock too little inv-entory cu,not take .idYo11Jcagc of large ordas fiom 
eu&ro.l1ltt$ if they cannot de.liver. The confilc:ti.ag object:ivca of ClO$t concrol and cut

tamer sen-ice ofte11 pit an ozpnimion's fuwicia1 and opcraling ~ :tgainst its 
sa.lC$ and marketing departmmu SaJc,pcopt,., in particular. o.ftt.n tt:ct:ive ealcs-<:om
mission payments, so tma'\llliW,le good$ JnaY leduc.e their pottlllial pmonal inrome. 

This conJlict CUl be nlinirnized by ieclucing production time to being .neac or lt.11 
than customers' ,:,,:pecttd ddimy WM, Thia cffi>tt, known as "lean produaion" will 
significantly m:luce wo.ddng capital tied up in invenrory and reduce manufacturing 
corn (Sec the Toyota Pro®ction Spwn). 

Bok of irrvmtlory $CO'MIDriftg 

By hdpi.ag the rupnizalion m mm: better dccicions, the ai:a>Wttants can help lhe 
public sectot' to diange in a -,. poaitm: way wt ddm:.rs inaeued value foe the 
~•s investment. It can also hdp to incc.ntivizc progress and to ensure that 
rdom,s are ,usa.iuable and &::u.e in the loog term, by cmuring that sucoeas is 
appropriately •~iud in both the formal and infunn.al mvatd .!}'11tc:ms of the 
organization. 

To say that cbey have a key role a> play is an undastatement. Finance is connected 
to most, if not illl, of the key buaneu pl<N:.alCS with.in the organization. It should 
be stt:eri.l,g · the sc:ewanbbip and ~ility syswns dw ~ that the o,pni
zation is canducting iq busintss in an appropriate, eth.ical nunner. Ir is critical dw 
these foundatiol'l.l are Amity laid. So often they are the litmus test hr which pub.lie 
oonlidence in the inswut:ion ia either won or !alt. 

Finanet: sboutd alao be proriding the infu~n. ~yris and advice: to en~ble the 
organizations' se.rviet: mmagers to openo: dFectively. This goe& beyond the tra<li
tional preoccupation with budgin • how much have we spenc so fu, how much do · 
we ha~ ldt to spend? It is about helping the Olplliation to bc:ttu undcsswid its 
own perfurmantt. That means malc:ing the conna:ti.oiu and unckmamli.ng the Ida· 
tionsbips bctwa:.a given inputs - the res- blOught to bear • and the outputs and 
outc:omes that di~ achieve. Ic 4 also abour undemanding and acdvc.ly managing 
risks widtin me o~on and its adivities. 

FIFO w. LIFO aa:mu11lag 

When a metdlant bu}'$ goods ITom inventory. the value of the iavenoory aax>Wlt is 
icduet:d by die cost of goodi sold (COGS). This is simple wheie the CoG has not 
varied aaoss those held in ttodc: bur where it ~ then an agta:d .tDc1hocl must be 
derived to ewluatc it. For ClOtiamodity ilCIDS that one ~not tr.cl: individually, 
aa:ounWlts must choo,e a method that firs the nature of the 3ale. Two popular 
methods that 110nmlly mt UC! FIFO and LIPO a«.oUnting (litn in • Mt OUt, la6t 
in. Arst out;), FIFO ~ the finic unit that armed in inventory ae the Ant one 
told. UFO (l()l].fid,n the la,r unit arriving .in inventory as tbe fun one sold. Which 
mc:ihod an aCIOOUftl:ant sdCCf$ can have a signifa:ant dm:t on net income and book 
v.alue and, in wm, on tuation. Using UFO accounting fur inventory, a company 
gencnlly reports lower net income and lower book yafue, due to the dfecu of 
wlation. This ge~ Mullll in lawec am.don. Due to UFO's po-lial m skew 
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invento:rr value, UK GAAP and IA'S havt cffix:tin,l.y banned LIFO invcntdty aaount• 
ing. 

Sund.a.td wsc ac.councmg 

Standard. cost ac,;ou.a!i.ng uses ratioi a.lied. efficicncie.c th.at compare the labor and 
matcna4 'actUally uaed to ptod11oc: a good wir.h those that the same goods would have 
required un<ler "standard" c»nditiom. As long as similar 3CtUal and standard condi
tions obtain, few problctns a.rise. Unfonunatdy, standard cost aooounting methods 
developed .about 100 yean ago, when 1.abor comprilcd the most important cost in 

.IIWlufu:nm,,i goods. Swidard rnethod.1 c»ntinue ro empbasizc labor efficiency even 
though th.at rcsoura: nov, constitutU a (very) small part of cost in most cases. 

Standard cost aca,unting can hurt 'l)anagers, wokrs, and firffli in so:veral ways, For 

c:wnple, a po.liq- decision to .increase inYCntoty can harm a manufu:turillg 1t1an~•s 
pcrfurmance evaluation. Increuing inventory requ.ites_ ~ed production, which 
means di.at processes must operate at higher rates. When (not if) .so.mah.mg goes 
wrong, the prooas take, longer and USC$ more man the standaid labor time. The 
mmagcr appears responsible fur the cteeSS, ev,:n dlougb. slhe has no control over the 
production requirement or the prob!Clll. 

In adverse economic times. firms use the aame efficiencies to downsize, right sac, or 
odterwise ttdu.c:c dleir labor foroc. Workffl laid off under choae circumswioc:s have 
"""" !es& contr0l over excess invffl.toty and co« efficicncia dwt their man.agers. 

Many nnanci.a.l and wst aC<Xluntants ba,,c agreed fur many )'ea1'8 on die desirability 
of' replacing standard COit accounting, They have not, howev,:r, found a suc=r. 

Theory of ~aau:aiars cott t«Olllltmg 

Eliy:thu M. Coldratt de.doped the Theory of Constraints in part to address the cost• 
ac.counting problem, i.o what he <:alb the • eott world.• He offiets a .substitute, cilled 
throughput accounting. that USt$ throughput (money fur goods sold to CU&tomers) 
iir place of output (goods produ=l that may sell or may boost inventory} and 

co111ide111 labor as a med rather dw1 as a variable QOlt. He defines inv-<:ntory simply 
u cvaydiing the organization c,wns that it plans to ~I. including buildings, m.a
c.b.incry, and many oth~ dung in addition to t:be categories ilated here, Throughput 
acac:oondnr; •rmgni- only one dm of variable cosa: the truly variable cam, like 
.maw:ialc and componenll, which va,:y direaly widt die quanthy produced 

Fmishcd goods i.oventories mnain b~- asset,, but labor-efficienq- ratiOl1!. no 
longer evaluat,- mao•p,R a4d wo~. Instcld of an it!Cfflcive to reduce labor cosc, 
throughput aa.c,unting focuses am:niion on thc zclationships between throughput 
(rcvmuc or inmm.e) on one hand and contmll& operating expenaea and cltanCC$ 
in inveruory on che odicr. Those rdationships cliNa amotion to the constraints or 
bottlenecks that prevent me syswn from producing more throughput, rather than 
to people • who have little or no cootrol over their situatiom. 

Cuh wnvenioa c)'d,t 

In manag,:o:icnt aa:ounting. the aah convcnion qcle (CCC) .IJU:35Ures how long a 
6nn will be deprived of cash if ir increases its irlvesunent in resowus in order to 

apeo,J CUffl>mcr aala. It i& thus a .measure of the liquidity mlc entailed by gr,:w,th. 



Ho'lfCVer, shortening the CCC creain its own risb: while a .6rm could even adiiere 
a ncgativ,c CCC by collccring from customel'$ befure paying suppliecs, a policy of 
s1rict colleaioll$ and lax payments is not alwaJ11 SU$Wnahle. 

Definition 

CCC = # Days berween disbll1'$ing c.aeh and collecting cash in oonnection 
with undertaking a ruserek unit of operations. 

z Invenn:uy COD"l'Crsion + 
period 

&,ceivablcs conversion • Pay'2blcs conversion 
~ period 

= A-wg. lnYCOtoiy 

COGS I 365 

+ Avg. .Ao::ounts ~(rlvabk - Ayg. kcounts Payable 

Credit Sales / 365 Putdwcs / 365 

Derivatio.o 

Cash .flows .imuflicimt. Thit term "Caah Conversion C)de" rdi:rs to the time span 
between a furn'• disbutsing and collec:ting wh. Howe.er, the CCC cannot b~ di-

. realy obattVtd in wh. flows, becau,... lhae are also inftuenocd by um:aunent and 
· financing activide:.; it muat ~ derived from S1ateme0t of Financial POlirion dac:a 
auocia«:d with the firm's operation,. 

F.quado.n ducri~ remikt. Although the ~m • cash oonvasion cyde • technically 
applies to a firm in any industry. the equation is generically funnulated to apply 
specifically to a Ntai.le,, Since a retailer's operation, coaaist in buying and &ell.ing 
invento.ry, the equation models the time between 

{I) Disbursing c::a&b. to satisfy the accounts papblc creatl:d by purdwc of 
inventory, and 

{2) Collecting cash to saasfy the aooounts ru:em.ble gene~«I by that sale. 

Eqwmoa ~aibes a fum mat buys & adJ. on aa:oual. Nao, the equation l$ written 
to accommodate a firm that kJI lln4 ,~tis on ae,11Nnt. For a wh-,n,/:, fin,,, the 

~n would only neal dal:l from sales operation& (e.g. changes in inventory), 
'-:aull(' disbursing C;1Sh would be di~y measurable as p~ of~, and 
~ ttl1h would be ~ measur'2blc as sak of .i.avcntory. However, no such 
1:1 ~omspondtrwe aim Cot a firm that b1l)'S llnd ,dis,,,. d«l>IIJtt: In= and 
dec.reues i.n inven!Ol}' do not oocaaion =h Aows but ac:oou,ming vehicles (tca:iVllb.ks 
and payablcs, n:s~; incn:aaea and d= in cash will .temovc thc!c acroUllt

ing ~ctts (.receiwblea and _£,Qyable,, mpectively) fron1 the books. Thus, the CCC 
must be calcuLuu! by tracing a change in cash duvugh its dlect upon .N!IO!iwblcs, 
inventory, pa:r,obie:s. and finally back to caah-thua, me: tc1m e,ul, ("ffillffl~n qd;, and 
the observation th.at thell' fuur acoowu.s "articulate" wilh one anolher. 
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Taking tha,e four mD.sactions in pait.l. analylta draw attention to five important 
inteMI-. refuted to as conlt'fflion qtla (01 ()Otmnic,a periodo): 

• The Guh Coim:nion Cyde enierga u interval. C➔D (i.e. Jitbtming c,uh 
,,.,,liming ,d,). 

• . die payab1es c:anffnioa period (or "Days pt~ o-imwidi.llg") emergea u 
lntetval A-4C.. (i.e. owing «.th dislnmins e,ul,) 

• die operating ~ eme.rga as interwl. A-+D (i.e. owing cub collectiog cash) 

• the .iawora,y c:.on'llaSion period ot "Day$ .invmtory ouutaoding" emagcs as 
intetval A➔B (i.e. owing edJ k;ng o.,,.,/ td,) · 



• the r«eimlea conversion period (or "Day, sales ow:mnding") Clilc:,ges as 
irumal IHD (i.e. !Mttg ow,J otsh aJltmllf ,mh 

~ of any thiee of dtelC coavenioo cydes perm.its dcmation of the 
fuunh (lemug uide the QJmltmg gde, whim ia j.- tht sum of du: im,ns
to,y a,,wmi,an pet'itJJ aed the rtctivttbla "~m,mun pmad.) 

Hence, 

inte.rwl tc ➔ DI ~ ineenal {A ➔ Bl +- .imcmal IB ➔ D} - inre.rval {A ➔ q 
CCC (111 day1) = lnvcntof)' conversion ~ Recdvablca Cl0CMlllioA - Payablc:s c,onvmion 

period paicd period 

In calmlaring .-ach of these three constltuent Convmion Cycla, we WlC' me equation 
TIME •LEVWRATE (ii.net each in~ roughly equals the TIME needed fur itl 
LEVEL to he achieved ~ illl com:spandiag RATE.). 

• We estimate iu LEVEL 'during the period in ~oo• u the average of iu 
lc:vch in the twe balacce,sh«u that 111ttound die period: (Ltl+Lt2)/2. 

• T<> estiro•tt: its RATE, wi= note that Aa:ount:s ~v.ablc ga-ows only wltc.u 
teven!K ii a,x:tuc,d; a.ad Inventory .hriJlh and Accounts Payable grows by an 
amount equal to the COGS~ (in the big Nn, since COGS aa:ually 
atctues $0lnCcl.me aft,:r the i.nv<:1ttory <Id~ when the customers aai.~ 
it). 

• ~ conwni.on paioc1: Rate : (invcnto1y incn:aae + COGS}, $in<:z thete 
an, the itema fur the period that can inctease "·trade =u.nts payables," i.~. 
the ones that r;ew its invenmry. 

NOTICE th:at we mme an ar.cption when calculating this intctwl: although we use 
a period a~ fur the .LEVEL of invencory. we alao consider any increase in inven
tort • wauibutlog to i11 RATE of dwige. This is because the pu.rpoae of the CCC 
is to incuure the cff'Cctll of inventory growth on cash outlays. If in-..cntoty gmv 
during the period. we want ro know about it. 

• IIPaitory Q)llffmOb period; Rate = COGS. sioce UU$ is the item that 
(evaitually) shrinks UIV'Cllh>ty. 

• Receivables am'fl:niOA pctiocl: .Rate • n:vmue, ~ tbi, is the iwn that can 
grow receivables (sales). 

Note - Cost of goods sold • CoA: of gvods .,Id (COGS) tckt to the inventory com 
of those goods a bwi.as has sold during a putiadar period. Costs arc ~tffl 
with panicular good, u.sing one of s~ formulas, indudiag apecifu; idenmication, 
fint-in first-out (FIPO), or an:tage cost. Co.ts include all c.osu of pwclwie, C(lfU of 
<»nwraion and othet costl incurred in bringing the in'Ventories to t~ present 
locuion and ooncution. Cosu of goods made by the businaa include material. labor, 
and allocated overhead. The - of those goods not yet sold are deferred as costs 
of UMllltory until the inYmtoty is sold or wriuen down in value. 

7 .6 Distressed. inventory 
Also known as disuascd ot apited ttocl. diso:essed invcntQry is inventory whose 
pol:Cl1tw to be 1old at a nonnal OMt' has ~ or will soon pa.a. In a:rtain indu,
tries it a:,uld also mean tlw the sl:<X.k is OI' will soon be impossible tO sell. Ennipk:s 
of dimeJsfd immtory include ptoducm ·that have reached their expiry dar.e, or have 
rc:aclied a date in advea: of expiry at which the p~ned m:u-~ will no longer 
purchuc them (e.g. 3 months ltft to expiry), clothing diat is dcfecti~ or out of 
fuhion, music that is no loogei popular and old newspapen or magazina. It also 
includes compui,:r or 00oswncr-dectnmic ,:qu.ipmcnt that is obsolete or disoontin-

NOTES 
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ucd and who.sc manufactun:r .is u.nable to 1apport' i~ O.ae cum:nt c:iample of dis-
t~ inventory .is the VHS fonnar. ,. 

In 2001, Cisco wrote off i.uY<:SUo,y worth US $2.25 billion due to duplicate orders. 
This is one of the biggut inventory write-offs in busi.na:i history. 

7, 7 Inventory credit 
Invenrory acdit tefcrs to the use of sro<:k. or lnve.ntory, as collatetal. to· raise finance. 
Where banks may be reluctant to a.cccpt traditional rolbre.ral, fut cxainplc in devd
oping countries .. when: laod title may be lacking, invento.ty credit is a potentially 
important way of overcoming financing COMtraints, This is not a new concept; 
archaeological evidence suggests that it wu pmctia:d in Ancient Rome. Obtlining 
Ananac again.st $toeks of a Irick rang, of p.rodum held w. a bonded warehouse is 
common in much of the wodcl. It is, fot o,;ampk, wed with Parmesan cheese in Italy. 
Invent.my credit on th.e basis of stored agricultund produce Ls wiaely t.-i in Latin 
American cowitrics and in $Ol»C hl.ut countrka. A pm:ondition fur ruch aedit is 
ihat banks must be conBdci:it that the sroted product will be a.vailablc if they need 
to a.II on the collatctal; tlua implies the aistc~ of a tdiablc 11.erwmk of certified 
wat'e.bowa. Banb aw . &a: pto1>.lew in V1Uuing the inventory, The possibility of · 
,udden &Us in commocliry prices means tbar they are usually rduaant to lend more 
1han about 60% of the value of the iove.ritory at the time of the lotJ>. · 

7. s Inventory Investment 
lllveiuory in~11t is a component of grooa domemc product (GDP). What is 
p.roduad in a Ge.Rain country is naturally also ,old eventually; hut some of the good$ 
pzodu<led in a gm:tt year may hc aol.d in a later ytal' rather than ill the ~ they were 
produoc,l Conveudy, soll'le of the goods sold i,n a given year might have bcCI!. 
produ.ccd in an earlier )'Ca(, The dift'eze.n« between goodi produced. (producrion) 
and goods $Old (sale$) in a given year is ailed invcnrozy illvemncnt. Tot ~ can 
he applied to the economy as a whole or to an individual firm. 

lnvcnwry invfflment a production • nle, 

Thus, if produclion per unit time c:xa:eds sales per unit time, men ii:rvenrory .invest
ment per unit time is positive; as a .n:sult. lit the end of that period of ti.me th.e srock 
of invcntorica oti hand will be greater than it was at the ~g. The tt\'ctse is 
true if production is less than nles. 

7 . 9 Intended and Unintended ln'mlWry Investment 
A positive B.ow of Jnteacled Uffl;lltory i.n~t OCQII$ when a fum eq,ccu that 
sales will be high enough that the current kvd of inventoriei on hand may be 
insufficient-perhaps because in the preaeooe of very short-twin flucwations in the 
timing of cust0mcr purdwes, the~ is a .ri!1: of tC111,po.r:arily being unable to supply 
the produet wl,en a cu.stomcr demands it. To avoid that prospect, the firm deliber
ately builds up ics .inventorics-Ulat is, engap in positive intended in'VC!ltory llivest-
ment by deliberately producing more than it cspccts to ldl. Economisa view th.w 
positive intended inventory inveiltment as a futm of spending-in effect, the firm is 
buying inventories &om itself. 

Conversely, if a firm ~ ihat its current level of inventories is unjll$tinably high
$0mc of the .inventories are taking up aJ61ly warehouse space while ~ng what 
is needed to pN:Yent stock-outs-then it will engage .in a .negarivc ftow of intended 
invmtoiy invesuilctlt. It ®CS this by delibcratdy producing less than what it ap= 
to sdl. 

Pmitiv-: or ru:ga!ffl: unintended in..--y unaaDcDl occu.rs when customcts buy a 
<lilfcrenr amount of the fum's p,odtl(;t than the firm (j(peaed during a particular 



timo period. If customers bu,- ltss than ~dinvctttonC$ Wlapcctedly build up 
and unintended inventory invesunent turns out to have been positive. If customers 
buy n>oK ttw'I ,:,qiec;rcd, inventories ~ decline and ,unintcndcd invcntoiy 
investment rums our to have been negative. · 

Either positive or negative intended inventoty investmeAt can coincide with either 
positive or negative unintended. ~ncmy investment. Thq arc sr:pantc, unrdattd 
events: one is based on di:l.iberate action.s to adjll6t die rtoclc of i1JVentotics, ~Jule the 
other results from mispredictions of customer demand. 

7.10 Inventory Investment over Business cycles 
A l)'pical business qcle plays out in the rollowlng W8)t Starting from some point in 
the business cycle. some group (co.11Surnus, government, pwdlasers of exports, etc.) · 
decides for some reason to have a. sustained increase in their spending. This may 
come as a swprise to producer&, who i.ni.tially ~cc negative inventoiy tnVl:$C• 
menr as their sales have ~y aceeded their ptoduaion. Now thti.r inven• 
tories are too low, for two reason.s: (l} Inventories havt -ac.cideotally gorte down, and 
(2) the optimal level Gf inventoriQ-what producen want to ~ on hand-has gone 
-up because stutained customer demand has gone up and there is .iocn:ased danger 
of temporary .-ock-0uts. In ottkr to build inventories tip to an appropriate )~cl., 
firm, eng;ige in po,iti\'C intended inventoiy investment. This poaicive flow of in
tendt:d inve1unry invesrmcnt ~tinUtS until the tuget kwc:I of invcotoric:s is ~ 
During dtls rime, the economy is in a boom both due to the original sustained 
inc:- in :.pending and due 10 w poaitive fl~ of intended iuventory investment. 

At some point. there is a su.stai.aed di::dine in some l)'pe of 'Pf:lldi:nJ fur some tcason. 
(One reason .o,.ay simply be chat, oru;e inventories «:aeh their desired level, there 
stops being positive intended inventory invfflmenc; but !here may be otlu:r .rea.sons 
as wdl.) T1u:a there is ~Kivc unin~ndcd inYCDwty ill'l'dttnent as fums ate caught 
by r1ttprise by the external drop in demand md. dl(f fail to simultaneouely lower 
their p.rodl!l:tion. Now inventories are too high, fot two reasons: (1) They have 
ac:cidenially risen, and (2) the optimal .level of inventories is lower now due to the 
new, lower bcl of ~ dem;utd. So in order to lower their inventories, forms 
ddiheratdy cut back their production to bdaw the la,el of demand by their custom
en, thus ausmg inVl'ntories to be delibetatdy drawn down-that ii, intended inven
toty investment ii negative. Intended inventory investment remai.n, negative until 
the cuger levd of i.-tories is .r.:ached. During this time, the C()Onomy, bavi.ag 
peaked out, ii in a downturn (a ~n) both due to the $~ decrease in non
inffnrory expcndinu,i and due: to the ncsative flow of intended U\\'CD«lty invett
ment. 

