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Thegrowthofusingtheproductwarrantya5aStrategictoolha5increasedquitesignificantlyover  

thepastdecade・Aproductwarrantyisanagreemento鮎redbyaproducertoaconsumertorepair  
OrreplaL：eafaultyitem，OrtOpartial1yorfu11yreimbursetheconsumerintheeventofafai1ure（see  

［1，2］）・TherearetWOtypeSOfwarrantycoverageusedinindustryanddiscussedintheliterature：   

O Non－reneWlngWarranty：Anewiysolditemiscoveredbyawarrantyforsomecalendartime  
OfdurationT．Thewarrantera5SumeS all，OrapOrtionoftheexpensesforthefai1ureofthe  

productuntiltheexpirationofthewarrantycoverage，Non－reneWlngWarrantyWithnon－ZerO  

repairtimehasbeenstudiedin［3】・   

O RenewlngWarranty：Thewarranter agrees torepalr Orreplace anyfaileditem upto timeT  

丘omthetimeofpurchase．AttheendoftherepairtimewithinaneXistingwarranty，theitem  

iswarrantedanewforaperiodoflengthT．  

WeaimtoevaluatethewarrantyeXpenSeSunderrenewlngfreereplacementwarrantyoverthewarranty  

COVerageandoverthelifecycleoftheitem．  

Ac町OmymS  

cdf cumulativedistributionfunct，ion   

iid independentandidenticallydistributed  

pdf probabilitydensityfunctiom  

No七a屯五のm  

X lifetimeoftheproductwithcdf鞍（x）andpdffx（x）   
Y warrantyrepairtimewithcdfFy（y）andpdffY（y）   
Ct randomcostoftheithrepair  
T predeterminedwarrantyperiod  

Wi randomwarrantycoveragewithwarrantyperiodofT  

Mode且   

Weconsiderthefo1lowingmodel：Initial1ytheitemisinoperatingconditionforlengthoftime  

Xl・ThentherepairconditionstartSandtheitemremainsinitforatimeYl．Aftertherepair，the  

itemisoperativeforatimeX2Whichisfo1lowedbyarepairforatime鴇andsoon．Itisassumed  

that（Xi）rand（弟）㍗areindependentsequencesofiidrandomvariables．Thecostoftheithrepair  
hastheformq＝A＋6弟anditisassumedthatE（C）＝E（Ci）＝A＋6E（彗）＝A＋6E（Y）where  
Aand6arepreSpeCi負edconstants．Attheendoftherepairtime，theitemiswarrantedanewfora  

periodoflengthT．Lifecycleofaproductisde丘nedasatimewhiletheproductisstillusableand  

COntempOrary．Itisassumed，thatduringthelifecycle，aftertheexpirationofthewarrantyCCrVerage  

fortheinitiallypurchaBeditem，atthetimeofthe魚rs七0ぼwarrantyfai1ure，theconsumerpurchases  

anidenticaltotheinitialitemwiththesamewarranty．  

ⅡⅩpeC七edcos七Ⅷmde町陀meW五mgw甜町am七ycov即age   

ThewarrantyCOVerageⅥケcanberepresentedaB  

r，  if∬1＞r  

r＋∑た1（薫＋坑），ほズ1≦r，…，ズm≦r，J㌦＋1＞rbrsome†も・  
l・町＝  
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Then，thewarrantycost C（l町）over thewarrantycoverageis arandomvaria．blewithgeometric  

distributionwithparameter（1一飯（T））・Thus  

FT（r）  
且（C（Wナ））＝   （A＋∂β（y））  

1一飯（r）   

Expectedcosts underrenewingvnarrantycoverageoverlifbcycle   

Let L＊be a prespecified time during which aproductis considered to be contemporary and  

COmpetitivewithsimilarproductsinthemarket．LetLbethetimeofthe丘rsto阻warrantyfailure  

OftheproductafterL＊・Then，WeCall（0，L）alifecycleofa・nitem．Let∈representthetimebetween  

twoconsecutivepurchases，1．e．，  

〈 

ズ1  ifズ1＞r  

∑Z＝1（Xi＋℃）＋Xn＋1ifXl≦T，…，Xn≦T，Xn＋l＞Tforsomen・  
∈＝  

Then，theexpectedcostover（0，L）isgivenby  

且（C（キ））＝（m言（上）＋1）β（C（Ⅵケ）），  （1）  

Wherem言（t）istherenewalfunctionoftherenewalprocessgeneratedby∈・Byintroducingtheage  
parameterTforE，Wederiveanintegralequationforthepdf，g∈（T，t），namely  

t一丁  

上   
（2）  クモ（丁，t）＝た（t）＋  タ〔（丁＋β，トβ）存（β）dβ，t＞r，丁≧0   

wherefT（s）＝H＜sfx（u）fY（s－u）du・Exploitingthespecificformof（2），WeuSeMathematicato  
Writeacodeforthenumericalprocedureforobtainingthedensity9E（t）・WbthankProf・Estate  
Khmaladzefortheusefu1discussionsduringthisstageofourstudy．   

Weusetheresultsofthenumericalproceduretoevaluate therenewalfunctiongenerated byE  

neededin（1）・Basedon［4】，areneWalequationsoIverha5beenwrittenbyDrRichardArnoldin  

programmlnglanguageR．Wt thankhimforthepermissionto usehiscode．Asani11ustrationof  

theidea5WeCOnSideranexampleassumingthatXandYareexponentia11ydistributed．Thesame  

procedureisvalidforgeneraldistributionsofXandY．  
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