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Abstract. Nowadays, the great market competition makestbllgatompanies look for high reliability and qualitythe
products. The decrease of the expenses with warraakes possible its extension which is a greaketatifferential.
This objective can be accomplished with produdtbglity — based design and analysis. The objectizthis work is
to propose a method for reliability analysis bagedwarranty data and to validate the suggested outkth

The method consists on adapting the failure daftany database, to develop a reliability analy3is.accomplish the
analysis of the warranty data, the failure data atassified as suspended or complete, and an apiatepprobability
distribution is adjusted to evaluate the relialyiltif equipment or system. Starting from that datalysis it is possible
to obtain seasonal relationships among faults, betiveen faults and production lots.

The application of the method is demonstrated thhowan example, involving the reliability analysi$ a
telecommunication equipment motherboard. The dithyws the proposed model and, based on religbditimative,
it is possible to calculate the warranty cost andgtopose possible product and data collection iovements, mainly
in the warranty database, to improve the relialilitnalysis results.

Keywords: reliability, electronic equipment, warranty.
1. INTRODUCTION

Today demand for reliability and processes with doveost on products is continually growing, as wesl
demanding and well informed customers, especiallythe electronic industry. Nowadays with the ineeeaf
competitiveness in the Brazilian market, electrenitanufacturers are extending their warranty periaetder to bring
more customers to their brand. Therefore, it becaseessary to develop methods to describe the lieldvior of
products and to predict their field reliability. &purpose of this paper is to develop a model etednic system
reliability analysis based on field failures dathieth can support warranty extension analysis.

The warranty claims over time occurs according po@t process and depends on the reliability effitoduct and
the sales over time. The failure data is incompdete: often grouped or aggregated. These facts saisaral interesting
and challenging problems for modeling and estinmt@cording to Karim et al. (2001) and Wang angduBu(2001).

The model developed in the paper can be applieshyoproduct. It is based on the concept of usitighidity data
to predict the probability of a system to operaitheut failures for a pre-established period ofdimnder specific
conditions of usage. This analysis uses field wayrdata from a manufacturer warranty database;wtur a specific
system means 12 months in service. To use thisamgrdata it is necessary to consider samples ichmhot all
components have failed. A proportion of those congmis have survived the warranty period of timehauit failure
and it is called censored data. Based on that itidgapossible to obtain the reliability curve ftris product and to
predict which will be the probability of this systeto fail at any time, including the warranty perid’hat method is
based on the studies executed by Lu (1998) fomaatiwe reliability prediction based on early faguwvarranty data.

The warranty period allocation for electronic equént is an important subject, as proposed by Wl ¢2006) and
by Bai and Pham (2004). The methods for warrantiynese developed by those authors do not accourgdaipment
reliability on their analysis being based on operal research concepts. Taking in view that tHabdity is an
important factor for warranty extension decisionking, the method developed in the present papappdied on
telecommunication equipment motherboard reliabditg warranty costs analysis.

2. SYSTEM RELIABILITY ANALYSIS

The word reliability is widely used today; O’Conn(@002) says the simplest view of reliability isathn which a
product is assessed against a specifications oe sdimbutes and when passed is then deliveredet@ustomer. The



customer, having accepted the product, also acdbptsit might fail at some future time; this simphpproach is
coupled with warranty.

Whether failures occur or not and their exactlyetimf occurrence can seldom be determined with acgur
Therefore, reliability can also be viewed as areaspf engineering uncertainty, if a component siystem will work
for a period of time is just a matter of probaliliReliability can also be expressed as the nurobéailures over a
period of time.

Failures that have occurred at zero time are tidseh have passed the manufacturer quality systenfailures
that occurred during a certain time of usage aeer#tiability failures. Therefore, the main objees of reliability
engineering, in order of priority are:

1. To apply engineering knowledge and specialigtri@ues to prevent or to reduce the likelihoodrequency of

failures.