At some poi.tit, the.re is a sustained increuc in some type of spending for some 
reason. (One reason may woply he that. once invcntoria iink to th.cir ckri«d )evd, 
there scope being nc:gatiVl' intended invc:ntnzy iim:smmu, which goes. up from ru:ga
tivt to :r.ero: bur again then: may be other reasQns as wdl.) At this point the,:,, is 
ncga~ unintended invcntO,ty investment as fir.ma are caught by swprilic by the 
txtemal inc.rea.,e in demand. and they fail to simulcmeously- ra.il!e their produaion. 
Now inventories arc too low, again fur rwo reuoas, and wt arc back where wt started 
in the qtlc_ TIie l'CCll'fflOD hAIS bottomed oU:t, suswned tpending is once~ high. 
wger .inventory levels are higher than acrual inVClltniy levds, and intended inventory 
inverunenc is positiv,,. 

7.11 Inventory Management Software's 
Inventory management $0ttware is ·a q)lllputer-bued system for tracking produc:t 
levds, ordm, aalet and deliveries. It !:3ll also be used in the manuf.a.cturidg industry 
to cieate a work order, bill of materials and other producti~n-rda«d documcD.tr. 
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Company's use itm:ntGJy .ma.nagemut software to av,,jd prod~ ovcrttodt md 
dutagc,,. It is a tool fur olpllizing invenro.ry data that bdore wu generally ~ in 
lwd-mpy for.in ot in Microsoft Excel apreadahceu. 

Components 
lnve!ltOly ro•o•g,-ro""lt software is made up of ,evetal components, all working to
gether to etc-ace a ..»hesiff inventory and stocl<s for many o.rganizations ,;ontrol 
~u:ms. Thc:$C <X>mj!6nent:a indudc (in alphabetical. order): 

Asset tracking 

When a pmauct is in a warehouse or s;orc, lr can be uadaod via ii$ bar code and/ 
or other tradc.ing crin:rla. sum as serial number, lot nwnber or remion number. 

Barcodi.og 
Barcodea are the mean.t 'Whereby dar:l on produc:u and ordm is inputted into 
invmtol")' managanent aofi.waic. A barcode reader is ttquiml. to .read !me.odes and 
look. up information on the pzodu(u d,,ey .rq,racnt 

Ordet rn•oagecnmt 
Once p~ reach a cmain low ICTd, a compmy's in'Velttoty management S}'$te.lD 
cu be ptogrammcd to tdJ maoagrt to n:o.rder that product. Thi, hdpl ooro.panies 
avoid running out of ~ or tying up too much capital lo inventory. 

Sel"riA:e maugement 
Companies that are p.t:iJnarily $t1Vioo-orknted miler thJin ptoduct-oriented call use 
~ management IOftWan.' to track the oosc of the mmrial, they use ro provide 
9CfflC.CS, sum as dcarung ,uppliea. Thi,; -r. diq can att.!Ch p~ to their setvic:es 
that rdlcct the total cost of perfunning lhcm. 

7.12 History 
The Universal Product Code (UPC) - adopted by the grocery i.odmuy in April 
1973 as the iwidatd hue.ode for all grocers, though it was nor iotrodu~ at 
n:taillng lo<;atio.as until 1974, Tim helped drive down com fur i,nvenrory manage· 
mcnt because n:tailen in the Unittd Sta.!<!$ and Catw:!a didn't have to pw~ 
multiple barrode.teadas to scan competing barcodcs. The~ was now one primary 
barcode for grocers and otbt.,- mail.en ro buy o.ru: cype of n:ader for. 

In the early 1980s, PCs debuted and ,tatted hew.ming popu1u. This funner pushed 
down the rost of barcodea and n:aders. It also allowi,d the fun vmiom of umlltoi}' 
manag~ent software to be put into place. One of the biggest hurdlts in $elliog 
leaden and ban:adi:s to retailers WU the litct mat they didn't have a place to store 
the information dxy IICallned.. h cornputtn became n:iore conimon and affordable, 
this hwdlc -..w over<=0me. Ona: baroodes, and il1l'II.CW>ry ro•nagemrn• prog,-ama swted 
1pn:ading th.tough grocery uores, invcntary managi:mcnt by hand became I= ~
tical. Writing inventor}' data by hand on ()QpCf was replaced by sauming products 
and inputting iof01mation lnto a computer by hand. 

Starting in the early 2000,., inventary management sofmuc prog,-eued to the point 
where busincsspeop.le no loogu needed to input data by hand but could ln$1:andy 
update thcit database ~th ba.rcode readers. 

7 .13 PUipo,e 
Cclnptu,ie5 often use inventory management software to reduce their ca.ttying ~
The so&ware is used to track products and paru ~ they are transported from a 
vendor to a warehouse, betw«o warehouses, and finally to a recail location or d.iNcdy 
to a customer. 



lnYClltory rn•o•gcroeo• sofiwatc is uaed for a v.ariety of pwposes, includillg: 

• • Mai.ttwning a b.alaocc between too mud\ and too little invcntory. 

• Traclcing inventory u it is ttaospomd between b;atio.o.$. 

• .Rec:eiTuig items into a WlllfflOuae or other locaiion. 

• Pkking. packing and $hipping ite.lDS liom a wa.rcbou.se. 

• Keeping track of product ~cs and invtn«ny lcvds. 

• Cutting• down on product olml«cence and ~-

7, 14 Muu&cturing u,es/applications 

M.anufactu.rers mainly we inventory management software to creare work orden and 
bills of matetials. This flld.litates the manufacaui.ag proa;91· by helping manufuctur
ctS dlicicady uscrohk die tooJ. and pam they need .ro pufunn ~ ta.ab. For 
roozc-<0.mpb nw1u&auring jobs, maJlWllQ1Ulel$ c:an ~ muhilevel work otdm 
and 'bills of materiala, which have a timdine of procasc:s mar .ru:ed to, happen .in the 
proper order to build a final product. Other WOik oiden that call be acatcd using 
invmu,ry management sofiwate include ievene worlt order,, and auto wotk orders. 
Manufu:tun:n alao use illn:ntory management so~ fur tnckmg assets, .rcc:civing 
new inven-,- and additional wb bu&inC\'iffl! in omet indusau:s use it for, 

Amantages 

Thcr<: are aevual advantages to wing inffllto.ry .management sonwace in a buaineas 
#tti.og. . 

Cost ' .. --~ 
In many cases, a coropanr' s .um:ntory repraenai one .of its largest invcstmenlS, alruig 
with its wotkfo.r« and locations. hlventory management ,ol'twate hdps co.tnpuries 
cut crpc:ruct by roioimiziog the .amount of unnecessuy paru and p.rodue15 in stor
a&\'• It also bdps compa!UCII mp l011: ales to a minimum by having enough stock 1 

on hand to mctt demand. 

Warehouse organi:uit.ion 

lnvcnmzy management software can hdp distributor,, whoka;µm, manu&cnm:i, 
and reta.ilm optimize their warehou,es. If cemain pmductS are ofttn sold together or 
are ,mote popul.2r than otbezs, thoa: pmducu can be pupq.l together or ~ near 
~ dclivay area to ,peed up die proccu of 'picking, pack.ing and m.ipping io ci»

tomers. 

Updated dara 
Up-0-date data on illvenOOtf conditions uid levels is also advant,igc: inventoiy 
management software gives compani~. Company executives can umalJy aca:il:S the 
software through a mobile device. laprop or PC m diedt cumnt ilMDtoty nU1nbcrs. 

TWle savings 
With .the a.id of rat;rictccl ll.$Ct rights, company managers .an allow many emp.loyccs 
to assut in i.avenmry m•oagcro"'lt. They can grant employees enough in.formation 
~ .ti) receive produi;t.t, make orden, tr.a.osfu- product, and do odier wb without 
compromising company so::urity. TM can speed up the iim:n-,.~t process 
and $aVC tm1nagen' time. 

Disadvantages 
The main diladvantap of inventory man!lgefflent ~ are iu COBt and c:omplc· 
ity. 

NOIES 

O«k ~wP,og,t,,s 

·N. What is barcoding? 
v. What is distressed 

inventory? 
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Cost can be a ms.jot diaadvantagc of iovemc.ry man.mcnt sofnvare. Many latgc 
oompanies use inventory management &0.frware, but small busincssu can find it 
difficult to alrord it. Barcode ~cl'$ and other hardware can compound this problem 
by adding even more ooet io rompanies. The ~dwntagc of allowing muhipk employ= to pc;:cfonn invcni:o~•nt wk.s is tempe.m! by the c0tt of addidol)al 
barcode readers. 

Complc:sity 
Inventory management software is not neassarily simple or ~ to learn. A roinpany's 
maoagcmel't team must dedicate a certain amount of time to learning a new sysrem, 
lnduding iu so.ftwtre and hardwue, in order 10 put it to wc. Most invenrory 
management aofnvare indudes training manuals md other i.nfurmacion IYai1ahle to 
users. Deapitc its apparent mmpkx:ity. inYmtory ~t ,oftwatc olfets a de
. gne of sol,iliry to companies. For enmplc, if an IT employee in charge ol the system 
leaves the company, a replaunlenr can be c.oinparati11dy inu;pen.m: to train com
pared to if che rompany wed mubiple programs to store iavenrory. data. 

CASE STUDY - Q.ualay 1- ~ imeato:y oozusol 

Your business's ba.sic stock should provide a reasonable :wortlne.f>t of products and 
should be big c1>1>ugb to caver the nonnal sales demand& of your bwiness. If you.'re 
a swt•up, you wont have actual sales and stoclcing figures &om previous years to 

glWk yw, you must project y<>ur fim )'W's $ales based on your business plan. 

When alculati.ng lwic atock, you must also factor in lead rime-the length of time 
between ft!Ordc:ring and 11'1:eiving a pc:,,duct. For in&tancc, if your lead time is four 
weeks and a particular product line sells 10 unia a wed::, then you mll$t rcordC£ 
before the basic ilivenoo,y bel lalls below 40 units. If you do not reorder until you 
actually need the scock. you'll ha~ to ~t four weeb without the prodact. 

Io.sufficient invenooiy mean, lost sales and costly, time-consuming back orders. Rwming 
out of raw natcrials or pam that arc crucial t0 your production process means 
incr-ed operating co,is, too. Your employeu will be getting paid to lit arOUJld 
because thcrcs . no work fur them to do; when the inventoiy does come in, they'll 
be paid for wod:ing overtime to make up fur lost pmduetion time. In some .urua
doos, you 00uld eveo end up buying emagc:i,cy jnvmtory at h.igl,. pri.ccs. 

One W1tf 10 prou:ct youndf from such .shortf.alls .is by building a safety margin into 
· basic invento,y ligura. To 6gu,e out the rigl,t aakty ina,gin fi>r your business, tty 
ro th.ink of all the outside f:acrors that could contribute to ddaJII, such as supplien 
wbo tend to be, late or pxl., being ahipped in liom ovecscas. Once you ha'1c beeii 
in bllllintSS a while, you'll hm: a better •fed• fur delivery times and will fuid it fairly 
euy to akulale your aafuty marg;n. 

A.oidingE.nie.aia-ry 

Avoiding excess invcm:ory i.s especially i.tnportant fur owners of companies with sea
aonal product lines, IUdi ~ clod,ing. home .acctSSories or holiday and gift items. 
Thl!lc produas ha~ a short shelf life and an, hard co sell once they arc no longer 
in fashion .. Bnueprmeun who .sdJ more timeless products, such as plumbing cquip
inieilt, office supplies or auto producu, h- more ~ because it tak.:s longer for 
thae items to bocome oblolctc. 

No marter what your bwiness, however, elllX$$ in'fffltoty is something to be a:voidcd. 
It costs you money in enra ovtrhcad, debt scrvi~ on loans ro pu.rclia.c the excess 
i.nventory, additional per,onal property taX on unsold inveotory and iaaea&ed WU.I' 
ance cosu. In fact, one merchandise consultant estimates th.!.t it cOSQ the average 
retailer anywliae &om 20 pero:nc to 30 percent of the otiginal invcntozy investment 



ju.st to maintain it. Buying a= inventory also reduces your liquidity°"omcthing to 
be avoidei;I, Consides the example of an' auto supply retailer who finds himself wilh 
th<: OWo\'tllnity to buy 1.000 gallons of antifreeze at a huge disrount. If he buys 
the anti.Ire= and it nuns out to be a mild winter, he'll be sitting on 1,000 gallons 
of antifreeze. Even thooglt he knows he can Rll the antifu:ac during the next cold 
wfuter, it's still caking up space in his wareholl'IIC fur an entiJe year-space that could 
be' devoted to more p:ofitable produc:u. 

When you find yoursd.f with ex= inYCntory, your natural ~on will probably be 
to teduc.e the ptic.e md sdl it quickly. Alt!wugh th.is solves the overstocking problem, 
it also reduces your return on invesuw:.ot. All your .financial projections assume that 
you will receive the full price for your goods. If you sluh your prio:s by l.S percent 
to 25 pe.rcenr just to get rid of• the e= fnvcnto.ty; you're loong 1110ney you ha.cl 
counted on in your busi.orss plan. 

Other novia: entrcpKneUrs will reaa to excess inventory by belng ovi:rly auoous the 
next time they o.rdcr stock. However, th.is pull you at rilk of having an inventory 
sho~ and continuing a coady qde of errors. To a:woid acwmulating cia:"3s inven
tory, c,st2blish a realistic ~ ~ and order only what you're sure you can sell. 

7.15 SUMMARY 
Inventory is the total atnounc of goods and/or materials contained in a store ·o, 
&ctory at any given time. Store owners need to know the precise number of iu:ms 
on their shdYC:$ and storage areas in order to place oxdm or control losses. F:a.ctoty 
.m.an.agea. need. ID know how m.a.ay units of th.eir pn:iduo:s a.re ~le for c=mcr 
orders. Restaurants need to order more food based on their ~u.rrent ~pplics and 
menu needs. All of these buainesses rely on an .ib.venwry count to provide anawm . 

. Tlu: word 'invent0ty' can re.fur to both the total amount of goods and the .M;t of 
counting them. Many companies rake an. inventory of their supplies on a regular 
basis in order to avoid running out of popular items. Odien ~ an inve11tory to 
inrure the number of items o.rdered ma1ches the actual -number of iierm rounced 
physically. Shoru.gu or over.ages after an invenimy can indi~te a problem with theft 
(called 'shrinkage' in retail circles} or inaccwate aa:oWlting pracli=. 

ANSWERS TO 'CHECK YOUR PROGRESS' 
(i) Inventory management is die process of efficiendy overseeing the constant 

fww of units into and out of an c:mting invutory. 

(ii) faV\'nrory etedit rden to the l)Sc of stock, or inyenrozy, as colbtcnl m rai.e 
finance. Where banks may be reluctant to aca:pt tniditional col.lau::al, fur 
=pl.e in developing countries where bod tide may be lacking. lnvaitoty 
credit is a potentially impoltlllt way of overcoming financing constl')Wlts. 

(iii) lnventoty invt$Une0t is a componenr of gross domffl:ic product (GDP). 

Inventory investment = productioa - salea 
(iv) .Barrodes are cite means whereby data on produw iind orders is inpu~ 

into inventory management wftwa.te. A ba.rcode reader i, .required to read 
bar,;odes :ind look up information on the p~ th«y represent. 

(v) Also known as distreased or expired srock, dutrcued invmtory is inventory 
whOK potential to be sold at a normal coct baa ,pia.saed or will soon pass. 

7.16 TEST YOURSELF 

1. Odlne the term Inventory. What do you mean by hmnoory M.anagernai~ 

2. Name the two basic ~ of Inventories c.ommonly srudies. 
•• 

NQTFS 
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3, What arc � va.rwtl$ rea.sons hei:ai..sc of whic:h oompanie1 pay to much 
importana: on maintaining t.b.ciz lnvcotoM? 

4. :Explain the c.ona:pr of lnvenro.ry proportionality. 

NOT!lS 

5. Whar arc me various u.scs Qf 'lnveni:oty �eat Software's!

6. Write short oocc:s on - PIFO, Cost of goods «>ld.
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8.1 INTRODUCTION 

Total quality 1Pauaprnen• 'lr TQM is an ini:egr.ative philosophy of management for 
continuou.sly improviRg the quality of produas and pttu;enes. 

TQM functions on the premise th.at the quality of produa:s and processes is the 
responsibility of everyone who is involved with w cuatioo or cru181ll:11pcion of the 
producta or services offered by an org:anlzation. In other words, TQM apitali= on 
the involvement of man~mcnr, wotkfun:e, suppliers, an4 even cu.sromen, ii>. order 
to meet or exceed custotnp expect:atioM, Cottsidering the practices of TQM as 
discussed in ,ix empirical studies, Cu.a, McKonc. and Schro~.r (2001} identified 
the nine common TQM practice,; as c:ro8$•functional product design, process man• 
agcmmt, mpplier quality m.nagement, customer involvemc.nt, .in.formation and feed
back, committed leadership, strategic planning, ~a:iont.l tt:tl.n.ing, and em
ployee involvement. 

8.2 The Eight Eements of TQ_M 

Eight elements I.I<: key in ensuring the su= of TQM in an organization. 

Total Quality Management ia a ~ent app,oad>.. diat originatoo in the 1950?s 
and has st5dily b«.ome more popular ainc:e the early J 98011. Total Quality is a 
dcacription of the cuhw-e, attitude and organization of a company that strives to 
provide cuaromcrs with ptoducts and services that sacisfy their need,. The culture 
requires quality in all upecu of the ~piny•, opcralioos, with. protcsses being done 
right the first time aad defects and waa«: cradica«ed .li:om opcrati<>M. · 

To··be wcassful imp!cmcinjng TQM, an o~tion mQSt concentrate on the eight 
key elements: 

I. Et.hies 
2. l.&tegrity 1/ ~Ion 

3. Trust 
4. Training 
5. Te.tmwork 
6. Lcaderahip 

7. Recognmon 

' Tr~g • • . 
: T._rk 

• L .. Hft~ • ' ' lnl~ll)r .. lilH<• . . . . Co,.,,..,leellc>n 
8. Communicalion 

TI,i, paper is meant to des(;ribe the eight cktnents co1J1prising TQM. 

Kq Element& 

'x' 
• • . 
• • • • • • I 

' • • 

Tcy,{ has been cou,ed to describe a philoaophy that iuaku quality the driving fora: 
behind le.ldetahip, dQign, p!an.o.ing, and improvement Wtiativcs. For this, TQM 

, :a:qu.in,.i d>e belp of dMise eight kq ~. Thes.: drmenu cm be divided into 
fou.r gn,u,1>6 aecordi.og to the.it function. The groups ue: 

I. FoWldalion • lt i.nc:ludes: .Edt.ics, Integrity and T?U$t. 

II. . Building Bricks • :It includes: Training, Teamwork and kaderthip. 

m. Binding Mortar • It includes: Cornmun.ication. 

IV. RQof • lt includes: Recognition. 



Foundation 

TQ_M is built on a fuundation of ethics, integrity and aust, It fosters open.ness, 
.fairness: and sinceril'}' and allows involvement by ~- This is lht key to unlock
ing the uh:imatc · po1¥21tial of TQ.M. n- duce clemellts move together, however, 
each d~nc of!ffl SOlll.tmill( different to the TQM c.ona:pt. 

1. Ethics - Ethics is du: dit(:ipline c;on«med with good a.nd bad in any 
~itw1tion. It is a two•fa.:=d aubjea rcpreacntcd by orpnizarional and indi
v:idwl ethics. O,pniiarloiw ethics caiab,!ish a biai~ code of cihics that 
outlin~ guiddlna that all employ,ec,s are ll;I adhere to in tbe pe<furmancie of 
?heir work. Individual ethics include: pe,aonal .rigbu or wrong-s. 

2. httegrity • Inttfirity implieJ hone,ny. morals, ffllCS, &irnos.,, and a~ce 
10 the faCl15 aiid sincerity. The chan.aeristic is what customers (inte.rrual or 
ea:emal) e:xpect and d~ to m:eive. People sec die oppc»ite of integrity 
a.s duplicity. TQM wiU not work in an a~re of duplicity. 

3. TrQ.tt - Trust is a by-pt(Hfuci: c,f incegtity and ethical oondua. Without 
crust, the lmnewo~ ofTQM <:anJlot be: built. Trusc fueters full patti<:ipatioa 
of: all mcmben. Ir allows empowerment that enoowaga pride owncnhip and 
it cncounp commitment. It allows decision making •t appropriate levels iii 
the o.rg;u,.ma:ion, ~ individual ri&k-taking for continuous improvement 
and bdpe to -re mat -lltl!IIICD.ts locus on impmw.oMnt of process ttd 
are nor used m con=id people •. Trust ii C!IC.lltial to ensure customer satis
fu:tion. So, t::nJSt builds che ~ cnviaonmenc 115$ential for TQ_M. 

8 ,3 Brick, Aating O'n the mong ~on of mist, ethics and integrity, bricb 
are plaa,d t.o rm:b. the roof of ~ It includes: 

4. Trmiog - Training is -t important for -~ ro be highly prodw:tlve. 
Su~l'3 arc i,olely t\!IP(lOsible fo, mipi.ftclng TQM within their de
partmcnta, and ~ng dle.ir ¢111plqyees the philo,opltia of TQM. Training 
thal ~)It& ,,iquitc a.re intetp~ skill.t, the ability to functio.n within 
tca.Dl$, ·plQl,[r;m sok-.iog, decision making. job management penormancc 
aAaiYRt and Ul'pto~ b11.$i:ttelll economk:$ and technical sklll.. During 
the creation and formation of TQ_M, ~ ate trained so mat dlcy can 
become effective employ,,es fur the oomfl&JlY• 

S, Teamwork . To brmnle swx:asful in bu.in-, tamwork ii also a key dcm.cnc 
of TQM. With the uat: of teams, the business will receive quicker and bett¢t 
solutioru to problem,. T- also pwride JQOi,: p~t lmp--ts in 
proaws ..,d operation.,. In teams, paipk: fed more comfortable bringing up 
problem& th:at may occur, and can· get hA:lp from other workm co find a 
solution and put into pl,c. There are mainly three rn,c:s of teaIITT chat 
TQM orpniwwns adopt: 

A. Quality imi,1o+euwat Tams or Ea:dlena: Tea.en. (QITS) • These ate 

ternpo.ruy teams with the pwp<IIC of dealiog widl apccific problems that 
ofu:n ie-oc;rur. These teams are ,et up fur peai<,d of wee to twd1re 
months. 

