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: INTRODUCTION

Enowledge ol the expecied operaling environment of a prowdoe is needed
acr hal credible product validation tests can be created 1o conliom thal new
product designs will meet expecied Reld life needs, Thiring the course of
product duralsility test development, geographical methods and geographic
information systems {GIS) can be used to enable understanding of the
whale range of product operaling locations, and both the customers and en-
vironment associaled with those locatons.

Two examples of how existing data can be analyzed using geagraphical
methods to understand product usage in the presence of a range of environ-
mental operating condidons are presented. The fiest example discusses the
ulilization of product wamanty return information to determine potential
wolst case operating bctions that later can lead to discovery of the specific
corditions that may cause reduced product durabilicy. The secomd example
describes a weighted covirommental factor model that was developed to aid
in the understanding of autemative aie conditiconing system operating condi-
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tions in the Lniled Stales. The weighted model method
is presented as an example of how 1he mange of operai-
ing conditions can be cxplored using available, geo-
graphically referenced data

HIERARCHY OF PRODUCT USAGE
AND ENVIRONMERNT

Prior to the assessment of a product's operaling en-
virenment, it is vseful to have a simplified model of
the potendal external factors that will affect a product's
function and service life. The parameter diagram, or -
cdingram, is a commaon teliability engineering wool used
ey depict a product, the product’s funoion, emror states,
and external noise tactoes. 1he p dingram {Figure 1)
repreEsents a product as a “black box” thal takes inputs
and perlorms a nction that leads 1o expected outputs.
A simple example product s an automotive head-
lamp—the headlamp takes in elecuricity and produces
light. In addition w elecmidty. there are generally ather
inpues thae must be understond hefure a robust head-
lamp assembly can be designed and Leswl These other
inputs are termedd noise factors, Nodse factors can con-
sisl of environmenlal parameters (i, anbient temper-
ature], customer usage (Le, e number of times the
headlamps are tumed on and off). number of car
washes per veal, or dimensional vanation as a result of
the manufacouring process. Products thal are not ro-
lausi toy excrernal noises may have lower reliability than
expecied and could ener wn mdesitable etror state,

To augment the p-diagram’s alility to represent a
product in the face of exemal factors that may influ-
ence durabilily, # nested bierarchical model (Figure 2)
of a product in the real world is proposed that suggests
the connectivity of cextain facors from the preduct i-
sell al the Towest level up to a yeographical scale at the
highest level,

Also shown at the far dght of the nested hierarchy is
"lime” wr indicate the temporal aspects that exist for
nearky every factor atlecting product durability, At each
Layer in the hierarchical model it is likely that existing
data Jor many factors can be located, The most com-
mon data needs can often be Mullilled with experimeen-
Lalby collected data or publicly available datasels leom
govement sources. [y the TInited States a wide vadety
of envirommental and demegraphic dat can be ob-
tained at many spatial and temporal resoluions {ad-
dressed in Figure 23 as either small or large eotites at
fine or cowrse grain that exhibit high or low frequency
behaviors.!

The hierarchical product mode] is useful towacds
unlerstanding the lesels of measurement where dala
related to product operating paramelers can be found,
If a proscdect is ke (0 Die semsitive to thermal cveling
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Figure 1—Parameter diagram.
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then it fodloaws that temperalure data from both the
product self {cemponent level] and the local ambyient
temperature {geograny level) would be needed 1o de-
termine how the two temperature values relate, In an
automotive environment the ambient wemperamre and
the lemperalure ol A component are often dilferent, ar
aly point in Ume, but frequently there is a relationship
between the two values that can potentinlty be vsed to
rminlel the thermmal state of the component uoder any
given ambient condition. Noie that the usetulness of a
madel representing the range of producl operating en-
vironments is dependent on obtaining gecreferenced
dala al appropriate spalial and emporal scales. A geo-
praphic information system is the ool et males it
possible for the researcher or enpineer to lnlegrale the
numerous gecrelerenced dati sers that may be required
tor make a prediction of product operaling states rela-
tive 1o external conditions or to explore product war-
ranly dala.

