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Abstract

The efficiency of a Weibull demonstration test plan is completely determined by the total experimental time (7,), which depends on the unknown
sample size () and on the Weibull shape parameter (f). Thus, once S was selected, 7. depends only on #. Unfortunately, because » was estimated by
the parametrical binomial approach, then if the confidence level C was higher than 0.63, n, and as consequence T, was overestimated, (For C<0.63,
they were underestimated). On the other hand, in this paper, because the intersection between # and S, for which 7, was unique, was found with n
depending only on R(?), then the estimation of 7, was optimal. On the other hand, since once  was selected, # was completely determined, then 5 and
n were used to incorporate the expected failure times of the operational level in an accelerated life test analysis (ALT). Numerical applications are given.

Keywords: Weibull demonstration test plan, Success run testing, Lipson equality, Accelerated life testing.

Tamafio de muestra robusta para planes de demostracion weibull

Resumen

La eficiencia de un plan de demostracion Weibull estd completamente determinada por el tiempo total de experimentacion (7%) el cual depende
del tamafio de muestra desconocido () y del parametro de forma Weibull (). De esa forma, una vez que £ fue seleccionada, 7. depende s6lo de
n. Desafortunadamente, debido a que 7 es estimada a través del método binomial paramétrico, entonces si el nivel de confianza C es mayor de
0.63, n'y como consecuencia 7z, son sobre-estimados (para C<0.63, estos son subestimados). Por otro lado, en este articulo, debido a que la
interseccion entre n 'y f, para la cual 7, es tnica, se encontr6 con n dependiendo s6lo de R(?), entonces la estimacion de 7, es 6ptima. Por otro
lado, dado que una vez que f fue seleccionada, 7 esta completamente determinada, entonces Sy # fueron utilizadas para incorporar los tiempos
de falla esperados del nivel operacional en un andlisis de prueba de vida acelerada (ALT). Aplicaciones numéricas son dadas.

Palabras Clave: Planes de demostracion Weibull, Rachas exitosas, Desigualdad de lipson, Pruebas de vida acelerada.

desired confidence level (C) and the Weibull shape parameter
p. Regardless of this knowledge, given that the test plan is
completely determined by the total experimental time 7, and
because for a known S, T, depends only on the sample size
n, then the efficiency of the test plan depends on the accuracy
with which n is estimated. In practice, the parametrical

1. Introduction

In reliability engineering, because of its flexibility the
Weibull distribution is one of the most commonly used
probability density functions to model the behavior of a
product or process trough the time [6]. Moreover, since the

lower reliability index could be seen as an index of stability
(quality through the time), the Weibull demonstration test
plans are performed without failures in order to determine
whether the product fulfills its designed reliability R(?). On
the other hand, to perform the test plan, we must know; R(?),
the designed life time (z,), the operational environmental, the

binomial approach, considering a constant failure rate p ([2]
chapter 9, [5] and section 2.2), is used to estimate n.
Unfortunately, if C higher than 0.63, n is overestimated, and
as a consequence 7, is overestimated too. To solve this
problem, and based on the fact that for constant g, T, is
directly related to the Weibull scale parameter #, then based
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on the addressed relations among #, n, R(?) and f5, and on the
found intersection between n and £ for which 7, is unique,
in this paper a method to estimate » in closed form, but
independent of S, is given. Moreover, because n was found
to be depending only on the known R(?) index, the estimated
T, is completely representative of the designed test plan.

On the other hand, in order to show how to proceed under
time or lab restrictions, by using the above estimated », the
Lipson equality is applied to perform a tradeoff between » and
the experimental time 7; for which 7, is constant. Finally,
because 7 is directly related with R(?), in section 5.1, we show
how it could be used in the median rank approach to incorporate
the expected lifetimes of the operational level if an accelerated
life test analysis (ALT) has to be used. The paper structure is as
follows. Section 2 addresses the problem statement. Section 3
presents the proposed method. Section 4 offers the application
and comparison between the proposed method and the binomial
approach. Section 5 outlines the steps to incorporate the failure
times of the operational level into the ALT analysis. Section 6
presents the conclusions. Finally, the paper ends with the
references in section 7.