B. Problem SoJ.viog Teams (PSTs) - Th$1 a.re tffilporaty tcams to ~Ive 
ct!W1\ problems .and alao ro identify. and OYeTCOme cawes of prcblffllS, 
Thq peral1y !aft &om one wedt. to thtte mondla. 

. NO':rES 
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C. Namnl. \Volk Te11111 (NWTs) • Thtae teams con.wt of small groups of 
skilled wodters who share tasks and -!IICP"Nibilit.ies. Thu,: teams use 

conc:epo 11.Kh as emplo~ UMllvanent -• sdf-msnagi:ag ieams and 
quality cl.ides. These teams gea.eraily work fur one to two hours a week. 

6. Leadership - It is possibly the most important element in TQM. It appe= 
eVctYWhcre in oqr,tnization. Leadership in TQM requim the manager to 
provide an wpiring vision, make itnccgic directions that are understood by 
all and co instill values diat guide ruboniinate1. For TQM co be. succc:ssfuJ 
in the business, the ~r must be committed ln leading his cmploY=. 
A supervisor lnU$t undemaud TQM, believe ill it a.tid cben demonstrate 
their belief and commitment throush their daily practices of TQM. The 
supervisor ll'lakes sure that stra•• ph.ila&Op~, values and goals are uans
mitted down tluougb out die orpnwrtion to provide focu.s, cbrity and 
dirciction. A kt.), point is that TQM h.u to be intrOduced and led by top 
management. Coniro.i.llllellt and per,o.lta1 io.volvement is r;,quired &om top 
manappncnt in aeating and deploying dear quality values and pis consi.s
ffllt with du: objeaiyes of 1ht (X)li).pany and in cmtiitg and deploying wd1 
defined l!)'ltems, methods and perfo.f'DlliJWC meuures for achieving those 
goal,. 

8 .. 4 Binding Morw 
7. Commun.icawm - It bin.d& everyduog togedier. Starting from foundation to 

roof of the TQM holUC, everything i.s bolltld by strong morw of commu
nication. It aa. as a vital link b~ all elements of TQM. Communi<;a
tion means a common undmetnding of idca.s ~ the lender and the 
l'CCl!ivc:r. Tu succ.ess of TQM demands ronununicaiion with and .among all 
the organizaiion memben-, suppliers and Ql.$fomers. Supervisors must keep 
open ah-,. where emplayi:es can send and receive infurmmon about the 
TQM pm:ic:s-,, CommW'il:aaOn ooupled with dllC sharing of coneo: informa
tion is vital. For commwucation to be ctediblc, the mmage mwt be clear 
and receiver muse interpret in the way the mider intended.. 

,8,5 Roof 

' . 
Then: a.re dilRrent -11 of 00mmw,icadon. such as: 

,\. Dcnmwanl ""'mrn11oioric:in - This is ,the dominant ,funn of communica
tion in aq ore,wzauoo. Praesu:arions and disa•ssions lwiOllly do it. By 
this the supervison a.re able to malA: the -~ dear about TQM. 

B. U,-...1 comm1Uiicatiaa - By t:hi.s the lower level of cmployca arc able 
to provide suptions m "P~ managcmenc of the affflxs of TQM. As 
employus provide insight and epnstruct.iv.i: criticism, supervisors n>U$t 

14ren ~ly to oorrea: the situation that comes a.bout througb the 
use ofTQM. Tilis forms a level. of trust betMCll supemsors and employ
ees. Tilis is al.so similar to empowering oommunic:ation, · where ,upem
son keep open can and lis~n II) odlen. 

C. ~ commwaii:aaoa • This type of co.1n1nu.oication is important 
because it br• down !,arriers be~ depamncD.cs. It al.o allows 
dealing with QJstOmers :and suppliers in a more professional mannc:t. 

8.Remgnhion-

Rcaignkion is the laat and final element in die entire system. It should be 
provided fot both suggestions and achim:menta fut wanu u well as indi-



vicluals._ Employees mi~ to n:a:ivc rcmgniri<-rt for themff!lvq and their 
ttams. Deteaing and rwx,gni•ing -.uibU.001$ is tl>c most imporcant job of 
• auperviror. & people a.re teoopr..«l. daett: = · be huge changes in adf
cstwn, p~ quality and die amowit ·of dro.n: exhorted to the ask 
at band. Reoopi1ion c:omcs ln ira bes~ funn when it i.s immediardy follow
ing an actiQn dw an employee bu pe:m)imed. ~ comes in differ
ent. ways, ~ and time tuc:h ~ 

• ~ • It an be by way of pc.rsona1 leuer from top maoagcmc.ttt. Abo 
by award b&1tqucu, plaques, 1t0phia etc. 

• Pt- - Good peffi>l'lnffl. am bf --mgni•ed in front of clcparuuc.im, on 
PfflOrmaRa: board, and alao in front of t9p ~c. 

• TllllC - Recopiooil <an 8Mll at any time like in sraff mcctiug. annual 
IIW1ltd banquecs,. etc. 

8.6 Prioclples of TQ.M 

TQM ~ be dcfu)eci as me .manag=ent of inilia"'1<$ and ~ that ar_c WIied 
at acrumng the ~ of quali,:y produca and _.;ca. A number of key principL!s 
can be identi&d in ddining TQM, lndudlng: 

• Bxecu.t:Ne Mtotpm.,or -

Top management should act a, die main driver for- TQM and creau: an 
envil'O.llment that ct1$Uf~ iu •-·· 

• 'Iiaiohig -

Employees should rca:ivc RgUlar tnining on the mcdtods and concepts of 
quality; 

• Cuatiomu Focua . 

Im.inov-ua in qwlicy should improve cwlllimer atls&ction. 

• Decision M.lriag • 

Quall«, deciliom sbou:ld be made based .on meuu~mdlts. 

• Mediodology and Toole -

Use of appmpriate memodology and iools e111URS that no~ ~ 
lru:ndlied, meas• and responded to conaia11:11dy. 

• Cantiaooaa l111p10NIDCil1 .. 

Compuies should 0>11W1I.IOllll:f' -rt.: _. illlprovi~ manufu:turma a:nd 
quality proa:dures. 

• Compmy Cahiu,, - The c:ull:llft: of ~ -.:ompany should aim at clevdoping 
cmp~ ability tn -k IOr,ditt ro imp.nM: qualiiy. 

a ~ I,m,l,,__ • Employ= should be Cll(Qu.atgeci IO be pto-actM 
' in icletuifyii,g and addrcaing quality related problems. 

8.7 The C'.cMit of TQM 
Many QOm.P@• belie.e mat the com of the inaoduaion of TQM ~ rat grcattt 
dun die bene6ts it will ~ ff_. raeoudi IClOIS a .awnber of industries b;is 

NOTES 
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CC$t$ involved in· doing noching, i.e. ttte dir«t and indirect com of 4uilit.y probtk, 
are fu greater than the costs of implemenling TQM. 

The Amerl<:an quality expert, Phil Crosby, wrote that many oomp;nies chose to P"Y 
fur the poor quality in what he tt:ftmd to as tht "Price of Noncottfunnance". The 
costs are identillcd in the Pm-ention, App.iaial., failure (PAF) Modd. 

Prevention costs are associated with die <k$ign, implemttitation and maintenalla: of 
the TQM system. They arc planned and incurred before ~ctual operation, and can 
include: · 

• Product R.equircmcnu • The setting specifications fur · incoming materials, 
p1:0ea$CS, finiahed p.roducm/aerviccs. 

• Quality Planning • Crcuion of pwu for quality, reliability, operational, 
production and inspections. 

• Quality A$Nnna. • The creation and maintenance of the quality syste.tn. 

• T~ • The d.evdopmttlt, preparation and maintenance of proce=. 

Appraisal costs are associated with th.e vendors and customers evaluation of 
purchased materials and setvic(:$ to ensure lhey an: within specifica.oon. They can 
include: 

• Verilkanon - Inspc:tio.o. of incoming mataial agaum agxeed upon spccifi~
tions. 

• Quality Aud.its • Check that die quality ,ysteln is functioning corroctly. 

• Vendor .Ewlwttion - Assessment and apptoval. of vendors. 

Failure CO$ts can be split into dt~e tMl.lting from , internal and external failure. 
Internal failure costs occu.r when results fail to reach quality standards and arc 
~ before diey are $1iipped to th.c eustOMCI', Thetc ~ mcludt: 

• Waatc • llc::ecessary work or holding stoc:b as a zault of crors, poor otga· 
Jl.Wltion or communicatio.o. 

• Scrap • Defective produa or nwerial thu cannot be re~ used or sold. 

• Rework • Comaion of dcfuctive malmll or enon. 

• Fall111e Anaiy.is • Thi$ i.a .IU(llired to establish the causes of inrernal product 
failure. 

Encmal failure cos!$ occur wbm the products or ~ccs fail to tea.ch quality stan
dards, but ate not dct(lettd ·Wltil after me customer n:ccives the item. These can 
indudc:: 

• Repam • Semcing of murs,,ed prod1.1C1a or at chc customer sire. 

• Warranty Claims • Items are replaced or aemces re-performed under war
ranty. 

• CompWn!l!I - All work and costs associaced with dealing with curn,met's 
C()mp)mts. 

• Returns - Tran1po.rtatio11, i~tigation and lwtdling of rewmed ituns. 



,8,,8 S~tistlcal Quality Control 

Su.tilti<:al quality co11trol (SQG) is the term wied to describe the set of statistical 
tools used by qu.!ity profeuionals. Statistical quality co11trc,J QUl be divided into 
chrec broad. categories.: 

1. Dmaiptive atatislics are used to describe quality dwut.eristlc$ and relation
ships. Induded are .m.tistlc:s sud! 111 the mean, swuiud deviation, the range, 
and a nu:asu.re of the distlibution of dam. · 

2. Statistical proceu concrol (SPC) inv0lve1 iospeaiog a .random sample of the 
output from a proc.c.ss and deciding whethct the pr(KlOSS is produciog produe11 
with ch:i.ra.:terutiQ th.at fall within a pn:dcterm.il1ed range. SPC answers the 
question of whether the pro<:ess i.s functiolliog properly or not. 

3. Ac,;eptaa« sampliag is , the process of randomly inspecting a .sample of goods 
and deciding whether to a=pt dle entire lot ba#d, 01,1 the taul"- Acceptanoe 
samp)ing ~nes whc:,her a batch of good, should be a=:pted or rtjected. 

The wola in eadi of ~ categories ptovidc difkn:nt types of .infurmation fur use 
in analy:ung quality. Descriptive ,wistia are used to dcsc(ibc certain quality clw:
acteristia, such as the centn.l wulcncy and variability of ob$crved dalll, Although 
ckscriptions of certain CM1'2cteristia are helpful, th.er ar,, n.ot enough to help us 
evaJuau, whtther there is a pRJblen,. with quality. Aa:q,QI\OC 9amplillg can help us 
do this. Acapta110e wnpling hdf'6 ua decide whether desirable quality has been 
3Cnieved for a ba1ch of products, and whether to ao:ept or reject: the iwns produced, 
Although this infu1'11llltfon ls helpful ln making the q""1.ity ao:epw!Q; d«i.sion 4fter 
the product has been produced, it docs not help u.s idairify and catcli a quality 
problem during the production procus. For this we need too.ls in the statistical 
process control (SPC) categoiy. 

All th.rte of these mtistkal quality conn-ol categories are helpful in nxauting and 
rnaluating the quality of p~ or services. ~er, •tati&tical prOCCA control 
(SPC) tools are used most fu:quendy beaUK they idcncify quality problems duri~ 
the pioduetio.o. prOGC$$. For tlus· -o, wt• ll'ill <kvoie JnOSt' of the chapttr t0 this 
catego.ry of tools. The quality conwl tools we will be ~ about do not ooly 
meuwc the value of a quality characterutic. TIiey also help us identify a mm,~ or 
v:ariation in some quality dlaracteristic of the product or proo:ss. We will first see 
what' typeS of variation wt can ~ when mwu.ring quality. Then we will be able 
to idenrify spccifu: too.ls used for meaauring this variatiOIL 

8. 9 Descriptive Statutics 

Deecriptivt! statiftia is the di$cipline of quantltatively describing tbc ma.in .6:arurcs 
of a collection of data. Otterip?M statistics· att <lisllnguished from inrerentlal scnis
uc.s (or irulw:tive swi&lia), in that descriptive mtistics aim to su.mmatiu a data set, 
m'lhcr than osc the dalll to learn a.bout the populali.011 that the data are thought to 

rq>«!Sebt, This gener:illy mearu that d.csaiptive statistics, unlike inklential statiscica, 
are, not d,:,.,:loped on the basis of probability tbcoiy. Even when a data andysis dram 
ii. main conclµsfom 1"ing llifmntial sratisQQ. dcteiiptlvc st:amfu:s are generuly also 
presented. For C%211lple in a paper n,porting o.n a srudy in.wmng human subjcas, 
tbet< typically appears a table giving the overall sample 3ize, sample sizes in impor
r.utt subgroups (e.~, ror each tttatment or apQ$Ule group), and demographic ot 
clinical ~teriscica su<:h as the average age, the pmponion of subjCICIS ,,i each sex, 
and the proportion of aubjew with related commodities. 
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NOTF.S 

• 
t '." 

Dac:riptive llati:stica provide simple summaries about tht -~ and the cn-w;:s. 
Togcdier with simple ~ uwym, d!q limn the bu4 of quantitative analyllis 
of data. 

Dacriptive aratistia tlUlllnal'U'.e data. For example, the shooting pe.=o.tage ill baa
mball i.<s a desaiprivc statinic that aummarius the peffll.l'.l'Dlnc:e of a player or a 
ttoam. This number is the numbu of shou made divided by 1f>e nwnber of shois 
takffl. A player who shoots 33% is malting apprazimatdy one shot in ev,:ry th.ttc, 
One making 25% .i, hittin& oru::e in fout. The pccenla@C summuiz:es or describes 
multiple discrffl evei,13. Or, -ider the ~ of many swdcn13, the gtade point 
avmgc. Thia si.nglt num.ber ducribea die ga,en! performance of a student aCllk4 the 
range of their roune e.xperi.e~. 

Describing a luge ;Set of ob.M:mtions w;ch a single indicator risks di,torting che 
original clara cir bing impot12t1t ~. Fe,, eampk. the shooting perctntagt dotSD't 
tdl you whethet the shoo ~ itu-poinrus or lar-ups, aad GPA doan't tdl you 
whcthet ihc .cudcnt wu in diffiaJ!t or eaq rouraes. Dqpitc these limitations, 
destri~ s~ia pnmde a powerful SllllllJlalY diat niay enable compari,ons aao.1S 

people or olher units. 

Univariate anal)'lis 

Uni'¥llliate ~ ~ the e;u.mination aaoas cuca of a single YUillblc, foa.i&ing 
on dnce diaraaeristica: the distribution: the <:enual mr.dea<,y; .nd the di,penlon. 
It is common to compute all thtee fut each snidy Vllriablc. 

Di..tribntion 

The distribution is a sum.mazy of me m:quenc:y of indmdual or .ranges of values for 
a variable. The llimplat diatri.bution would list every value of a variable aad the 
number of cases who had chat value. For innaace, rompwing the di.uibution of 
gcndcz in the 3tudy popularlon mcana ~ting me percentages tbat are male and 
female. The gendel' variabk has ooly rwo, making it poesiblc and .mcarungful to list 
cad, 011e. Howevu, this does ,not WOl'k fur a ~le sud, u .i.lloome tliat has many 
posi;ible values. Typic:ally, specinc valua are no.t ~l.y r,,cani,iptl (income of 
50,000 is tJJ>ially not mnningfully dift'eunt from · SI ,000). Gtouping the raw 
scott:t using ranges of W\ICS n:aduces the number of caregoriu to IOIDedw:ig mQre 
meani,,gfui. Pot iMtana, WC might gn)Up incomes UIUI noga of 0.]0,000, 10,001-
30,000, ere. 

Frequenq distrihutiom are depiaed as a Wllc or as a graph. 

Central tendency 

The QCllual tcndc:nq- of a distribution loatCI 1f>e • <lCBtcr" of a disail:,ution of values. 
11,c three major types of eai.matts of c:ientnl rencL:ncy are the mean, the med.wi, 
and the ,node. . 

Tht lllcan i& the man wrnrnoo}y wed method of de.aibing cenual !COIWlCY· To 
compuce the mean, tala: the swn of the ~ucs and d.ividc by the count. For eiwnple, 
the -=an enm score is decennined by swnming all the scora and dmdlng by the 
number of srudents taking the CDm. For CQltlplc, cmuidcr thc teat SCDtt valua, 

lS, 20, 21, 36, 15, 25, 15 

The swn of these 7 .values ii 147, so die man is 147!7 •21. 



The median i.s the score round at the middk of the set of -nl.ua, i.e., that has a.s 
many cases with a larger value as have a amal.ler value. One ~y to compute die 
median is 10 sort tlie values in numeric;al order, and then locaic die value in the 

· middle of the list, 'for example, if tilClc are 500 valuu, the median is the aver:ag;: 
of the rw0 -niues in 250m and 25 ht poeitions. If then: an- 4~ values, the value 
in 250ih poalion is the median. Sorting the 7 .1100res above produces: 

15, 15, 15, 20, 21, 25, 36 

Theie are 7 s_cora and acore #4 tepfeSClllS the half,qy point. The. median is 20. If 
then: is an evm number of obKtvatioll', lhcn the ~ is the mean of the two 
middle scores. In du, c:wnplc, if there ~ an 8th oba:rn.tion, with a value of 25, 
the median bcc.omu the avc:t'llf,C o£ the 4th and 5th scon:s, in tltls cue 20.5. 

The mode is the most frequently occurring valw: ln the sci. To deir:tminc the mode, 
rompuic the di.rtcibution as :above. The Ill* it the value with the g,ntcst ne-

. quen<:y. J.n the example, die modal value 15 O<lCUn thm rillles. In aome dl&tributiom 
there is a ·ue" for the highest ~ucn.cy, i.e., theR are mulliple modal values. Tile$e 
are called mulri-m<>dal dbttihuri<>ns. 

Notice that the du« mca,ures typically p.rod"" diffi:tent taula. Tu term • awi:r
agrc • ob.saJra the difreren0e between them and is better awided. The three wlucs 
are equal if the dimibutfon is unimodal and symmcaru: (e.g. Jiu the bdl-s!iaped 
~ormal dl&.uibulion). 

Diapemi.on 

Dispcqion is the spn=id of values atound the ocnual tr.ndcncy. There are tw0 c:om
mo» meuura of dispersion, die r,u,ge and me 1iand.ud deviation. Th.e range is 
simply du: highest value minus the lowest value, In our c:r.amplc distribution, the 
high value is 36 and the low is ) 5, so the range is 36 - 15 = 21. 

TIM: standa«! deviaiion ii a more aa:uratc and deraik:d estimate of ditpersion because 
an outlier can gttady ciagaaie the wige (as wu ~ in this e:wnple whe,e the 
single outlier value of 36 saanda apart from the rat of the values). The standaid 
deviation shows the tebtion that set of SCO!Cl has to the mean of the aampl.e. Again 
let's take du: set of scoies: 

15, 20, 21, 36, I~. 25, 1 S 

to oompute the SWKlatd dcvi.ation, we first find the <lillWlee between each. value and 
the mean. We know from~ th.at the mean is 21. So, the <lilf=n= .from the 
mtaii are: 

15 - 21 ; -6 

20 - 21 • -1 

21 - 21 = 0 

36 - 21 = }5 

15 - 21 = -6 

:25 - 21 = +4 

15 - 21 = -6 

NOTES 
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Notice that values that are below the .llltall have o:Egnvc aiffcrenoes and ~ 
above it have pO!litivc ones. Nat, we square c:adi differenoe: 

(-6)' ~ 36 

{-l)l • l 

(+0)2 = 0 

(15)' ; 225 

(--6)2 = 36 

(+4)2 = 16 

(-6)1 = 36 

Now, WC wee mac "aquara• and sum them to ~ the sun, of squatu {SS) value. 
Here, the sum ;.,, 350. Nar, we divi(k thi$ sum by me number of scores minus 1. 
Heie, the resuk is 350 / 6 ": 58,3, This value u known u the wriance. To get the 
standard deviation, we take the square root of the variance (remember that we 
,quated the deviatiom earlier). Th.is would 'boi ?58.3 ~ 7,63. 