Figure 2—Hierarchical madel of an automotive component in the real
wirld.
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Figura 3—Three-dimensional regresentatian af infermation layers arkd
normal view of the tesulting map.
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A BRIEF REVIEW OF GEOGRAPHIC
INFORMATION SYSTEMS

In (he past, it was commoll to create maps by hand
and use Layers of transparent vellum of acetate to create
overlays that would enable visualization of the relative
pewitiom of one or many teatures to ancdber sed of Tea-
tures o the ground under varous scenarios. Since the
late 19808 growth in compuling power and intensive
sofiware development hias led o easy-1o-use geographic
information sysierns (GIS) that can subsume, displag,
and enable analvsis of many types of data,

A GIS can be described muost simply as data linked
Lo A map ina computing environment Cn the digital
map eacly Lype o daia iy comtained in a specific layer
[Figure 37. For each poiot line segment, o1 polyson
within each layer, a record of data exisix thal containg
details pertaining 1o the feature. Tor line and pelygon
features the GIS creates wpology that describes the rela-
tive position and connectivity, i applicable, for each
item. Topology enables the creation of networtks (ie.,
roads, pipelines, elecirical grids, etc.} and prowides the

Figure 4—Sample screenshot from Arciiew 3.2, Map shows Lhe
Detroit, MI, area.
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ability to condust spatial queries to tind items adjacent
or within distance of another featare,

Lach feature in a CI% normally has additional attrib-
ute data. A polygon representing a building might con-
tain the address of the strocture, the cwner™s name,
telephone number, square [potage, year of constiuc-
tiom, etc, A complete layer ol all the howses ina city
could be displaved along with other Lavers indluding
streets, political bowncdades, cell phone tower loca-
tions, sewer lines, shopping malls, flood plains, and
more. The Jesign of 2 GIS enables the user o perform
spatial queries between multiple lavers ol information,
sich as finding all of the banlks within two miles of a
specific address or isolating areas where past weather
conditions met a combination of user-apecilied crite-
ria. The subsel ol fealures selected by the query will be
highlighted in the map and can he further subset if
needed. The results of 2 query can also be exported for
use 1a other soflware packages,

bost GLS packages entable the researcher to display
and imeract with geographic data in many useful ways,
18 packages emable the user to apply raultiple classili-
cation methaods Lo quaniities or attiibutes associated
with the layers represented on the map, Changing the
classification method alters the visual appearance of
the items displayved on the map, G5 users should ex-
periment with data classitication so that the appropn-
ale representation of the underlving disteibiation of val-
wes is comumunicated incany papet maps that are
created, A sample screenslot oo Arc¥iew™ 3,27 0
showen in Figaoe 4 to give the reader an example ol
“ryplcal” GLS display.

In the course of this article, iLis not possible to pro-
vide a complete teview of the capabilivies and applica-
tions ol CE wals. The reader is sgongly encouraged Lo
investigate and evaluate the wide nimge of GIS software
in the marlet: one o1 two applications will likely mes
he reader’s neeeds.

APPLICATIONS OF GEQOGRAPHICAL METHODS
AND GIS

Example 1: Geographical Analysis of Field Retum
Data for a Consumer Product

Tor effectively understand and reduce the risl that ex-
teroi] noise faclors will affect product funclion over
time normally requires expensive physical testing of
protorypes, Before any testing can be perfonned, a test
procedure must be developed that is capable ol reprao-
dudng cxpected field fatlure roodes. Many prodoects are
i proved versiony of gardier products al have exien-
sive warranty histories In the rase where there is wal-
ranty information available for a product, geographical
techniques can be ermploved 1o help understand and
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Figure 5—Map showing conmt of returns b lecation.
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qualify ervvirommental and cusiomer ysage factors
that may have led 1o historic product retoms from the
Reld, Coupled with prior knowdedge of the sensitivity of
a preadinet 1o varving environmenlal conditions and cus-
tomer usage, the resnlts of 2 geographic analysis of field
return data is likely 1o help point the engineer oo re-
searcher ioward a set of conditons assodared with the
locations of highes) product retuu relative o expected
retums. The base assumpion in this cxample is that the
number of refiins is dicecly proporficmal 1o sales of the
product {eg., il 10% of the total wnits were sold inoa
given ared, then 10% of the total number of product re-
wrns shemald comme trom the same area), Where it is dis-
covered thal more procucts were returned than expected,
penerally, a reason exists for the higher than expected
nurbers of refwns—sparial tandomness can be statisti-
cally tested W determine the significance of specific
problem locations.

