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A warranty is a manufacturer or seller's assuraiaca buyer that a product is or shall be as
represented. When products do not perform as esghethe manufacturer or seller must provide a
remedy, such as repairing or replacing the iterfifdl the contract of the warranty. This is amportant
aspect of the purchase of a product by a custaspgcially when the product has a significant cost.

A warranty provides evidence that the manufactueges about its customers and indicates the
dependability of its product servicing and the wihess of the manufacturer to cooperate in solving
possible problems [1]. Longer warranty coverageften a tool that marketers can use to convey the
seller's confidence in its product. For example,uhijai began offering a 10-year/100,000-mile
powertrain warranty in the U.S. to differentiateeif from its competitors, and ultimately increased
share in the U.S. market to 4.6% by 2010 [2][3].

Warranties can be expensive for manufacturers legid suppliers if their products fail too quickly;
costs generally include providing administratioapair, and field service [4]. According Warranty
Week Magazine, the top 20 U.S.-based warranty providers paid &28.5 billion in warranty claims in
2009: warranty costs were around $2,701 million Hewlett-Packard, $1,561 million for Ford Motor
Company, $780 million for General Electronic, $388lion for Microsoft, and $303 million for Apple
[5]. In 2009, automotive manufacturers and theppdigers spent $11.3 hillion on warranty claims lie t
U.S. [6]. These large costs suggest that companriesstill not appropriately designing or testirg f
reliability. It also suggests that their warrantysimess practices are out of kilter.

In practice, the prediction of future warranty cost often carried out based on historical warranty
data for similar products, sales data, and warralatiyns captured in the early stages of produetitife.
However, historical data for similar products witht be appropriate for new technologies and newsway
of using products (for example, the use of computas changed significantly with wireless applonag).
Moreover, early product life cycle warranty dataymeot capture complex failure trends caused by
component hazard rates that change with time [fheOproblems with warranty claims data include
delays between failure occurrences and the timenwlems are made [8], as well as underestimatson a
a result of some claims not being documented [7].

To help the customer and the provider of warrantiesew prognostics-based warranty paradigm
has been in development at the Center for Advardtd Cycle Engineering at the University of
Maryland. Prognostics and health management (PidMihienabling discipline consisting of technologies
and methods to assess the reliability of a proiuits actual life cycle conditions to determine @dvent
of failure and mitigate system risks [9]. PHM wi#s sensing, data analysis, and interpretation of
environmental, operational, and performance-rela@émeters to indicate a system’s health status in
terms of performance deviation (such as deviatfooperational parameters from their expected vjues
physical (e.g. material, chemical, electrical) @estion; and changes in life cycle conditions (e.g.
operational temperatures, humidity, vibrations) amhge duration and frequency [10]. Using this
approach, PHM can help access the actual usagdtioasddetect initial degradation, and estimate th
remaining useful life of a product.



This paper describes the application potentialsnfew business models based on PHM. It is
assumed that the reader has an understanding of fRBH&mentals (an overview of the approach is
shown in Figure 1 and described in detail in refeeg[11]).
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Figure 1. Health monitoring and fusion prognostics

Changing the Warranty Paradigm

Most warranty service is performed after the ocenee of failure. A PHM-based warranty
philosophy shifts the warranty from a reactive pagm to a proactive “warranty service prior to fmé”
paradigm.

For repairable products, knowledge of incipient rdegtion or deviation provides warrantors
with an opportunity to forecast repair tasks tovpre further product deterioration, field failuresd
system downtime. It is estimated that $35 billimuld be saved per year in the U.S. alone if forechs
maintenance was employed [12]. The prediction ahaiaing useful life can be used to conduct
maintenance and logistics planning to reach amupéid warranty decision. For example, a wind farm
can conduct maintenance of multiple turbines attome during low-wind times of the year based om th
predicted remaining useful life.

PHM can also be incorporated into a non-repairablesumer product so that the customer can
prepare accordingly prior to the occurrence of iurfa to reduce losses from product downtime. The
preparation for the occurrence of failure may idelwontacting the manufacturer for service, backing
data from the device, or using resources to temmippreeplace the product. Furthermore, PHM
diagnostics can be used to identify means to “offnproduct degradation and avoid losses in system
functionality. Thus, a PHM-based warranty is aloléntcrease customer satisfaction and retain custome
loyalty. In addition, the manufacturer can traclke ttustomer’'s usage of their product to have early
information about the performance of their prodwehich can be used for further business decision-
making.