Although tlw computation may seem convoluted, it', actually quire iimpk In 
English, we can describe the standard, deviation :u: 

"the aquare toot of the NlD of the sqWUt:d deviatiom &om the mean divided by the 
number of srores minus one• 

The standard deviation allowa us to reach. some condu.sioru about specific scores in 
out d.isuibution. At&uming that the distribution of scores i$ clOl<! to "normal", the 
fu1lowitig conclu.sions c;an be miched: 

• approidmacdy 68% of the scores U\ the Rlllpk fall within one standard 
deviation of the mean 

• approximately 95% of the acorea in the sa.mpk fall within two standard 
deviatioDJ of the mmn 

• app~tdy 99% of tM scom i.n the sample ~I within three standard 
dmatlons of the mean 

For iaswlc,,, since the mean i.n our aample is 21 and the $Wl¢1J:d deviation is 7.63, 
we can from the ,il,m,e statement estimate that approaimatdy 9S% of the scores will 
fall in the range of 21 ? (Z,.7.63) to 21 + (2"7.63) o, between 5.74 and 36.26. 
Values beyvnd two Slllndatd deviations from the mean can be OOMidered • outli.en". 
36 is the only such value in our dimibution. Outliers hdp identify obscrmioos fur 
further andyais or possible probwns in the 0Men2tions. Standard deviations also 
convert measures on very dibnt ~ such as height aod wtigbt. into ~ that 
can be compared, 

Other statistics 

In rescardi illvolving Q)!Dpari,oll6 between. groups, emphasis is ofien p~ced on the 
ligni6anr,. kvd fur d,e hypodiesi,s ibat dtc groups being co,np~ d.iff'er to a degree 
greater than would be ~ by dm,cc, Th~ •ificancc: level is often ~=ted 
as a p-value, or sometimes as ~ standard score of a rest statistlc. la contt.ui:, an 
effect size conveys the estimated magnitud£ and diiection of die dilference b-een 
groups, without Rptd to whether the dilf~a: is statistically ligni.fic:anc. ~porting 



significance level$ 'lridlOut dli:ct sizes is problcmaalc, since fur ~ -vk si= even 
small dfu:ts of littk practial. imponaru:e can be mtistically significant. 

Eumples of desc;riptive swi.stics 

MO$t statistia can be wed either as a descriptive sratiltic, or in an inductive analy.sis. 
For example, wr can n:pott the avcraec ~ng cest scoo;e fur lhe students in each 
clas$too1n .in a $Choo!., to give a d=riptivc seme of tllc cypical scores and their 
variation. If we petfunn a formal hypochesls rest on the srotc.l, we are doing inductive 
rather than descriptive analpis. · 

Statistical ProGCSS Control 

Statittical proccu control (SPC) is the application of statistical. methods to the 
monitoring and control of a pt0<:C$$ to ensure that it operam at its full potential co 
produce confuaning product. Under SPC, a p~ behaws p.red.iaab)y to produce 
as much conmrming p,odua :as powble with the leut poaihle w.uu. While SPC 

· 1w been epplied most ltequently to conwlling manufacturing lina, it applies equally 
wdl. to any prooess with a mea.swabk output. Key tools in SPC aie cootrol cban.s, 
a fo,;us on intptovement and dcsigMd ~ni,. 

Much of the powu of SPC lie& in the ability to aami.ae a ptocc3S and the SOUl'0C4 

of varwion in that proc:ess using tools that gjve wcipt to objective aaalysi& over 
sul>jeai.vc opilliows a.nd that allow the Sttcngch of eadi so= to be determined 
numerically. Variations in the p.nx:ca that may affi!ct the quality of the cod product 
or sctYice can be deteded and con:eaed. thus .n:duciog -te as well as the. likelihood 
that problCIXII will be pa-' on ro the customer. With .its eniplwis on early dctee
tion and prevention of problems, SPC has a distmct adw.ntage <Mr othet quality 
methods, such as in&peaion, that apply .laOIUtlCI to detecting and 0>rrc;;ting prob
lems after they have occurred. 

In addition to reducing wasu, SPC can lead to a reduction in the time · required to 

prodnce the p.roduct or ac.rvic,c &om end to end. Th.it is partially due ro a dimini$hed 
likelihood that the .final prodw:t will have to be reworked. but it 111ay also result from 
u.sing SPC data to identify bonlen«b, wait times, and ocher rou.rc.e& of delays within 
the prooess. P- cycle time reduai0!1$ coupled. with impro-nai in yidd liavc 
made SPC a valuable tool .ftom ~ a c:oct reduction and a customer satisfu;tion 
st:udpoint. 

History 

Stacistical p.roc:ess OOlltrol was pil>~ by Waltct A, ·Shewa.rt in the early l 920s. 
W. EdWllfG.\ Deming law a~ SPC memods in the United States during World 
War II, thetd,y sucaufully improving quality in the ma.nuf:acrutt cf munition, and 
ochet srrati:giatlly impomnt produas. Deming wu also instrwDeiual in inuodudng 
SPC method.i to Japanese indu.my after the war had ended. 

Shewhart created the basis for the oontrol dwt and the oonctpt of a state of statit
tical conuol by carefully ~ ~-While Dr. Shewhatt dicw from pure 
matheroacical statistical du:iories, he undauood that data from pb)'$iCill processes 
seldom produces a • no~ <lisuibution ruzve" (a Gawaian distribution, also com
inonly refttred ro u a "bdl curve"). He di~ that ob.erved variation in tnanu
&cturing data did not always behave the same way as data in narure (fut c:wnple, 
Brownian morion of purides). Dr. Sh-Jw-t concluded that while every process 
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displays vat~Pn, some p.co=aies dispby controlled variation chat is n.1rural ro the 
p~ (com,non causer of variation}, while · others <li1play uncontrolled variation 
that ~ not pttsent in the p.rooess causal system at all dDU:8 (special <:auses of varia
tion), 

In I 988, die So~ E.ngil>ffring Institute .introduced the notion mu SPC can be 
wefully applied to OOft-~g pro~, sum as ao.ttw;ue engineering pro
ceaae.s, in the Capability Maturity Model (CMM). This idea crises W<hy within the 
Level 4 and Levd 5 prfflices of dlC Capability Maturity Modd Inttu,uion (CMMI). 
Trus notion that SPC is a useful tool when applied to non-repetitive, knowledgc
intcn&.ive proceucs sum as engineering p~cs has encountered 1nuch akcpticisrn, 
asid re1ntins controversial rodq. 

General 

In -~ the quality of rhe 6.nwied ankle wa& traditionally acllined 
through post•-ufac:lurmc insperoon of the product; a«.epting or .rejecting each 
article {or ililllpka from a producdon lot) based on how well it met its design 
spccificmona. ln rontrut, Statinical p_. C.ontrol uses natistical wol, to o~ 
die pciformance of the produl:tion proom in otder to predict significant deviuions 
that anay lauer result in rejected ptodua. 

A rrwn concept is that, fur any ~ble ptooe$$ ~,tic, the notion that 
- of variation <-an be acparated into two distinct d.1s.es: 1) Normal (,ometimes 
also .iefettc4 to as common or dww:ie) causes of ffriation and 2) assignable {aome
timcr also ttferted to u .sp«ial} causa of vanatlon. The idea ia dlat tno,t p
ha111: many causer of variatioa. most of them are minot, an be ignored, and if we 

can oa!y identify rhe few dominant causes, then = can focus our rauurc.cs on thofC. 
SPC allow, ti$ to <kteci when UU,: few dominant caun. of variation are p-t. Jf 
the dominant (usignable) causes of varialion c.1.n be deu:acd, potcnlially they can 
be idcnrilied and mnoved. Once removed, the procos is said to be stable, which 
means chat its resulting iiariation can be apecred to stay within a known sec of 
limits, at leut until anotlre- auignablc cause of variation is introduced. 

For -pie, a b~t c:erca1 packa&i"S line . may be dt:,igncd ro fill each cere:al box 
with 500 graim o( product, but some boxes will have slightly more tlwt 500 grains, 

and .!Ollle will ~ slightly J.css, in aa:ordance with a distribution of net weights. If 
the production proi;t:ss, iu ltl.puts, or its cnvito1>menc <:haoges (fur ex:unple, the 
mad,ioes doing the manufacture begin to wear) this distribution am change. For 
~le, as itS auns and pulleys wear out, the cere2l filling machiAc may swt 
puuing m.ore cneal into tad> box than specili.ed. If this change is 3llowtd to co.n
dnue undie~ more and more product will be produaa that fall outside the • 
tolcran<:es of die manufu:Nrer ot coll8Ull1et, resulting in waste. While in this ase, 
Ule w.iSte is in the furm of •nee• product fut the COIJ$UJnCr, typi.::,Jly WUtc ,onsists 
of rework or ..:rap. 

By obtem.ag at the right CUM what happt.ned ln the proceu that led ro a change, 
the quality cnginett or any member of the tcam raponaiblt for the ptoductio1> line 
can uouhlcsboot dtt root cause of the variation that bas aept in ro the proc;as and 
rorttet the problem. 

• 



How to u,e SPC ,, 

Statistical Pra=i Control may be broadly broken dowtt in10 tb:ree seia of activitieJ: 
undmtand.ing the process, undemanding the causct of variation, and diminadon of 
!he WW'QCS of ,pecial cause variatiDn. 

In ~ding a procas, die procea is i:ypically J.D&pped out and tbe prncas .i.s 
monitored using conu-ol c:1wu: Concrol cham afe u.«l ro, idenufy variation that 
may be due to special causes, and to fuie lhe uaer fioot 00nccrn over variation due 
to common causes. TIU$ .ia a cnntlnuou.s, ongoing ac;tivity. Whe.n a proocss is stable 
and does nor trigger any of the dietection rules fot a 0011uol chm, a proa:sr ~ility 
analysis may also be performed to pn!dict the ability of the current proc~ to 

produce conforming (i.e. within spedncation) pll)duct · 41 die future. 

When -.iv.\ variation is identified by the ooncrol clwt. delectlon rula, or die 
proca.F capability is found ladcins, -.dditional dlozt is c:mtcd to determine cauac& 
of that .-ar~. The iools u,ed include hhibwa diagrams, designed aperimcni, :and 
l'aieto diam. D<!aignlld c:,iperi111.e111, ate critical to this ph• of SPC, as !hey are die 
only mean. of obj~vdy quantifying die nfuivc imponuoe of the rnany potential 
causes of w.riJttion. 

Once die cauaes of variwon ht.YI! been quantilicd, eflort ii spen.r ir •limioaring those 
causes that ase both mtiaric:ally and pracliailly lipifiamr 0..,. a cause that ha, only 
a. small bur statktk,illy sigiulicant elfect may not be-coiuidered cott-dfectivc to ~ 
however, a cawe that is l!Ot ffil~ signl&a.nt can never be contldetcd ~ 
signilic:ant). Gene.rally, tbia includ.es development of acandanl work, etror-proofi.ng 
and training. Additional procca changa may be "CJ.uired to redua variation or align 
th• proceu wi!h the desired target, especially if there iJ a problem with proCCA 
capability. 

For digical SPC charts, ,o.alled SPC iuls usually CJOme witll some tuk sped& logi, 
that determines a. 'derived "21.uc' that ill to be used aa tbe basis for some (iemng) 
correctio.11.. One ewnple of •uc:h a derived muc would be (fur the common N 
numbers in a row ranging up or down 'mle'): derived ftiue ~ laet nluc + avengt 

~ bl!tWC!ell the lair N numbers (which would, in eSilct, be euendlog the iGW 

to be apeaed nm value). 

Most SPC charts work bat fut numeric data with Gauasian lltlUlnp,uon,. • ~dy 
a ocw control chart: The ~time contrasts chart wu propoaed to handle p
datA with oompla:. characteti!tica, e.g. high-dimensional, mhc numerical and cat• 
egurical, miaing-mued. non•Gwsa.ian, ·oon~liocar idatlon,hip, 

~Sampling 

h.ceptana: sampling uses 1111.tiatical Qm_pliag to ddennine whether to aa:ept or 
ceject a prodnmo" lot of man.rial. It has i-n a common quality contf(ll lltChniqllC 
used in i.n.du,uy and pu1icu1arly die milita.ty fur conuaas and procurement. It is 
usually done as produa. leaYe the factory, or in •ome c:aaa ~ -..:itbin the fa.;toty; 
Most ofien a prod!ICU supplies a eonaumer a number of itam and decision tO acxc:pt 
or reject the lor is made by determining the nwnber of defect:ivt itema .i.o a ~pie 
from the IOL The lot is acc,pted if the numhcr of defeaa falls ~ •~ the 
auepw,ce number ot otherwue the lot is n:je(ud. 

A ~ variety of at;eeptance san\pling plans are awilable. 

r-10.,,.,,lt'4n p wa.t 
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Hinoty 

' Acceptance S2mpling p.r,xc,durca became. oomm.on during WWII. Sampling plans, 
such as MIL-STD-I 05, wm: dc-veloped by Harold F. Dodge and odters and became 
&equendy used as &ta.adard&. 

More =endy, quality usurance broadciud the scope beyond final inspection to 
include all a,pecu of m:1J1u1ilcturing. Broader quality management systems include 
methodologies such a.s in:ariatical process control, HACCP, six signu, and ISO 9000. 
Some use of aoceptance sampling still remains. 

Rationale 

Sampling provides one i:atiollal means of verification that a production lot ronforms 
with the requite.men• of ll:dmical 8J1ecilicalion.s. l 00% inspection docs not guaran
tee 100% compllanci! and ia too time consuming and costly. Ra~ than n-aluating 
all items, a specified ample is taken, inspected or tested, and a decision is ma.de 
about aooepting or rejecting the entire production lot. 

Plans have known ri&lu.: an aa:.eptahlc quality llmk (AQL) and a reject · able quality 
levd (LTDP~ is pan of the operating chara~rlnic curve of the S3.lllpling plan. These 
a.re primarily statistical risks and do not nca.arily imply that dc:fu:rive product is 
intentiOllally being made or a.cQtpwd. Plan, Call have a known average outgoing 
quality limit (AOQL). 

8, 10 .Aa:eptam,e wnpfuig for attributes 

A single wnpling plan for attributes is a statistical method by which the lot is 
ao:eptel! or reje,:ted on the ba.si$ of o~ mnplc. Suppose that we have: a lot of size 
M ; a 1111do.m. sample of 9l2'< N < M is sclea,ed from the lot; and an a=pta.nct 
number B is dercrmi-1. If it is fuu.nd the number of !lj)nconforming i, less than 
or eqiw to B, the lot is accq,red; and if the number of nonoonrorming is greater than 
B, the lot i& I\Ot accepted. The d.:sign of a slngl.c wnpling plan .requi.rtt the &d«rlon 
of the. sample me N and the a.xeptancc number B. 

MIL-STD-105 wu a United Stat.:s defenae standw that provided procedwu and 
!ables for sainplir1g by am:ibutc:1 (pm or fill cbaraw:risti,:). MI.L-ST0-105E was 

anoelled in 1995 but ls available in related documents such as ANSI/ASQ Zl.4, 
•Sainpling Procedures and Tables for lnlpcction by Attributes". Several level, of 
i.mpectwn arc pl'QVided and can be indacd to seven! AQLs. The sample me is 
specified am! the basis fur -acapiance or .rtjeaio.Q. (numbar of defects) ls provided. 

Variables plao.s 

When a meaawed characteristic produ= a nwnbe.r, other sampling plans such as 
those baed on MIL-STD-414 are ofu:n us"'1. Compa,ed with an.ribute sautpling 
plw, ·these often use a smaller .sample size !or dte same indexed AQL. 

PN>cesa Control 
P- control is ~ II.sod in industry :and enables m.a.ss production of con
tinuous procaises sll(;h as oil tdining, paper aw,ulii.cruring, d,.ernicals, power planu 
am! many otba industries. Pio0e.sa amtrol cnablc.s automation,. with whidl a ,mall 
81d' of operating penonnd cm operate a compla p.rocas &om a a:nttal eontrol 
room. 



_For aamplc, heating up the wnperacure in a room is a p- diat 1w the specific, 
des.ired outcome to re~ch and main~n a defined tempcrarun., {e.g. 20°C), kept 
conswn over time, Herc, the tffllpcrature i& the amu:oll.ed wriablc. At the .same 
time, it is the input variab.lc since it is roea!lUed by a dtetmotnmr and used to 
decide whether to heat or not to heat. The desired ccmpcratu.rc (20°C) is the tet 

point. The state of the heater_ (e.g. the setting of the valve allowing hot water to flow 
through it) is cal.led the inanipulated ffriahle sina it is subject to control actions. 

A cosumooly wed conuol dmce oillcd a p.rogranunable logic conu-oller, or a PLC 
is used to read a set of digital and arwog inputs, apply a set of logic statements, and 
generate a ,er of analog and digital outpu!S. Using the exam.pie in cjle previoua 

paragraph, the room temperature =uld be an input to the PLC. The logical stare• 
me.lits would compare the set point. ro the input tempcratuR and determine: whether 
mote or less heating was ~ ro .lcup the mnpe12!U!C constant. A PLC ouq,ut 
would then cith;,r open or dose the bot waie.r v:ahle, an inc.remcnal uo.ount, d.q:,end.

ing on whether mote or less hot water mi needed. La!p more complex syatema can 
be controlled by a Distributt:d Conrrol Sy.stem (OCS) or SCADA system. · 

8.11 Type$ of com:rol syatems 

In pta.ctke, procCQ; COAttol S)"'tt:m• c:an be characterized as one or .IIIOte of the 
following forms: 

• Discrete - Found in ma.1ty manufacturing, motion and packaging applkations. 
Rt,botic ~ly, such u that found in automotive production., can he dw
acterized as discrete process control. Mou discrete manufu:turirig involvl!s the 
p,n:,ducrion of discrete pieces of pzoduct, such. as rncttl swnping. 

• Batch - Some applications mi,u.ile that speci& quannties of raw rna«:rials be 
<»mbincd in ,pecific. ways for pan:iadu durations to produce an inu:nncd.iate 
or ~ resuk. One example is the produ«ion of adhtAms and glues, which 
nomially require the .awcing of .raw malttials in a heated vessel fur a period of 
time to form a quantity of end produa:. Other impottant e,wnpk:s are the 
p.roduaioii of food, ~ and tncdicine. Batch. processes are gcnmdly used. 
to produce a relatively low to intermediate quantity of product per ycu (a kw 
pounds to millions of pounds). 

• Continuous - Ofu:n, a physical. .,.rein is repcoentc:d lhrough ~es that arc 
smooth aad unlntenupted in tiine. ThA! control of the water cempauurc in a 
heating ja<:ket. fur cumpk. is an e:a:amplc of co.nt:inuow process oonuoL Some 
important a>ntinu.ous 'proc::tSSeS are die prodw;tU>n of fuels, chemicals and pw
tics. Continuous proceues io manufu:tu.ting arc uacd to pro.:hioc vcn, large 

q1wui~ of produa ptt year (millions to billion.s of pounds). · 

Applic:ation$ having elements of disc.tete, batch and continuous prociea control att 

often called hJbrid applitaaon$. 

8 .12 Six Sigma 

So: Sigma is a business management strategy, originally developed. by Motorola. USA ., 
ill 1986, lb.at is widdy used in many $«t0!'$ of induatry. 

Six Sigma seeks to impnwc the quality of procea oUlpllts by identifying and mnov
ing tht .;auses of defects (errors) and mini~g \l'Uiabilii:y in manwaauring and. 
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buainea proccsaq. It uses a. "' of quality ~t method., includillg statislical 
methodt, and creates a ipa:ial infivtruc:ture of people wiihi.n the ~n ("Bladt 
Bdts", "Green Jkb•, ~) ,o,ho al'I! ~ ill thae methods. Each Six Sigina project 
,carried ou.t with.in an otganh;ation follows a denned .rcqucnc:c: of steps and has 
quantilied financial iargets (CiOSt teduciion a.nd/or profit incteu:). · 

' 
The term Six Sp originated from terminology associated with manu&auting, 
specifically te.fflls assoc:iabXI with st;ttistial "'odeliog of rnanufu:turing . ptOCCACS, 
The maturity of a menu&.c:turing pxooeas can be daaibed by a sigma ra~ .indi· 
eating its yidcl. or the pcrc:enblge of d,efecr.fttt: pmdu<:t$ it c;rcatcs. A silc sigma 
procas• is onc ln whidi !39.99966% o( the produ.;os nwi.u.fa~ ate statislially 
p_p,x:ted to be &ee of ddecn (3.4 defects per tl1.illion). Mo(Ol'()la aet a goal of "sut 
•ie,ma • for all of jq manufu.twing ope.ration,,, and this goal became a byword for the 
maoageDlcDt and cngineetillg prac:tica uaed to achieve it. 

Silt Sipna pmjccu fullow two project mediodologi~ uupired by Deming'$ Plan-Do
Checlr.-Aa C:,de. Thae mcthodolotPCS. compo=d of five pha.scs each, bear dtc ac• 
ron:,ms DMAIC and DMADV: 

• DMAIC is used for projccu aimed at improving an csi•tiog hu,iness process. 
DMAIC • pronounced as "cluh-may-ick". 

• DMADV is wed fur proj~ aimed at crutiog new product oc process de
signs.[! 4) DMADV is pmnounc;od as • duh-nwl•vec•. 

8.13 DMAIC 

'The DMAIC pmjcc:t lnethodo.logy has .live phasa: 

• /Jefme the p«Qblem, dtc ~icic of die customer, aru! the project goals, specifically. 

• Munnr lm:y- upeca of the aurent pN>a3$ and collea relevant data. 

• ~ the clau to iQvatigaR: and verify a.usc-arui-~ rdatiOIIShipt. Den,c-
mlru: what the tdaciomblp, ue, and attempt ,o ensure that all factors have beeJ, 
comidm,d. Seek out roo1:· cauae of the ddea under irivemptioll. 

• J,y,wt M optimize the cunat pmccss based upon data a:n:alysi6 using tech
.Qiquea ,uch ,... design of ~erimcn~, poka yoke or mi11:1ke proofing. and 
S1llli.da.ril worlno ctea~ a new.-~ mie· proQl!SS. Set up pilor runs m estahlmi 
proc:c:sa ~billty. 

• O,,,m,/, die fututc m~ p- to M$Urc that any deviation& &om mget ue 
corrected before !hey result in defects. Implement control 1y1te111s such as 
statistical proass a,ntro.l, proc!uction boordt, visual W"Odiplaas, and 00ntlou

ousl.y moniior the pwcas. 