2. Problem statement

Since a Weibull demonstration test plan is performed without
failures, the Weibull parameters 8 and # could not be estimated.
Thus, the efficiency of the test plan depends completely on the
accuracy on which 7, is estimated. But, because 7, for constant
depends only on 7, then the efficiency of the test plan now only
depends on the accuracy with which # is estimated. Regardless
of this, since n is estimated by the parametrical binomial
approach considering a constant failure rate p, and a confidence
interval C, then when C higher than 0.63 is selected, n is
overestimated and for C lower than 0.63 7 is underestimated. The
overestimation (or underestimation) of n directly implies that 7,
is overestimated (or underestimated) also. Observe that this
means that the test plan fails to demonstrate whether the product
fulfills its designed R(#) index. On the other hand, although in
practice, 3 is selected from a historical data set (or engineering
knowledge), because its value depends on the material
characteristics [18], and on the variability of the manufacturing
process [13], here the analysis is presented in two parts. The first
is conducted to address the effect that the uncertainty of /5 has on
T,, and the second is conducted to statistically identify the
disadvantages that the use of the binomial approach has on the
estimation of . To do this, let us first present the f analysis.

2.1. Shape parameter analysis

Since for non-failures Weibull analysis 7, is cumulated as

(1

Where T7; is the unite experimental time, which is selected
as the designed time (7; = #4), the value of § has a big impact on
T,, [see [12] and [15] sec. 2.3] and because in the Weibull
demonstration test plan there is no failures information to
estimate /3, and due to the fact that its estimation depends on the
variability of the manufacturing process [13], in practice S is
selected from tabulated data sets. Moreover, because of the
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Weibull closure property (5 has to be constant), once the 5
value is selected it has to be considered constant in the analysis
[16]. On the other hand, regardless which value of § we had
selected, once it was assigned, the efficiency of the test plan
depends on the scale parameter 7. Thus, we are now interested
in how to estimate 7, in function of 7. However, because there
are no failures, the lower expected limit of R(¢) has to be used.
That is, that the lower limit of #, here called (7.), has to be
estimated. According to [10] and [11], 7, is given by

1

n )

2378 |
i=1

n = 2

2
Ko2r+2

Where a is the significant level and 7 is the number of
observed failures. On the other hand, since equation (2) for
zero failures, with C representing the desired confidence
level and T; equal to #,, is given by

B 1

]

Then by selecting C = (1 —eil) in (3), the relation
between 7z and 7, is given by
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Clearly from (4), T, is in function of #, which in practice
is selected from a data set (or engineering knowledge). Now,
let us focus on the uncertainty of n.

2.2. Binomial approach analysis

Given that the Weibull demonstration test plan, the
parametric binomial approach used to determine # (see [2] and
[5] chapter 9) is based on the binomial distribution given by

|
p(x)=—" p*g"™ x=0,12,..n

(n—x)!x! ©)
which, instead of considering the time and the risk
function to determine #, considers a constant failure rate p
and a confidence level C to model the uncertainty on R(?),
then » is not optimal. Given this, first let us analyze how the
estimation of n is formulated. In doing so, we can see that
because no failures are allowed (x=0), the lower confidence
of R(¢) has to be used. Thus, C based on the fact that if n items
are tested and k=1, ..., n of them fails, C is given by

— L _R"™*(-R)

(6)
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In (6), R represents the lower confidence of R(z). In (6), R
is used instead of R(?) because the binomial approach does
not consider the time variable t. Therefore, equation (6) with
zero failures (x =0) is given by

R"=(1-C) (7)
Finally, by rearranging terms, n is given by
e In(1- C) )
In R(t)

Function (8) is known as success run testing [5]. Second,
suppose that our customers are asking us to demonstrate
using C=0.90, if their product fulfills R(#)=0.96 for
t~1500hrs. In addition suppose, that from historical data, we
know that f=2.5. Thus, by using (8), we have to test without
failures n=57pcs for 1500hrs each. Thus, observe from (1)
that T,=57*1500"2.5=4967101142 and from (4) that
n=7558.59718. With this information, since we now know /3
and 7, then by using these parameters in the Weibull
reliability function given by

gl
R(t)=exp " ©)

We note that the demonstrated R(z), for #~=1500hrs, is
R(1)=0.9826, instead of the planned R(?)=0.96. Thus, because
R(?) and f are known, we conclude that the C value used in
(8) overestimated 7, and that, as a consequence, 7, defined in
(1) was overestimated too.