Warranty Returnswith No | dentified Defect

No fault found (NFF)—also known as trouble not itised (TNI), no trouble found (NTF),
cannot duplicate (CND), or re-test OK (RTO)—occwiten a failure is reported, but cannot be verified,
replicated at will, or attributed to a specificlfme site, mode, or mechanism [13]. Warranty returan
be excessively high if the rate of NFF determinadics too high [13][14]. For example, Pecht efHb]
found that NFF observations on electronics in ae®systems can be as high as 70%, and can rasult i
removal of items that may not have failed, but rhayrelevant to a suspected failure. Some of the NFF
problems arise because the field failures oftenbitximtermittent behavior and thus are hard tdioape,
often due to a lack of information about the actushge conditions. Delays in understanding these
failures can lead to continued production and eéldefective products, ineffective solutions, irased
warranty costs, and lawsuits.

Devices that are reported as NFF during the figsitdleshooting session are often returned again
later with the same NFF symptoms or a permanenenobdailure. Mechanics tend to replace everything
that may cause the problem in order to avoid se@ldailures and save testing time. However, tften
leads to perfectly good units being removed, whigults in costly expenditures under warranty. For
example, in an investigation of NFF in a cruisetonmodule, Kimseng et aJ16] concluded that the
test conditions of the manufacturer were not repregive of the actual usage conditions. PHM ctdlec
real-time environmental, operational, and perforocearelated data, which allows technicians to
understand and reproduce field usage condition®sting. Moreover, PHM can provide online fault
detection, as well as prediction of failures. Ipissible, through data-driven PHM approachesptwe
sudden changes in system parameters [11].

PHM Enabled: Extended Warranties

Manufacturers, insurance companies, and third @ahtyinistrators are providing consumers with
extended warranties (service contracts) for a pged period at an extra cost to reduce consumsks’ r
of product failures after the base warranty cover&gr example, the designed life of a wind turl@n20
years; however, most wind turbines carry only a-tteofive-year standard warranty. The maintenance
cost will be a large expenditure to the operatapwener after the OEM’s warranty expired. Similaitlye
average life of a vehicle is over 13 years (145,0f@s) [17], but auto manufacturers offer muchridro
warranties. The expected life of a cell phone olaptop may be three to five years, but most
manufacturers provide only a one-year warrantyefch. Thus, there is a huge service contract market
for extended warranty providers. According \idarranty Week's estimation, the revenue of the 109
extended vehicle warranty providers in the U.S2010 was over $11 billion at the contract salegllev
[18]. Ford [19] sees longer warranties as a cortipetiadvantage for the company; it believes that
customers look at warranties when they make punthagcisions.

The pricing of an extended warranty typically defieon the original price of the product and the
coverage and length of the contract. However, ttieah product reliability will depend on the inhete
defect populations within the product populatiomadl as the life cycle that the product was sutgjéco,
which will result in different costs to the exteddearranty provider. PHM enables the supplier dred t
customer to determine the health status and rentpirgeful life of a product. This information coudd
used to determine reasonable costs to the custbased on the health condition of the product, and
provide a risk assessment for the service contraEto example, if the product has used extensbesull
life on some expensive components, it may be redderior the contractor to charge more for offerémg
extended warranty. However, the contractor may lide to reduce costs (e.g. volume buys of spare
components) if certain warranty problems can bedasted.



Lifetime Warranties

With PHM technologies integrated into a producgréhwill be opportunities for manufacturers to
promote lifetime warranties, so long as the prodgichaintained appropriately. The maintenance may i
fact require the replacement of certain componiartise system and can be thought of in a similay as
replacing the oil in a car. The remaining usefig &stimated from PHM can be used to determinetige
of life of the components. As a result, PHM is atdecreate failure-free, always available, or faghu
under-control systems through anomaly detectionaalvdnce warning of failure.

Availability is the instantaneous probability thatsystem or component will be available to
perform its intended mission or function when allgon to do so at any point in time. PHM can
mitigate failures by forecasting maintenance, st thaintenance and repairs can be scheduled when
resources are accessible and repairs can be seledulake place low availability requirement pdsip
thus minimizing system downtime. When PHM techngltgyapplied to a fleet, the overall output of the
fleet can be guaranteed by prioritizing the manuize’'s maintenance resources to first work onesyst
that need service more urgently and allowing theufecturer to create an optimized maintenance tolan
serve multiple systems at one time to reduce tlatlvwarranty cost. The availability-based waryant
strategy is a new opportunity for businesses.

PHM also enables an effective approach for payingdovice hours. For example, an airline does
not purchase an engine itself. Instead, the cangnearantees the flight hours that the engine eaifopn
and the engine company undertakes all the maintentasks. A manufacturer can afford this type of
warranty only when it has a low-cost and efficisatvicing system. In the future, there is no reagsen
cannot apply this to all products, including ca@mnputers, smart phones, and home appliances.