8.14 DMADV ot DFSS 

'the DMADV project mediodolo1r> a&o known as DFSS ("Design Fo.t Six SiglnQi,!14] 
re.- 6~ p'-'s: 

• Dlfi• design goals that ue aiasistmt with '1Ut0mer denwt'ds and the enter• 
priK strategy. 

• M,,_,., and idenlify CTQ.a (chanaeristics that arc Critical To Q!iality), pftld
Uct Cllpid>illtie:s, production proo:ss oapability, and ri.da. 



• An4J,u to deve/Qp and design abematlvcs, create a high-level design and evalu
ate design c:ipabilicy to select the best ,d~ign. • 

• Design details, optimize the design, and plan for dcsign verifie1tion. This phase 
may requite simulations, 

• V~ the design, sci up pilot n.1os. implement the production p.rocas and hand 
it o~ to the pr0C<:$$ ownct(s), 

8. 15 Quality management tools and methods wed in Six Sigma 

Within the individual phaies of a DMAIC or DMAOV project. Six Si&ma utilizes 
many csmbli,hed 4u.al.ity-man.igc.ment rools that are also used ou!Side Six Sigma. The 
following tabk shows an ovavicw of the main methods used. 

• 5 Whys 

• Analym of vari;mre 

• ANOVA Gs~ R&R 

• A:riomatic design 

• BIISinw; Process Mapping 

• Ca.we & ell'ecl$ diagiam (also known as tuhbone or Ishikawa diagram) 

• Ch«k sheet 

• Chi-squared lffl of ~ .iuxf lies 

• Control dwt 

• CorreLu:ion 

• Cost-benefit analysis 

• CTQ_ttce 

• Dcaign of ~mcni, 

• Failwe mode and drecca a.aalyris (FMIW 

• GencQI linear model 

• Histagram$ 

• Pan:to analysis 

• Pan:to cbatt 

• Pidt chart 

• Ptooess c:apabil.ity 

• Quality Function Deployment (Q,llD) 

• Quantitative marketing raearc:h through tl!C of Enterprise Fee:lbadt · Man-
agement (EFM) ,ystems 

• Ra:g,ression analysi& 

• R!)Ot e1use ~is 

• Rnn cham ' 
• · Scana diagram 
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• SIPOC anal,- {Supplie!\', Input!, PRICi$s, Ollq,uis.€ustomcrs) 

• Stracifu:ation 

• T:iguchl method$ 

• Taguchi Loss Fllltcrion 

• TRIZ 

CASE STUDY 

Total Quality M:an•gtll"'!l!t (TQ.M) i, a key feature of Nissa.n's way of working, 
TQM involves malddg ~ .$:llilfacuon top priority. Groen this goal, C'lerything 
the organisation and ~ pcopk do i& focwed on creaanr; high quall,:y. To acl,i~e this, 
Ni$= Ii.as t<>: 

• undastand cullomcr rcquil"c.ments 

• oonsidc.r the proa:sses involvctl in prooviding quality, not jwt the end result 

• prioritise and ua.ndudise wlrs ro ddivu- quality 

• educate all employee$ to work in this wa.y. 

In p~c;a.1 terms TQ.M involves: 

• idcnti{yiJIII cuatomcrs and diar rcciuiremcna 

• cstabll.,hing and llling obp:tives (targeu) for all U'Cal <>f ac:tM(}' 

• bui11g decis.iom on rcsea.rchc:d fwd. facts r.uhcr man on hu.ndics 

• identi.fyiag and, ewninatmg the root cawes of problem& 

• educanng and mining employees. 

TQM is an ongoing proau; a way of think.Ulg and do.ing chat requitts an 'improve
ment cultva:' in whid,. ~ne looks for wsys of doing beatt. Buildlng th.is cul~ 
itrrolves ~g tvayi)ne fu:I tbdr c:ontributioo. ac valued and helping <lwl1 to 

~p their c:apabilities. 

A qclc of Plan, Do, Chodc, At:tlon becomes pa.rt of ~ employee's thi.oalrlt,g, 
hecatlllC it rep.resents Nissan's way of woridng. 

8.16 SUMMARY 
Quality cotutol, or Q.C fur ahort, is a p- by . which ~ti tics revi~ the quality 
of all f&cton involved in production. This app004dl places an emphasis on thiee 
aspects: 

1. Eletnenn suc:h as coatrok, job ma.aagcmeat, defined a.oa we.I.I =aged 
pt<>OO$$C1, perfolltnlDCe and integrity criccria, and identification of records 

l. Com~ • .sud!. as knowledge, slcilk, cxpe.ri'-0«, and quaJifqlio.os 

,. Soft demenu, such u ~lllld. inttgrity, confu:lcncc, cuhure, motivation, 
ream. spirit, and quality rclacionshipe, 



Conaok include ~uc:t ialJ,«ti<>n, where CVt:fY product i.s examined visually, and 
often using a Sleffll m.icrosoopc fur fine decail bdon: the product is sold into the 
atei:nal market. lnspecton will be provided with lists and descriptions of .inaca:pt• 
able product dcfcd:J w,cb. as cracks or s~ blcinis.hes fut esample. 

The quality of the. outputs is at risk if any of thae thn:c aspeas is deficient in any 
way. 

Quality control e.tnph3$iw te$tlng of produas to uncover defects and reporting to 
management who make the decision to allow or deny product release, whereas 
quality .usuranoe atteropu to improve and ,tabili2lc production (and associated pro• 
cesscs} to avoid, or at least minimize, issues which led to the defect(s) in the first 
placc.[cication necded]For conttact. work. panicularly wodc am.rded by government 
agencies, quality control iuues are among the top reuons for not renewing a con
tract. 

"Total quality comrol", also called total q'IW.ity managc:ment, is an approach that 
atcnds beyond oidin.uy swistical quality control techoi.ques and quality imprnvc• 
ment ~ods. It implies a compkr,: overview and re-ev.l!uation of die specification 
of a product, rather than just C0!1Sidering a more luniied set of cbanpl• features 

withio an existing product. If the original specification does not reflect the correct 
quality ~en~, quality cannot be insp~ or tn211ufactured into the product 
Fnc itulW>ce, the design of a ptc,surc ~ should .u,clud,: not only the man:rial and 
dimensions, but alao opmacing, cmiroo.mental, ~ tdiability · and mai.tllaillld>iuty 
.rcquir=ts, and documentation of luu!illfl about dtcse l'Uplirem.cnts. 

ANSWERS TO 'CHECK YOUR PROGRESS' 

(i} Total quality .cnan.ag&1ent or TQM i& an in~tive philosopliy of management 
for t.:Olttil!uoully Ullpl'09ing die quality of pl'Odw:u and p.l'()()C&1eS. · 

(ii) Statistical ~ity oontrol (SQC} is the tct'm wal to describe the set of 
stati.rical tool~ med by quality proffflionals. 

(iii} Acaplll.Qcc .sampling uses statistical sampling to ~inc whether to aoo:pt 
or reject a, produtti.on lot of material. 

(w} Su Sigma is a business ~t suau:gr, originally devd<iped by Motorola, 
· USA in 1986, mar is widely med in mariy 3ffleln of i.ndU$uy. 

(v} PJociese 001\ttol is -ivdy U$'.d in iodt!Ro/ and enable< mffl ptoduction 
of oo.oti.nuous proaACS sucli as oil mlruitg, papa: manufacuiring. chcinicds, 
power pbnts and many ot.lter indUStties. 

8 .17 TEST YOURSELF 

1. Odille TQM and ~bin the process its inipottan<:C in manufu:turing orga,,i• 
1:ation. 

2. Wh:.t arc the key elements of TQMI 

3. What is di.e basic principle of TQM? 

4. What do you undetscand by Stati$tial Q.ualicy Control/ 

5. Define: ln deail die tlu~ cl<:mettta of Statistical Qualicy Control. 

. NOTFS 
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6. What is m: sigma? BxP,lain iis im_porcug: lo. �•s ��tive world.

7. Critically analpe - nm m<:thoddogies or Sil sigma. • ... 
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9.1 Introduction 

Eveiy organization bdore .setting itself to production, plana fur it production sched
ule and dte way in which production is to done for filling up consumer's or its 
buyers' demand on time, 

9.2 Job Shops 

Job shops arc typically small manufacturing businesses ch:at handle job production, 
that i&, custom/bespoke o_r semi-custom/bespoke manuf.i.cruring processes such a.s 
small to medium-size CUltOlllcr ord.ers or batch jobs. Job shops typically move on to 

different johs (p<mi!,Iy ..uh di.ffe.rent custotnerS) when each job .is ootn_pler,d. By the 
nature of this type of manufacturing opemion, job mops are usually special.izd in 
skill and . ptoe(::$Sc:s. In computer a<:ic11ct the problem of job shop scheduling is 
considered strongly NP-ha.rd. 

A typical e:wnpk, would be a machine Ji.op, which may make para; forlocal indus
tti.al . madiinery. furn madi.ineiy and implements, boaa. and ships, or even batches 
of •pcci•livd r.om_polle:tlu for die aircraft indumy. Ocher types of common ;ob shops 
ate grindi.ng, honin~ jig-boring, gear manufuturing, and fabrication shops. 

The opposite would be continuous flow manufactures such as textile, steel, food 
m.anuf.t.cturing and manwd labor. 

9 . 3 Problems of Job p.roducti.on: 

The ooic quest.ion here is that of st:Mduling. When there are jobs llWailing process• 
i.ag on machines, each job having a pll>-decided scqueno:, of opetation and proc=ing 
timing:!, then what should be the order of loading the jobs on machi.nes so as to 

optimize the apeaed pesformana standards? 

E,:pe,:ted pedow 1tandard.c could be: 

l. Mean flow tirm:. 

2. Total ptoc::asing time. 

3, Idle time of 111ac.hirics. 

4. Mean earliness and latenm of jobs (Job rompi-d befure due date is its 

~linw. LalmeN - acllW ootnpletion titnc • due date). 

5. Mean tardiness of jo~ (Tob completed after its due dace). 

6. Number of tardy johs. 

7. Mean waiting time. 
8. Mean numhct of jobs in the S}'St;,m. 

l1ie &w:,rs illutiag the ,olution ue: 

1. Total number of job$ for scheduling. 

2. Tocal number of madunes. 

, . Manufa.ctu1'ing &cilitics - flow shop or job 3hop. 

4. Narun: of job arrival, • mric or dynamic. 

S. Evaluation a:itcria fur scheduling. 



If n (number of jobs) goe.& up and · m (number of machines) also goes up, the 
problem of scheduling to that extent becomes more oomple:i. Herc there are no 
optimal solutions d,cn. 

The facilities in the job shop att: lim.ittd, aod cb.c jobs crowd up demanding indi
vidual proc=.i.ag $C;J.W:itces. It gives ti~ to some peculiar problems: flow pattern 
problem, WIP invcnrories, counting of jobs, long completion time a.od oenain un• 
predictable problem.a. 

. The work in this area mainly relates to static job or flow shop. However, in a large 
shop, the po.s.1ible sequences are many. It requires further research work. More work 
has been· in the area of diapatdtiag rules ~ng- simulation io a dynamic environment. 
Scheduling has .implications fur both the 005U and dfeaivcnns. 

9 .4 Production Scheduling for Job shop, 

A typic:al job shop .is a hig!,.-.0\il, low-volume (RMLV) p,roducrion unit that aimul
wieou.sly pro=ses several divwe, .low-<jwmtity join 1WJ1g shared =urc<:$, The join 
ha~ dilfe.rent routings. due dace.s, priorities, 4uantjuu, aod material and tCIOur~ 
miuirancnta. Nowaa:t.}'S, the incceas.ing product cusU>roizacion is c=ting more job 
shop cnvironm.cnt in m:muncturing world. For c:xampk, M.azak now makes i~ COJtl• 

pkte line of CNC cuui.bg toob to otder aod Dell quiddy 3'$Clnbles computers to 
order. MaJce..tx>-order (MTO) and engineer-~ (ETO) ~ s,fflmS, and 
repair (MRO} ,ystcms belong to the class of job shopa bf the complaity of their 
produ«ion. In pCJal. a job shop is a productioa. unit when: order quantities are 
'II.I~ small; p- ,equireme11t1 vary with customer Older; processing starts for an 
order only afr.a n:«ivil.Jg the order .&om cu,romer; and many work rud<:r$ are $U11ul.
tllll00U.Uy proo:ssed U$U'lg shan:d rc:sou.rccs. Even the resource and .material ffijuite
menu often vary with. the order in job shop$. By !his detai~, .hlO$t of the =m 
mmufaawfag u.nia qualify as job shops. Theu a.re some production ')'SICII\S where 
each order is a pro;c,ct that involves numerous tub with dqx:ndency relations a.nd 
Rqllitcs many finite capacity mou.r,;;es fw pcrfonni.ng the iasb. From prodliaion 
schedulJng pc,:spectivc, th-, systCIIU arc .oo !.... compb than HMLV shops and 
th(,refore, we include sw:h systcm.s al,o in our d.i11Q1ssion. AldM>ugh mocr of the· job 
shops are tdativc:ly smaller in size and revenue, from p.rodu<:tioo ro•o•gffllent view
point, they are more complex than a .wge ,q,etiti,e produaion aym:m. Many job 
shops with small capital also have a diffiwlcy to maintain ml material inventOriC$ 
io order ro achieve abort ordc.r-llr>-<idi.-.y lead tilna. Some prominent featutc, of job 
shop, are: 

• It is difficult to ~ (i) the time at which ·a <;1J$tijmer will place an ordu, 
(ii) order due ~ {if fixed by cuno.tucr), (iii} order 4111,111:ity and (iv) process 
and ma~rial .r;,quitcmcots of the order. 

• .For a tuajoriry of cusfomet· orders, production $WI$ only afr.a «<:emllg an 
Older, that i$, maintaining linai goods inventory to meet future . demand i4 
u.tlG6mm.on. This u:sYa!.ly happcru in mal!i:-«rol'det. eagi.ilec:r-to-0tder, and 
usemble-to-order production systeJns. 

• Material acquisition process fur a cwcomer order may start only after receiv

ing the order. 

Jt>I, ~,. """~ 
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• Using shatl!d mourccs of fittite· capacilT, a )ob diop Al!nubneolls!y processes 
numerous jobs with different rouring:s, quantitia, due daies, prlorltie!I, and 
marerial and JCSOIU'« rcquircmt'IJts. · '· 

• · Several job$ may wait in a queue fur a mou.rce at a WQtk ce.nter. 

• l"roducr mlz and bottlt'IJ«b keep cilanging fu:qpendy over time. 

9 , 5 Job Shop Complc:idty: 

In any job sho?, a job passes through a sequence of work centers as specified in irs 
TOUting and it may wait fut the n:quiml moun:e,s at those work centers. The total 
waiting rime of the job in the encire pr- usually (l()nstin.tea a major pan of 
production lead time. Thi$ undesirable time is 11$ually large, particularly for job 
mops with high-mix, low-volwm productiOJI, It i.s not easy to measure ·the total job 
waiting time in ~ch shops beau,c (1) jobs witL divcrac routinss are processed 
simultaneously, (2) the prottss time of an opcr-atiGn of a job may V'M'f with both job 
and work center, (3) product mix ~ cha.«lging &equently and (4) .resou=s have 
limited capacity. This complexity makes it dil!icult to accurately predict job progress 
on shop lloor, WIP IC\'d at each work center, "bottleneck formations, resource utlli
~tio.n. shop throughput and joo cempletion times. The bottlenecks may keep moving 
~ work centen due to the chai,ging product mix. lo job shops. it is not easy to 

do pro;u;tive capacity pbnning for pA:'lellting bottleneck formations arul for improv
ing the workflow, piodw;uon lead tilncg, on-cl.me delivery and shop pe.rformaoce. 
Three ma.in reasons for job shDp complesi.ty are (a) die oop~ility of the nature 
and ttcriving rime of customer orders, (b) me loading of a job only after receivi.ag 
a customer order and th~ req~ material. (c) and the aimultancow production of 
diverse, low-qUU1dty jobs using shattd tt$Ourtt.S of fini~ capacity. 

Job shop produaioo maoaw,mcnt involves (a) dt:termlning due ewes and production 
alalt times fur a strnro of iocomiflg customer orders with diffcmlt rouringa on tbe 
basis of the cxiiting workload and rc50utee & matcriaJ availability, (b) material 
planning fut each o.tdcr and (c;) producti0'1 Kheduling. All the duee functions arc 
intezdepcodcnt and thq cannot be perfurmed independent of one other. The diln
aaliy in pl'OdL1Ction managemem is :aggnwred by several &aors includiog: 

• Cllli.nges in cuatomcr otdera 
• Cha.ages in job due dates and priorities 

• Dela)'$ in material supply 

• kwo.rli: I rejection due to poor quality 

• Machine breakdowns 
• J\o:epu,nex! of hot join fut big margins. 

Each of the above !¥rots can cause an lmpacr on work.tlow, bottlenecks, WIP. lead 
times, on-time deli-,. utilization of cmial resow-as l!»d ~ throughput. Many · 
job shops fix due dates fur cuatomer ordffl, whenever all<JW<lCi by the customers, 
based on some average lead times. {for aampu:, three weeks}, irrespective of the 
emti.og situation. Similady, thq fu. prod:ualoo start times based on due dates and 
avenge lead time5. Small and mid-sized job shop, that work with low capital and 
recci~ divmc, low-val~ ordtts with poor predicubilitJ' may not be able to maintain 
inventoty of raw materials and linished goods for many parts, Qµitc often, material 
requisition is made only after acccpring such an order :md produi:rion starts only 
after receiving the material. Some HMLV job shop, proclua: 2 kw m:ake-10-sroclc 
items and maintain their inventory ro promptly meet some repetitive demand. Sin« 



material inventories ba'IIC a ~igniAcant impact on production con in job 9hops, 
material ,for ~y job m!IA be nx:eivcd ju.st bdon-: the scheclukd. &wt time of the job. 
In fact. mate.rial Rquiremc:nts planning ~ the production scbeduk must be syn• 
chn>nized with each other. ~nscraincd produc:aion icheduling l$ nco:ssary 
for controlling CO.IXlpla job shop produaion ~d prediaing woddlow, bottleneck 
formations and job wiuplet.ion times. The amc:rol of oo.mpie:a: productiOD. is not 
e!Tc:crive without workllow predic:non and what-if analyaia of production. 

Many job 1hops somehow m~ their production by making quick. . real-time 
dccisiocs on the bui, of c:xpcrience, intuition, common sense and simple calculations 
and by pushing each job from one work 0et1ti=r to another based on the job p.rogi=. 
If a job is gcning de!.~. then r.hey may adopt fitdigbcing to avoid late ~ry. 

. In dte si.tnultaoeou, produaion of diverae jobs using .bai-ed ~W'<leS of furite capac, 
il)'I the real-time. decision& for scheduling bcrcrogeneous worklmd on .shop . Aoor will 
have a domino effect on pn,duaion and that effect cannot be toarily predi.cttd. The 
- is UllC for projtct-bascd productio.n $)'$1:Cl!IS that involve nwneroua project tasks 
with dq,endency .n:latio.n&. It is not easy to fully comprebend the t;:0mpkxity of job 
mop scheduling as long as the production is somehow managed by rcal..timc · 9d.td
uling and Mfighting without predicting the domino dTcct. Long, serious <Weu.
sions rala, plaoe in daily _procw,::rjon mcetmgl in raponse ro the changing situation 
in the shop ud managv, ~ make bold. rcal-wne decisions ID resolve fresh 
problems widwut p.rediaing the domino ~ of such decisions. The.n: i1 a srope 
for lmpt0vmg job dtop prodl.ll:llO.O performana without any capaci<y enhancement 
wh~ die he«:Ngento1J$ workload is dllciendy scheduled. Meaningful and system· 
atic produaion scheduling mka into aax>unt demand lln'am. inve;nrorics, · available 
~ouro: capacities, material planning. aistln.g workload and cash flow. Iu role is 
'¥ital in job eliope with high-mix, law-volume productlon. 

VariollS ~ to Jcb Shop Scheduliog: 
Nowaday$, -Y approaihcs like lean ~uf.iauring, finite <::ipadty scheduling; 
qwdt response· manufu:turing (QRM), CONWIP, the theory of consmiints (TOC), 
e1e are being adopted for production control and maoogerocnt. All these approaches 
provide a tOugb. ot detailed J)"Od11aio11 schedule either in real time or in advana:, 
The following is a brief ~n of a few production Khcdullng methods including 
thc manual eftorta. 

1. Mandill Schedallng: 

Quite often, a adtedul1:t't role is a>Qnned to axking job progtcss <>n the shop floor . 
and repom it to manap:mc11,t. There are xv-1 job shopt wllffl p.roduaion $clicd• 
uling u sin,plliled by the fullowing p.racua: 

• Out: dates art filled for Cllffl).IDa' mdtn on the basis of some aw:ngc .lead 
Ume& (for cwnp1e, tbrc,e ~}. irrc$ptttlve of the pending wo.r:kload and 
n:aoura: avulability. 

• Job loading time is based on material availabiliry and· a ptt-<letertnlncd 
prod\lCllOD lead time. Some people make a few wnplc cakuwions for the 
_workload at critical woril: Cffiters and adjust job )Olding times acco.rdiDgly 

• Each. job is push«I from one wnrlt ocnm- to another fo.lkrwing the aimple
tion of an operation and some dispatch ,ulc is adopted at ea.ch work ccnw 
for ad.ecting jobs (fur rW)("fflng) &om the conapondiog waiwig line. 