2. To identify and to correct the cause of failutiest occurred, despite the efforts to prevent them

3. To apply methods for estimating the likely rbiidy of new designs.

The skills required to accomplish those tasks heeatbility to understand and to anticipate the iptssauses of
failures and the knowledge to prevent them. Iis® aeeded knowledge of the methods that can ke fosenalyzing
designs and data. These skills are nothing more t@od engineering knowledge and experience; iiétiab
engineering is the first application of good engitireg practice during the development of a new pctd

When a company increases the reliability of theddpicts the costs of the project and the manufexfiaystem are
also increased. The total cost of a product mgst @l consider the entire warranty time. When anmss case of a new
program is presented, all expenses and returnveStments are considered, including all expensegamanty during
the life cycle of a product. Figure 1, accordingXConnor (2002) shows a commonly described reptatien of the
theoretical cost-benefit relationship of effort erped on reliability. However, despite its intuitigppeal and frequent
use in textbooks and teaching on quality and r#itiplprograms, this scenario does not yet represemeal life
situation. It is known that less than perfect tality is the result of failures and each one wituses, and we should
ask ‘what is the cost of preventing or correcting tause, compared with the cost of doing nothing?’
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Figure 1. Reliability and Life Cycle Cost. (O’ Caym 2002)

When each potential failure mode is analyzed is thay, it is almost always visible that total coststinue to
reduce as reliability is improved. Another way tot jit is that all effort on an effective reliabyliprogram can be
understood as an investment, usually with a paybaek a short period of time. The only problem thizthat it is not
always easy to quantify the effects of reliabiptypgram activities.

2.1 Reliability program tests

During the early design stages of a new produegrsé reliability tasks need to be performed ag phthe design
effort to improve its quality because they will hecessary in the future decisions. Many of thekabitty tasks have
been required by the customer and will need todaed to the new program by the manufacturer.

Deficiencies in this project stage will affect theoduct and certainly will cost much more to bereocted in the
future design development phases of project or aften production has started.

According to Neubeck (2004), these tasks can bkeorinto two basic categories: component levelyaimland
system analysis. Component level analysis typicailudes stress analysis and parts failure rasgliption. By
performing stress analysis and part failure ratdistion several of the system level analysis isaaly performed.
These include failure mode and effect analysislt faee analysis and system failure rate analySigure 2 shows a
typical reliability program tasks for a new product

Concerns are often raised with the use of warrdata for reliability analysis, relating to the fahat the failure
information extract from the warranty records it oonsistent. First, the failure information receddwith a warranty
claim is not 100% accurate. Second, the informaiorestricted to failure events that took placerdythe warranty
period. Very little or sometimes no informatioraigailable for the products that have not experidrazgy concern with
the component or system under analysis.
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Figure 2. Typical Reliability Program Tasks. (Necke2004)

For a better result on all those analysis, it ipantant to have the knowledge of all root causesefery single
failure occurrence. Only with an accurate analgdisomponent failure it is possible to make propeanges in the
project in order to achieve good warranty resulbenf the field, otherwise it will not bring any detesffectiveness to
the system under analysis.

2.2. Failure mode and effects analysis (fmea)

Failure mode and effects analysis is a powerfuigiheanalysis tool that is used to increase sysiahility and it
is commonly used during early stages of developnantit can also be used for products alreadyradipction. The
main purpose of this tool is to identify potenfiallure modes and its effects resulting in relidpiincrease. The Fig. 3
shows, according to Martha de Souza (2003), the ANtihcept.
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Figure 3. FMEA Concept. (Martha de Souza 2003)

Failure mode and effect analysis principle is togider each failure mode of every component oresystnd to find
out potential weakness and to correct them at éségd stage. It is all based on the knowledge dirteians or in the
lessons learned from similar components failurechEone of these failure modes are classified latiom to the
severity of their effects on the reliability of theoduct.

This classification considers three separated a&sgec each failure mode. First, is the scale whiohsiders the
probability that a failure mode will occur. Secotislthe scale which considers the severity of lufaimode effect.
Third, is the scale which considers the chanceeaifid detected either during production or duringpiction and
testing before reaching customer. The product e$ehnumbers (occurrence, severity and detectiomegsdhe risk
priority number (RPN). These risk priority numbene then used to assign priority for correctiveicmst FMEA
should start as soon as the project informatiomelsased and must be completed as more informatgmomes
available.

2.3. Methods of design review
Even with great experience on product developnieig,expected that some type of error occurs irew& project.