Civen that the locations of both product sales
countg and procduct etum counts are known, it is pos-
sille to create a sertes of maps that can lead the re-
searcher wo locations where prodocts are retimed ear-
lier or 1o grearer proportion than expected based on
prewduct siales counts in a given area. The example pre-
sented in this ardcle s fierional and was crealed wsing
available data from the U.3. Censuy Burean tor the
Dretroit, bl area. The hasic, mechanical steps wo enalle

Lthe creation of the maps in Fgures 5-7 are listed below:

{1) Oblain product sales data Iy selling locadon.

{2) Obtain returns data by relwrn locaion onigin, It
is assurned that the return location 18 normally
the lace that the product was used, (This may
not be true and should be verifivd if possible,)

wiviw.coalingstech.org
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Figura §—Map showing chi-squarad residuals by census fact,
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{3} Cencude locations of sale and relnms data. In
the case whers prochact sales and rewirns are
made through a sel of stamdardized localions, it
is advised to geocode the standard lecations sep-
arately, i advance of any analvsis. Geooding is
a computer process thal marches physical ad:
tdlresses with latitude and longilde coordinates,

{47 Sum the number of returmns Eor each Tocation.

{57 Create a rmap o yisualize the patlern of return
counts by locadon. Oflen, unusual pattens of

Figure 7—LISA analysis tesults showing putentially significant loca-
Ligng,
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product reiarns cin b detected visually at tis
step [see Figuie 5).

(&) Create a set of aggrepate (group) sales and retum
locariong so that the effect of locations that sell
lew unis is reduced. The level ol aperegation
should be selected based on appropriate kawowl-
eclige of how a product behaves in an environ-
menl over A selecied atea.

{7) Sum sales and refurn counis by ageregale geo-
graphic area as delined in step {G).

{#) Compute chi-squared residual (yeterred to by
Diykes as the signed chi-squared statistic®) slatis-
lic for the resulls of step (7).

Farmila 1: rvesidieal {0 I

where O
E

Positive chi-sguared residual valaes indicate more re
lwrng tan axpecied based on sales. Megative values in-
dicate fewer returns than expected. "Ll chi-squared
residual statistic is a zscone and the values are nornally
diztribuled and ceniered around xero. The user of the
chi-square statistic is advised that the value of the statis-
tic often varies based on the magnitide of the observed
i expected values with large values of O or  yielding
larpe chi-squared residual values. Conclusions based on
small ranges of chi-squared residual values (ie,
—tcsresidualen ) should be made wilh caution.

abserved count of returns

expected count of returns

() Map and symbolize chi-squared residual values,
Visually review map for "interesting” locations
[see Figre G}

{10] Perlorm local indicators of spalial association
{LISA}* analysis of chi-squared residuals to de-
termine the most significant clusters ol high o
Iowr residuals. 1ligh residuals are coupted with
locations having conditions to which the prod-
ucl ix nedl robost Low residual chisters are cou-
pled with locations having faverable operaiing
conditions [see Figure 7). If there are fiew or no
signilicant dusters and there are many warcanty
retuIns, it is possible thal the warranty claims
are not related to any spedfic external condition
or product duty cyile, bul are potentially related
by a manudacturing issue.