• When a job fuiea thc ri$k of mming iu clue date, fr will be a:pcdiied on high 
priority buis, utilizing OYCtlimc if n~ 
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• The joh is ddi.vtted after all ef ifi, ~ ~ G'!ICllpl-1: 

Job mop produaioci is manapble with mis prac:ace bur it can bd co laqe wm 
long lead ti,ms, poor or>-ti.me de.lm:ry and fu:qt1Cnt ludighting. The practice amounts 
to push dcduling which lean manufactWing apem always di&oounge. While ttrug• 
gling to meet the due dates, they do extcrw.ve reaJ..time schedullng, that i$, fit~ting 
without knowing the ripple dfect of their · .ceal.-time decisions on produalon plan. 
Most often, the firefighting breccds iDclf and Sta)'$ in the shop for longer times. 
Fiicf.ighting oould be .a sign of cha0$, poor p!ao.Jting and lack of oomptehensive 
knowltdge of the dynamic narure of a job .shop. It can reduce !ht ronndcnce of 
management and cuatolller in the due date peno=na: of the job shop. Job .shops 
cannot easily improve their pe.tfuttnanoe until the need fur firefighting is mjrurnized 
without =rificing productivity, Manual scheduling is not efficient fur complex job 
mop$ that simulc:aneously handle at any time numerow, divuse o.rdcrs with different 
due dates, ScicntiJk Khcduling c:;,n bring a lot of improvement in throughput, on• 
time ddi.vay aod raourcc uciliurioo of HM.LY job mo~. 
l. Sclwtoling on Wluld>oard.s aAd Eia:el Spread.aheets: 

Many planners still use wluteboa.nis fur production ,chedullng purpose. This mnple, 
manual mecbod could be sufficient for some &mall ptodua:ion syncrns. But, it ia very 
inconvenient and i.Jt~ for deduling numerous operations of di:vene jobs on 
re.sources of finite capacity. It is alw not hdpful fur quick rescheduling of the 
workload when the aaual wotk flow signt6cantly · d~iates from the whiteboard 
schedule. Many software -..:no.ors mended the whiteboard concept by o.ffcring an 
electronic YCnion, which facilitates manual schedule constM:tion and modifu:a'tions 
on Gantt chart (on compuw «:reen). Low-<:0n softwaie tools that facilitate opera
tional level production sdieduling by simple dng-an4-drop operations on oomputu 
screen wiU be fat more beneficial than whi~ fur dynamk acbeduling of job 
drops. 

Excel spread&heets ue sought for p.rodu.c;tlon scheduling in job shop$ for nuny 
reasons induding: 

• Almost all people &millar with peti,ooal computers can easily handk data in 
Ezcel sprewhceu 

• Dau requir.:d fur scheduling can be easily pulled into Excel spreadsheea 
from a majority of E.RP / MRP pa~ 

• In Excel spread,beeu, it is easy to perform many openrions on data like 
editing, zefuonaniog and llamfonnation 

• Pcogr.amming in VBA i& useful for adva.aced opcnriom on Excel data 
• Some people ha-¥e the perception that acbc:duling applicaiions in Excd are 

cheaper aod good enougi for small job .bops. 

They are indeed good enough fut small and .simple job shop produaion sy,rem.,. In 
spite of many such advantagu, Excel applicatio.m ha11e some major limitations fur 
acheduling the pmdua:ion of (:Offlplcx jo,b shopti. .Excd (plus VBA) cannot easily 
support a vcnaule scheduling paadigm and ~ logi<: to •llfficiendy address the 
scheduling complexity of many HMLV job &lio_ps, urapcclive of the shop •~ For 
cuniple, &;;cl applications are nor efficient to deal with (a) indiviaual weekly cal
crulars and alend•• CEaptions of n:,ourccs, (b) ch•ngo in job prioritiC!I, (c) multiple 
resoura, requiicuu:ncs of operations, (d) fut and mcnsivc what-if anafy1is, etc. They 
also lack powerful and 118C friendly gnphic fearutes and dng-ancl-drop funalonility 
and offer littl~ help in controlling manual errors in data entry. Aldiough users can 
easily edit E:rcd files, !he edicing wk is prone to h.uman enors. h ptoduction si2le 



and complexity incn:as•• Excel scheduling applleatioiu tend to become mas,iv$. 
cumbersome and inflcx.ibic. Th~ applications are very slow to schedule hund.n:ds 
of jobs in __ HMLV job ~ops. 

However, most of thcte drawbacks can be avoided when best-of-breed scheduling 
:ioftwatt Qin dirocd.y accept data fi:om Eircel sp~. For cnmple, the users of 
Opti,ol't sdtedu.liog sofiwatt. Schedly.,.er can bc:ndit .fiom the mcriu of Excel as well 
as the .scheduling power of Scbcdlyr.tt' -beca~ the ,oftwaie can accept input data 
fi:om Excel sp.teads.heeu in a meaningful furmat. A small add-in software component 

· may be needed if Exccl daia is nor ;Mllablc in the required format. For sm.all job 
shops, there is no guarantee that pure &a:! appliations with sufficient Kliedullng 
capabiliry have less cosr of o.,.nership (induding implementation and uaining) dwi. 
some best,qf-breed scheduling toO!s like Schedly.zcr. 

3. Scheduling by Project Maa~ So~ Toolr. 

Production management of job shops resembles raoura:-consmuned mulri•project 
maruigement in many l'C$pec:ts. However, the m2jot dilfen:ncies inclu.die: 

1. In many job thops, the dependency relations among wks of a job can be 
apreased by a taSlr. sequence whereas the description of wk dependency 
relation, in a project wually noe>'b a directed netw0rk. 

2. In .i majo1ity of job ,hops, a wk can be stamd oaly after nnifhing sll of 
its p~ wb. The requizan,:nt of liniabing eva:y pr«ming mo: before 
the $tart of a wlc may not be neoessary in projoc( eiwlronment. Howcvet, the 
tuk cannot start unless all ita p.......ding 'Ub have aheady st:u:ted. 

3. Tash in job ahopt uie i- likely to be dfort driven, ~ la, it may not be 
possible ro reduoe the duration of a job shop wk by allooiting -more: rc
soutce$. 

4. Tasks in projeas have longer dutacioDS with more variation. 

5. Projecu ar.e more: likely \Q be affected by major unc:main events. 

Many job sbop ,chedulm U8C projoct management (PM) toO!s fur production sched
uling. For c:umplt, ETO manufu:tu.rm and shipya.rds use popular PM tools fur 
scheduling hei:erormous warkload. If jobs form qll.t'ues while competing fur re
sources of finite capacity. die critical path tncthod (a project scheduling tnethod 
~ptt.d by PM JOfiwue} can ge.ncratc meaningless production schedules and the 
schedulas b.elplessly accept them. A Y:ast .majority of PM packages are not satisfactory 
for resouraxonstr.ained scheduling of thousands of wb bec.ause they arc nor effi
cient for automatically resolving resource 00nflicta. It is uaually laboriow to schedule 
and reschedule numerou, job.I (with hundtedt or thou.tand.s of operations) in a 
feasible manner when all resource conflicts in the achedule are to be manually 
reaolved by dtag-and-dtop opemio.ns as required by the project management _pa,c:k· 
ages. Thae u,oL .&r neither pO'WCfflll, dependable and fut what-if analysis noz a 
capacity planning mechani&m fur production symms. ~, the popular pmjea 

· management iooJ, arc ccdlent information ~ with clepnt gnphic u.scr inter
face that provides a ~ dfectlve display of project / production scheduk$. Most of 
the project management rools are nor powerful enough for rCK>ura><onauained, 
wmpb proclucdon scheduling involving thouaands of wks. MOM of the users of 
ruch tools in production enruonment are unaware of the availability of powctful 
tools for re.ource-<:o~ scheduling. 

Ju ,;,,,p,-' Pa," ,- ,. 
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4. SrWnGng Modules of P.RP Sy.ce-. • 

1oday, manufu:turing ia witru:ssing a rapid progress in the impknie.nution of sophia
ticau:d enterprise-wide, integrated information S}'StelllS, which itre known u enter
prue resource plaruiing (ERP) $)'SIW!,S. CA>mpanics are able to ha.nclk all their W'or
marion very easily aod inip.tovc the efficiency of business operations with the lidp 
of these .systems. The utility of ERP S)'Stenl$ has further i11=-d in .IIWlim.cturing 
ei<ccwion dut to the in~o. of 8hop floor daea collection sygtems with a central 
databue. Fram a customer .relation£ point of vi-. these .systems enable the industries 
to promptly give lhcir customers real-time job starus. However, many ERP .systems 
do not fully jusrify the term "resoura: planning" because they lack strong pianl'!Ulg 
and inwligent decision mpport modules. 

There are several ERP and ahop maoagero~•:u sofrwue packages that promi,e to 
diininatc ~ drawbacb of die abovc-<lescrih«I sdleduling mediods. Th.e ERP Khed
uliog modules are mosdy better man whiteboaros and Excel sp-dsbccu hut still 
inappmpr.ialr: or inefficient for complex job ~ Many ERP sch¢duling module< . 
arc currcody used by job w.ps mainly be<:ause O) they replaced the laborious 
man1121 scheduling ad rcscheduluig thar is donf on whiteboards ad in Excel 
,pttadah«ts, (2) there is no need U> provide Joh infurmation separatdy for planning 
and Kheduling puzpose aod (3) the bel of sdteduling kaowlcdge oo the shop Hoot 
is poot. 

The: modules baaed on MRP Kheduling .logic are .inappropr~tc for job shop ,cru:d
uling. Many of diem ,nay often &ii to gNe a feasible ,chedule auoornatially that 
saria6es all re.levaot c:oosttainu. Some of them predetmnioe (estimate) job queuing 
times at dilfcccnt work centers and use those times in schedule rkvdopmcnt. It is 
almott impowble to implement such modules on the shop floor. They pttfotnt 
i.nlinitc capacity scheduling and determine the: ncccnary apacity ~uirem.cnu, which 
r.oay not always be pncdalble, Ao decttoni.<: whiteboard may he available in thote · 
modules to repair ao .infusible schedule by drag-ano-<lrop operations. Some ERP 
,chcduling modules generate an infeasible schedule with resource conflias and 
expon it to a pTOject rnana~a,cot cool requiring a scheduler ro llWl~ te:pair the: 
schedule fut bo\U'I by d,ag--1-dtop opc:tatiom on Gantt cba.tt. This approach is 
very laborious to reschedule a Luge nutnhcr of jobs and pcrl'orm what-if anal}'X' in 
rciponac to signiliant chaop in ptod-ioo. The module< that • a lot of=· 
tioa tiim: to generate a swgle ~ W!Nlule arc oot dEciCllt for quick and <00>:n• 
.uve what-if analysis. lnteruciogly, .omc: job 1bopt dowt11oad the produaion data 
from ERP systems and schedule the ptodllC!ion in an F.xcel Bp!Q'lshttt or an MS 
A= appllcation. 

S, ~d.cdealing lry 11-.ry of Co.l!.luaiuts (TOC): 

One of the simple -,hods ,uggested fur production W!Nluling in compln: job shop 
i.s Drum.-Bulkr-Rope (DBR) method of the th.eoiy of coostrunta (TOC). It was 

~ by Eli Goldr,itt in early 1980s -whc!\ c;ompan.iu dkl not have sophisticated 
infurmation ,ymms, &bop floor data colleciion iru:chani.sm, powerful and low-ccst 
computen, and affordable tcheduliog to0ls. After working on thro dt;-d.opmcnt of 
software tools fur pmductioa tcheduliog, Goldtatt aperienced the dif&:ulty of ,cbc,d. 
uli.og compla prodlletwn systems in those unfavota6le conditions and rcaliz.ed a · 
need to aunplify those coropb ~ such that the scheduling difficulty can be 
eliminated. . 
DBR xheduling method is based on a fundamental usWllption that a production 
system 1w a aingle raource consmint and the other .rcsoW"CCS ~ sullicient capac· 
icy- to fully support any fuasible schedule on the constraint resouh:le. If this assump-



tlon does not ho.Id, then factoty managemc.ot is ~nin,d to sci= a tCS()Utte as the 
constraint and increase the capacity of other rewura:s fur c:muring the applicability 
of the simple DBR scheduling tncthod. The con.sttai.nt resource may change over 
time. DBR is quite simple to understand and pn,ctice and a $Chedulcr ca.n ca9ily 
.implement ·ic U$ing an fuccl sp.roadsbect. From the cucution po.int of view, OBR 
involves a proced~ calL:d bu.lfu management that addrasn the system variation. 

The underlying assumption of DBR coac.eming a single CCIISllaUlt CCllOUfCC enables 
us ro scbtdole jobs on the COMJ)Wlt lCSOIUCC (in the inaeaai.ag order of due dates) 
ignoring the: capacity of all non-co.o.suaint caoutces. Job Joa.ding times are dttcr
mi~ in aocordana: wirh the schedule dtveloped on the oonsmunc resow-c;e, taking 
into accou.nr the effect of u.nceriaincy in a crude mannei:. The basic: idea ;, ro lccep 
the mnstcainc resource b\1$}' ahva)" while controlling WIP in me l)lltem by .rdeuing 
jobs at right times. OBR ca.nnoc be practically effi:ctive Wllas ic, underlying asswnp
tion ho.Ids. When the 8S$Uttlprio11 does not oold, !he job queues caw,,ed by finite 
capacity resources will advendy impaa the hulttr m•oagcmcnr in DBR. Changing 
a com.pla job shop to support the implcrnmmrim\ of me simple DBR scheduling 
method m:ty be quite apcn,ive sometimes a.nd n needs strategic thioking because 
such changes may result in excessive tc80WU capacities. It iJ t1Uional to keep pro
duction ~duling simple in oompla $}'$fC.tDS hut it is important to coASidet what 
o;pcnJc: we mmt incut to make it p<>Niblc. 

6. Scheduling by Loan Manufuturing Pf.lcticu: 

Toyota produccion system (TPS) evolved into an in&pimtional wo.dd clw production 
system OVtt ~ due IQ continuow, dedk.atcd elfom of Toyoca penorutd. Toyoca 
ad<:!ptcd and devdoped many oonccpu; p.tinciples, prxtia.., medwds and a work 
culnm: t.bat are very dli:ct:m in manufu:turing. However, some of me ronccpts and 
methods like beiju.oka. one picir.e liow, Al¢ lime .an,! bobeo-baaed produa.ion 00Jl• 

aol are not mw:h tneaoiogb•I in jol> sboJ)$ wilh $imuhanl'.o11$ produciion of di'ldlle, 
l.ow~uautity job,. 

The .kanban ~ dc-tclopcd by Toyota is quite powaful fur m.ntrolling rcpetirive 
p~n. It WI be viewed as a -i-wnc production sdu:duliog systtnJ. ln fep«i
tive im,duaion, it pl:'e'R!lllll swvation of bottleneck work ceno:rs and furmation of 
large invenrory at any work center by rcgulacing the material flow through the 
produellion symm. The kanban lyl(elR @sOrb.s un=tainty, nattUa! vmation and the 
dllttrent,cs in production ntes at work ccntclS bur it i& mostly dfeaive when the 
demand is unifurm and pa:dicablc:. However, in job shops with Wlprcdictable de
mand and divcnc jobs that mow ~ dlffi:a:nt seql.lffi(lt$ of worlc ccnu:rs, no 
kanban sytcem c:an pn,vide the predlct2hilay of wotkBow, WIP, lead cm=, ttSOU!llC 

utilization patterns and job completion times. Such predictability is essential fur I 

capacity planning and productio.o c:onuol in c.atnpb job shop, with bctetog.cncoU$ 
workload. Kanban '}'stein cannot offer what-if analysis of dynamic production u 
required by job sbopg. .Aho, with kaobao syso:m it is not cuy to ddermine a rigbt 
time fur lmding a job inro the shop baaed the due ewe, quantity and routing ,of die 
job, the raource avail.ability and =nt worldoad on the .bop floor. Kanlwi c:omrol 
does not provide a oom.prehensive undemanding of the dynamic nature of job shops. 
Similarly, hcijunka .scheduling of TPS is not relevant to job sbops that simulta
neously produce many low-quantity job. with diff'ercnt due diucs, prioritiel:, routings, 
prooeas times, and resource and material requw:mcncs. 

Since Toy01ll dcmonstraeed the power of hciju11ka IC''hed111iog ,u,d .bn1>2n comrol in 
the management of its rep~tive pcoduction, there are many attempts to forcibly 
implement them for production sc:heduling and oonuol in compb: job ,hop, with 
&lse comiden«. In job shops with simultaneous p'1ld•xtioo of cli11CDC jobs, a kanb-,i 
.system will be quite cumbersome with little impact on throughput and on-time 
ddive,y performaru:e. Q.uick ttSpOOSC manufaauring (Q.RM) is another shop floor 
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control approach chat can also be viewed as r~-tiine job &hop scheduling. The 
POLCA mahod of QRM ~ more appropriate dwi .b1iba conuol t0 ad~ the · 
oomplaity associated with multiple job routings. However, POI.CA also cannot 
provide the .required wh.u-if an.ilysis and predictability as te<3uired by job shops. 

7. Scheduling Algoridum: 
~.:hers C011tributed a lot of literature on job $liop scheduling which is availahle 
in books and ttaeardi journals. They deYeloped good concepts and considered inter
Ming ob~ and comnaints of job shop scheduling. The objectives deal with 
issues like WIP, produc:tion lead time, job late11C$$, etc. However, the scheduling 
model& and algorithms devdoped by them arc largely inappropriate ro the acrual 
scheduling problems of job 3hop-. Thi$ is mostly because (1) the available math
einaticil techniquu arc insufficient to deal with practical scheduling problems, (2) 
many a,mmptiona are nw!c for reducing a problem to a le>"CI where it =i be $0lvcd 
by a non-uivW method, and (3) development of simple methods (heuristics) for 
fiurly good solution& to complex practical scheduling problems is not an exciling 
activity fur ~ (4) researchers have a natural tendency to take a complex, 
rigorous view of the probkms. The powei:ful concepts developed · by tacarchers are 
buried in mathem.iti,cal tataUI\Ult Tht:se ,~ <:an develop powtdul and effec. 
tlvc $0[ution.s ro practial probfCIXl,5 when they curb their urge to publish papers. 

8. Fi.aite Capac.ity Sc.bedwag (FCS): 

Finite capacity scheduling (PCS) took are alao available for job ,bop scheduling. 
Until rcoc:e.nt!,o: the ma.In diaadvmiage, of FCS are (1) the wsers need to fix nwnerous 
~ of the tool, (2) the users 6.nd the rools quite cumbcnome, wmicndly and 
las intuitive (3) the users need a lot of training on the cool,, (4) the input data is 
tithtt unawilable or erroneous and (5) the tools need a lot of computing power and 
time. However, theae tools enormously ilnptO'Ved and OVetQ!ne the diaadvan~ 
ovtT time due to rapid advanccmenu in harowai:e and softwatt. The W.n~ba,ed 
r:ools olfu a lot of Baibilit,; convenience and contell.t help to users. The high-speed 
penonal a,mpuu:1'5 ptly &ci.litare the WIC of FCS 1X>Oh. When top ~cnt 
$WtS looking at the schedule ouq,ut from these. tooh, rhe data quality and availabil
ity will gndually imprO¥e-

Wtth the anilabilllf of powerful information sy,rems and ~11:d shop floor 
data rollcc1ip11 sym1111, job 9liop$ arc able to tnek job starus and ~ scemiogly 
rational decisions in rat time for meeting j<ib due dalCS. FCS took depend on the 
same systems to provide efficient production ached~ and display the dynamic 
worldlow and bottleneclt furmations over rime. The implementation of PCS tools 
bring w job sbopi many benmis including fart workload xacheduliog, pm!iaion 
of fua- botdmecb and job oompklion timtS, and dRci=t c:i.pacity planning. FCS 
also bas aome drawbacks. Every FCS tool works with a tpecific Khcduling model. If 
a scheduling problem does not fit inw the uodedying parad.ign,, the . FCS solution 
ootild be rne,nbigleD even if it appears to be very sophisticated. It may be imprac
txal ro ilnpleaient on the shop floor the FCS solutions that arc derived purely on 
die basil of MUQ IMilablc for -.h resource in each time mtcmd (day. week, month, 
~. Such .schedules may not specify the s,:que.na: of job, to be loaded at ea;:lt work 
00!.let. Two major points of critlcism about FCS are lack of ability to deal with 
wriation and dew!~ Khedule output FCS logi,; can be suitably modified to create 
time huh (~ in TOC uiedloda) for jobs at some stages ro absorb the dfect of 
wriation on the schedule. 'The schedule output can be con,idercd at the iequircc! 
lc.d of decall. The diedulen must use some commoruense and domain knowledge 
wbUe implementing th~ powerful IIOOls. They can use the tuols inte1aairdy to gtt 
the belt schedules. 



9. 6 ProdU<=ti.vity finprowment in J!)b"' Shops: 
Job shop ptoducti'rity can be improved by die following ~ sreps: 

1. Identify improvement opportunili~ th.at are ~cry l.ikdy to result in chc increase 
of shop productivity, · 

2. Improve the siru:i.tion on the sh.op Jloor adopting lean manuf.icruring practices 
lila, 5S, SMED, l::aiwi, etc along with six sigma programs. 

3. Oiganiu productio.n operariOIIS of divffle jobs over time ill an optimal manner. 

The thtt\e sreps can be simultaneously pum1c:d by a job shop without any oonllict. 
Scientific production !dieduling based on an appropriate production rnode! SUf)potlS 
the third step while contributing to die fiat m:p to some cawt. Production scb.cd
ufi.ng i.s as an important part of production management in complcr job shop,. But, 
many people do not ,c.,m to pay a 1erious attention to thia imponant decisio.11-
maki.ng function. In simple words, this ltlnd of p1oduaio11 scheduling ttfm t0 

dem-m.inillg job loading limes and a duonological oidez of job! to be done by each 
resource in .a synchronous and rational manner subject to td~r wnstrllinu. It 
plays a centr.al role ill connecting demand. .leS!)urq: amiability, material planning, 
fi!WIC¢ and invenrotie,. Its role is vital in job shops with high-mix, low-volume 
production. 