These methods of design review were developed i dwgineers to identify and to concentrate théerdion on
critical issues. Normally, these analysis shows @lftiacritical issues are under control and therf§pent were only to



show some deficiencies. However, by finding outhsdeficiencies in the early stages of project dgwelent one can
cause a great gain to the program, because angelianthe future causes cost increase and thetplamplement the
corrective actions for such errors may go beyoadt stf production. Some of the main tools used dm geliability
applied on a project are: Quality function deplowtn@FD) and failure rate prediction.

According to O’Connor (2002) QFD it is a way of nrak the ‘voice of the customer’ heard throughout th
organization. It goes beyond reliability, becausealso considers items of customer perception saghtouch,
appearance, style, parts texture, etc. The QFDnigeé brings great advantages to the product dpredat process
such as reduction of the implementation timing, iowement of communication and share informatiorhinia cross-
functional team charged to develop the new prodDoe can say that QFD keeps the focus on the cestand makes
the link between customer requirements and prodpetifications, reduction of development cycles dindlly
improve customer’s enthusiasm.

According to O’Connor (2002), an accurate predictid the reliability of a new product, before itainched to the
market is highly desirable. Knowing such relialyiilh advance allows accurate forecast, supporsafsievelopment
and warranty costs. On the other hand, this aceueditbility forecast implies some knowledge of ttauses of
failures and how they could be eliminated. In fagliability prediction can rarely be made with aacy or confidence.
One common representation of the reliability of poment or system is the life history curve. Thisveucan be
represented by three basic periods of failure perdoce, such as infant mortality (or early failjreandom failures
(or constant failure rate) and wear out failuresgfud of life failures).

Early failures are the result of defects introdudedng any phase of the manufacturing processudng assembly
and in this case usually it is related with anydkaf human error. Random failures are the failafesomponents under
unexpected stress or load. Wear out failures aosetlrelated with long periods in service and assedi with
cumulative failure mechanisms, such as fatigueootosion, which may occur to the entire populafothe field.

When the three basic period of failure are combizred represented on a graphic form, they formifaehistory or
“bathtub” curve as shown in Fig. 4.

A Early
}'(t) Failureg We_'?\r ou

Random Failures

Failure Rat

Time (operating life) t

Figure 4. Reliability Bathtub Curve. (Neubeck, 2D04

According to O’Connor (2002) an accurate predictdrihe reliability of a product requires the knedge of all
components, manufacturing process, expected ema@gon where the product will be used and expecteabaus
conditions. Reliability prediction based on pastadean give good results for similar or little migeti products, since
we know that the underlying conditions which cafeetf future behavior will not change. However sitniot accurate to
use it for new products.

The quality of the information used is very impattdor an accurate reliability prediction of thenggonent or
system under analysis. It is always necessary tdyewith warranty data, because all failuresoregrl have occurred
during the warranty period. Very little or no infoation is readily available for the products thavdh not experienced
any failure within the warranty period.

As a result, from the statistics point of view, veaty data from electronic products warranty dasabanust be
considered as censored data, as shown in Fig. &rding to Dodson and Nolan (1995) censored ddtanskides
information on failed components and surviving comgnts.

According to Campean et al. (2000), field failuratal extracted from warranty databases are considerde
randomly censored, typically with unknown censortilge. A way to overcome these difficulties withatsstical
analysis of this type of data consists of usingtamthl information and assumptions about the cenggrocess.
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Figure 5. Censored Data (Krishnamoorthi, 1992)

3. RELIABILITY ANALYSIS METHOD

The method proposed for equipment reliability asslybased on failures reported during warranty ooeiis
presented in the flowchart in Fig. 6.

Date of Installation or Producti |

Date | .
Evaluatior Date of failure |

| Period repa |
Failure
Analysis

Reliability
Calculat

Warranty
Analysis

Figure 6. Reliability Analysis Method Flowchart.

The first step in the proposed method involvesdbaluation of the first failure for each sold protlin a given
period of time, usually set equal to or greatenttiee pre-defined warranty period.

Based on the failures reports provided by the teahmssistance department that is responsibleepgirs during
warranty period under analysis, a time to failuatatiase can be develop. Those reports presentqthipmeent
installation date and the date where the costumegated the equipment first failure.

