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MiehIgsn and PhD h m  Benin, He is a mcmbtr of iho Nigerinn lnslilule or 
InctuaMsf Bngimem. He is also a registered Engineer w d  speddises In 
Ptodtklian Engltwsring, Hs is amntiy (ha Pmt-Oraduate Cowdinntor in tho 
lhpmhnent of hdwtrial and Pmh(ion Engineering, University of lhdan. He 
hn# published b k a  Lr undatgradusls cwrses. He has u a d  yeam of 
~ a t a d m l l t b m b e x p p ~  . 

1 Introduction 

Than am s W g  evidacca that the IS0 quality aystem is one of the most widely 
implemented inltiadvm worldwide (8huiyan and Alam, 2004; Capman et sl., 2000; 
t a k a  et d,, 2002, Ashok and.Santhnkuma, 2002; Ywng et al., 2003). It has been 
applied in w e b - b d  alechnio document ~nnnagemant (Yao and Trappey, 20031, snln!l, 
medium an4 large dzd daterprirea (Ootzarnnni 2004), educatib institutions, banking 
=tors and pmtd stmica (Singh and Smen, 2W)G), mflware dcvclopment process 
improvement (Lee and Chang, 20061, tuml~ig operatima (Pe(roplos et sf., 2007), and 
idomation security mmagemcnt ( h a  and Cl~ang, 2007), 

Yao and Trappey (2093) durlwd tha data ~lequiremsnm hr IS0 9000-baucd document 
mmrtge~latnt and pmnted a scenario for quality-rolatcd document ~nanagamcnt for 150 
9000 complinuw. Slngh and S m  (2006) ahad the wide lrpplicalIon of IS0 9000 in 
banking sepom, p t a l  services, end cducnt~oaal inutitutions, and foe& on the survey 
to fmd outlhe contribution of IS0  9000 standards in Indian educational institutions, Lee 
and Chang (2006) epplied IS0 9000 in quality d e n t ~ d  knowledge managment for 
mfWare development -8 improvamcnt. In the study by Petropoulos ct al. (2007), 
the dcction of subs& of mutually u d n t e d  IS0 13565-21997 surface roughness 
parametem In turning operation8 was made. In Oolzamani (2004), a lhorough analysis af 
IS0 9000 oonttlbuliam to small and mcdium size e n t c r p r i ~ ~  In comparison with large 
enterprises was made. t e ~  and Cl~ang (2007) d i s c d  1SO 17799: 2005 control, 
proems, and security oganisation etmcture. Oke and Qlmles-Owaba [2007) presented a 
d e w  of Lhs literature on the implementation of ISO-baaed quality management systems. . 

Viadu and Frwsi (2006) a n a l p  the way the speclalined consulhfi~ts implementing 
the IS0 9000:2000 standard enable their customen to assumu the principles. Sakll~ivcl et 
al. (2007) report the davulopment of an information system for the fiW clauae d 1SO 
9001:aMH) abdard, which enumerates the management responribility towards enhancina 
the eflbctiveneaa of ISO. 9001:2000 based quality management ryateln. After designing 
the information lrystem of this clause, an Implcmentnlion study waa oonducted in m 
W e n  hinb tmhnab~'y"crriented mil size wmpany. tin a d  Wu (2007) describe 
org~tlieational Im!mtIofl by way of the 1SO 9000 knowledge creation process. A p m s  
modal that integrataa I= P801:20W clauses is pmposed to explore knowledge creatiott 
oppothlnitipa w i t h  the &SO 9AWO system. In addition, a rn~npml~e~dve  IS0 9000-bnsd . 
knowledge' erastion aystem fhmemrk in which the Socialisation, Externalisation, 
Combination and hteraalisntion (SKI) n~wlsn, and various 'ba' proposed by Noneka UNIV
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and Khatno stc Wradud for wgnnhlonal innovation toword cuslomw nallefaclion, Ir 
P ~ O W ~ ,  

Tbs IS0 quality mna-i Bystem 18 a TamiIy of stAmlar& arid guidelirlos tor - 
qrsntity in Iddme, hnludlng tho pelroclrcmicat Indw~ry (Awnn slid Dhaui, 2003: China 
at &I., 2ml; Stam- .end B m a b ,  2Wa; Y a m  et al,, 1998). It muma that tho 
procarwm that dswlopl phluunl products am Jocumsnd and fmformd in a quality 
manna In tha ~~U~ l t rm  indualry, IS0 quality a y w  is  widaniil~ in acceplancu and . 
IWWO on tho p m h  that getting ilm IS0 certificate tr not a oncwnd-for-ell a\ka'rd, but 
mmt bs mmwd at regular Intervnlr b a d  om tha mw~~i~tendnfion of ths cerlificntion 
body (Wno and Cabrd, 2 W ,  Nicdsu and Scltars, 2001; Bpnmccl! e4 al., 2001). 
Ben&@ in mind tho huge benofit of prodwk'a Intordonal aceup(aroca, tha 
implomentstlon of IS0 guslity qstrm Is bslioved b be PC significant bonefit to oil 
rsftftaiw (Fohtnelca ot al., 2W3; CJmasJls et d., 2000; Yahya and ah, W., 2001). Thin 
would ihd bo i r a n a f ~  into po5l  and goodwlll to ptrdcum mflnarlca (Chang and 
Rnq 1998h 

A m h l y  im a plant whwo awb oil In (rPMrornwd Ihb Lriahed product rue11 M ~~ pstmhm ga8 (-1, pdml, d h L ,  eta. W p h  a v ~ t  number of available 
~ t u d l e ~  olr 151) qualily nyatom, no rignificntlt docunmta(i0n haa been made on t b  c o ~ t  
implhrion o f  tho hptatnanlalion d IS0 quality uplams In pehteum refineries, 

~lafonnation on thh 8tu4y wpuld Iw mlevaet lo managera in pdroleum refinerlee g a t  Baek 
naisntifh nppmmhoa In thi mmgolnont oiplnnta (Wtigl~t a~rd Ooroy, 2003). Tl~s study 

' 

I s  much m r o  Imprtant lhsn in view aftha rtifloon~plltion l l~nt a l a t ~  antong oil 
refidea worldwi6. Apart Cmm thp bmtclit of i ~ i c m a d  cualomer patmago of IS0 
aatificaiiom to or~b~isalion, t l~o  lmmcdihte cmtntunity dro benefit from ihe 
I ~npkmmtst ion  o f  wrmnunliy R h d l y  180 q11nIi1y ~nniwgcmdfit I Y ~ I I I ,  111h IS0 
pmtyaln nlso p r o m  the Ilvm of lddlrruit In oil mTmery envlroninent by lbmlng oll 
mfinerlen to doeu~nat tho& p W u m  i ~ t  d iapdng weale p d u c h  (Pokrlrskn et at,, 
2003). 

From Lhs abwa liiwahrre rsvlsw, It auld be In~onwl that m,cltrch docummralion on 
IS0 quality ays(oma, J t l~~ lgh  axtmrivq  see^ to hevq p v W d  t~tily pwlinl mluliwr to 
proMcm in pohlwn retl~mrim, Many or rlle rturlies havo rid hily expltltcd LC c a t  
anatyub o[ IS0 lmplomtntotion, paflieularly In the petroleutn rofineriea. Tltus, a utmng 
f160d ad- to wint managwa with a practical hol tknt lr easy Lo nnderlrtand aild apply 113 
solving cost-related pmbhm in IS0 implcmentalion. The fmtr of 1Ua ~ttuly i s  to preacnt 
ills mprisMw of 1 9 0  qmlity ryalci~i Implsnmintion wrt altrilynls in a pctrolaoun 
mirnory wing n wmbinnt~on ofmnlhmnticel mod01 and applioado~~a. Tho foilowing I& a 
remmaty of  the mcceedlnl asetlma. Ssetioti 2 pmenh m~nc detdln on petroleu#n 
raflnmy. S d i i  3 dimuaca Ute innlhamdical fmmework Tor the work bnwd on II 
munbor of oost alatmlr. Tha necewaty mnlionu aro nlso described here. In Scdiat 4, a 
cane rtuJy ir conaldsd in or& to verib Uw workl~lg or lllo tno?el, Section 5 concludee 
an theddy. 