In contrast, observe that for C=0.50, n=17pcs,
T.=1481416130 and n=4658.7652, with R(1)=0.9428. That is
to say that for C=0.50, n was underestimated. Thus, a C value
between 0.5 and 0.9 for which # is optimal exists. In the next
section, this value is statistically addressed and generalized
to any desired R(?) and S value.

3. Proposed method

Given that the goal of the proposed method is to remain
practical, first let us show how the binomial approach, the
Lipson equality, and the Weibull reliability function are
related. In doing so, we can first see that because 7,
completely determines R(?), the analysis is based on 7.
Second, we can see that for constant 3, 7, depends only on #.
Finally, note that regardless how S, and n were estimated,
once their values were selected, a tradeoff between n and T;
for which 7, remains constant could be made by applying the
Lipson equality (see [5]) as follows. The Lipson equality is
formulated by replacing R given in (7) with the Weibull
reliability function defined in (9). After the replacement, the
equality is given by

1 t

V4
Rmza—on:mpbj (10)

54

From (10), by taking logarithms and by rearranging
terms, the sample size » in the Lipson equality is given by

- ©)

11

L/ InR(t) an

In (11), L represents one life of the product L= .
Function (11) is known as Lipson equality (or extended life
approach) and it relates the binomial approach and the
Weibull reliability function. Finally, from (11), it is clear that
it works regardless of how # and f were selected. Thus, in the
same way as Ty, its efficiency depends on how 7 is estimated.

On the other hand, in order to estimate 7, accurately, by
substituting (8) in (2), #; is found to be depending only on
R(t) and S as in (12).

1

rf | (12)
"= Tin(R(@)
Then based on (12), and by selecting # as in (13).
n=-1/In(R,) (13)
the relation between T, and 7, as in (4), is given by
T,=n’ =[mr!] (14)
From (14), Ti is given by
1
_tf Vi
Tt — (15)
n*In(R(t;))

And clearly, since there no failures are allowed, then we
can select 7; =t,, thus # is given by
n=nPT, = V0, (16)
From (16), since T, =, is known, and # is directly related
to R(?) as in (13), 77 now depends only on the selected / value.
On the other hand, observe that n in (13) is estimated regardless
of the value of B. Seeing this numerically, suppose we are
determining #;, defined in (12) by a designed time #,~1500hrs,
and suppose we desire to demonstrate a reliability of R(2)=0.90.
Furthermore, suppose that from historical data (or engineering
knowledge), we know that f ranges from 1.5< f <3. Then by
testing different n values for f=1.5 and /=3, as in Table 1, we
found that 7; shifts its behavior from higher to lower, implying
that an intersection for which 7; is equal to both £ values exists.
And because, this intersection corresponds exactly to the n value
defined in (13), and it does not depend on f3, we conclude that
by estimating » using (13), the proposed method is robust under
the uncertainty that  has over 7. In particular, we can see from
Table 1 and Fig. 1 that for 7; =¢; nis as in (13) and R(?) is as
expected for both values of f, and that 7, is as in (12).



Pifia-Monarrez et al / DYNA 83 (197), pp. 52-57. June, 2016.

Table 1.
Experimental time for different sample sizes.

Sample Shape Parameter Reliability Experimental Time
N p=1.5 p=3  R(®)p=1.5 R(t) p=3 Tip=1.5 Tip=3
5 4386.03 2564.96  0.82 0.82  2299.64 1857.27
6 4952.89 2725.68  0.85 0.85  2036.44 1747.76
7 5488.96 2869.40  0.87 0.87  1837.56 1660.22
8 6000.00 3000.00 0.88 0.88  1681.05 1587.94
9 6490.12  3120.13  0.89 0.89  1554.10 1526.81

9.4912 6724.18 3175.89  0.90 090  1500.00 1500.00
11 7419.13 333597 091 0.91 1359.49  1428.02
12 786222 343414 092 092  1282.88 1387.20
13 8293.16 3527.00 0.93 0.93 1216.22  1350.67
14 8713.18 3615.21  0.93 0.93 1157.59  1317.72
15 912330  3699.32  0.94 094 1105.55 1287.76

Source: The authors
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Figure 1. Intersection for the shape parameter
Source: [2], p.46

That is, data in this intersection holds with equations (12)
to (16). The steps to apply the proposed method are as
follows.