Considering that as soon as the equipment failstistkomer will notify the manufacturer, the diffece between
that date and the installation date representsirtieto failure. Usually those reports presentrédpaired component(s)
and the equipment time to repair.

The next step in the methodology requires the drgdéion of the time to failure -database in failidata and
censored data as for reliability analysis.

Field information for electronic equipment frequgrgppears in terms of units produced in a cenpairiod with the
resulting returns for that production lot in théosequent time period. This information can be aednin a diagonal
chart as displayed in Fig. 7. For electronic eq@ipmthe failures are usually monthly reported amel warranty
analysis will provide, for a given production Ittte monthly reported number of failures, until #ra of the warranty
period.

Production lot/ month Equipment number that failed in eachtimon
Month1l Month2 ... Monthj ... Month h
Month 1 -
Month2 | 6 g 2 equipment produced in month i
@ O < . . .
o2 9E ‘/ and failed in month j
i 25S¢
Monthi | € .3 B E
zg s
Month h

Figure 7. Production lots and registered failuedationship for months.



This matrix format allows the transformation of fh@duction and warranty return data into the shaddeliability
data form of failure and suspension so that iteasily be analyzed with traditional life data as@éymethod. For each
time period in which a number of products are maouifred, there will be a certain number of retwhéailures in
subsequent time periods while part of the poputati@mt was produced will continue to operate inftiwing time
periods.

At the end of the analysis period, all of the unitat where produced and have not failed in thénddfanalysis
period are considered to be suspensions. This ggas@epeated for each production lot prior t@abdlity analysis.

For reliability analysis a probability distributianust be selected to represent the time to falatabase. As for
electronic equipment reliability analysis the exgoiial distribution is usually used once it représgandom failures,
typically observed in electronic equipment (Depamitof Defense, 1991).

The exponential probability function is presentedeq. (1).

—_1_ oAt
F(t)=1-e 1)

whereF(t) is the probability of failure at time t
A is the distribution parameter, named failure rate.

The probability distribution parameter is calcuthtgased on the data base prepared on step 2 hsingaximum
likelihood method. The main goal of the method dasdefine the parameter for which the likelihood function,

expressed in Eq. (2), is maximized.

InL) =3 NInjie™ -3 N T
i=1 i=1 (2)

where:

L: exponential distribution likelihood function.

Me: number of groups of months (time-to-failure) datants

N;: number of failures in the ith month data groups

Ti: the time (month) of ith group of time to failudata

S. number of groups of suspended data points

Nj: the number of suspension in tfegroup of suspension data points.
T’;: the time of suspension in tHegroup of suspension data points.

A failure rate (parameter to be estimated)

The method last step aims to predict the numbéaibfres during the warranty period. Once the prtdaliability
function is estimated, the warranty period is cimoeed the failure product probability is calculased

F (tWARRANT) = 1_ R(tWARRANT\) (3)

where:
twarranTY © Warranty period

Based on the failure probability estimate and abersing an average monthly production lot, the maciufres can
calculate the expected cost of repair of warraetyrns using Eq. (4).

COSt: F (tWARRANT\) 'CREPAIR‘PLOT (4)

where:

Cost total cost of repair associated with a productain
P ot average number of products in a lot

Crepair Unit cost of repair

The manufacturer can use those cost to define silppestrategy for warranty extension.
4. ANALOGIC TELECOMMUNICATION EQUIPMENT RELIABILITY ANALYSIS

The reliability analysis model proposed in the jpveg section is used to estimate the reliabilityaof analogic
telecommunication equipment motherboard.
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The equipment is capable of dialing 4 lines and tap20 extensions. The equipment is controlled by a
microprocessor that commands a communication maftie equipment has a great number of circuits aumy its
main functions.

Taking in view the number of electronic componardmpounding the equipment, it can be classified asmplex
electronic system.

As for reliability analysis a time to failure dats® corresponding to 24 production months is fhedsby the
manufacturer.

4.1. Reliability analysis

The number of motherboards produced into each ef 2 months production lots are presented on Tab. 1
Considering the analysis period of 24 months, engame table, for a given production lot, the totahber of reported
failure units is presented. For the first 12 monthe manufacturer has also consolidated the &slaccurred during
the one year warranty period.