The .USA Envimsncr~lal Pmtcctio~t Agency IEPA. 20071 alnted llrnl the pclmleuun 
&fining hdwtry converts crude oil i~lc lnora rhan 25UU reliatcd products. SOISIF o f  (Ilt 
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numtuua pradwbhluds LPC), gnawlitto, kerolwno, lnvintion kol,  di-1 ftol, h e 1  olu, - 
lubrloaliag dlu, snd ftshtoeka for the ~ ~ l u a l  indusiiy, llls oil roiinory whose 
cans In Qollddwod in  a co~nmnmid, inkgretwl I n w e r i m 1  oil ~ormpnny with vorloun 
mbnidiatk. Tim q d a r t i o n  Ir in the down dmmsd mhr ,  colnprlaing of all activltloe 
Involvhlg Ihs dellvery of o h  aP tn ills p m h g  p l m ~ ,  In pnltJwI~r, tho company h 
two - old nnd new d r y .  Tha old refinery was mm~mioncd in 1965 wldt h a  current 
oapdly af 60,000 barnla psr n l m m  &y..Tha Wnmy hw itu own utilities, whlch wnnlat 
of water b p h l e a ,  walw -Wen(, d n g  wntar Lowel, inrltumcnt air, anrl atrsnm ' 

' 

b d h .  The tralitiw mp@.ied &om Ihe ww reflnoriw am power and nitrogen by air, Ttw 
ald raflnerisll rm dslllgnsd to ganomts thoit own gan as procutwed tue1. I lowcver. tlls new 
rsflnmy wes eommi~ionad In 19R9 with ma1 I~lsbllsrl capacity ofz150,M)0 barrelu per 
stream doy. R wan w i n a n y  hrtanded to w w  &a on export refinery. Subsequently, it haa 
b m  Mioa~ed  IO domeslie rnarkel aerrlca given fmquent intermptio~ls In supply fr011a the 
o h r  l h m  m f e  in tha wuntry. 'Ills ney mhmy !I mads up or aream 14. Aren 1 ia 
ma& up or the crude dtsllllatbn un3t 413DU) aml vacuum dintillation unit (VDU). Wris b 
whem Enwrs oil firnt p- when it cnmm frenhly fmm the atornw tn~rk. Arm 2 Is lrr~da 
up of Naptho hydm-lrsullng unll (NIIU), whws Nnpllta Is lrydra dirmlpl~uriaed. T11o 
eatalytla rafwming wilt (CRU) b taspetwlble for upgrading napthn to refonnate. Ilbls l ~ a ~  
a h i g h  duo. Tho k m  Ibydm-twnting unit (KIIU) ir wl~arc koro ia ~rcnlcd tu 
make it aoeeptebls for aviatian uw I.a, Aviutio~~ Turbi~la Kmuume (ATK). 

Area 3 In d o  up of iltdd entnlytio mpkllig unit tl'CCW), whero vucuu~~a uil 
{VOO) and heavy dicsol oil are ~mkcd to drtaln m m  vahnbla p d u c t  nuch M prcadum 
motor rpinl (PMS} and IiquidlflbJ polmlaunt gar (LPQI. Oll~er unll area 3 ineludo gu 
conesntmtlun, gaa truatirg and oxillation wdt. Tho addition or anemptorr to our leal 
cooking gm Is a raioty mumm that gium tho odmrlena b u h e  gns w smell no that it will 
k ndtlcad whenavss thorn is e Bnk. Amn 4 hm threp  prom^ u~lilr mnely dlmersol, 
BuEane, I d a t i o n  natl Alkylatlon unih. l l re  units are dmlgned to prarlucc Ygh ' 
oetsno gamlno blend aomywrmt, Ths ~naJor finiahctl firel prmlpcln of tbo refinmy nm: 
W, premium motor aflrit (PMS), dud pu&m kcmw~e  (UPIC)g ATK, aulomoliw y s  
011 (AGO], low pwr hl oil (LWO) rutd high fin1 ail (I 1PFO). 

In fomulati~ig llw mda4 the following nolnllann wb u r d  and tlre nnru~r~~lons  made we 
alwr stated in tha next sub-=tion. Thwe notations relate lo h e  quantity, density, Innas, 
volirme, bnil o h r  parametars of tho products. It nlso ~ l ~ l c u n s  the number of ctnploycas, 
and coat-related i m a  on p m m c n i ,  cer(i#miion, dnitnanca and o h m .  

3.1 Nofarlorn arsd model t w s ~ c n q ~ t i ~ ) ~ ~ ~  

In d ~ o  curreut n u k t i o n ,  we dsli~~c the syeciL ~iotal io~~r uaed in dm current work. 
These am Jsf i ld  as followu: 
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*ha1 a o r ~ f i n n  

0 .  qunllliry or produolm pw unil (lms 
N munbw nfanplpycw in Ihs company 

T lumww of ths mganl#nth par unlt tlmu 
P . hoi ty  of p d u p t  1.0. ptro!aum pmduel 
M mr# efpmduel Is. peimleum praluct 
v vo lu~w of p d u ~ r  Lc plrntuuml p r d w  , 

S alrm oicwnpury 

N number of prodwm La pcl~dcum plOJucln 
F resldus oTptqdue(r tansFenad lo dhu ~wnpanlw , 
X nunth  of amprloyw mnklng on dry shill . 
Y ' number of employen wotking m d~hl rh1n 
C - capltd pw unll Im 
P' p n t  psr mdr llnls 
B #tu#lloa n d  lnhdng wt 

Istknlat wdlt cost 
T lm 
WBt sl~mmls 
numbw of WIT Lhllt are imm L a  qualily rrm~g#nenl ckpnrlmtnl, at Ilme t 
numbw of  rlnlfpnrtklpallng In ihm i ~ l o n l ~ w ~ ~  o~crclme ltom tho 
qlrlity mcmpncnl d q m m l l  u limo t 
mumber i f  daff that are awnm of I S 0  eertlfica~latlryr~~r~n~mo hm other 
dqmrlmcnts d 8 prlkutnr rims i 1l.a 011 o lhu rlnlTnpnrI.hrn d t )  
ntmhcr oinlrlTllral wcro fitmlerly In ihn rluality n~stn~en&nl JEFatlrllclll but 
hnvo been tramferd to nihcr depnttments nt tl~m 1 

XI01 nt~mbcr ~TninFCpnrllclpali~~g ill ills ~nnpeclionlnwer~~~tc~~t cxerclso st lime t o  
Rom L o  cpl l ty  mnnnpemmt dcpar!mctit ' 

y (0) nwnber oTntnCT Lfmt am awrro nf IS0 ~lYcallomlprogran11110 Dan oillcr 

Wo) number oTrlmCFlhnt wsro h n w l y  In tho qunllly ~ ~ n n m ~ m n t  tkpsrtmunl but 
havs boMl hmfd lo dbq &puItmnt~ a1 11ma t - O 

W O )  ml ntwnber ofriarfar l l m d k  I.s. Inltkl number oTntnMat ~b alert IIIIIP 
K nto or growth or rhff In lllo company 

A((') numbw or flcnefil Inspcullonr m d o  h r  a a p l f i 4  dmo h m o  I' 

BO') number of lntpmmplu I n q m t h  mndc for a ~~peeined ilmo h m e  I' 
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w') tom1 n u m b  of bpedom made for n spcdfied lime ~ M W  i' 

, number of limes rht permud in tho qurlify manngcnmt deprvlmenl wsss (hs wt? . f&,(ty*. 

Ut") nrrmbar of fdlitlea being hqcckd nt a w w  urn8 I" . . 
M(t") muaber 02 slam- a oerlaln nwntrw of htilitrcs Ktm') at a p u l i w k r b o  

t" 

N(t") number ofhaoULth tbat nm no( Mug hpcctcd at a plieular t h  f' 

w'7 total number of faellih a1 Imc t" tie being inspecled or not depending on Ih4 
Iima 

l(t") nunah oialnff hl .ra not hqecling at tima 1" 

D(t'3 n m b r o f  fmilitla at Ume I" U l ~ l  am being a s s a d  Iwl inspeclcrl by Ihc quality 
- M M  

Tbe asmunplh~ aSted below nre rtemmy in order to define the conditions under whieh 
th model pjmosd h the mmt work bccomw applicable. Tho conditions mhk to the 
Eyam &$is  nad hplsmentatl~~ md,well as Ihs system ~ontrollcrs. 