CA$E STUDY • ESCOM-COPlNG WITH RUNWAY CAPACITY NEEDS 

ESCOM is a ptodw:a of electronic 'hOl!le appliaru:cs, ind1Uling VHS (Video Hom~ 
System) relevision =rdets, lot:all:il in northern California. The packaged product 
~ about 75 kg. 

ESCOM was not chc innovator of the system. Rath«, ill ~rs sat back and let 
RCA and others dt:velop the mad!:er, and .ESCOM i1 cum:ndy producing under 
license agreements. ESCOM has a co.ascious stran:gy of being a fullower with new 
product innovations. lt ~ not ha-..: the .6oancial .rao.urQCI ro be a leader in mearch 
and development. · 

ESCOM's present opponullity i.s indicated by the M ~ iodumy ~ of VHS 
rec:otdcrs h.tve inacas,ed 30 per cent per year for the put rtro n:a:rs, and fur«a.sU fur 
chc nex.t year and the two fullowing an even more enticl~ ESCOM has ~cd 
a l O ,per <lent muk$t share position and feet. that it can ac !cut .rnainw.n !hill 
position if it has the ~ capwty; it could pouibly improve iu .maiket share if 
oompetitors fail to plVYick capacity -~ the time it is nt.edttL 

Year 

0 l 2 3 4 5 

Fo-1. I 000 Uuiis. 100 140 195 270 .150 450 

Cap!lcity (pp), or sJa.:k 5 (3~) (90) H65J (24.~ (34~) 
lOOOwuk 

a 

The~ and apacity gaps are indicated ln Td>le. ESCOM regards the .iim year 
furec:ast u being quire did, based on itt present mad«:t share and a compilation of 
,e:veral industry furecasti &om d.iffi:mtt souias. It is )eq sure abo\it chc furccasts fur 
ful'IUe years, but it is basing d,.cse fur«affl on patrems fur both black and wlncc anil 
color 1V s:ales during their product life cyda. 

ESCOMs VHS modd. 1w a fu::to,:y price of Rs 600. Variable coacir an: 70 percent 
of the price, Inventory car.rying cos.u are 20 per Wit of inv~tory value. 15 pc.rec.at· 
age points of which rcpresentll the cost of apiw. ESCOM's fu:ility planncn estimate 
that a 40,000 unit plant can be built fur Rs. S million and • 200,00 WIit plant, 
fur Rs. to million. Land and Jahour are available in the ~ and either siu: plant 
em be builr widain a vear. 

NOTES 

OHdt ~ ... Progress 

iv. What does Job Shop 
Production Manage• 
ment .involves? 

v. Why ERP Scheduling 
modules are used by 
Job Shop? 

Hf.•• ·, d ,,,_,,_, 
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(a) What cipacity plafll do you think ESCOM U10uld make for nei(t year? Why?
(b) What lollF,'"rerm cap,u-.ity plans should ESCOM make? Why'

(cl What a.re the implications of these p!a,,,; for marketing, distribution, and prod�c-
tlon? 

9,7 SUMMARY 

Job shops handle a wriety of jobs. where each job is dilfe:ent. In batch production 
though tho:c is a conri.nuou.s dcman.d ·for praduas_ the rate of prodi,ction exceeds 
� of denwtd, and he11oe th.c� arc batd,.es, In batch prodw:lion, jobs are preditt
ltblc. Job i.bop is a dilfamt proposirion, where jobs and demand bod,. are unprcdlct· 
ahk. Job d,,op .handles die unique jo!M each time a unique set of operations and 
processiog tune. 

Job ibop machines are gct,eral purpose& machines o.rgit.n.ized depmment wille. The 
.sequencing of cadi job i.s unique, depending upon die aec;hnologica.l requirement. 
Job ,hop is a complicit waicio.g line system • a job eitiu fiom a machiDe to wait on 
a new machine becall5C of other jobs. Each mac:h.me 1w a w.a.iting line of jobs. The 
.Cb..:n,e is also tl.11(:. Ma(bioa ">ay wait for the job but no job .is futtheo1ning (idle 
time). Planning here is a p.roceas of prio.ri1faing die jobs at each 'machine to seek the 
de:sired objectives. 

ANSWERS TO 'CHECK YOUR PROGRFSS' 

(i) Job ahops a.re typ.ic.ally small manu.&ct\lring businesses that handle ;ob
produc:uOQ, that is, CUJtomlbespoke or $Clrll•QUtom/bc,pokc m�.J'acturing
p1'0CCllSes such as small to medium-si:r.e customer orders or batch ,iobs.

(ii) One of the simple .me,hocis tupi:cd for produaion sdieduling in complex
job ahop is D.rom-Bufftt.R,,p,:: (DBR} method of the di.tot)" of oonstrain�
(TOC).

(iii) Quick Ic&ponse manu&cturin g (QRM) i, another shop floor conuol
approw, dw c.:an alto be vi� a, rcal-tiJnc job shop �

{iv) Job shop produaion management involves (a) dcmmining due datei: and 
production scart times for a st'rca1n of incoming CU$tomer orders with 
d.ilren:.nt routings on· the basi$ of the e,;i.Hillg workload and tcsowcc & 
material avai.Wiility, (b} material planning for each order and (c} production 
schQ<fuling. 

{v) ERP deduling moduleii arc o.uteitdy used by job shops mainly bo:au.sc (1)
they «placed the laborio11& manual ,cheduling and xadieduling tbar is done 
on wbittboatd.s and in Ei=l spiead&bcm, (2) rhere is no need to provide job 
.infunnation scpanrdy fut planiwig and scheduling purpo$C and (3) the lcvcl 
of .au:duling knowlcdgc oo. the shop floor is poor. 

9, 8 TEST YOURSELF 

1. What are job sh� and what is their importa.noe?

l. Cri� analyr.c the produccion scheduli.og process of job shops.

�- What are the varjout usocia� with job shops?

4. How can produe!Mty be imptO'¥ffl through me job .&hop mcclwiism?

.... 

• 
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P,.,Jw,ti,m O'OJ"~"' 10,1 INTRODUCTION ~.,, .. 
The locaMn of the plant <:ail haVl: a c.ruaal dfcct on the o~ ptofi~ of a 
projca, and the scope for future expansion. Many fu:ron muse be considered when 

NOTES selecting a suitable plant sice. The principd factors are: · 

• location, 'With ™Peet to the marketing area 

• Raw ma1erial rupply 

• Transport facilities 

• Availability of labor 

• AY;l.ilability of suitable land 

• Environmental impact and eftluen1 disposal 

• Local community coruoidcration 

• C!iwate 

• Political and su-ategic conaideration 

The term plane layout involve:$ the devdopa,Cllt of ph~iC8l telationship.i among 
building cqulpmem and prodll41ion opemions which will enable the manlifu:wring 
J>ro<:e1$ to be carried out efficiendy. The term · 'la)'tl\lt planning' can be applied at 
~u.s levels of planning: 

l. Plat b:atior pl•noing (when, you are oon<aerned with location of a NCIVly 
or a wareMWe or ocher &cilh:y.) ThiJ is of some imporuncc ill desigi,. of 
multi-nationaily ~perating, Glolw-,upply Chain S)'ltems, 

2. Depa.rtment locarl6o Planning: Th.is deal with the location of d.ilrercnt 
dep:lRlltei:M:s or sections within a plur/fu:to.cy. This jg dte problem we gbil 

study in a little more d,uil, bdow. 

3. Mac:hiM loaidoo pr.1,1-: which deal with the locauon of ~patatc m ... 
chine iools, elem, offices, aod om.er f.icilities within each cell or department? 

4. Detalled plaanlog: The 6.nal stage of a facility planning is the gcnmirion, 
~ CAD cools or dewled engineering drawings. of scaled model& of tile 
en~ floor plant. illcluding ~ such as the location of power rupp.liu, 
cabling fur oompuo:r nctWOrks and phone lines, eu:. 

10,2 Systematic Layout Planning 

11ie sy3blmatic layout pb•1ting (SLP) is a rool used to arrange a workplace in a pluc 
by !eating \WO areas with high frequency and logia.\ relation.ships close co each 
othet. The p~ pc:nnia the quick.ut material lfow in proce,sing the prodim at 

tbt: lowest COit and at amount of lwtdling. 

The ~ bd01\' slN,wc the steps of this methodology. 



0 

Th,, lnelbod caD be desaibed in terms of the basic 1ttps: 

1. Data <' -ollCC'tion: 

A &rudy of the Product Ma, (hwllity of each prodila to be produced.. Routing 
for eadi. produa, S11ppott suvi<.tll needed, and die Schedule (or !he timing and 
tmosport issues related to pmduelio.n schedules of the ~ typt,s). 

l. Flow.An.t,ua: 

Wb.e.o.ce wi: identify what each ~t will be, what lb inputs and 0111puu 
are likely to be, apcci&ation of physical wotk:!lalio.ns Rl!llwml to do the mks (in 
die proa:u plan) etc. 

At die atty ~ tbls involwtS i:omidemiooa of quand!y of macrial flow, as 
,will as avm1l Ao,,, lines chat CQuld be bdttt in the impletnenwio.n of dtpatt
mc.nts. 

Esamples include 5tnlght-llm: ftow, 5-.tbapid ll~ U + pcd Bow, or W,maped 
flows. Pun!iei, eve.a fur a ap.ine shaped l)'Slffl\, lhe spine geoiumy can be anighc 
line, or U...baped (the lam:.r case ii -.fu1 if a ,iDglc tnate.tial te<:dving/ddivcty 
•p<>im is .~.) 

3. QumuutM a.aalyllia : 

Some filctoes, such as Boil' coat,, can be qua.ntilk,d. s-:nJ othas ,ru; .not so easy 
10 quantify. For camplc 

a. MH Recivi.ng and ddncry aution, to be kept ror,ethet. 

b. Dclioo"' testb,g ..quipnt11t should ht: pl.aced fat from high v.ibr.uion atea1, . 

<':tC. 

Such ~ caa be q111.ntlned by miag REL diapm,, u shown in ~ 
figure below. The ttl:ui•e impon:ance of each faaor is apmsed i.n tcnN of 
subjective evaluations, ranging from A (abaolumy ._.,"J') IX> U (unncccsaaty), 
and X (nc, 1 ry to 1-p apart). 

The ddgram cu al.to giw .reuons fur ...di decisiolll. All example is shown below. 

NOfES 
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P,.J,,a;,,,. c- Opmtrio,u 
~ 

NOTES 
PC 

PS 

JC 

XT 

4. RdaDOtlsbip Diagram : 

J • .,.mlFJow 

2, s..r.11 .. 

'The quantir&tivc and cpialitati.ve :Utalyti$ is combined into a. rdatio.mhip dJa. 
p-am. One way tt> do this ism a.ign some _numerical val~ to the A·X ratings, 
(typially, large inn,gtt for A-rating. 0 for U-rating, and luge •ve integer for X
rating). 

Thcte .r.adngt can dlcn be ll$M to dc:u:tmine the dosenes.s raring fur each depart
ment u ·the sum of all the rating-values of all linb aiming into it. Uaually,.....
depanmc:nt with a large iating valu,: ahould have significant links will mafty 
other ~r,, and .should tberdoie be at the center of the layout (r.o be 
dose to all other clepanmenu.} · · · 

We can now use !hae rating. (or their numerical valuer.) to define the total . 
doam- raliag of d.iffcrent dcpenn=QI. If YOO is a function which ddi.nes the 
wlue of achicviag doaeness ber,,ce11 two department!, the total doseness racing 
of a depattment can be defined as the sum of its doseneu rating values for all 
iu aisaer dep&n:mdllll. 

To give a numerical ezamplc, il¥lUIIC that = allow: V(A) = 81, V(E) e 27, V(I) 
;9, V(O) = 3 and V(U) = l. Then the doscnea .ratinp corresponding r.o =h 
deputm,:nt in the ~ figure ahOYC are: 

Depamnent Total Q-,a,s Rating 

SR 9+3+9+3+81 = 105 

PC 9+0+1+1+27 ~ 38 

PS 58 

IC 39 

XT 35 

AT 165 

In die abow, the X•mling;s were .ignoml. in otdet to allow each dcpanment to have 
a fair chance .in placancnt in me iruti:u design of the layout. The real value of this 
ming will be llaod lau:r, when we put some dlo.n: i1no modifu:alion on the fun.guess 
solution. 



Fom,ing the first guq. solution (greedy algorithm): 

Step 1. Notice that AT 1w the higbat raring, and so is placed in the oenter 
of the layout (why ?) · 

Step 2. The next hig!tm: r.uilwl. department is SR., •hich may be plaa:d 
adjac,:t,t w AT due to their munw brwg. We put it on rop of 
AT. 

Step 3. · ·Neer up i$ PS, which should go adjacent ro AT (aince V(AT.PS) is 
the highest r.a~ doscoa, 'Value fur PS, 

Step 4. Nott cornea XT, which should be dose 10 PS. 

Step 5. Next it IC, whidi ahou.ld be dosc w AT and is placed below it 

Step 6, F11121ly, we ha'll'C PC, which mu,c ltlJY away from PS, 

Usitlg th= dir~na, we hnoe a 6nt ancmpr at the ~ a$ full;owi: 

a :tr 

,c l,,Y 1'11 

i,. 
IC 

Norice the o.-ld diape of the final .la700t, Tim does not matter. since - still 
have not conr:.dcred the !dative ~ of the dq,artmen.ts. But befurc coDaid· 
eri11g that. we must also attempt to improve upon our gieecly solution. 

One heuristic to do so is called the 2-0pt mediod. A It.op< .-thcd is sald 
to have convecgied when any switdW>g between k variables (in this case, 
locations of dc:parrm,mu) cannot i.Qiprovc upon tbt GOj«tivc (i.11 our case:, 
mio.imiution of the total MH OOCI:). 

The 2--0pt proo,dure ro impnwe on tbt g,cedy tOl»tion •is pretty stta.igbt• 
.furward, and dcsaibed rather wdl in }'Our ttin (Ask.in and Standridge, pp 
219). In summ:uy. it is a bill-dimbing heuristi<:, in which, tutting from the 
initial solution, at each s~p we QOmpute the reduction (if a11y) in cost 
a.-ciatcd with ffiitchiag the position, of each pair of ckpattrnencs. 

The pair wlw:h yield, the rnuimwn ,eduction ;n QOsts (sttepest local ben
dit} i$ selected at mi$ stcP- The switch ls rnadc, and the pmcedun: contin
ues, until at some stage, we a:e unable 10 find any pai.Mwiu:b which .im
prov,:s on tbr MH eost. 

In the a~, the MH 00St as.o<:iat<:d widt a.ny ~ of deptrtmcn~ ~ oftttt 
based on the ettin1ited MH coat fu:tor, wij that we compuled earlier, 
multiplied l,y an esti.nlatc of the ~ bctM:c.o. the tw0 cells. 

S. Spa,ie ~ts : 

Thcse are de11:rmincd based on induatrial standar~, equiprnellt required, shelf 
spac,e required. e~. 

UJ91"~ 

N<YIPS 

s.,1-... · ,,,.._ 
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6. s~ ~ : 
Thi$ is determined based on !he economic analysis, a.s well as on othu con
sua.inta that may ariae (especially if tht system L$ to be ho=d in an existing 
facility). The wt two considcraciom will give an estimate of total $paµ: fur each 
dcparttllent. and eometlme;, also the shape of caclt department · (baw:d on !low 
type within the dqactment}, 

7. Space rdarionship diagram : 

In this part, we subatitute in the actual area on each dcpattment, and fit the 
departments into the available space. Usu.ally, the solution methodt may be 
computcr-MSisted heuristics, or just direct visua.l methods. 

8. Punit,g ill the <lOAatninC. : 

Fi.nally, other exi.sring constrainu are employed to cut down the number of 
li:uiblc solution&, to .result in a ..m.all .tct of $0(utions. &om among these, du= 
comparuon can be used to rank, climinue, or sd.cct the optimum d~. 

110.3 Plant layout planning · 

■ Plant layout pf•oolog l'lduda decisiom iegarding the physical allocation of the · 
economic acdvit:y cetllel'$ in a . fu::ility. 

CJ An ec:onomic a.ru.vity c:enrer is any entity occupying space. 

O The objeQ.i<1e of plant ·la.yout planning i.t a more effcai~ work !low at the 
facility, allowing wotken and equipment being more produaivc. 

■ Facility b)'O'ltt ttclwques apply co the cue wheN: seven.I ph13ioo mc;ans have to 

be locatc,d in a ccn:ain area, either .industtial p- or semc,a. 
■ The objective of the chapter is not only Plant b:yout but re--layout also (most 

cqmmon situation fur a: company). 

■ To carry out an appropria1e plant .~t, it1$ ~t to wu: inro aoc:ount the 
business ~ a.wl w:tical objec1;M:S 

&ample: spwe requitements/cmt pet m2 in Mala; i(X)t:$$ibillty/privacy m offices. 

To malic a clec:i.ioa about layout planniag, 4 diffe1.:nt quatloac muat have an 
lDftl1a': 

CJ Whi<:h cehtl!I$ do we have to romidcr? 

1;1 How much spaoc and capacity is requiml. for each centi:a 

• If r:he.re is not enough space, pnxluc:tivity may be reduced.. 

■ Too inudi space is ~ and may alao reduce productivity. 

a How muat d,e •~ be ~ at ~ a:nll:r? 

■ Space quantity, ,nape and the clemenlll of the wo.rk ccn~ a.re tdated to 

each other. 



□ When: should each center be .located at within the .fu::ility? 

■ The allocation of the different centers may uli:ct pmductivlty. 

■ The pl.Rt layout process starts at an ~gate .lcvd, taking into account th<, 

different ~encs. & soon .u we get into the details, the diffett:nt issues 
arise, and the original conligunrion may be c:baGged through a feedl,,ack proc-, 

• Most (if not all of them) layouts are designed properly fur the irutial cond.illOII$ 
of the busineu, although as long u the oompany grows and 1w to be adapted 
t0 int em al and external change,, a re-layout " ne; mary. 

■ Tu .reasons for a ro-layout are baaed on 3 type:;, of cbengn,· 

■ Cbangr,t in pmdw:clon volumes. 

■ Owigcs in proceaca and technology. 

• Changes in the product. 

The fu:quency of the re-layout will depend on the requiremems of the . process 

Sy,n{>toms that allow ua to cl.t«t the n.e,ed for a ie-.la,-: 

O ~cion and but urilization of spac,e. 

O Excessive stock in pnx:= at th<, 6icil.icy. 

· o Long rustallCC$ in the work flaw process. 

o SunulWleous bortlc n«ks and worimations with idle time. 

O Qualificxl wor~rs cuxying out toO ma.ny simple opetatjoru. 

a l.abor anxiety and discomfort. Acci.:lentt at the facility. 

o Difficulty in conaolliog operat:iom and penonncL. 

The .figu= below give us an -pk of a c:,pical plant re Jart,ut • 

lt'Cddlll WI Sllillff 

~I ~- I .Plaltia 
lliti, 

""""· ! 
JltllOl'II' Grilld i!IM 

' 
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10.4 Objec:tma of Plant layout 

ll The .aw.n obj«cive con.im of o~ag equipment and working area.. in the 
most dlici.eilt way. and at the same time satimcto.ry a.ad safe for the pmonnd 
doing the wotk. The other arc • 

CJ . Sense of U.ai.ty 

■ TM feeling of being a u.ai.t pursui.og die sam<e objective. 

CJ M.in.unum M-t of people, maa:rial and mou.r0eS, 

o Safety 

■ In die movement of materials and personnel wotk Bow. 

o Flexihilil)' 

■ In deiigning the plant layou1 ~ i.1\to aa:ount the change$ over short and 
medium temlS in the produc:tion process and manufacturing volWtle&. 

These main 11bjcama arc tead,cq dtl'OIJ&h the atl3inm.ei:!t of !he full'1Wlllg fu:a: 

a Congestion reduction. 

o Elimination of unnecessary occupied areas. 

a Reduction of administrative and .indirect work. 

CJ I1nprove:m.e11t on control and supetVi&ion. 

CJ Better iulj1111tm4'.nt to changing cond.itio.11$, 

CJ BCUCI'. u•ilizarion of the workfura:. equipment and iervices. . . 
a Reduction of material biru!ling activities aDd node in proa:ss, 

□ Reduction on parts and quality risks. 

u Reduction on heah:h rim and increaae on worlu:r, santy. 



C Moral• and worlceli 11aiim'allm illci:bae. 

C RixltlCtio.n on ddaya and manu&cturing time, as wdl u increase in produo
tion aipaclty . 

.A1I these &etofJ will not be reached simultanc:ously, so the best 610lutlon will be a 
balance 11111ong them. 

10.s Factor, affecting Plant Layout 

The fuial solution fur a Plant Layout has to take intn aaiount· a balance among the 
cha.ractcriatios and comidcmions of all f.a.:infJ alfu:t:ii)g plant layout, in order ro get 
the maximum a~~-

The lictors alff:ctilJg plant lay11ut can be grouped into 8 wcgorics: 

□ Materials 

a Machinery 

o Labor 

□ Material Handling 

a -w.aiting lime 

o .Auxiliary: Semocs 

0 The building 

a Future Chante! 

10.6 Type, of P.la:n:t Layout 

The produa:ion p.rocess nonoa11y <ktermines the type of plant .layout to be applied 
to the facility: 

a Produce orie.nn:d pllnt layout 

■ Macllincry and Matuials are placed following the product path, 

□ Process oriented plant lzyour (Functional Layout). 

NO'lES 

• Machinery is placed 1M:GOtdiog to what they do and mate:tials go to • 

thcin. 

