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oday’s emphasis on proactive
T improvement calls for building

high reliability into products at
design. The goal is to avoid field fail-
ures during a product’s estimated life-
time. This leads to delighted customers
and the elimination of the high
expense of repairing failed units and
fixing the underlying causes,

Therefore, we no longer need sys-
tems to obtain, analyze and act on
field failure data—because such fail-
ures won’t happen. Right? Yes—in a
perfect world. Unfortunately, we do
not yet live in such a world.

Despite our best efforts, field fail-
ures, especially on newly released
products, sometimes still happen. So
we need to establish processes that
address such failures, mitigate their
impact and, most importantly, pre-
vent their repetition. This requires
timely detection and correction of any
remaining reliability problems.
Warranty data are frequently used for
this purpose.

Problem Background

A new laptop computer has been
developed, building on previous
designs and incorporating some
important technological advances.
High reliability was emphasized
throughout the design and during the
transition to manufacturing. This
included extensive evaluations, as
described in our previous “Statistics
Roundtable” columns (appearing in
QP since 1999) and in Statistical
Methods for Reliability Data.' Yet it is
unrealistic to expect the product to be
completely problem free.

A field failure tracking and reliabili-
ty assessment system was developed
prior to the introduction of the new
computer to:

¢ Identify reliability problems as

quickly as possible and avoid

these problems in future products,
* Proactively mitigate the harmful
impact of failures on units already
built. This involved measures
ranging from providing consumer

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

warnings on improper product
use to considering selective sys-
tem or subsystem recall in the
(hopefully highly unlikely) case a
serious failure problem arises.

* Provide overall reliability as-
sessments for management and,
perhaps, for use in product adver-
tising,.

Description of Data

The product had a one-year war-
ranty. Information on essentially all
failures was available for the first year
of operation on all units. Fur-
thermore, consumers had the option
of buying an additional three-year
extended warranty on the product.
About 50% of the 1 million pur-
chasers each year exercise this option.
Detailed failure information, similar
to that from the first year of opera-
tion, is available for these units.

Those who purchased the extended
warranty are not a random sample of
all purchasers. They would be
expected to be heavy users of the
product and more likely to experi-
ence failures. Thus, the results on
these units may be somewhat pes-

simistic. This can be assessed from
first year data and, if needed, adjust-
ed for in the analysis.

Tracking System

Establishing a process that ensures
up front the needed data are gathered
is the most important—and some-
times most neglected—part of most
reliability analyses. A process was
developed to provide:

* Unique identification of each
system and its key components.
This permitted tracing the sys-
tem’s manufacturing history.

¢ Consistent reporting of data on
failures and their root causes.
Data covered subsystem, failure
symptoms, diagnostic root cause
and corrective action. Technical ser-
vice personnel were told obtaining
and reporting such information
was part of their job, and they were
trained accordingly. An online
manual was developed to further
guide personnel.

Information on factors such as
purchase date and geographical
region to which the computer is
shipped. Data on use frequency
and mobility, though highly desir-
able, could not be readily obtained.

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

In addition, a random sample of
failed subsystems and parts was to be
returned to design engineering for
physical evaluation.

The system was broken down into
its key constituent subsystems and
components, and separate analyses
were performed on each. We will
focus on one subsystem—the comput-
er hard drive. Similar analyses were
conducted for other subsystems and
by individual failure modes.

-
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Management Overview

We now switch forward to view the
system in operation four years after
product introduction. Figure 1 shows
the number of hard drive field failures
per 1,000 units for each calendar quar-
ter since product introduction. The
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plotted points are the total number of
failures that occurred during each
quarter divided by the total number
of units under warranty during that
quarter (multiplied by 1,000).