I All ISO-relad s x ~  in the refinery ara dad out solely by Lha quality 
-lrt-t. 

2 Every Staff h i d  ir ns~umed to have no initial kmnrledga about 180 cettificntiw~, 
but hrws the privitega d b d n g  educated on it. 

3 An PU-awme88 pmgremme L dona for Lhe new Staff by tile quality mansgoment 
-w* . . 

4 Wbm B Staff h rha quality mamgcmmt depuhncnt reaches a particular Iwel, Wshs 
ia t r a a s f d  b an& department to wersee ISO-dated activities excluding 
ISO-mlatbd ~~ t 

5 Tha total number of Staff workmg m tRa qualily dcpariment at a plicular period of 
tinw Is d fixed w ccm~trrnt. 

6 Tbs o g d o n  ia growing ew&y p r . w i t h  tho intake eCnw employees. 

7 Thu nh of which uaployea ma takm is fsr greater Ulan tho rate of which 
smployta ara sackud or r s r i d  and th tats at wh'ih employeclr resignctl. This 
maka~ibo lam mgUgibla 

8 The pdta of lSO exercise slar(s at time (10. UNIV
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9 The krnba oftahll tbal undohkss' i10  inspection exmiso dotenni~ws bow Ion8 the 
exsreiw will tun, 

10 Tlw rm~rrkcr of8laiT In Ute qualily marngcii~nt rleparlrllent JdermInes how ftaquant 
chs imp8ctlons nrs w, 

I .  

t l Bafm nn i~psetlm i s  dons Ilm iu a brief fur d ~ s  qunlly manngemcnl pasomet to 
cktemh what W~KI of inspection !houkl bo carrid out. 

12 ' h we two lypa of inspdonq they am: 
a ' gaaeral Innpaathn - where (he s n L  to bo lnnpcc~cd ir irlonnd om Qo oxurciro 
b Impromptu I n v d o n  - dalr la earrlad out inlthdut eny pdor sgfaament with 

any steff working in !be am to ba inspecled 

14 W h  t h w  in no Inepuciion pine on, rho workers in 111s q~mllty manngwnent 
d o f l m t  go m n d ,  aeaasslng Uw wlnpiy for emdndr. 

I S  The number of faoilitlea s f f w  how long 4L will taka In inspcctlng L o  area, 

16 Tlw number of facilities aCfecb tbs number otald'f to lnrtpcct the a m .  

18 The iypm of meil/tlca dokennine lhe ly(ts ~Tiraptclior baing anado. 

19 At time, to' * 4 ine&on jw b g w l  on notno fa~/ IJ~ks.  # 

The eatt tlmnenc derterlbed hen lr~clildo e d u ~ n J ~  nrd i r n l ~ ~ i n ~  mt, procurenlent of 
Wdatda and malnknnk of slnndnrds cost (Sun at al., 2UOlf. , 

En t k  bmp~oyment of MI twhnical a d  nmtcchlcnt pernonnel, the oil rsflnary 
that la lwed nu a cane mtly altncl~cs much imrorlanw to UIU baeie sducati~lal 
quaHfi&ns and exptrlsnee o f  andidatw applying for a position. For bxnmple, a , 

mpdmr of ~~i~ who repair prtmpz~, l u r b b ,  recipmentlng cwnpknsors, 
b a t  axal~angem, vnlws, oil putlf~srs, condonnm, eta 11 enpcdaJ to haw at ltast a 
n a d d  diplomn {ND) cart lhta in Mechanical Hngineering. 13ased on Ma 
cxpdence In prwiou places of work, the amount of mining required to make him 
miload rot thojob will then be detmnined. The training offwed to Iha technleel 
perwrnnd In I d n e r y  llslpr in httnlning n allrto of eor~rpetmcs an U~ejob ulnw it 
d d  afford Ihs pa~rn11101 the apprluntcy of acquiring mkilla rclcvnnt to tlla 
prdudion d PMS, D P ~ .  AoO, ATK, LPU, LPFo and 1 f PFO. 'l'hmc proJucm 
*highly apecialhud milling in order to produce thorn In lop quality, 

The tmMn&ofWwJ b foflnmy Gorkera oilaim nt syc~lling ltp die con~plelio~l tillla 
through &wr ukill mp~lnltlnn i~i onlet la r~dnlni~t  lltc IS0 qunlily #nnr~ngclnelll 
aysttm In the Mucry,  the ~nnnngcmmt trnttcra~nnda tllnt airl~lmrtlng e~nyloyar C 
lbigl~er edmthmt Nmiaabw~t wwld nariat. Tl~un, et~playeca,witL lomg p d o d  uT 
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oarvim to ths refinery am given gmnh to puraue ruttlw educnlion. ?him helps 
elnployew who am akillcd on a higlrer level job but wlthout suppiing edu~atio~~nl 
b w k g d  to ntkaln their gonln nmld #a promoted, Pri~narlly, Llr holpa ihe 1SO 
quailly Implsmenhlion prommlna aim8 new aducntionni oxpamute cnlwnees 
mndILtea undatotnndlsg of how to properly docutllant nctivitian nnd ttm 
i~nplemsnta(ion. Usually, In nn efforl to fmprove fha IS0 ilnple191a~intion 
environment, soma Wining am done outside 1110 rafim,-The ail11 la to improve 
i f i t d o n  sraong employeon. 

I 

In the pm~rc~nent  o f  atandarrh, carl~in ooAlu ate inc1tri6d bernre tile applicant 
company in certlhd. Thla inclurlea itcs pnid 10 the certification and ~tcmdilation 
bdlua and other aamia td  COB~R. The ccrliflcatlon body la h e  irtcrnaliond 
organimtion for elnndnrdlmrian (Leu, 1998: Pokrirnkn et nl., 2003). Tllo fees mid tu 
tllis orgs~riaatim rslsias to tlie amnoui~ clwrged ror tlio particulmr rn~nily of mtnndarrlr 
eppMcd Cm For inatawe, an orgeniaatlon may requirt only tho I S 0  9W0 tnmify of 
atnndatds white nnnhr outlit my apply far bolh IS0 BOO0 family of atanJarde and 
IS0 ld0W family ofshwdntds (Pun t t  d., 1999, Poksinskn el nl., 2003; Coleman 
and Douglas, 2003, In the firs1 insmncu, HIO fees ohnrged for 4110 firat company 
would be less tlran h a t  of  the letw, Howova, a h  etantlnds nwat llava bum 
pmeurcd and hplemntd, mh uccredihlion ngency belonging to the govmunent 
would then be mp~lsible for the regular check and accditation o f  tlw petroleum 
011 mfinmy* ln psrlioular tho 011 refinory whose em8 is rhdied hero la IS0 9002 
certified. In perfoming ita duty, tlis nccrad)Catim body nsscsaer the oil refinery 
b a d  on an axtendad ~ p b  of itll aize, fhncilonu, products, wrvices and processes. 

The dTtaLIon body thctsfom provida a llrt of problcma to be made known lo the 
management before the dficatlon sxtmiso ia done, If llw prelilninary rrmey 
indiaatm thnt there la inuch gap to bo filled befom ccrtiflcnlio:ls done, a dincuaaion 
in  mndu with the manegcment on what chargas or fm will he psid on his cxwa 
canwlhcy work. Since IS0  oedi ficntion ir not a once-awl-rm-mll affair, flc 
acctdkation body wilt ncaI to vlait tlm organlsntion Inally tltncn in order to 
gradunIIy pill n collll)nny rtfrencn~nllvefl on IS0 oteerlnp co~ar~iltec to rnonitw IS0 
nclivitlam [Ql~ndan nm~d PndihJa, 1998; Sun, 20W; Siir~ n l d  C'l!e~lg, 21M2; Tcdrrvnki 
el a!., 2003; W l t l m  end I3bmhltnpour. 2000). Whlla chin in  dotje, regulnt uplnllag of 
ataadntda will require revision oraome & u t ~  earlier developed. lhus, (he 
nccdication body will oltatgu rot tLio mewlea. 