Table 1.Percentage of failure in equipments dusinglysis period.

. Total of . % of fails in | Number of failures| % of fails in
Production month . fails . ) : ’
units produced study period| in warranty period| warranty period

1 699 48 6,87 40 5,72
2 1863 66 3,54 57 3,06
3 1214 53 4,37 47 3,87
4 1582 44 2,78 31 1,96
5 1075 41 3,81 33 3,07
6 1347 62 4,60 53 3,93
7 1277 33 2,58 25 1,96
8 1333 105 7,88 81 6,08
9 300 25 8,33 18 6,00
10 272 17 6,25 17 6,25
11 364 15 4,12 15 4,12
12 727 49 6,74 48 6,60
13 1236 55 4,45 54 4,37
14 1260 56 4,44 27 2,14
15 854 27 3,16
16 1262 42 3,33
17 894 45 5,03
18 1495 48 3,21
19 1460 38 2,60
20 1534 18 1,17
21 0 0 -
22 680 3 0,44
23 1100 3 0,27
24 216 0 0,00

Average 3,59 4,21

According to those data, the average number ofdaiinits in a monthly production lot is equal t6Bp of the
production units. The average percentage of falureéhe warranty period corresponds to 4,21% dsyroduced in a
monthly lot.

According to the proposed method, for a given patida lot, a monthly based reported failure databasist be
prepared. Table 2 presents an example of that asgdor the lot produced during month 2.

The matrix that relates the monthly reported nundféailure units for a given production lot can developed. For
the case under analysis the matrix have 24 linesrdsponding to the number production lots) andcgdimns
(corresponding to the period of 24 months consillérehe analysis). The first five columns and $ireé that matrix are
presented on Tab. 3.

The equipment reliability analysis is performedngsthe exponential distribution. The failure ratgié calculated
using the maximum likelihood method. For that asmlythe software Weibull 6++ (ReliaSoft Corporati@d00) was
used.

The reliability is expressed, which curve is presdnn Fig. 8, as:

R(t) = €% ; = 0,0026 failures/month

wheret is the motherboard operational time, expresseddnths.



Table 2. Example of Production lot and reportetiifas

Month of Failure Equipment number that
production month failed
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Table 3. Monthly Production lot and reported fasiin the analysis period.

Month1l Month2 Month3 Month4 Month5 Month6
0 1 3 6 6 7

3 5 13 10
1 6 11
0 2
0

Month 1 699 |
Month 2 [ 1863
Month 3 | 1214
Month 4 [ 1582
Month 5 [ 1075
Month 6 | 1347

O N 010 O

In the reliability curve it is also presented tl#@®confidence bound for the equipment reliability.
Based on the reliability analysis and, considetirgwarranty period of 12 months, the reliabilgy i

R(t) = e—0,0026X12 = 0,9693

The reliability analysis indicates that 3% of thats of a given production lot will have failure tilrthe end of the
warranty period. The predicted percentage of fadus smaller than average failure percentage legdclifor warranty
period. This difference can be explained by thaagdispersion of the number of failures during waeranty period
for the first 12 monthly production lots. Furthemmapthe reliability analysis is developed considgr24 production lots
and according to the data presented on Tab. 2Jasteproduction lots presented a small number dfiress in
comparison with the first 12 production lots. Theduction of number of failures affects the relidpilanalysis,
increasing that estimate for the warranty period.

Once the equipment reliability is estimated, a wmaty repair cost analysis can be executed to etealtre
possibility of warranty period extension, as preésdron Tab. 4.

The analysis is executed according to the follovataps.

i) Evaluate the failure probability for the propdswarranty period {arranty) By EQ. (3).

F (tWARRANTY) = 1_ R(tWARRANTY)
i) Estimate the number of failure equipment durimgrranty period for a production lot
Expected Number failures = Ftrranty-(Production lot size) 4)

iii) Evaluate the expected warranty cost for a picitbn lot
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Cost = Expected Number failures) gEpair (5)

iv) Compute the average warranty cost per prodoatitt

(6)

k
> Cost
i=1
k

> (Production lot sizé
i=1
k: number of production lot.

