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Improving Reliability Through 
Warranty Data Analysis 

by N e c l p Doga n a k e oy. G erald J . H a hn a nd W Iiiiam Q.. M eek e r 

T od ay's emphasis o n proactive 
im provement calls for building 
high reliab ili ty into products at 

design. The goal is to avoid field fa il­
ures during a product's estimated life­
time. This leads to delighted customers 
a nd th e e limin a tion o f the hi g h 
expense of repairing fa iled units and 
fixing the underlying causes. 

Therefore, we no longer need sys­
te ms to obtai n, a nal yze and ac t o n 
fi e ld fa ilure data-beca use such fail­
ures won't happen. Right? Yes-in a 
perfect world. Unfor tuna te ly, we d o 
not yet live in such a world . 

Desp ite our best e ffo rts, fi eld fail ­
ures, esp ecia ll y on new ly released 
products, sometimes s til.l happen . So 
we need to es tab lis h processes that 
address s uch fai lures, miti ga te the ir 
impac t and, most important ly, pre­
vent the ir repetition. Thi s req uires 
timeJy de tection and correction of any 
re ma inin g re li abi lity pro b le ms. 
Warranty d ata are frequently used for 
this p urpose. 

Problem Background 

A new lap top computer has been 
d eve lo ped , building o n previ o us 
d es ig ns a nd inco rpo ratin g so me 
impo rta nt techn o logica l ad va nces. 
Hi g h rel iab ilit y was emp has ized 
throughout the design and during the 
trans iti o n to manufactu rin g. Thi s 
inc lud ed exte ns ive eva lu a tions, as 
described in our p revio us "Sta tis tics 
Ro undtabl e" columns (appearing in 
QP s in ce 1999) a nd in Sta tistical 
Methods for Relinbility Dntn. ' Yet it is 
unrealis tic to expect the product to be 
completely problem free. 

A fi eld fai lure tracking and reliabili­
ty assessment system was developed 
prior to the introd uction o f the new 
computer to: 

• Id entify re li ability problems as 
q ui c k ly as poss ib le a nd avo id 

these problems in future products. 
• Proacti vely miti ga te the harmfu l 

impact of fai lu res on units a lready 
built. Thi s in vo lved meas u res 
ranging from providing consumer 

Processes can address 
product failures, 
mitigate their impact 
and prevent their 
repetition. 

wa rnin gs o n imprope r produc t 
use to consid ering selec ti ve sys­
te m or s ub sys te m reca ll in th e 
(hopefully highly unlikely) case a 
serious fa ilure problem a rises. 

• Provid e ove rall re liability as­
sessments for management and , 
perhaps, fo r use in product adver­
ti sing. 

Descript ion of D ata 

The prod uct had a o ne-yea r war­
ranty. In form ation on essentia lly a ll 
fa ilures was ava ilable fo r the first year 
o f opera ti o n on a l l units. Fur­
thermore, consumers had the option 
of buying an addit io na l three-yea r 
ex tended wa rra nty o n the product. 
Abou t 50% o f th e 1 mi ll io n pur­
chasers each yea r exercise this option. 
De ta iled fa ilure info rmation, simi la r 
to that from the firs t yea r of opera­
tion, is ava ilab le for these units. 

Those who purchased the extended 
warranty are not a random sample of 
a ll purcha se rs. Th ey wou ld be 
expec ted to be heavy use rs o f th e 
product and mo re like ly to experi ­
e nce failures. Thu s, the res ults o n 
these units may be so mew ha t pes-

simisti c. This ca n be assessed fro m 
first year data and, if needed, adjust­
ed for in the ana lysis. 

Tracking System 

Establishing a process that ensures 
up front the needed data a re ga thered 
is the most impo rtant-and so me­
times most neglected - part of most 
re liability analyses. A process was 
developed to provide: 

• Un ique identification of each 
system and its key components. 
This permitted trac ing th e sys­
tem's man ufac turing history. 

• Consistent reporting of data on 
failu res and t heir root causes. 
Data covered s ubsystem, fa ilure 
symptoms, diagnostic roo t ca use 
and corrective action. Technical ser­
vice personnel were told obtaining 
and reporting s uch in for mat ion 
was part of their job, and they were 
trained accordin g ly. An o nline 
manual was developed to fur ther 
guide personnel. 

• Information on factors such as 
purchase date and geographical 
reg ion to which the computer is 
shipped . Data on use frequ ency 
and mobility, though highly desir­
able, could not be readily obta ined . 

• Procedures for timely and accu­
rate recording of information on 
replaced subsystems and compo­
nents. 

In add iti on , a random sa mple of 
failed subsystems and parts was to be 
re turned to d esig n eng ineering for 
physical eva luation. 