Umnlly, organi~ntiona that arc I S 0  certilial ntrive to nlni~~lnin rt~cll ulnm~cltlrJs for n 
conlinued beneat dorlvod both within tha orgadn J o n  nud outnitlo. 'l%o l~llannl 
batfits could be in form oT: 
a batter rlocunlantntlon wllicfi ~rnkca ealquiriea for inforrenllon enay and t n ~ t  
b i t l~~rwad llgartnlentat corporntion whm tho rslnlional~ip nrwng the v~rioun 

nub-group membrn in h e  otganirntbn h ~ n c  more codin1 with Im friction 
among a t a r  
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c tfm M l h y  natrlre ~Crolatlonshlp widtilt groups, i t  e r h ~ c a t l  i ~ t e r  
m n y  mmmmioaiidn &ween ai~nilat depnrtmen~ ofil~e cotnpany In tho 
apnghrate 

d gmatsr qualLty awamwr nnd L e  mirude for q~~ality car~pclitivuraae, 

For Um Wmml banofit# to Ule organi~tlon include: 
r Cmnpdtiw Jgo: Hem, an I S 0  cedflcd compnny is believed to have r . 

wqdtlve  edge over o h m  In Ute lntmatlonal mnrkel since tho produets sre 
oaainod 

b Muwd quality uudh: The need to nutiit qudlky.til h e  IS0 ~ s r L I f i d  
orgnnhtion i a  m l d  ~incs guidalinw and p ~ e d u m  that sro followed for 

' 

1 5 0  i ~ l e m e n ~ a t i a n  would lanva prwenlad qual!ty procedural loopholw 
(!3ldmk end McBaehem, 20023, 
i t  bring h o l w  to the mnpnny: I is pmaiisioua tor a to be ISO 
certified. Top managemenil of mch cnnlpnnlcs take pride in ~ n n r l ~ ~ i n g  nil IS0 
Fottilied compmty. hnployew nbo like lo aeeacinio wilh con~panlcn (Irat are 
IS0 carlifid 

PoarIbiIlty of prdudng higher quality prmlucls in I S 0  Eeftlncrl eon~pnni~  IR . 
h s i g h t d .  P e n  the f m p l n g ,  fill the coata maminted with Iltc ~turlntetta~wu of 
rtmderds muat & satintntcd bsbm implementin@ 1SO certlflcrtlmr In organi~atlonr. 
Much bf this teat mlsh tn p r r e l ~ ~  oTatdioneries and L a  appurtiond cost of 
psm~ltlal b mdntnin ahllstda. 

I '  

3.3 Th'hetl~~tl~emnatlcalmo&l 

The mslllcnlaticnl ~lrodol dimmswl Iwra nm or two cnlcporicn. 'l'ito fiml cnlaenir (Ira 
deviPlion or  axpmualonn l h t  mlabli#h tlw rnte of Implolnmtntim~ of 180 in tho rwflnwy, 
The m n d  uhowa L s  mlalton~hip nmng tha vdous mta. Such coah include ducatioll 
a d  lrnining cat, pmumtncnt of 8 d d m  cult, rnal~~tc~tniwe or ~ t n ~ d n r d u  cat ,  
EW1Jfknhn mt, nrpplkr coat, and lulaqnl audit ear. 

3.3.1 Rate uf irnplen~ntulion uJIS0 in the r s / ~ ~ e t y  r 

Tho b t n d h  of I S 0  In~lemmktiwc am probably Uro ntai~t reaRoll why a rcnt~oty rnay npt 
' 

kt eorllfintion. Tlmm am cwtaL fectora, wltlclt affect the talc of Implementing lSO, 
they are: 

2 number of lnspoctare made 

In d&md&g Ihs .quality of an otgnniretion's pmduct, here tun certain I'iicton Illat 
could be m d .  Time faotor~ YII* from product testing to taclinlcal, ndtnl~~lrlmativs 
nnd hunlan iactai#. In wganirntim 11~plsmerllng 150. t h o  are guidolincr I ~ A !  IIIUI~ be 
followed nnd vcrltiod by auditom Cm~rider the wl~ola elitff oI:tha refinery Lreatcd M a 
Venn dlngrnm M qmamtwl b l o w  in Figure t . 
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By ho prinaiples governing rum~natlon orcmllyonrnu of the Vmn diagmm, it could 
ba lrtatad thrt X(t) + y(t) t. E(t) - N(t), Ilawwar, tha number of refincry rtnff my no! be 
comlant dnco the orptbailtrn ia dynamic, expnnda, mJ auyagw ncw sklllcd penonnel 
every year, Thw, h i 8  growth in tlm etaU kirmglh of the mfinary staff muy ba Likmul lo 
the stmin, which rapresenb the growth in malerlnl. 

Strain - dllnngo k lclrglin 
arlgtnd tang& 

Strnln in a growth mwpl In pllyaical uewbcs tllat rcprcRerlA nn antelleion in a h  In 
mlatIona to Ib wlglnol rim, Thia concepl wo11l4 ba uaefitl If applied to the currant 
p d h n  tnhtlgetsd Now, let UII Iwk at a paplalion growth in tho refincry (i.0. change 
In poputntion dm in rdation (o the populafh size). - 3 

Relative rnh of growth rato of growth 
~izaotpopulation' : 

Rnla of growth la a difFerantlel of lllc aiw of tltc pul~ulation of reli~lcry shff, expreesctl as 
JN/dt, IMraforo, 

dNldt Relative rats of growth a - 
N 

Eqetion (4) Ir a llmt order dilTctmlial equnllon, I n  order lo progress with the 
formulation, let un nnrlfiply bo!h uidw by 6': we lhm hava 

By now cqmpedng equations (4j and (S), we have UNIV
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From tbo wmbinstlon of cquetiona (5) and (6), we ham 

d 
, -  NO-^ - o 

dt 

. . 
N-d 

. . (8) 

Equation (8) L tha wrlution lo the rilffamntl~l aquatioil (4). 'Ilius, wa llaw 

nnd 

x(t) fit) + tft) - OOLI 
~rmsqrsalion(9b .tlhnstu&WUIIW8: 

Mt) = N(0) a' . 
x(t) + y(t) + Nt) ( ~ ( 0 )  + y(0) + z{fl)]eh' 

I 

X(0  + Yl9 + a(t) - [ X W )  4 YIW1 cb' (121 
Vie cqudbn~~ (9) and (10) can be userl to cnlc~~lale the rnta of growlh oFLl~o employom In 
tha d m r y .  Thla calculmtion aldo covern h number of empluym in h a  quality 
management department. Tha p m m m  of more train4 staff in Ills quntity mnegument 
dcpmtinenl makw it bettar for the refinery to gat or day IS0 cn3ificJ. 

* 
3.3,d Reltttiotwi~ip anlong costs 

Tlla p e ~ l a u r n  rahety in tha CMG study nl~nn to meximlaa profit wllilo keeping all tho 
cost &manta to he minimum, Thw, if IQ nmrsery to devalop a mal~amaticlrt modal that 
refteots profit quantiilealion. Tlie firllwing cost elu~mts ate dim dlecuased in the 
mdur: 

mahrtwranca of standards cost (M,) 

internal e d t  cost (I). 

It  Is notud that for n quantlty o f  c& oil (Q) ta be relii~cd, il llaa to produce s cmtain 
runount of profit (PI to ~ilakb It wordtwhilo. Wa also kaow that t l~a mvtnue (Cj tor 8 
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.Fertnia quantity of a d s  oil is  cotlstrml if influlion in tlr tnvlronmont in hcld mutaDt. 
Frwn ths pitd equation, t ~ s  havs tha bvcnw (q minua the Cat  i d  (a gives 
proflt (0. mthonldicalfy; 

C - q - P  (13) 

Howswt, a utrong rslationshlp between the c a t  elements and profits cwld k 
~IabIhhsJ. T h ,  t h ~  cat elemnb may bs mlatcd to profits mmthema(ically as: 

q a p  (14) 
Now, Um &callon and Wing coal la expnswtl h an equation w: 

q - n $ + b s + ~  . . " (IS) 

Also, i r h  of pmcmment of gisndnnls lu~d maintsnum o f m ~  am rolnlcd by 
t h s w a  

P,+M:-x 
1 

q-aXJ+bX'+cX 

Fw cdficotion mat, In(smal d i t  cod and ~upplier Jwalopnmt cont, ws alro have a . 
n I a t W p ,  For exnn~pte, 

q.C.14-s-D. 

