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A P P LI CATION

Real-life probabilistic studies result in
real-life product improvermnents,

Louise Elliott

[Narge arganizations define their cosls

only as product development and

manufacturing, they leave out the

costs of poor gualily—in rework, war-
rinly cosls, recall, and customer dissat—
istaction,” savs D Andreas Viahinos,
head of Advanced Engincering Solulions,
in Castle Bock, Coleradoe, And when thal
happens, the battomline results can b
ilisastrons,

S, how do large organizations pre-
vent such costs Trom eroding profitabil-
ity and success? Vlahinos, a consullant Lo
gualily engineers in the aulomotive in-
dustry, savs il's imperative to focus on
the big picture and build variabilily,
which simply reflects the real world, into
their product development. Prababilistic
studlies offer the tools Lo enabile them Lo
e that,

AMSYS ({',ﬂnn-nqhurg, AT weas Tiest ol
of the gate with probabilistic taols in
2000 when il released Probabilistic De-
sign, currently available as part of ANSYS
8.1, and as DesignXplorer V1 in ANSYS
Workbench, Now the company has a
number of rustomers who use the tools
Lo improve Lhe overall quality and reli-
ability of their products.

“Probabilistic studies make it paossi-
Bl to quantily the quality of products,
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and nol jusl go by gul feclings or cus-
Lmer pereeplion,” says Stefan Reh, team
leacler for Oplimization and Probabilis-
Lic Design for ANSYS, "IL gives the user a
number that states the chanee of Tailure
over e

CATCHING PROBLEMS BEFORE THEY OCCUR

Reb points oul thal probabilistic stuclies
ifler asecond phase of analysis. The first,
which he calls an explaration phase—
performed with lools like FEA linile ol-
craent analysish, CFD fcomputational Qu-
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id dvnamics), and maotion simulation-
is where users vary inpul values and
perlorm a number ol analysis ilerations.
He calls the second “an exploitalion
phase,” when the inputs and resulls of
Lthose lirst-phase analvses are used for
probabilistic purposes.

Mhis probabilistic phase wses The vari-
ations represented by the input and oul-
pul parameters to geta stalistical distei-
Bution of the results. ANSYS provides
Lo probabilistic methods—Monle Car-
o simudations and response surlace
studies, In Monle Carlo simulation, the
swstem randomly samples the inpul
variables, Far the response surlace
method, says Beh, "livsl you need o lod
an approximalive relalionship belween
input and autpul parameters, which is
called the response surlace!”

Heh has o background in the gas fur-
Rine baisiness, in particular wilh furbines
wsed for electricily generation, Power
plant twners demand super-protective
mantfacturers” wareanties, "[1's nol un-
heard ol that o customer charges the
mantifacturer STEL000 per day Tor cach
ilav a power plant goes down due Looa
gas turbine lailure” he savs,

Bud analyzing gas turbines s difficuall.
“Mobody knows exactly how hot the o
bine blades become inside a gas lurbine
wilh combustion gas slreaming arouned
the blades al lemperatures of 1800 de
grees Fahrenheit o 2200 degrees Fahren-
hesil,” sivvs Behs “while the blades rotale atl
) rpm, Even the most sophisticated
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aalysis thal can be done in such an
cnvironmenl delivers o maore than an
catimate!”

Al he uncertainties involved in sach
aperating vanditions can mulliply, caus-
ing some af the turioes blades 1 bes
come: much hotter than :‘xpv:‘lv:.l. -
ducing the strength of the material and
leading o premature blade failuee An
averhented blade can breals all even be-
fore the warranly period has expived. 1T
thal happens, Keh says, "an avilanche
effet is set inlo mation, The vipped-off
Blade takes the nest one,, owith il Then
those two Blades lale mere; until the
resull is devastating and expensive diam-
age Lo the entive machine, The goal ol
using probabilislic design in sl i case
is Lo estimate how many such Gilures

N R e soibes cha

Sdlpatame

o the tartine
slacle's material

Zsrandanm var-

ahlesin the
1IFSS miadule
of Dasic -

plear

o _
LBEATIANT R I] §EBT LEHR 5 B
Twawim #4p Far Damey

1R el ve UL laren Funcien

wee iy run inle—and then, nsing thal
information, Lo ey 1o aplimize the de
signy Lo minimize such lailurees!

REACHING FOR & SIGMA QUALITY
Reh and Viahines agree Ul maost large
rranulacturers aren't inlerested in buoild-
inng products that may Tailin 10 percent
al cases. Automodtivi companies, for e
ampie, typically aim For o Sigma resulls,
which means limiling lailures Lo no
mare than three inoa million. Prola-
bilislic studies will show whether the
design mecls such criteria, or the even
stricter slancards of the nuclear incdustn:
e in L0 million.

Vlahinos worked with Sublhash Kelkar
of Ford Motor Cooonoa study ol car
doors, When they open, a car door's
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weight deflects il a small amoant, “How-
cver, vou don'l wanl a door Lo dellect
e Than 1 omm, or 6 will be diflicull to
close,” ¥lahinos savs, "We incorporald
variation in the thickness ol the daoor
panels into cur study, and ran opti-
mizalion, sensitivily, ancd probahilistic
studics an Uhe structoee that resulled in
a prabability curve, The conter ol which
represcils he mean. The probability of
Failure increases as you move awiy from
the mean threugh o set of standard de-
vilion unilts, Sia standard deviation
unids ares The couivalent of 6 Sigma per-
formance and Thal was the larget for
o shucly”

Viahines sayvs Hhal dorth American
atrline companies oblain 62 Sigma in
their testing ancd analysis, which means
that three flights g million will expe-
ricnee a mechanical problem.

Wy can'l predict, vou can'l design
for your goals,” savs Viahinos, "With so-
phisticaled tools such as ANSYS's pral-
abilistics capabilities incorporated inla
Workbench, we have bidireclional as-
saciativily with almost all CAD pro-
grams. Mow we can determine it
through analvsis, Torm throogh CAL,
anid functien through probabilistics—
and seehow the design will really seork!”

BLILDING-1N THE LOWEST STRESS AND CO5T
Copeland Corparation of Diylon, Chhia,
is 4 52 billion division ol Emerson Elee-
tric in Detroil that primarily manulie-
Lures compressers Tor air conditioning
and relvigeration, 1s Corporate Engi-
necring Department consulls on engi-
peering mallers for the compamye's var-
s departments worldwide,

Pranald Draperis Copeland’s manag-
er ol Applicd Mechanics and says the
company has used probabilistic methads
[or financial prediclion for more than
15 yeears, Recently, his division decided
that statistical procedures offered the
brest way Lo gel an accurale picture ol
the overall reliability ol its prodacts,

“We malee high-volume products”
savs Draper's colleague, De lanxiong
Chen, senior enginecring specialist in
Applied Mechanics, “and because the
cosl ol manulacture is high, we wanl Lo
avoid extra costs that would arise rom
cvier designing We do o ol ol lesting of
small samples, and need distribulion
analysis Lo obtain o broader pictore!”

Chen fivst used ANSYS 1o sobve a con-
necling rod problem, and veports thal
sensilivity studies proved particularly