3.1. Steps of the proposed method

In order to demonstrate whether a product fulfills its
designed reliability, the following steps were taken.
1. Determine the reliability level R(#) index to be
demonstrated, the operational environmental to be tested
and the design time #,.
Determine the value of 5 to be used. A base line product,
engineering knowledge or historical data could be used to
select the most suitable S value.
By using (13) with the R(#) level of step 1, determine the
sample size n to be tested without failures during the #,
lifetime each.
If there are experimental or time restrictions, perform the
desired tradeoff between n and #;, using (11) with
C=0.63212.
Test each specimen by ¢, lifetime and, if neither of them
fails, go to step 6. If one of them fails, go to step 7.
By using (12) or (16), estimate the expected #; value. And
by using 7, t; and the selected £ value in (9), determines
the demonstrated R(?) value, and draw your conclusions.
Correct and reinforce the design (or process) and go to
step 1.
If you are performing an accelerated life testing, and the
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normal operational conditions could not be applied to the
experiment, follows the steps given in section 5.1.

4. An application

As an application, first consider the data in section 2.2,
(R(#)=0.96, C=0.90 and C=0.50, ¢,=1500hrs and =2.5), With
this information obtained by using (13) in step3, we have to
test n=24.49~25pcs for 1500hrs each. And by using (1) or
(14) with p=2.5, T,=2134685635hrs and by using (12) or
(16), n=5391.797. Thus, by applying (9) the demonstrated
reliability, is R(2)=0.96 as was planned.

On the other hand, suppose that because of the lab
capacity, we can run each test for no more than 3000hrs;
(L=2lifes), then by using (11) with C=0.63212, we have to
run n=4.33=5pcs without failures for 3000hrs each, and from

(1) or from (14) T, =5*(3000)>° = 2464751.509hrs and

from (12) or (16) #,=5710.96hrs, and by using 7, in (9), the
demonstrated reliability, as planned, is R(#)=0.96.

Finally, since » in (13) depends only on R(%), and because
R(t) is used in the response variable of the median rank
approach, in the next section, n is used to incorporate the
expected normal operational lifetimes into an accelerated life
time analysis.

5. Weibull accelerated life test planning

In Weibull accelerated life test analysis (ALT) for
constant and interval valued variables, the shape parameter
is considered constant in the analysis due to the Weibull
closure property [16]. Thus, the reliability index R(?) depends
only on 7 ([4], [7] and [9]), which in ALT is estimated as a
linear function of the covariates by using a life/stress models
r{X;;(®)} [1], [3], [7] and [10], as follows

Ny =r{X (0} (17)

Here, it is important to note that in (17) for constant over
time stress variables r{X,;(t)} is parametrized as

HX L0} = (18)
Where f is a vector of regression coefficients to be
estimated and Z is a vector of the effect of the related stress
variable (e.g. in Arrhenius Z=1/T where T is the temperature
in Kelvin degrees). Thus, by using the Weibull density
function given by
jﬁ}

G =\

the Weibull/life/stress parameters are estimated by
substituting # in (19) with the corresponding r{X;,(?)}
model defined in (17) or (18). For example suppose that the
stress variable is the temperature, then the Arrhenius model
is used. The Arrhenius model is given by

B

f)==— (19)
n
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Table 2.
Doe for ALT analysis
Stress Replicates Parameters
Level —7 R2 Rm _ Shape Scale
1 Yu Y Yim B M
2 Yo Y2 Yom B N2
3 Y Y32 Yim B N3

Source: The authors

#)
n=riX, @) =Cel’ (20)

Thus, the Weibull/Arrhenius model is given by

p-1 B
fit/7)= %e{ij %e{ij exp1 - %e{i] (21)

in (21) the Weibull/Arrhenius parameters are estimated in
joint form by using the maximum likelihood method.

On the other hand, observe that the lifetime data is
collected by using an experiment design (DOE) (see Table
2), and that for each replicated level, we estimate its
corresponding Weibull parameters.