Our qurtim rus thur: 
q=as'f b e + c  " 

c l - a ~ '  + bxa+ GX 

. q - a ~ ' +  b 

a,b,aamocrmim(s. 

Lat ul find out how all the quaolilim nra rolalcd. From 3, b - q - IU' thin in (1 6) .od 
(17) , 

~ l - d d + ( ~ - a ~ ' ) o + a  - . (19) 

9-aX3+(q-nD')xa+cX (20) , 

From 19, 

p - c i  - .a3 - (ai - a13')a 

Put W In (20) 

q ~ a ~ ' + ( y - a ~ ' ) a +  . . tq- r@-(F(-ap)e]~ 

q - six' - D'X' + sax 4- U'SX] + qx' + qx - CFX 

By making a ilm ~lbJcct oilhe fmadn 
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Prom o - q - w2.- (q - a~')o, wo ~IW: 

a - q  (I - a ) - 4 0 ' - ~ e )  

Putting a into tho equation, WE haw: 

Remember C -1- 1 + 8 a D d P, + M: - X. Ful lherw two aqunfloti~ L r  (221, (23) nnd 
1241, 

From out fink three quaiion, let c l -  RC' +be + E; Q - n ~ '  + bxl + ex;  and c, - ab' + b. 
Ilm, . . 

t 
cl=nnf+bo+e 

c3=n(Cc+1+S)+b 
and let at * q + cj - q; c, will ba thc Iolnl Incu~~ed itom the ccml elemunb. , 

Since q a P; q = KP (profit hers Id tb eshntcd p f l t  given thnl the m u c h   ell). 
Whem K -'cmntant, 
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'lhmtoro, Iho relationnhip b o t m n  our wrt ltreurml hr our cost el~nttnin and our 
lmt  gain$ la: 

Tllo prom (P) show L t b  profit tllat should be galncd if dvuy(hlng goel on well t.a. If 
the pmhcm am soid st r reellonable p r l a  if them Ifi profit, tktf4 could be lorn too. W h i  
1 C h  pductm are not mIlh& my wa produes M e  of 6 Mgh atandad and they am too 
mpmfiivs, and eons- going for produels that rua choaper wilh tar lowar standard. 
The p a t  or loss will be hl.al~ulatcd Cmn: Capital (c) - total wst'i~eunwl (cd 7 profit or 
loar i,k c - 4- P, Nut* tha! q, - cast I n c u d  fiom (ha mt elbmsnb + midlanews 
Wl. 

Tha csso npplleationn discurn ,studla bnsed on a number of c ~ e s  InbsIluI Case I lo 3, 
with detail4 diseu~ianr totlowing. 

In a mhin production cornpry, lllem in 5,WU staK 5% aT thu (&I n u m k  of MalT 
work In (he QM dcprtmsnt, 10% of (ha ntaVln the QM deprlmmt are t r n n r f d  to 
other departments. The rats oF g m L  in the company ia  O.OUtW2, Only SO alaR in he 
QM t f u p m t  are allowed to p~arlklpmlb in any asassmne~lt w lnlqrccting cxemim, In rix 
m l h s  at gcmtlon, eight ~cnml impccliona, lour irnprull~ptu inapeetjonr n d  two 
r p l a l  inalmtiuna wcro nraJe. Wit hbk below drown L e  diattlbutjon of tile inspeetior, 
'ths inapsetionlameslan~cnt exercise aal~ally cenlrea an h e  pdtrcclon nrtm ~ n d  l l ~ o  
mchnnlcnl engineering workalrop. T b  tdls drown [Ire cquipmhf and their nunhew In 
MI the production amaa and tlw mcchanicnl mgimrlng workshop rwpec(ively. 

Tabla I @how a folsl numbcr of 39 cquiplncntn suitably dlsrrlburcd in the pduction ' 

area of the ~genlaation. 
Tabla 2 rhowa a t&l number or 15 eqelp~nent~ in the rnmbanical angindng 

warkdmp. Tho Tabla 3 below giver a mln~lonsl~lp between the type o f  equlpmmt snd tha 
h(BJ numbw of hour8 umd to inspeclla- t b  total numbar of each qulpmuni 

I .  available. 
Total inmdon exerclsla dom not exceed four Lours, wl~ila work in dono for ten 

h o w  a dny, five day8 a week, four week a monlh a d 4 0  weeks a year. UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Cost #mlYb(d In Is I~lenrml~tlon i f I S 0  guallly ~yplern 3 
' I 

' 

Fromthecwdy ,  x'tt} a when t 4, number of daff working In lha QM 
d8pn-t - 5 % ~  PI (t)=5% x 5,000- 250 pegta 

N It) - Numbw of den in the m p n y  st tima t I W% of nl(t) - z(l), but whan t.- 0, 
z(0 LO z(t)IO ((4). M O ~ O  @at n!(l) + fit) .E 741) N(t), 

Then N(0) - ~ ' ( 0 )  -b y(O) + ziO), and y(0) - N(0) - n'{~) - d(0) - 5,000 - 250 - 0 
4750. 

But k - O.OOoO2, LeteTom Ntc) - N(0) a", 
Thia equahn b uRaJ to get clia itunfircr of rlnff in cl~a conqtnny [N(t)] at any tiins t. 

Nuie: n(t) - nuinbw of  staff that pntticip~tc in the Inqmtio~dull~ucssmmt exercim nt firno 
t. 

Six moiths In Llr company 24 hcnm - IWeya 1200kwra 
When t,' ..O, a (t') a a (0) - I - number of g h m t  Inspections; b (t') - b (0) - 0 - 

number of impromptu Inwedbns; e (I') e (0) - 0 number of  genmllimpmptu dona 
for a apecifh ram;  f lt') = f (0) - I a total number of inspection; d (t') - f (ti) x n (0) - 
number of w8cmnmt sxuelse dona in time 1'. 

The squlltlon above ghca us the number af11.~9elremsnt clone for a ~pecific tltno rrnm. 
Similarly, when t' - 1200houra; s (ti) - n (1200) w 8; b (t') - b (1200) - 4; c (1') - c 
(1200)-2; f(ti)-f(1200)- I4 

Pmhrctlnn mm 

E ~ t ' & w  NU& 
Slam boHm - 4 
Turbo pmto ta  

Oil pudfim 
Alr'canpreasm 

Mmhn~t l~ l  rq ln~er l r tg  nwk,rbt~p 

Eqttipmant N11ntbcr 
h11# m h l n s  6 
Drilling  chine . 2 
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16 S, R, Okc, AJ. A budu, O.U. Akuttbl mrd FA. Oyuwlc 

we o / W f l p m ~ t  Nmhrr Nttmhw qf TottJ firt111 t r r rhr  Tnhd 
of harm eqnlpment nrnr~hrr nJ tfhtjnr~ a d  number 4 
w d h  s r g  eqrrlpmml In hrp& egsrl~~~kn! 
Inrpet rml nrmher mu 
onch 

m d l t l e  
a-fwIllmm 

Oil piidflora 

Total 35 13 54 139 38 
I 

From Tsblo 3, dw last column ehowa tho total numbor of equivalent ~ h f f  Bat can be used 
to inspact II toCI numbcr otquipmmt in juat rot* hollm. Wo cnn ndd tlw aiaDnutnbcr lo 
make sum It doss not e x 4  50 Ham, b a u m  arty 50 rtaff~ nta ~vnllfibtc for inspaction. 
Sinca die total number or atnfl lo lolw Lnn SO, wa can InlrpccL nil Ilia equipment. When 
tn- O* Nutnber of racilitiw i ~ m p t c d  (c") - 54; Nunlbur of  a h f l  h a t  inspected tlie 
oqdpmd IINI") 38; Nuallwr of mluilntaettl thnt were nut k i a p ' i ~ ~ r ~ c l e t l  n (1") - 0; 
Total numb= of fnciltlao p (ti') - 54; N u ~ ~ b a r  of slnrrllral did albt i~inpect j (is') - 50 - 111 