Average Warranty Cost=

The cost of repair is set equal to R$ 20,00.
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A=0,0026

Figure 8. Electronic System Reliability by warradgta.

Table 4. Warranty Costs Analysis

Productior| Total of Warranty Costs
month units 1yea 2 yea 5yea 8 yea
1 69¢ R$ 429,6! R$ 846,0: R$ 2.019,5 R$ 3.089,5
2 186: R$1.1451 | R$2.254,8 | R$5.382,6 R$ 8.234,2
3 1214 R$ 746,2 R$ 1.469,3 | R$3.507,5 R$ 5.365,7
4 1582 R$ 972,41 R$ 1.914,7 R$ 4.570,7 R$ 6.992,2
5 107t R$ 660,71 R$1.301,0 | R$3.105,9 R$ 4.751,3
6 1347 R$ 827,9! R$1.630,2 | R$3.891,8 R$ 5.953,6
7 1271 R$ 784,9: R$ 1.5455 | R$3.689,5 R$ 5.644,2
8 133: R$ 819,3! R$ 1.613,3 | R$3.851,3 R$ 5.891,7
9 30C R$ 184,41 R$ 363,0! R$ 866,7 R$ 1.325,9
10 272 R$ 167,1! R$ 329,2 R$ 785,8' R$ 1.202,2
11 364 R$ 223,7. R$ 440,5! R$ 1.051,6 R$ 1.608,8
12 721 R$ 446,81 R$ 879,91 R$ 2.100,4 R$ 3.213,2
13 123¢ R$ 759,7. R$1.4959 | R$3.571,1 R$ 5.463,0
14 126( R$ 774,4: R$ 1.525,0 | R$3.640,4 R$ 5.569,0
15 854 R$ 524,9: R$1.033,6 | R$2.467,4 R$ 3.774,5
16 126: R$ 775,7: R$ 1.527,4 | R$3.646,2 R$ 5.577,9
17 894 R$ 549,5 R$1.082,0 | R$2.582,9 R$ 3.951,3
18 149t R$ 918,9: R$1.809,4 | R$4.319,4 R$ 6.607,7
19 146( R$ 897,4 R$1.767,0 | R$4.218,2 R$ 6.453,0
20 153¢ R$ 942,8! R$ 1.856,6 | R$4.432,1 R$ 6.780,1
21 0 R$ 0,0( R$ 0,0( R$ 0,0( R$ 0,0(
22 68C R$ 417,9° R$ 823,0 R$ 1.964,6 R$ 3.005,5
23 110C R$ 676,1: R$1.331,3 | R$3.178,1 R$ 4.861,8
24 21€ R$ 132,7 R$ 261,4. R$ 624,01 R$ 954,71
25 0 R$ 0,00 R$ 0,00 R$ 0,00 R$ 0,00
Warranty cost mediur]
per unit R$ 0,61 R$ 1,21 R$ 2,89 R$ 4,42




If the warranty period is extended to two years, dlrerage warranty cost would double. This aveveayeanty cost
represents the amount of the equipment sellingepghat will be used to cover warranty cost dueaitufes reported
during warranty period.

For longer warranty periods there is a great iregen the average warranty costs because of theeairobability
increase.

5. CONCLUSION

The methods used in this paper for warranty datdyais are only part of a reliability program. Wanty data
information is with no doubt the best source ofomfation from the field, reflecting the product foemance and
capturing the appropriate usage and environmetregdses. In the past many companies increasedpttadit by selling
spare parts for their low reliability products. day electronic systems are more reliable and riétiabecame a point
to be considered when purchasing a product. Thensiin of their warranty period is just one waystmw to the
customers how reliable a product is.

The proposed reliability-based method for compléecteonic equipment analysis aims to define theimgant
reliability based on failure data reported duringrsanty period. The method is based on four mapsstincluding a
very important step where the failure databasevéduate and the data classified as suspended gpletato prepare
the reliability analysis.

The method is used to define the reliability oBEetommunication equipment motherboard, based h months
failure database. The predicted probability of el during the warranty period is close to theuf&l percentage
observed by the manufacturer.
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