The system was broken down into 
its key constituent subsystems and 
compo nents, and separate ana lyses 
were perfo rm ed o n each . We w ill 
focus on one subsystem- the comput­
er ha rd drive. Simila r analyses were 
conducted fo r othe r subsystems and 
by individual fa ilure modes. 
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M anagement Overview 

We now switch forward to view the 
sys tem in operation four years after 
product introduction. Figure 1 shows 
the number of hard drive field fa ilures 
per 1,000 units for each calendar quar­
ter s ince product introduction. The 

f#ld'l ·ii8 Quarterly Failures 
Per 1,000 Units 
For the Computer 
Hard Drive 

Quarter 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
Year - 1- - 2- - 3- - 4-

plot-ted points a re the tota l number of 
fa ilures that occurred d u ring each 
quarte r divided by the totnl number 
of units under warranty during that 
quarter (multiplied by 1,000). 

This frequently used report pro• 
vides a comprehensive summary for 
management and a lso gives informa­
tion used for es timating replacement 
part requireme nts. So metim es the 
report is a ll that is rout-inc ly prepared 
and distributed about field reliability. 
Casua l exa mina tion of the report sug­
ges ts field re li ab ilit y is improving 
over time. 

However, Figure 1 has some seri ­
ous drawbacks as an analytic tool for 
reliability improve ment. it" ig no res 
the mix in ages of units in se rv ice. 
Aft e r o ne year, a ll units were built 
durin g that yea r and have been in 
operation fo r one yem or less. Afte r 
four years the re is a mix of new units 
with short opera tiona l times and old 
units that have been in service up to 
fo m yea rs. 

Figure ·1 docs not scpnratc two main 
effects of inte rest: the change in quar· 
terly fa ilures per 1,000 units for prod­
ucts built a t different times vs. the 
change over th e life time of a unit. 
More insightful evaluations that break 
down the results into these two con­
stituents arc needed. 

More Detailed Evaluation 

Table ·1 prov ides a summary of the 
ha rd drive fai lures per ·1,000 units 
du ring each q uar te r of life for units 
built in each manufac turing quar te r. 
For example, units built in the th ird 
quarter of production year one experi­
enced 3.04 fa i I u res per 1,000 uni ts 
d uring the ir sixth quarter of life. 

The tabuk1tion is triangular in form 
lx.-causc the number of quarters in ser­
vice has to be equal to or less than the 
number of quarters since manufucture. 

These results a re plotted , using the 
segmentation suggested by Table 1 in: 

• Figure 2 to show the observed fai l­
ures per 1,000 unit s vs. product 

8fli!ii Observed Quarterly Failures Per 1,000 Units by Product Age 
And Production Quarter for t he Comput er Hard Drive 

Y-■r ■nd qu■ner of m■nuf1c1ure 
Yn rone YHrtwo Y-■r thrN Y-■rfour 

Ap First Secaod Third - First Second Third h urth First Secom! Third Fourth First Socond Tloird -u .......... , .... -q .. -.... -.... - quarter querter querier quarter quarter quarter quarter qurter q- q-~----
I 9.85 7.50 5.46 4.75 4.29 4.29 5.07 4.42 4.37 4.18 4.67 4.60 3.93 3.81 4.27 4.36 

2 7.09 5.06 4.21 3.31 3.53 3.45 3.34 3.58 2.86 3.48 2.97 2.82 2.89 2.93 2.76 

3 3.63 3.37 3.53 3.04 3.30 2.64 3.46 3.27 2.70 2.44 2.37 2.41 2.40 2.85 

4 4.45 4.54 4.02 3.68 4.02 3.55 2.98 2.88 2.75 2.92 3.40 2.92 2.62 

5 3.09 3.63 3.33 3.34 2.56 2.57 2.10 3.06 2.23 2.82 2.13 2.22 

6 3.16 3.44 3.04 2.55 2.72 2.29 2.27 2.52 2.21 2.51 1.83 

7 3.35 3.13 3.16 2.86 3.28 2.72 2.18 2.17 2.27 2.56 

8 4.00 3.53 2.81 2.43 2.43 3.21 2.12 2.99 2.65 

9 3.48 2.72 3.46 2.96 2.23 2.32 2.43 3.09 

10 3.57 3.53 3.19 2.97 2.22 3.20 2.88 

11 4.02 3.36 2.86 2.84 3.22 3.19 

12 3.49 3.95 3.72 2.92 3.00 

13 4.16 3.23 3.68 3.57 

14 4.48 3.40 4.23 

15 4.44 4.62 

16 4.86 
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age for each of the 16 production 
quarters. 

• Fi g ure 3 (p . 66) to s how the 
observed failures per 1,000 units 
vs. production quarter fo r each of 
the 16 p roduct ogc groups. 

Findings 

Figure 2 shows the fo llowing: 
• Fo r units built durin g the fir s t 

quarter of prod uction, the number 
o f fa i lures pe r 1,000 units was 
espec ia ll y hig h during the firs t 
quart e r of product use. These 
numbers dropped sharp ly du.ring 
the second quarter of use and still 
further in the third quarter. Units 
bui lt dur ing the second qua rter 
showed a si mi lar but less severe 
pattern . These results re fl ec ted a 
se rio us manufacturin g defect-

and its elimination by redesign on 
units built after the fourth month 
of production. 