Incorporation of PHM into products will make mametizrers confident about prolonging their
warranty periods due to increased field reliahilitgproved warranty service, and reduced warraogfsc
A company may further offer a lifetime warranty edson PHM systems to reassure customers and
differentiate itself from its competitors.

Acts of God and Humans

Not everything that goes wrong with a product falithin the scope of a warranty. Warranties
often have clauses that do not cover problems dabge“acts of God,” abuse, misuse, malicious
destruction, ordinary wear-out, failure to follovirattions, or improper maintenance (we will use the
term “misuse” to cover all these items), and a am@y may state that misuse voids the warranty.
However, it is often difficult to detect the difesrces between natural use and misuse.

An example of the assessment of warranties for seisaithe Apple iPhone. In an apparent effort
to reduce warranty costs due to what they consideustomer misuse, Apple placed water sensors in
their phone to determine, for example, if the phasas dropped into water. If the sensors were triggje
(in this case, turned red), then the Apple dealpssbould deny warranty coverage, even if the owner
purchased extended warranty coverage. However,eAmpmtomers have complained that the sensors can
be triggered by normal-use conditions, such as sfkea exercising, condensation in hot climates] an
from holding the phone after washing dishes. Sikggle did not open the phones to determine theahctu
reasons for the failure of the phone (if indeedds caused by a liquid at all), this means that tial no
actual knowledge and indeed could be denying custermeir rights under warranty. Prognostics-based
warranties can alleviate this problem by providitiggnostic information to understand the root caafse
a problem and its potential symptoms.



Warranty- and Safety-related Recalls

High failure rates under warranty can trigger alle®ecalls can also be triggered in the case of
safety-related failures. In such cases, the matwrfacmay not only have to bear the direct warraaists,
but also accident costs, court fees, and lossesoddamaged reputation and sales. For example,tdoyo
recalled approximately 2.3 million vehicles in tHeS. in January 2010 due to sticky accelerator Iseda
[20]. The National Highway Traffic Safety Adminiatron (NHTSA) reported 52 deaths in accelerator-
related crashes [21]. The total cost of the ragall considered to be as high as $900 million [22].

PHM has a significant advantage in situations wiaenear-out failure mechanism is the cause of
the recall. When an anomaly is detected, faultpatars and problematic components can be quickly
located and isolated from the system to permittifleation of failure root causes for the custonteuch
PHM methods can enable service- and maintenanatedalesolutions rather than recalls.

In the case of recalls, PHM can facilitate proartiogistics support. For example, if the
prognostics solution is designed in such a wayoashbw where and how the product is degrading or
failing, then the manufacturer and supplier caruaegthe necessary equipment and supplies befere th
product comes in for servicing. Spare parts, eqaiggmand labor, if scheduled beforehand, are chieape
than if they were to be expedited.

Summary

PHM can help business warranties by resolving vadyraproblems, improving maintenance
practices under warranty, reshaping warranty pegicand enabling warranty strategies. The fielgjeisa
condition data collected from health monitoring gaovide information for warranty diagnostics. PHM
is capable of capturing sudden changes in systemsdentifying NFF failures. PHM techniques can
locate and isolate faulty structures quickly antéphenderstand the root causes of failures. Duehéo t
prognostic abilities of PHM, defects of products ¢e revealed early on to mitigate problems astagtia
with recalls and safety issues.

Anomaly detection, advance warning of failures, &ldL prediction can enable a proactive
warranty paradigm and improve the warranty decisi@mking process. Real-time interpretation and
feedback information are used to conduct timely effective maintenance to minimize system downtime.
Prediction of RUL and future (not impending) faédsris used to plan maintenance schedules and
facilitate efficient logistics support. Manufacttsean also make use of the real-time conditionisRAdL
estimation to decide whether to perform perfectpanfect, or minimum repair in warranty service,
achieving active management of the system’s health.

PHM has the potential to drive future warranty teigées for companies to increase their
competitive advantage. PHM methods are able togmtes system from degrading by isolating it from
inappropriate conditions or failing parts. PHM wikkrmit companies to offer longer warranties atdow
prices, which can further enable lifetime warrastie industry. Availability-based warranties can be
implemented with the adoption of PHM, which willagantee the availability of a system or a fleet and
reduce life cycle costs. Reliability evaluationadhgh PHM will enable flexible extended warrantiesl a
bring various benefits for both warranty providansl customers.
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