11 (t") x n (01 
(('I) SU - 38 - I 2  ntnn 41") *. , Tho fontiuln In u s d  iu act 1110 aurther 

11' ( t)  

4.2 Cad study 2 

A produelln comply IIM a 500 atallworking cnpacily, 2% of the total numbcr of  etaff 
work In tl~o,QM dqart~nent, 4m af tilo alnff i ~ r  tlte QM tlc~mndmn~t am t r n ~ m r e d  to 
other ~fapartmmb. Tlts mte of growth In the contpany ks O.W0015,50% oft118 apflln dw . 
QM departmuw era allowed to prllcipata in any essewmncnlnnspection exereire. In 12 
nlol~tha ofgernth, 14 general iwtpliona were mada and eight impromptu inrpccdons 
w m  mads for rpeelal renmr, Tho tnblo bolow d ~ o w ~  the dinlrihdion of ln~pcetionr. l'he 
~ n s ~ e e t i o i d s r ~ n ~ c i t  cxcrciw unually cebilrer an tlic prorit~ctian n m a  and iIla 
n~cchanical enginering wotkahop. The inblts below ahow h e  aquip~rre*~t nnd lllair 
nm~bern In both h produclion eras ar~d die mechanical enlinecring worksl~op 
rapeciivaly. 7 ' W  

! 
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Cast analysfs in the Itqplem#nrarian of180 q d i w  system 

BgrrWm~ Nuarbar 
Stam boiler 1 

mnrlrn 6 

The total nuder of equipment shown for Case 2 In cbs production arcll L six, 

- 

w # r n ~ ~ h e . .  a 
hilling nmchi~~ a 
WSrahg& 1 
s h d t d i i d a  1 
Chiltdiugmaehlns 1 
MIIhg m d n a  1 
Told 8 

The b b l  number of squipmsnt hr Caw 2 in tho M c d d c a l  engineering worfrahop is ' 

eight. Table 6. &ow ths data Ihat r q m m I s  the aimdon. 
Tmblo 6 Data an gmstal, Impromptu, and apecia1 cam for C a n  1,2, and3 
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18 &A. Oke, R.J. I.&&, 0.0. Ahnb1adF.A. OpmIe - .  

Swlal 

-93 
- 1  

SpsoimL 

Dry2 
- 1  
S p l m l  
mar 2 

Special 
w2 
Day I 

SyocY 
Flay 2 
Dny l 
SWM 
Uay 2 

spsclal 
Umy 2 

Dny I 
Sptcill 
Dnv 2 

Ilno Tabla 7 klw givm a retnliunnlbip betwaan 1110 typo a i  yulprnul~t and tl~s total 
nuinbcr ofl~o~ra wed to In#peccP~uirwrs Lo tnhl nt~t~ilrw of eacli altdpnrent available. 

Tok l  inqcctlon sxmhe rslhwld notnsnFwll rout h n .  Work la dons Tor only ten 
hwm a day, fiw dnw a we&, hut wekr I monll1,40 weeks n year, 

Fmm thocnasaludy,nl(t) - whon t 4, n h  of stam working in the QM . 
clepartnmant=2%xN (1)-2%x5,000- lOpeqds;N(i} 7 Number of aaff in ths 
oompnily - 500 people; x (0) = numbar or people allowed tn inspocl 5: 40% of x'(t) 3. 
W), when t 4, Z (0 4 

Thia quntion Is trsed to get the numher of duff in tho company at t h o  1. 12 montlu in 
thts campany - 44 wccks - 24-yr 240011ours 

Whm t' 4; u (1') - n (0) - I - nun~bar of ganml iaqraclionn: h (t*) - b (0) - 0 - . 
number of Ilnpmnptu inspwtlors; c (1 ' )  c (0) - 0 - nur~ber oTgcnaraVi~npron~p~u dune 
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- for A qcciflc mmn; f (t') - f (0) - 1 total number or inqmction; qt') - . . 

Whsnt'~~,s(t')-a(2400)-14;b(t')-b(2400)-8;c(t')-c(a200)-2f 
(t') - f (12W - 24. From Table 8, Iha last eoiumn n h  the lotul numk of equivalent 
~ c h ~ ~ a n b s O B B d 4 ~ a ~ t n u m t r a r o f ~ t i n j ~ f w b o u r s .  Sirwooaly 
f i w M ~ ~ w # r a r r l d e h ~ ~ ~ a ~ o f ~ i ~ t l o k l a s p s d e d o m t l w  
f l r stdayof~m,tbon&s~~cwldnotbsi~wauldbpdons~nLatar 
day, A staff d inspoet Iho slsam boilw, the kl&o gefm$r, M. sbsn alignment 
macfiitls, and ths air cmprmm making h rwr%hfT. The milling machins and the 
wMng d m  can bs h p e e t d  by j d  ono HufF a h  tho total or the how need b 

h$ quipnmt b fwr ha. MwD t"- 0; N u m k  of fncililias inapedad (t") 
6; Number of daff Umt h p d c d  the equipment Mt*') 5; N u m k  of equipment that 
wmu not boIng faspecled x (t") = 23 - 6 - 1% Total'nombu of faciiitiss p (t") = 23; 
Numbar of &ff that did not Inspect j (1")- 0 

d(t") * N u m k  of equipment lhat an b a s l l d  
P (I") x X(O) ' 

x' i t )  

0W4w4W- Number N h q f  Total ToMnwmhr ' Tad 
ofhorrrs equlpma~, mnlbrrqf efhumsrscd numbetof ' 
r d m  or& qlmt tnlypeet sguIwI8ni 
i m W  tom1 mmber 
dach of eqtt@mmr 

s t d  

n~mhine 

Stsun hi lw 4 1 1 4 I 
Td -  4 1 1 . 4  1 
oil p r a i h  3 1 t .  3 I 
Air n 3 ' 1 I ' 3 I 
S h Z  3 1 3 9 -  3 

PvA 3 I 2 6 2 ' 

Pump B 1 . I  6 6 2 

t s t h s r n w  3 1 2 6 2 

Drilling h i n o  I 1 2 2 r 1 
WtIdiyr maeMns 1 1 I 1 1 
Shltt alignment mle 4 I I - 4 1 
widhg &bins 3 I I 3 1 .  
MMhg ~mchh 3 I 1 . 3  1 
Totrtl ' 36 13 23 ' Sf 1 R  
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20 - SA O k  AJ. Rb& O.Q. A M 1  d FA. WWIU 

A prduetlon mnpany In tho ~ I ~ I - M I U ~  wrt of nn ARican wunlry llaa 3,000 etaff 
w d n g  1h. Tho wmpnny hem a well founded QM deparfmant, which hnndlm all 
ummer~t, a d  i~~ axeCO1Bu fn the company. The &rIbutian of ah& In tho ' 

company la na followui 

Nclmbor of mwfftrannfd fmn tho QM dqmrlmtnt (9 ocher department; 1% of 
r m m t m i n Q M ~ t  .. . 
Number of mff h t  handla the armmrmntnnqmtn e n d u e :  20% of number in 
QM -t 

Will! Ira owr 12 years or operation, L e  company b i d e d  to look et tho Iivpcclionl 
d e x w o i s e  over iht lmt 12 month. a 

They am aa follmg: Oenornl i ~ p c c l i o m  16; h e m 1  inn(ractim (specifid): t b q  
Impmptu inapocth  mven; Impromptu lnspsclions jnpaclffad): two 
-The .&p In whloh the Inspections wam dona la llslad bdow: ?%a 

inqwc4onl-I s x d r a  w s l l y  m(nm on l l ~ e  ptodwim ~ n d  mtchanical 
m r k h p  w a  In tha cornpamy. Tabka 8 and 9 b s k  dmw the l y p  of quipmtt,  thelr . 
number and the manufacmrcm' spcciflcntionpn how many of in&an~ ~holrld be , 
d c d  nut on the squipmsnl in the prorludmt nrm and machanlat wwknhop 

1 slmm boilor 
2 Tutba  lor 
3 a1 
4 Air 
5 8- lurbbma 
6 ; PlnnpA 
7 PumaB 

Tdrl 

id, 

Teble 8 ahom rnanuraclum ~ M o n  I n n p c h t m  per montli. 
Thd Th le  10 b l o w  glvae n ml~tianahip Wwm Ihs type of  aquipnmt and the tdal 

numbw of h u m  wed lo Inupc(lsarwa the ioint number oleaclr quip~~wnt avallabto, UNIV
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3 welding mn&lno a I 
0,5 d.0, o m  In four I ~ B )  

6 SbaR mligimont rmehlna 1 . .. . - 0.5 (id. ones In rour mnlho) 
Total 16 5 

, . 