This frequently used report pro-
vides a comprehensive summary for
management and also gives informa-
tion used for estimating replacement
part requirements. Sometimes the
report is all that is routinely prepared
and distributed about field reliability.
Casual examination of the report sug-
gests field reliability is improving
over time,

However, Figure 1 has some seri-
ous drawbacks as an analytic tool for
reliability improvement. It ignores
the mix in ages of units in service.
After one year, all units were built
during that year and have been in
operation for one year or less. After
four years there is a mix of new units
with short operational times and old
units that have been in service up to
four years.

Figure 1 does not separate two main
effects of interest: the change in quar-
terly failures per 1,000 units for prod-
ucts built at different times vs. the
change over the lifetime of a unit.
More insightful evaluations that break
down the results into these two con-
stituents are needed.

More Detailed Evaluation

Table 1 provides a summary of the
hard drive failures per 1,000 units
during each quarter of life for units
built in each manufacturing quarter.
For example, units built in the third
quarter of production year one experi-
enced 3.04 failures per 1,000 units
during their sixth quarter of life.

The tabulation is triangular in form
because the number of quarters in ser-
vice has to be equal to or less than the
number of quarters since manufacture.

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

* Figure 2 to show the observed fail-

ures per 1,000 units vs. product

Observed Quarterly Failures Per 1,000 Units by Product Age
And Production Quarter for the Computer Hard Drive

Year and quarter of manufacture
Year one Year two Year three Year four

Age First Second Third Fourth | First Second Third Fourth | First Second Third Fourth | First Second Third Fourth
(in quarters) | quarter quarter quarter quarter | quarter quarter quarter quarter | quarter quarter quarter quarter | quarter quarter quarter quarter

1 985 750 546 475 429 429 507 442 437 418 467 460 393 381 427 436

2 709 506 421 331 353 345 334 368 286 348 297 282 280 293 2716

3 363 337 353 304 330 264 346 327 270 244 231 24 240 285

4 445 454 402 368 402 355 7298 208 275 282 340 292 2.62

] 309 388 333 334 256 257 210 306 223 282 IRy &n

6 316 344 304 255 272 Z28 27, 252 2202l - 183

7 335 318 VN6 286 328 212 218 LW 221 256

8 400 353 281 243 243 321 2w 2: 265

9 348 272 346 296 223 232, 243 309

10 851 883 3w 291 222 320 288

11 402 336 286 284 322 319

12 349 395 3712 292 3.00

13 416 323 368 357

14 448 340 423

15 444  AB2

16 4.86
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age for each of the 16 production
quarters.

e Figure 3 (p. 66) to show the
observed failures per 1,000 units
vs. production quarter for each of
the 16 product age groups.

Findings

Figure 2 shows the following:

* For units built during the first
quarter of production, the number
of failures per 1,000 units was
especially high during the first
quarter of product use. These
numbers dropped sharply during
the second quarter of use and still
further in the third quarter. Units
built during the second quarter
showed a similar but less severe
pattern. These results reflected a
serious manufacturing 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 during the first quarter
of use still tended to exceed those
in the second quarter, and contin-
ued to decrease into the third
quarter. This reflected early life
failures due to a combination of
less negative manufacturing de-
fects.

There was a slight but consistent
upward spike in the failures per
1,000 units during the fourth quar-
ter of life for units built in most
production periods. The slight
downward trend resumed, how-
ever, in the fifth quarter of use.
The fourth quarter spike is attrib-

Observed Failures Per 1,000 Units vs. Product Age
For Each of the 16 Production Quarters
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uted to closer customer scrutiny at
the end of the one-year standard
warranty period among customers
who did not have an extended
warranty.
 After about the fifth quarter of
life, the failures per 1,000 units
remained relatively constant until
an age of about three years (based
on the: first six plots). The true
number of failures per 1,000 units
after the first year of life might be
underestimated for a variety of
reasons—such as customers
deciding to live with the problem
or abandoning the product.
There seemed to be an increase in
the failures per 1,000 units after
about three years of life (based on
the first four plots), suggesting
product wearout.

