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ABSTRACT

Purpose: We provide a condition-based maintenance policy where a surrogate variable is used for monitoring
system performance. We constructed a risk function by taking into account the risk and losses accompanied
with erroneous decisions.

Methods: Assuming a unique degradation process for the performance variable and its specific relationship
with the surrogate variable, the maintenance policy is determined. A risk function is developed on the basis
of producer’s and consumer’s risks accompanied with each decision. With a strategic safety factor considered,
the optimal threshold value for the surrogate variable is determined based on the risk function.

Results: The condition—-based maintenance is analyzed from the point of risk. With an assumed safety consid—
eration, the optimal threshold value of the surrogate variable is provided for taking a maintenance action.
The optimal solution cannot be obtained in a closed form. An illustrative numerical example and solution
1s provided with a source code of R program.

Conclusion: The study can be applied to situation where a sensor signal is issued if the system performance
begins to degrade gradually and reaches eventually its functional failure. The study can be extended to the
case where two or more performance variables are connected to a same surrogate variable. Also estimation
of the distribution parameters and risk coefficients should be further studied.
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Figure 1. Failure curve and maintenance (excerpted from Hashemian(2011))
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15.0 0.80 0.173
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F5. oA F°] R =219

B R R
# Solution Example #
B R R

a<-0.01; b<=0.5; g<-1.0; sx<-= 0.2 ; y0<-1.0; sd <= 0.1; k <= 1.5; mg <- 1

tx <= y0/sd; t <= seq(0.0,tx,by=0.1); t1 <= 0.0; tmp <- -1

for(i in 1:length(t)) { tmpO <- tmp; tmp <- axt[il*exp(b*t[i]) + kxt[il*sd - yO
if (tmpO < 0 & tmp >= 0) t1 <- t[i] }

sy <- sd* tl; cl <~ 1.0; ¢2 <- 10.0

alphal <- function(xx,yy) { inty <- function(y); { rs<-NULL; ny<-length(y)
for(i in 1iny) { mx <- gxylil

xf <~ function(x) dnorm(x,mx,sx)*dnorm(y[i],my,sy)

rs <- c(rs, integrate(xf lower=xx,upper=Inf)$value) } return(rs) }
return(integrate(inty, lower=-Inf,upper=yy)$value) }

betal <- function(xx,yy) { inty <- function(y) { rs<-NULL; ny<-length(y)
for(i in I'ny) { mx <- g#yl[i]

xf <- function(x) dnorm(x,mx,sx)*dnorm(y[i],my,sy)

rs <- c(rs, integrate(xf lower=-Inf,upper=xx)$value) } return(rs) }
return(integrate(inty, lower=yy,upper=Inf)$value) }

my <- axtl*exp(b*tl); x0 <= seq(max(0,yO-mg),yO+mg,by=0.1); nxO <- length(x0)

alp <- NULL; bta <- NULL; ETR <- NULL

for(i in 1:nx0) { alplil<-alphal(x0lil,y0); btali]<-betal(x0li],y0)

TRI[i] = cl=alpli] +c2=btali] }

plot(x0,ETR, type="1")

mini <- ETR[1]; xOm <- x0[1] # Optimal xO value

for (i in 2:nx0) { if (mini > ETR[i]) { mini <- ETR[i]; xOm <- xO[i] } }

xOm; mini
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