• For units built in subsequent pro­
duction periods, the failures per 
1,000 units d uring the firs t quarter 
of use still tended to exceed those 
in the second quarter, and contin­
ued to dec rease int o th e th ird 
quarter. Thi s re fl ected ea rly li fe 
fa ilures due to a combinatio n of 
less negati ve manu fac turing de­
fects. 

• There was a slight but consistent 
upward spike in the fai.lures per 
1,000 units during the fourth quar­
ter o f li fe fo r units bui lt in most 
produ cti o n pe ri ods. The s light 
downwil rd trend resumed, how­
eve r, in th e fifth quarter o f use. 
The fou rth quarter spike is a tt.rib-

@i IM ·lfj Observed Failures Per 1,000 Units vs. Product Age 
For Each of the 16 Production Quarters 

Manufacturing quarter 

u ted to closer customer scrutiny a t 
the end of the one-yea r standard 
wa rranty period am ong customers 
w ho did not ha ve an extend ed 
warran ty. 

• After a bo ut the fifth quarte r of 
life, the fai lures per 1,000 units 
remained relatively constant u.nti.1 
an age of about three yea rs (based 
o n the first six p lo ts). Th e tru e 
number of failures per 1,000 units 
after the first yea r of li fe might be 
underestimated fo r a va rie ty of 
reaso ns-such as cu s to m e rs 
deciding to Uve with the problem 
or abandoning the prod uct. 

• There seemed to be an increase in 
the failures per 1,000 units after 
about three years of li fe (based on 
th e firs t four plo ts), s ugges tin g 
product wea rout. 
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Figure 3 d e mons trates s imilar 
results. These plo ts, howeve r, a lso 
indicate the fa ilures per 1,000 units fo r 
each quarter of life tended to decline 
modestly over the producti on pe ri­
od s . Po r exa mp le, th e fo ilures pe r 
1,000 units during the fourth quarter 
of life fo r units built d uring the 13th 
manufacturing period was about half 
of that for those built during the fi rst 
p rod uction period. This reflects the 
impact of va.rious small manufactu r­
ing improvements. 

Reporting and Corrective 
Action System 

The major usefulness of the reUabili­
ty tra ck in g sys te m is its d ynam ic 
nature. Its key benefit is not the retro­
spective eva luation afte r fo ur years 

described ea rlier, but the information it 
p rovides mu ch soone r. The syste m 
helped those responsib le delect, pin­
point and remove problems, incl uding 
the serious manufacturing defect noted 
ea rli e r- ap preciab ly sooner th a n 
wou ld have been possib le without the 
sys tem. 

The sys tem a lso provid ed read y 
access to up-to-da te re liabili ty esti­
mates for: 

• The entire sys tem, or a speci fied 
subsystem or component. 

• All units or a specified subset of 
units. 

• All fai lure modes or specified fai.1-
u.re modes. 

For exa mp le, a des ign engi neer 
might request three-month, one-year, 
three~year and five-yea r es timates of 

fai lu res, du e to a particu la r fa ilure 
mode, per 1,000 uni ts for the hard drive 
fo r al.I machines bui lt during each of 
the fl.rst three years of production, and 
for these years combined . (The five­
yea r estimate req uires the sys tem to 
extrapolate the data using an assumed 
model, such as the Weibull or lhe log­
normal distribution.) 

Also, the sys tem provided an early 
warning system to aler t responsible 
engineers if: 

• The es tim ated fa ilures per 1,000 
units for a subsystem, component 
or fail ure mod e exceeds a sta ted 
threshold . 

• Reliabili ty is changing significant­
ly from earlier production (similar 
to a control chart). 

Fina lly, the system provided period-

@ii@ii ·lf• Observed Failures per 1,000 Units vs. Production Quarter 
For Each of the 16 Product Age Groups 
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ic report (monthl y, unless requested 
o therwise) o ffering tabu lati ons and 
plots as described ea.rlier. 

The reports to management focus 
on th e e ntire product, serv ing as a 
rel.iabi.U ty report card . Reports to engi­
neers are more deta iled , focusing on 
subsystems, components and indi vid­
ual fai lure modes. 

Concluding Comments 

Ou r example i.Uustrates the value of 
segmenting the data by produ ction 
quarter, performing sepa.rate analyses 
for each quarter and then comparing 
the results. Figures 2 (p. 65) and 3 pro­
vide important informatio n beyond 
that in Figure 1 (p. 64). 

Production qua.rt.er was a somewhat 
arbitrary choice for the segmentation 
and should be trumped by manufac­
turing kno wledge. Fo r exa m ple, if 
changes are made on the production 
li ne, their timing sho uld have been 
used, ins tead of (or, possibly, in addi­
tion to) production quarter, in deter-
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