Second quarter a Third quarter a Fourth quarter
£ 2
512 s }%
101 -
i g
[V B - . o
\"N-.o-‘-/ 2 4- W 8 2 et e eeee®
g 2 8 2-
A =2 04 T - =0 - i - :
1 2 3 4 £ 1 2 3 4 i 1 2 3 4
Product age (years) a Product age (years) 8 Product age (years)
- BV
10 4 10
| ¥ 8
- - -4 et E
-+] -]
R e 4- e §
] "Wheeenyre g 24 \'\...-' g 2 wiagt®
b T T T T é 0 L) T a T T é u Lo b T T L) L
1 2 3 4 i 1 2 3 4 & 1 2 3 4
Product age (years) a Product age (years) " Product age (years)
3 =
512 512
4 10 4 10 A
_ g0 g 1]
- E 2. 5 2-
e (=9 - a -
1 % eeee 8 21 \A, $ 9 .\.-t.
" ; . . . 20 ' — ' 20 e
1 iy, % £ 1 203 4 £ 1 258 4
Product age (years) 4 Product age (years) % Product age (years)
En §12
4 10 A 10
] g 3] 8 5
: £l g {1
1 %ee g 2] S 2 9]
B LAY g T T T é 0 T L 5 T T :"g u T T T T
1 p S SR | fhis )| e & 1 .3 R

Product age (years)

Product age (years)

QUALITY PROGRESS | NOVEMBER 2006 | 66

Product age [years)




STROUND ABLE

Figure 3 demonstrates similar
results. These plots, however, also
indicate the failures per 1,000 units for
each quarter of life tended to decline
modestly over the production peri-
ods. For example, the failures per
1,000 units during the fourth quarter
of life for units built during the 13th
manufacturing period was about half
of that for those built during the first
production period. This reflects the
impact of various small manufactur-
ing improvements.

Reporting and Corrective
Action System

The major usefulness of the reliabili-
ty tracking system is its dynamic
nature. Its key benefit is not the retro-
spective evaluation after four years

FIGURE 3

described earlier, but the information it
provides much sooner. The system
helped those responsible detect, pin-
point and remove problems, including
the serious manufacturing defect noted
earlier—appreciably sooner than
would have been possible without the
system.

The system also provided ready
access to up-to-date reliability esti-
mates for:

*» The entire system, or a specified

subsystem or component.

* All units or a specified subset of

units,

e All failure modes or specified fail-

ure modes.

For example, a design engineer
might request three-month, one-year,
three-year and five-year estimates of
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failures, due to a particular failure
mode, per 1,000 units for the hard drive
for all machines built during each of
the first three years of production, and
for these years combined. (The five-
year estimate requires the system to
extrapolate the data using an assumed
model, such as the Weibull or the log-
normal distribution.)

Also, the system provided an early
warning system to alert responsible
engineers if:

* The estimated failures per 1,000
units for a subsystem, component
or failure mode exceeds a stated
threshold.

* Reliability is changing significant-
ly from earlier production (similar
to a control chart).

Finally, the system provided period-

Observed Failures per 1,000 Units vs. Production Quarter
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ic report (monthly, unless requested
otherwise) offering tabulations and
plots as described earlier.

The reports to management focus
on the entire product, serving as a
reliability report card. Reports to engi-
neers are more detailed, focusing on
subsystems, components and individ-
ual failure modes.

Concluding Comments

Our example illustrates the value of
segmenting the data by production
quarter, performing separate analyses
for each quarter and then comparing
the results. Figures 2 (p. 65) and 3 pro-
vide important information beyond
that in Figure 1 (p. 64).

Production quarter was a somewhat
arbitrary choice for the segmentation
and should be trumped by manufac-
turing knowledge. For example, if
changes are made on the production
line, their timing should have been
used, instead of (or, possibly, in addi-
tion to) production quarter, in deter-

mining the segmentation.

Also, time of manufacture is only
one way of segmenting data. Some
other ways are by production line,
production shift, geographical region
or customer type. The appropriate
segmentation depends on the specific
situation and your ability to obtain
relevant data.
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