(11} Conduct physical analysis of field retums from
hoth high and Tow locations,

(12} Assess envirommenial condilinong and mechani-
cal or electrical cycling in the locations of high
residuals compared 1o areas of Tow residual dus-
TETE,

{13)5elect a best ser of environmental conditions and

cycling profiles needed wo perform a physical
st

a7 CQctober 2006

It can be observed from the exaomple maps hi thees
are polenlially three main clusters of high residual wal-
ues indicating potential locations where the product
has higher than expecial] retarns, Upon analysis using
Anselins LESA method,” as implemented in SpaceSac™,
the primary cluster of high resichuals is located in the
upper left of the man. The muet significant cluster of
high residmals would be the area wilh the environmenn-
1a] conditions or customer duty cycling that the product
was least capable of tolerating, Tn the scenario illus-
trated in this exannple, A st incorponting the condi-
tions and duty cvcling of the "“worst”™ area is likely to re-
produce the ficld failure mode in a laboratory setting,

Example 2! Populafion and Time of Vehicle Usage
Weighted Model of Temperature and Relative
Humidity for Automotive Applications

'Lhis example illustrates how weighdng of external
operating comeitioms can T used o understmid the
normal opetating envelope of temperature and relative
humidity and the points of greatest wsage for an auto-
mobile, given that hoth humem poymilation and time of
human aclivity are unequally distributed within any
oiven area and time-of-day.

Liatasets used in the model inchade Typical
Metentolomical Year [IMYZ] data [NELEL), ThY2
wealher station locations {NBEL), human population
counts by location (U5, Census), and proporntion of ve-
hicular irips by howe of the day (Fgures 8-1177

The madel was consuucted first by loading the pop-
ulation counts by county (Figure 8) inta the GIS system
and then creating an additional Tayer of points repre-
senling the WY 2 weather stations {Fgire %), Next, the
population points were assigned to the nearest Thiv2
weather station using Thiessen polygons computed by
the GIS [Hgure 10}, A'Llhiessen polygon represents an
area around a point wherte all of the points within the
areq are closest o the seerounded point of inleresl than
any other point of interest. Next, the human popula-
tlon counts were summed for sach Thivssen polygon
and the percent of Lol human popelalion was con-
puited. ‘The result is a kist of human population
weighted weather stalions.

The remaining sleps ol the weighiing process were
perfoemed in a database using a sequence of grouping
queries and caloulations, The final resmlts from the
query secuence provide dala that can e plouwed Lo
showw the number of operation hours that will ocour per
year at each combination ol wmperatore and relative
humidity for 4 vehicle operated a 101al of 500 hours per
yeal had the vehicle acaally Fved in every TAT2
weather starion localion (Figee 12). The plod is uselul
{oor visually assessing the combinations of relative hu-
nudity and temperatune that have the greatest operaling

JCT Comlings Tech



Technology Today

Figure 8—Fercenl uf fotal U5, population by county, 1989 estimates
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Figure 9—TMY weather stalfon locations, continental LS.
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Figure 11—Prapartion of tolal vehizular travel sceurting by time of
day.
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tine. 11 the product does not tuncton properiy in the
el areas of the condition map, il s possible that cus
tomer gatisfaction will be affecied, subsequently penerat-
ing warranty claims thal will be costly 1o the producer.
Areas of high incdence of the most cormmon coaddi-
Lions can be identifled for fmther analysis and, i addi-
tional variabiles are required, the model can be ex-
tended o create what is ollen known as a suilability

Figuee 12—Population and tims of wohice usage weighted ambient
temperature and rebative humiditg.
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map. The saitabilite map requires that additional wari-
ables be rescaled or ranked and then weighied appropri-
ately hefore incuding them in the madel. Suitability
modeling is beyond the scope o this andele,

CONCLUSION

Geopraphical analysis methods are very powertul in
their ability w help idemtify potential locations of good
ot bad product performance ihat otherwise might e
invisible 1o the researcher employing nenspatial analy-
sis ol data. A GIS s a convenient and powertul tool
thil can be usexd 1o implement geographical methods
and enable visual display and dynamic ioteraction of
analysis results. bany different GIS pmackages are avail-
alrle 1o the Tesearcher. Many spatiad analysis tools arne
available in advanced statistics soltware programs and
IS packages.

By analyzing past product warranty hisiosy, il is pos-
sible Lo more fully understand the condidons and ous-
teoener usage parameters that could lead o useful laha
ratory tests that will enable predicdon of a product’s
servive lite. [
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