O Combined Layout 

o F~ Layout 

10. 7 Ptoduc:t Oriented Layout 

ln a product layout, the wotbtationt and equipmeGt are locaied along the line of 
.flow of the work uo.iu. Usually,. wo.rk units are moved along a ffow line which is 
powered by .a oomoeyor. Work ii done in small amounts at ad> of the wotbtadOI\.$ 
on the work unit. Tius means that to use tbc product layout the total work must 
be dividable into small wks that can be usiped to the worbtatiom. Because the 
worksiations do small ~un~ of work, the stations ate lpecia.liled in their wk, 
widi ~p«iali=I ,:quipment and tooling, which leads to high pnmciency and reduced 
cyde time. And this abo leads to a higher prodwction nee, 

Chult Ynr Prt,p&,, 

i. What 4 SLP1 

I 
ii, What ls Data Collee

tion? 

I 
iii. What is Product Ori

ented Layout? 

s.,,,,, • .., ...... .&.,wl 
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In dw iype of layout~ macbincs,"'4 •.PW ttc HIJ Qd.,.i,t one line depend
ing upon the sequence of opcratlom .required for the product. It .ia also called as line 
l,l)'Ollt. The tnawial inova to anolhn machine sequencwly without a.ny btcl,trad(a 
ing or devialion i.e the output of 011e madiiri,; becnmes input of the nctr machine 
It requires a very little material handling. 

It i1 used lot mass production of SWlda.rdn,ed produas. 

■ Product oriented plant layout 

o Adnnage,: 

■ Reduced material handling activities. 

■ Work in Process almosr eliminated.. 

■ Minimum mamafacturing time. 

■ Simpli&arion of the production p.lanning and oonttol systems. 

■ Tasia simplillation. 

a Dmdftlllapl: 

■ No flcubility in lht p.ro,,:luctlon proc.ess. 

■ Low &itlbility in the manu&cruring times. 

■ High i;apital investment. 

■ Evc:ry workatali.oa. is aicial co the p-.- The lack of pcrtotl.llel or shut 
down of a machine stops .the whole proceas. 

■ Monotonous work. 

1 ~~~ H f~~ H ~on(Statt~ H ~orkstati~ ~ 
. 

&amp!, nf p,ocluct oril:nted plant l■yoat 

~ layvut 



10.s Process oriented · _plimt:,-t.~-{Fw>aional Layuut} . .., •• 
The ~ layocn ii a aimp!e layout, oum:ancling fur shott to average mmufacrure 
amourtt. lt is aceptlonal fur middle to lofty produel:ion cl.ialimilaricy. With its uses, 
the workers should be acrompllihed and ex>mpctcnt. It has a high -.'.ork in· pr=. 
Ia main benefit is the 1ow produaion 111te. Initial investment in. ptoeeS$ layout is 

low. D:iverse amount of machine consumption may be attained in process layout :as 
app!ian~ is not devoted to a sole cn:atio.n.. It hu great supplenc:ss and atent of 
growch SUJVive in this layout. · 

The proceu ~ is otherwise called as functional layoui or job shop layout. Process . 
. layout C11gages as,embling mu-Uy .in one sa:tion b..,ed leading their operational 
lcind.. P- Layout u handin41 fur .inspccr.ioA and ~- In Indmtrial en
ginecrit,1g, Process Layout is the ground plan of the plant. which is fie by industrial 
enginccl'$ to get better the c,;,mp~eric:t oiganizing ro-m coa.simnr with th.cir put
pote. In cl,;., layout, the major plan ia to 1h up or <:01lc,c:t .madli.nciy or equip.menu 
of the similar role keen on out g,oup or clivision. Simil.ar inacliil>CS or similar opcn,
tions aie situated at one n:st by me&D.S of me funaions. 

Process layout are established. malol.y in oc<:upatiA).o ahops, or fum that produce 
modified, short M>und goc,4s which may need dis,imilar giving out dettim and 
p.rogrm.ions, .Proa,ss layoutll ,ue s~ pattern in which prow1 :1 of a companhle 
nature or functi()II arc set mutually. Services wh.ich employ proccas layou11 oomprise 
hospltab, banks, auto r~r, libraries and unimsities, ~ring pto<>CS' layout 
engages the .rcducaon of tramportalion dwgc, dccaclm,ent or oceuion. 

Adnntages of PIOCe8;9 layout: 

• Lower initial capital "':vestment is required. 

• There is high dip:e of machine utiliz.ation, • a madline is not blocl«ld fur 
a Wlgk produa · 

• The 1WCthead oosu arc reLlrilldy low 

• Breakdown of one madiine does not disturb the production pro«ss. 

• Supernaion can be more dfcam: and ~d. 

• Greater ll.exibility of resow=. 

Disadwnug,es of Proceu layout: 

• Material handling costS are high due to badnrackini 

• More slcillcd labor is required .resulting in higher cost. 

• Werle in progras illVeotory is hlgh needing g,:eatu st~ spice 

• More fu:qucnt lnapc,ction ls needed which raulis in co.sdy supervision 

NOTES 

~M&N I/ lllllt,,j,J 
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COMBINED LAYOUT: 

l. A combination of process & produce layout is_ knGWD as combined layout. 

2. Manufacturing conanu whcte several products are produced in repeated 
numbers wilh no likdihood of continuous produ"ouon. combined .layout is 
followed 

FIXED POSITION OR LOCATION LAYOUT: 

Fixed po$.idon layout invoM:S the movement of manpower and machine$ to tl,e 

prod~ whkh. remains mtion21)', The movement of men and machines is advisable: 
as die coct of moving them would be l-r. Thi, type of layout is p.td'm-ed where 
the m.c of cite job is bulky and heavy. &ample of such type of layout is lo<:omorive,, 
ships, boilers, ge.neraron, wagon building, aircnft manufacturing, etc;, 

Raw 
material 

. 
Finished 

Mechinesf AIRCRAFT ASSEMBLY 
E4Jjpment 

. Product 

(Alrcralt) 

labour . 

Advmt:agu of FiD.d position layw.t: 

• The in.vatmeot on layout is very small. 

• The layout is Roib.le a, dwigc in job design ~d operation sequence can be 
easily incorporated. 

• .Adjumncnts c:aJ1 be ltlade to mcr:c sh~ of materials or ah-ci: of -workffl 
by changing the ~uenc.c of o_pcrmoo.,, 

Di.ad.wnap of Fm.cl. position layout 

• As the production pc:riod being veiy long so the capital UWC$tlW:nt ls very 
high. 

• V,:ry wgc space is required fo.r sooragc-_ of malerial and equipment near the 
product, 

• At, sever.al operations are ofwt auried out simulw,i:owly ro there is posi• 
bility of confusion and conflicu among d.ifkrent "WOtkgrou)", 

10.9 Wor~ cells 

A work cell is an arranF,ntent of resources in a manufacturing environment to 
improve the qqafity, speed and c;ost of the ptoc:esa. Work c.cll, arc designed to 



improve these by improving process fiow and d.iroiNciag 'IIRSte. They are based on 
the principles of Lem Mannf=uring as described in Tb, MMl»att 11,,u Cb4nged the 
Wmd by w.,_,t Jonea and ~ 

dassical manufactw:ing management approaches dictate that costs be lowered by 
· breaking the pcoa:ss into steps, and ensuring that each of these steps minimizes cost 
and maxi.mi~ effi<:kncy. This dlscrete approach has resulted in machines phced 
apart from each other tn maximiu- the efficiency and throughput of each machine. 
The twlitional uoounting fur machine capitalw.tion is hued on the number of 
parts pioduc,:d, and this approach re.inforces the idea of lawering the cost of each 
machine (by having them produce as many parts as poaible.) Increasing the number 
of parts (WlP) adds waste in arcai: such as Inventory and Transportation. 

~ amounu of ~ ln'fflll01'y often now ~umubi:e bttwc:en the mad,ina in 
the pr= fut muons to do with 'unbalan«d' line captcitlcs and l>.atch ptOC<:S6itig 

ln addition, the pans must now be tramporu:d between the machi0e1. An increase 
in the number of machines involved also will M<luce each waw:r·s mu.lti-,tkilli.ng 

· proficiency (since that would need them to learn how co operate multiple machines, 
and they too will need to move between those machina.} 

Lean fucuaes on optimizing !he end-to<nd ~ 11$ a whole. Thia eruiNes a .fucus 
in the process on creating a finWied prodUGt at the lowest Q01;t (innead of Llwcring 
the cost of each sttp,) A common approach to adlie-.iag this is koowri a&. the -rk 
QCII, Machines in'l'Olved in building a product arc placed ne;r.t to ~ other to 

minimiu =n.sporration of both parts and people (an L-sbapcd dcsJc with upper 
shelves i4 a !JO(>d o&'ice enmpk, which enabla many o.ffia: equipment to be within 
di.e Rach of a worker). This will .min.imm waste in both mnapomtion and in the 

• stonge of excess iim:ntmy. · 

Ar first gbnce, lean work cells may appear to be similar to traditional work cells, but 
they are inhercratly different. For instance, lean work cdls mwt. be designed for 
minimal w.istcd .motion, which tefffl to any unncc:easary time and effort requircd to 

aRCmble a product. Excaaive twists or tu~, u~mfortahle n:adw or picku~ and 
unncx:e,sary walking all concribute to wasted motion and may put uror inducing 
uras upon the operator. Work cells .:an often be n:conligun:d easily to allow the 
adapcalioo of die process to fit at a given wne tlm.e. Thi& ftczihllity allows the work 
content to be adapted u demand or produtt mix ~-

Given below is die typical. unngemmt of a wwk cell 

NOT.RS 

s.f:-u/ M-.l 
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10.10 Group Technology 

Group Tcdmology or GT is a .manufacturin& p.bilwophy in which the pa.m ha1'ing 
s.imilaritiea (Geomecry; manufac:curing process and/or .function) are groupttl. rog"'1er 
co achieve higher level of inregratioo between the daign a.nd manufacturing func
tlo.DI of a firm. The aim is co .red.Ila! wo.rk-in-progtc1S and improve ddivery perfor
nwtc.e by reducing lead times. GT is based 011 a genmJ principle that many prob
lems att similaf ;ind by grouping si.mil.at problems, a siogle solution can be found 
to a set of ptoblmu, thua .saring rime and dfurt. Tue group of similar paru is known 
as part family and the group of madunerie1 u,ed to procm 2n individual pan f.unily 
is known as machine ~ It is aot ne=sa,y for each part of a pan family to be 
pro.:: 11 ~ by 11':veq' madune of oomsponding m~ odl. Thl, type of manufactur
ing in which a pan family is produced by a machine cdl is known as cell.ular 
mm~ The manufacturing efficiencies are generally inaeased by employing 
GT bec.ausr dte requiml. operations may be con6ned ro only a small cdl and thus 
avoiding rhe need for aaasp )rtation of iD-procas parn. 

CASE STUDY • Gencnl F indplcs .fi>llowcd by .MNC'.S fur Plant La)IDut 

Plant -,,wt i, o~ a <nm( romisc bc:tw<een a .numbers of fu.a.:m such as: 

• Tht need to mp diacanc:s for tn.nsfu- of materials between planllitorage uni~ 
to a minimum co reduce ooscs and risks; 

• The ~cal funiratio M of the site; · 

• Intew:tio.n with· cxining or planntxi facilities on site siidl as Q<lscing roadways, 
dnin.ap and utilirlcs rout:i:ap; 

• h:iteractlon with othtr plants on aite; 

• TI,e need for plant operability and maift~ilitr, 

• The need ro l<x:a~ ha>Mdoos materials facilities as far as possible from site bou!Klancs 
aruf pe,oplc livi.ag in the loc.d IK!lgbbourhood; 

• The ~ to prevent confinement where: relea.c of flammable substances may 

• The need to provide access fur emergency sci:vices; 

• The peed to provide emergency acape roures fur o.n~tc: penonod; 

• The need to pioYide aaq,mhle wodtlng oonditions for opcl.alOl'S. 



The mOSt impoi:tant facrors of plane layout as fu as s.lfuy aspeccs are conettru:d arc 
those ro: 

• Prevent limit and/or mitigate escalation of adjattnt -cs (domino): 

• Ensure aaf-ecy within on-site OQcup.ied building&; 

• Control access of unauthorised. pen;onnd; 

• Faciliwe access for e.me.rgt:ncy $Cl'Yl,:es, 

In detamining plant 1.1.youc designers shouJd consider the NCIX>rs .in oudincd in the 
following sections. 

Inhetent Jety 
The nujor principle in lnhc:«mt Suety is to remo,ic die Jw,;ard alto~ The best 
mtthod to achieve this is to reduc,e the i.nvcntoty of hazardous sllhswsoea sudi dw 
a maior hazard .is no longer pmcnted. However, this is not often readily ~ 
and 'by definition no COMAH facility will have done so. Ochcc possible mcch.ods 
to achic:vc an Inhetcndy Safer design are: 

• In~1foD. to reduoe .in~ntories; 

• Substitution_ of hawdous ,ubswia:s by leas haza,dou, alternatives; 

• Ar:tenuariott _to red!l« h.azaxdous process oonditiom i.te. ~pcntUte. p~ 

• Simpler symms/pro- to red1.10e potmtial leas of co11r;.,jn-nt or po61ri.billiy of 
erron; causing a hazardous event; 

• Fail.-nfu design e.g. valve position on nilaue 

Plant layout mn,lderacions to achieve Inherent Safety are nwnly those conc:etttcd 
with domino dfeca (sec below}. 

The Dow / Mood Indices 

Tht$e lwud .indi= arc useful fur ev.aluating procase.s or pro_iec:u, .ranking ihcm 
agai0$t ei:i.scing faciljtie,, and :mignlng incident classifu:atlons. They provicla a 
<21mparatm: mea.,ure of the overall ri,lc of fire and aplosion of a p-. and ~ 
wefu1 tools in the plant layout dCff!opment sage siace ibcy c.aahle objeaive spacing 
~ re be taken into account ·at all stages. 

Tiu! tncthodol.ogy foe undctuking a rapid ra.rwng method that is b.ued. on the Dow 
/ Mond .ia.da is detailed in ll.O, PIACT, Major luDrd Cootttrol! A pra~ tnattual. 
1988. 

Ahhouih these are useful rule.of thumb methodologies for fint oo.o.sidenrion of 
plattt layout, they do not rep.i- risk as-.menr. The di,tance, derived ·~ 
plaru: unia using these ~ a.cc baaed upon CD.ginetting judgement and J1Cme 
~ of apcricna: rather man any detailed analyau. 

Domino effecu 

Hual'd useumenr of site layout is critical to cnaure oonseque1u;e$ of IO$S of 
containment And cllanc:e, of escalation a.re minimised. Domino may be by fire, 
expl.05.ion (p!t!SSlltt wavt' a.nd .11W1silcs) or rolic gas cloud cawing Joss of ooru:rn.1 of 
operations in another location. 

Fitt 

A fixe Call spmul in foUf 'Ra)": 

• Dia:ct bumiBg (including cunning liquid .fires); 

• Convection; 

NOTPS 

C/J«ltY...,.PNg,as 

iv. What arc Work 
CelM ' 

v. Ei:plain Group 
Teclu>.ology? 
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• Radiation; 

• Conduction. 

The spread of fue fro~ its origin to odter paru-of the prC!XU$C5 can be preve.ou.d by 
vertical and h.orizontal compartmcnti.rion using fire-rt:Sisting w.db and floors. Furdicr 
information may be found in BS 5908 : 1990. Consi&tation should also be given 
to the spread of llamaia:blc tnatcrial via dtaio$, ducts and ventilation systemi Delayed 
ignition fullowing a releaae may reaulc in spread of flames through such systems via 
dispersed flammable gases and vapolll$. 

Protection against domino effects by convection, conducdon and radiation cm · be 
achieved by inherent aafccy- principle$ i.e. l!l>iuring that the distances betw~n plant 
itcma are sufficient to ptcvent ovcrltc-atiug of adja,;cnt plants compromising safety of 
those plants also. Whc:re dus is not possible due to other ttfflictio0$, otha methods 
such as fue wa&, active or pi,sive fire prosection may be considered. 

&plotion 

&plosion propaguion may be directly by prmure wavu or indirccdy by missiles 
At. fur fires, inherently aafc memods that should be amsidc.red arc: 

• uransing separation diacanccs such. that ~ to ~t plants will n« occur 
cvcn in the wom case; . . 
• proviaion of banim e.g. blut wa!Ls, location in strong bwldingg; 
• protec1i.og plane apntt damage e.g. provision of thicker walls on vessel&; 
• directing cxpl05ioa relief vents away from vulnerable areas e.g. other plants or 

building,, roadways oear site boundaries. 

~ the lauer may n0t provide pr.a:ic:al solutions, particularly apnst missile.&, 
and risk analysia m;;ry be requited to ptove adequate aafuy. 

Toxic gu relea.sa 

T<Ulc: gas rek:osa may cause domino cffeas by !CDJdering adjacent plants inop~le 
and injuring opcraron. Prcvcncion/mirigarlon of such effects may be affttred by 
pl'GVilloo of ;wromaric concrol sy,tcrm using lnbeamdy safer principles and a suiuble 
rootrol room (see aeaioo below on Oocupied Buildin~). 

Reduction of consequences of event on and off Sire 

ln addition to the tntasulC$ d,scribtd in the sections above, . Pwu Layout design 
ttdmicp•'!:S applicabk to the .reduction of the riaks liom tcbie of Satnmable or roxi<: 
material, include: · 

• Locating 3lJ high-volume storagie of &mmable / ~ material wdl oucside plOCL# 

• Locating huardow p~t away &om main roa.dwll}'I through the lite; 
• Fitting rcmote-aauated iaolui.on valv,:s w~ high inventories of h:mrdous mate~ 

may be released into Yl&lnertble area&; 

• Provision of ditches, dyka, cmbankmen11, tkiping terrain to contain and control 
releasc:i, and limit the safety and environmental clfects; 

• Siting of planrr. within buildings a.s seconduy containment; 

• Siting of pia.alS in the open air to ensure rapid dispenion of minor rek:ucs of 
Oarom•hle gases and wpours and thus prevent co11CC1:t1ntions building up which. 
may lead to Ram fires and eq,loiions: 



• Hazardous area cl=ificarion for flammable g,u,:s, vapoun a.nd dusts to designate 
areas where ignition $0U.tCC$ should be eliminated. 

Ruk management t«hlli.quts should be 11$ed to identify control mc:uUttS that cm 
be adopted ro n:duce the consequences of on or off $i1:e evenu. See .referenas cill!d 
in fun:her r~ng material, 

Pomioning of oc:aipled l,nildinp 

The di&tance betwttn occupied buildings and plaat buildinp will be govc.med by 
the need to reduce the dangm of cpl0$ion, fire and u,xicity. In pwcuhu. evacuation 
route$ shoold not he blodted by poor p.lant layout, a.nd pcnon.nd with more general 
site ttSpon.ribilitics .should llJllatly be homed in bwldipgg aited in a non-lmard area 
near the main entrance. Conaideration should be given t!l siting of occupied buildings 
O;Utsid.e me main fi:ncc. In all c;ases occupied builAings Jwuld not be sited dmmwind 
of hawdoU1J plant areas. Furth.er gu.ida.we is available in standard refcrenCC$. 

10.11 SUMMARY 

Plant layout rems ro the arrangement of phY.J,ical facilities such as macbio,:;s, equip
ment, tooh, furniture etc. in such a manner so as to have quida:st £low of mawial 
at the lowest oost and w:ith the least amount of handling in pr=ing the product 
6:om the receipt of raw .material to the ddivny of the final product. Planning the · 
layow: of machines and uscmhly lines ruis alwar3 been given priority in OW' opera• 
tiOJI$. 

'"{;:;"'.onal comp~tion and tcdiMlogical ad.w.n.oements, have led. to ,igninwtt 
Ill the planning process. We JU( compme.rs to CN;tte pi:cducti.ve lilr,ut and 

dciign liltetnativea. J\rticipa~ management and employee in\/Olvemcnt have be
come an inteual pan of ditaive layout planning as -U. 

Selling new projccu and effective impiffllellQtton arc the results of sound. layout 
pr.a.ctice& rdl.eccing the ever clwiging work place cnvirorunent. 

ANSWERS TO 'CHECK YOUR PROGRESS' 
(i) The ~tic l.aynut planning (SLP) is a tool wed to a.rra.nge a worlq,lac,e 

in a plaru: b1 !Qati.ag two areas widi high frequmcy and logiul rclation&hip6 
dose to, cad,. other. 

(ii) Dam Colkctio.n: A msdy of tbe Pr:oduct Mrx. Quandty, of dtdt product to 
be prod.uad, Routing fur each pioduct, Suppon $Ctv~ ~ and the 
Schedule (or the timing and_ uanspon ~ related eo production ~cdules 
of the prodUQ:s types). 

(iii) In a prod.uci layout, the workstations and equipment an: locawl along the 
line of flow of the work uniu. 

(iv) A wodc cdl is an anangeme:nt of rcsotUttS in a manufacturing cnviroomcnt 
to impRIYt the quality, speed and cost of die pl'OQ:SS. W0t:k cdls :lrC designed 
to improve these by in>proving procus flow and eliminating wa.,ec. 

(v) Group Tccl,,nology or GT i.s a roanuf.uxuriJ1g ~sophy in which the parts 
ha..Jng 9imilaritics arc grouped together to ~ higher .level of intcgracion 
between the ooign. :and manu&auriog functions of a firm. 

NOl'l!S 

¥ ,.... . r' ,,,,,,__ 
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� c-o,,.,,n;.,.. 10.12 TFST YOURSELF 
Mt, t, m.14 

NOTES 

J,flrnrr . .  , ,.,._

1,:i 

l • Denne ll.yout. Wbat is the importance of layout pla.nnillg?

2. What are the various types of Plant layout available in m,n�

3. Explain the vuio1.1& adnnrages and di.wiwn12ges of Product otiC4tcd .la)'Qllt?

4. What is the � of Facility Ltyout1

5. What are the various facto� affi:cting layout sdection decision?

6. &plain the CIM.cept of wod:: alls and group u,chnology. 
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