T ) p r a o l ~ W  ~ m m  ~ h e v ( d  ma1 ~ n ~ ' k a r r m  Y ~ I I I I  
$iw qnlpnturh nrrmher qf fir h r ~ p c ~ h g  number qf 

Wpe#ln a#& q t r m f  eqrtlpmnr q lwken t  
8 end 

W t M  

hllwm bollw 4 t 4 ' 16 4 
Turbo ~ ( 6 n  4 1 4. 16 4 

a1vifw 3 L 4 12 3 
Air eomprasswa 3 I 4 12 3 - 
StoamllltMn~ 3 1 1  8 24 6 

Pump A 3 1 3 9 3 
PunVlB 1 I 12 I2 3 
U h s  m~leldtw 3 I r 5 I S  4 
Wlllng IndlIns I I 4 4 I 
Wcldlng machlna I 1 2 2 1 

ShrR alignment rnle 3 t 2 6 2 
O h d i n g  mmhlrro 3 I 2 . ti i 
Millhtg mnddna 4 I I 4 1 
Tnlnl ac; 1 7  $5 1311 37 

Tbtnl inspcclim artsrci~e ~hould nat e x d  four hours. Work l a  h b a  ccn houm a day, 
five daya a week, Fotw wcakfi a mmL. 40 wcekr n yenr, 

Nda that all equipment can ba a m w e d  nt 'che apeeM4 tim ,without the 
mnnutnc(urtrS~ opinion, 

From [ha cam mdy, Whm 1 - 0, x'(t) - Nurnbur of nlnff workhg in [ha QM 
departmeid- 8% of 3,CKUlu 240 pmplo. 

N(1) - Number of &aCf in tha conlpnny .I 3,OUO 

z(t) Number of staM tthnferrcd lo olhcr dcpttmuhra UNIV
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y(0) - N(0) - ~ ~ ( 0 ) :  NO) 
NO)r3,000-240-0-27W 

. ' k m O . r n 2  

Ntt) = N(0) eH 

Thir uquatlon Is wad to gat tlw number of 8taI'f in the company nI any dm0 t, 

x(t) 4 Mum& of alaff that parltuipate ir Inspclidassesrrmsntt oxorciao at limo t 
x(0) = 48 -.. 

12 d m  in tha wrmpany-4 we& = 240 dns-2400hra. 
When 1' - 4 Iooktn~ at Tablo I .  

c(t') - o(0) rr U 7 &umbw of gmara lnr~~mptu  irqectiolr &i~p for a sjwcific 
rmon (special) 

Rt') - f(0) - 1 total nutnber of Inspcctk#~s. 
I 

d(lm);; - number ofururncnt cxcrcire JQII* In 1 1 1 1 ~  t'. 
~ ' ( t )  

Nota lhat after tho Iirnt week oToycmtion, t' =III, 
T b a  weela Istar, for t' = 1501Ir8, 

~t*)~a(150)~2;~t ' ) -b (150)~O;c( t ' ) -E(1SQ)-O;  i:(t')=F(150)-2 

tb - ~ U O I I ~  

Nt') = a(200) 3 3; bit') - b(2W) - 0; dt') = ~(200) = 0; F(t') = F(2W) = 3 

1' - 35011m 

a(V) lr a(3SO) = 3; b(t') = b(350) - 1 ; c(t') ~(350) I; I?(t') F(350) 5, 
8 li 

lict urn wtlllidcr tito first and m a a d  n ~ t l l m  oToparatlon of lho C O I I I ~ I ~ ~ .  

Month 1, Day 1: In Ute firat day of lnnpcctior in cha firnt 111o81lll oloprntion, m l l  Uia 
equiplnent w# impeetod Oltly 37 out of 48 sl8lTdId dle inapectlun, 

r Month 1, Uny 2: Tlls c f ~ l t a ~  indlcntc dtd no I~tspecliona ahoultj be C i ~ e  oa tlte 
cquipm~nl dab to manu~mturu'il girlion. 

Montlt 2, Day 1: 25 out of 48 atnlTwcre r b d d  Lo I~lffpect ju8t 39 cyuipn~u~t In !IIC 
tint day of i n ~ p d o n  in Uw ~ccorlrl ~ I H H I ~ I I  o f  upcmtlon wltllin the Iltncrra~n~ (1') of  
12 montlls. 

Mdnth 2, ~pccinl Iilapectlo~lc Uufi~tg 11pecinl irmlalleetlons, all equlp~neritr IIM Inapccted 
I r t a ~ ~ ~ l i v c  of tlw nwufbcturcr'n opirdon. 
Montli2, h y 2 :  Qneo ngaln, wa have 1 I ataff inspecting out of48 avnilnblo, . UNIV
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Alr compmamra 
s m  h r t b k  
Pump A 
Pump B 
LnhfillOMno 
Drllllng rn!cbkna 
Welding m d m  
Q M a g  maehins 
Mllllns m d h m  
SbaR allgnumi maeMns 
Total ' 5s 22 39 22 

Norr: M L W: Mwdh I, Dsy 1; MI W: Mmih I, lhy 2; M2bl: Monh 2, bay I; 
M2W: M d h  2, Uny 2. . . 

When t" - 0, Table S is. Month I, Day I 

Number of staff that h p & d  tho equipment m(t'3 - 37 

. Number of equipment that were not being hpeckd  n(t") 0 

Tdal number of facllitia~ - l'(1'3 - 55 

Number oiatnff drat did not laslwctj(1") x(t) - ni(t'3 - 48 - 37 - I 1 ~ialT, 

When t" - ,I SO+ Tabla 6 he, MonL I ,  Day 2 
I 

l(tl') 1 22; Wt") - I I ; n(tl') - p(P3 - 1(i0'") 55 - 22 - 33 equlp~rent 

fit'') - 55; j(t91) - x(t) - m(t'3 - 48 - I1 - 37 ataff, 

Whcn t" - 200, Tabla 7 i.e, Month 2, Day 1 
I(t*) - 39; m(P) = 25; n(t'q - p[i") - I[l'? - 55 - 39 - 16 
p(t") - 5S;j(t'3 3 x(t) - m(i'3 - 48 - 25 23 staff. . 

Wha~ t" - 350, Tablo 8 1.0, Month 2, Day 2 

UP) - 2% m(t'3 - 1 I; tt(c") = p(t'3 - IIt*') 55 - 22 = 33 equipment 

P(tS') 55,j(ts9 - a(t) - nNt") - 48 - 1 I - 37 rtnff . I 

. d(t*) = Number of equipment that csn bt ssaead - r (t") x x(0) 

x 'b)  
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24 ~ h .  Oh, A.J, Ablrdt~, Q,Q, Ahrrbl and FA, Qwwale 

~mbh 12 ' Cow 1 and a: Stocimcicl ahowlng number of SIA~, Ilmq lolal inapsetion hum, and 
& or h p l e m ~ t i o n  of I S 0  

Turbo gonormtor 4 

Pump A 
Pump B 

Ciua 1 For C ~ ~ C L I  t and 2, if a quality nllmaeement ntaff i n s p t a  equipment Tor ondhour, 
he would be pnid CIlO,OM1. For Cnrs I, tltera nra 139 haurn uRetl for Inspaction 
for a dny, Thu~, we hava 139 X 10,000 * U 1,39O,M10 was apmt for lnspectlon in 
one day, Il lc~lbta,  tatlrl cm1 nlwnt for IQO It~ple~nentntic~rf rot 11s rlx nurndui of 
oyeration will be Pl1,390,Q00 X 14, in~pectlnna - WI9,rlM,nOU, Fur Cnno 2, il~am 

, am 54 hourn wad for inspactlor Tor n day. Tllcrofora 54 X 10,000 - PCS40.000 
waa apant tor innyoction Tor u Jny, 111un, totnl coat ~pcnt tor 1SO Lplemcnintion 
for tile whole year of operation h S4U,UW a 24 Irepeclbrs- @4I2,9GO,OUO. 

