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1. Introduction
® Expeimenta design has become one of the primary tools for achieving quaity of manufactured
products.
® Because of adivisoninthe disciplines of qudity and rdiability, thisimportant tool has not been
used to extensvely to achieve rdiability
® Inthis presentation, we describe how experimental designs can be used to achieve rdiability

2. Experimentswith failure time data
Example 1 Ralling Bdl Bearing Lifetimes from Hellstrand(1989)
Example 2 Light Experiments from Taguchi(1987)
Example 3 Thermogtast Experiment from Bullington et a(1993)
Example 4 Drill Bit Experiment
3. Regression Mode for failuretime data
3.1. Didribution
(1) faluretimet takesthe nonnegeative vaues
P adandard linear regresson modeling of t is not appropriate
lognormal density function t ~ LN(ms ?)
Weibull dengity function
(2) the most obvious choice isthe log transformation Y = In( t)
t~LN(ms?) P y=Int~N(ms?)
t ~Weibull (1 ,j )
P y=Int ~ extrmevaluedistribution(m=-Inl ,s =j **)
3.2. Model
Y, =In(t) =X b+se
=b, +bx, +L +b x +se, i=12L ,n
the {t,} arethefalure times
X' = (L%, %, L, X,) arethe vectors of covariate values
b =(b,,b,,L ,b,) arethe vectors of regression parameters
S isthe scale parameter
theerrors {s,} arei.i.d.
(Note)  {s,} have standard extreme-vaue digributionif t, followsaWabull distribution
{s,} haveindependent N (0,1) digtributionif t. followsalognorma distribution
4. Likelihood Approach



(1) MLE
Thelikelihood function
The lognormal regression model
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Waeibull regresson modd
Lb.s?) = P (Ws)epllly - X'b)is|- eplly, - X'b)is} P ewl- eplly, - x"b)is]

L(b,s?)= P

il FAIL

MLE for(E,éz) can be obtained by maximizing L(b,s ) with respect to @,SZ)
(2) Likelihood ratio tests
Likelihood ratio tests provide a method for assessing significance of the ith parameter in q

L( .
G=-2In % , where the ith covariate is dropped from the model and q_;, arethe
q
corresponding parameters.

Under H, : g =0, G isdigtributed asymptoticdly as c? (df=1).
5. Anaysis of reliability experimental data
5.1. 2 factorid design
(1) Weibull Regresson Modd

y, =In(t;)) =b, +b,x, + b,X, +b,x, +se, i=12L 8
MLEs, Likelihood Retio(LR), and P-vaues
5.2. 2> ? fractiond factoria design(Taguchi)
Light Experiments
(1) Lognorma Regresson Model
y=In(t) = b, + b A+ b,B+ b,C+b,D+b,E+b,(AB) +se,

(2) MLEs, Likdihood Retio(LR), and P-vaues
5.3. 12-run Plackett-Burman design with ten replicates
Thermostast Experiment
(1) Lognorma Regresson Modd 1
y=Int)=b, +b,A+b,B+b,C+b,D+b,E+Db,F+b,G++b,H + bl +b,,J+b,K+se
(2) MLEs, Likeihood Ratio(LR), and P-vaues
(3) Further Andyss
(4) Lognorma Regresson Modd 2
y=Intt)=b, +b,A+b,(EH)+b,C+b,D+b.E+b ,F+b.G++b,H +b,| +b J+b K +se
(5) MLEs, Likdihood Retio(LR), and P-vaues
5.4. Taguchi Desgn
Cross Array and faiure Time Data(with censoring time of 3000)
(1) Desgn:
(2) Factors
(3) Use Welbull Regression Model
(4) MLEs, Likdihood Retio(LR), and P-vaues
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