Caaa 3 For mch of Month I ,  Day I, Moncll 1, Day 2, Month 2, llny I, Manll~ 2, tlny 2, a 
quality muaagsn~ent slaff who Inqmtn aamn UlU,UOU Ixr haw. I lowever, tohd 
co~4 for I S 0  imptamcnlation for MonUla I and 2 le W1,380,000 + PC420,I)OO + W 
930,000 + W 42,000 W 3,1540UO* 
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. - 

ggrpRI -r&d ~ ~ k . r  -ojwQJ--m 
MIDI MlDl AUDI Ylm MIDI 2 kiWI Loru MDl A D 2  =Dl &?02 

Sgrnbdk 4 - 4 - I6 - 16 - 160 - 18D ' % -  

lvbogenpp~ 4 - - - 16 - - - 160 - 
- 0;l.d- 3 3 3 3 I2 U 12 I2 I 2 0 1 2 0 U O 1 2 0  

Air can- 3 3 3 3 12 12 12 Iz 120 120 IZO 120 
S b 8 u h c s  6 - 6 - 24 - 24 - 240 - 240 - - - - - -A 3 3 9 9 PO W- 
F=PB 3 3 3 . 3  n - rz 12 12 120 la0 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



26 S.A. Uke, AJ. A Abudu, 0.0. AkanbI wid RA. Qyrrwale , 
4 

4.5 ~&c*ll&riut# 

A- cam rtudy anmiyllla of a pehlmrn fcfinory i m  can~iJcmJ I I ~ ,  TIM dub unc4 ie 
ri~nuhtsd In vim of L o  diFfTcully aT abhlnlng 11&unl drtn fm h e  mum, I lowvur, iho 
data gmtcd atrangly r d k t a  wltat obteina h~ pmctlce, hence could gukta deeinlon 
mnbn in uimilar lndmtry to mnklng uasR~I d e c l ~ h ~ .  Thna wnsrion wlfism gsnwntwl . 

. in wdsr C undcanland dm effdn of the i m p h t a t i w r  proma in the organiaation, Tha 
ffnt aonaefns r ha t ion  #ham L o  total numbw of Ptafl resehw 5,WJ in velw, Out of 
Mn, 5% work in Uls quallty dqnrln~ant. I lowor ,  10% of Lean ~ t ~ f f  n m b m  In chs 
qualliy h p t m m w  am w d a d  lo d11a dqmrt~nonh. L ndrliiion, tho raia d grcrwlh C 
thd W p y  hi O b 0 0 2 .  Alw only 50 duff in Uw qualilyr'fnanngmat Ilcynmwnt nrs 
allowed ta pddplta In any aammnl at impeelion exstelso, In six m w h  of 
oprnlk,n, dght gwrsrai inspbationw, h r  improntpcu lnipcaiona uld two W n l  
impeoliona were msds, . . 

Tha mcmd ecsnsrlo wnecmn s niluntlon where thm am 5W mff wwklng h h A 

petmlwm Mnwy. 2% of dm tohl tuunbcr of rkm worltn h the Quality Manngement 
Depatmant, Ilowww, 41% of he M in h e  Quality Mnnngamsnt -mat are ' 
t r s n s f d  to oaber depaqments. Thb tate dgmwL in the comppny 11 O,OOOOIS, SO% of 
tlw slaff in the Quality Management Depmmant en alowed~to padcipats in any 
ewammmt or i@an srrercils In I2 monrhn of operation, I4 @enmi inapeedlp were 
made and tigbt hpmptu krspectioaa wem'mada Two oa of 14 g e n d  inspecliona 
& made for spaaid mums 

The third cam comma a dtuatim where ham uo 3,000 staff working in (ha 
con+ny.' 8% of ths 31000 8hb drat in the cmnpnnJI work# in tho Qudity 
M w m e n t  Dapsthmt. Aboul lO?h of thost that work in Iha Quslity Manegtmcnl . 
DtpactmPnt ma hnafsmd to othar d e p n ~ m t .  Flowavw, 20% of tha number of rwff 
hut work In the Qunllty Management Dtpartment handb the amesarnmt or innpaction 

t ax& The gmwh m k  la O.MWWa. In 12 month8 of op#ation, 16 gmml I m p t h i n  
were made, hrea gawral inepsdio~ w w  qmifled, swtn impramp inspdians were 
mads, two i m h  i m q d o n d  were qwifled, The insyedlon exercise wan b ~ e d  on 
tha mnnufachttw'a opinion. 

Tho ppcr  Iinb npplicnhr d II lhcnreticfiI11~#bt tn R F~CI~CAI world at  tnnr~rge~ne~d is 
a developing camtry. Mathematknl 1noJe1s w m  developed fw calculalion of tha total 
cost of implmehlatiut~. Thns case ahtdica were devetopd Ibr dWmnt typea of petrol 
reflneriw to g&t lha -1 a t  ussd Cw ISO C~plemanintlon far apcll?c time period. Care 
1 conridm n ncenntlo d m  the eolnpany haa n Mff of 5,000. It had 14 inspeekinns wer 
nix monlhr of operatim of which eight were genwnl, fourwem impromptu and two were 
speciai. The Wa pdd W 10,000 p~ hour for any imqmtionr made. There wnr a 
total of 139 hours uacd fbr Innpdlon. For an Inqtmtian, U lb39U,OOU wsa used, 
Therefom for 14 in-tiona, U 19,460,OW was wed L r  I~peclwr for a period of aix 
month. Capo 2 diacuarea 8 acc~ado wheru ills mmpnny hrra r atnff of500 mInCT. It hod 24 
Impectionn In ono year, Thc hqwctiona were compri~cd of 14 gentral, eight impronlplu 
and two apeetal, tnapectm am paid W 10,000 p r  hour rktrtng in-ion tlnla. A total of  UNIV
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Cosr cmalysh h~ the tmplemen~a~ton o m  qualily sprm 3 
. * 

- 54&0~mwcrs used for bpction. For one iwppction, W 590,099 wpr For U , 
W m a ~ , *  12,9640OOwarruaadibrnperidofonaycar. 
Fw Caao 3, tho ownpmy has, 3,000 slafh. It waa rtuded for over a l~~emonth period, 

There wara thw g m r a 1 ~ i n - h  m e  impromptu and one d a l  iqodion. Hem, 
staffs wwe duo p d  W 10,000 per hwr qwnt for iaspeetion.  or &a first day of h e  B d  
month, hem wasa total of 138 hournuad, Therefom thawit forthat day LN 1,380,000. 
Fw Iha m d  dey of the fimt month, thm w a ~  a total of 42 hwm d Thaaefbre Ihs 
cost for that day ia W 420,000, For Ilw first day of tlw m o d  month, hem wan a total of 
93 ham 14, Therefom the cat for that day h W 930,000, Pw.h first day of the firat 
month, thers was a total of 42 houm tletd The a. h r  day is M.420,000. Tbo tdal 
wt Pot two month Is W3,150,000. - .  

h a  to& difficulty In geltlng the ma1 va111es for (ha caaa B(udy, hypothstl~~ values 
were tlBbd. However, in or& to &bin mom raaliutic val- we need to gat mom prscisa 
values For h a  eaaa s t d m  to calculate implemenWim mat. n i r  i s  R IImha1tqm of the 
umdy. A @bls fumm ateusion of the rmarch Is to calculate the bunova and thsn 
compare with ths Implementation cost. 

Tha authon grateidly acknowl Jgc (he reviewer and tho ditor oftlle journal for rtfinhg 
tho work to publidon level. 
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