Thus, since, as in (16), n in the DOE determines the
accuracy with which # is estimated, in order to show how n
could be used to incorporate the expected failure times in an
ALT analysis, first note that because under multiple linear
regression, the Weibull parameters of each replicate level of
the DOE are estimated by the median rank, approximation
given by

i-0.3
n+0.4

Median Rank (50%) = F(t) = (22)

where, 1 represents the ordered rank statistic and F(?) is
the empirical estimation of the cumulative probability
function [F(¢2)=1 — R(t)], then (22) highly depends on # too.
Second, observe that because (22) was constructed based on
an area given by 2a—(n—1)b =1 (for details see [8]), where
b represents the amplitude (width) of the (n—/) intervals
given by b =1/(n+0.4) which for high percentiles (p>0.85)
tends to be R(t) [1/(n+0.4)= R(¢)] (e.g. for R(¢)=0.96,

Table 3.
Data for Weibull Arrhenius analysis.

b=[1/(24.4966+0.4) ~ 0.96] ), then because n in (13)
depends only on R(?) and since R(?) is generally higher than
0.85, then the use of (13) in (22) is useful. On the other hand,
by taking the linear form of (9) as
In(=In(R(2))) = -fIn(77) + fIn(r) (23)
The expected times of the operational level can be

estimated and incorporated to the ALT analysis as in the next
section.

5.1. Application to ALT analysis.

As an application, let us use data given in Table 3. Data
was published by [17]. Suppose the normal operational
temperature level is 323K and the design time is #=15000hrs.
The analysis to incorporate the expected lifetimes of the
323K level into the analysis is as follows.

1. For each ALT level, by applying (13) with the desired
R(?) level, determine the number of replicates to be tested.
Here R(#)=0.90 was used, thus #=10pcs.

2. Perform the experiment, and for each replicated level,
estimate the Weibull parameters £ and # (here S should
be constant).

3. Using the estimated » and f value in (16), estimate the
corresponding #L value. (here it is n#L =101/4.2206
(15000)=25883.58312hrs).

4. Using (22) with n given by (13), estimate the expected
R(ti) value for each of the order statistics. Then by using
these R(#) values, the § and the #L values in (23), solve
(23) to In(t) and then determine the expected failure times
of the operational level to each order statistic. (In our
case, the expected failure times appear in the last row of

Table 3).
5. By using the incorporated expected times, and the
experimented accelerated lifetimes, perform the

estimation of the Weibull/Life—stress parameters. Here,

the analysis, by using the ALTA routine and (21), yield

to f=4.3779, B=2308.4884 and 4=19.8667.
6. Finally, by using the parameters of step 5, determine the
desired reliability indexes.

To conclude, observe that the data in Table 3, for
t=15000, R(?) is of R(1)=0.90 as was expected. In particular,
note that without incorporating the operational times, the
estimated R(?) for the operational level is of 323K, instead of
the designed R(#)=0.90, would be R()=68.33%.

Time Parameters by RXX
Stress t t2 t3 ts ts te t7 ts to tio n B
393K 3850 4340 4760 5320 5740 6160 6580 7140 7980 8960 6668.7828 4.2206
408K 3300 3720 4080 4560 4920 5280 5640 6120 6840 7680 5716.0996 4.2206
423K 2750 3100 3400 3800 4100 4400 4700 5100 5700 6400 4763.4163 4.2206
Expected data for operation stress level
323K | 13769.50 17206.91 19468.73 21304.73 22945.13 24508.69 26086.29 27783.98 29795.04 32746.95 |25883.5831  4.2206

Source: The authors
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6. Conclusions

In Weibull demonstration test plans, the binomial
approach for confidence levels higher (lower) than 0.63212,
overestimate (sub-estimate) R(z); thus, C should not be
selected lower than 0.63212, and if it is selected higher, it
should be selected close to 0.63212, say 0.7. In the proposed
method, given that n depends only on R(?) which is always
known, the designed and the demonstrated R(?) value always
holds. On the other hand, observe that because data is
gathered by using an experiment design where each row
represents a different form to run the process, then the f
parameter does not remain constant and as a consequence, the
multivariate approach using the Taguchi method as in [14],
should be used. Given that in the estimation process, the
value of § depends on the variance of the logarithm of the
failure times, which depends on the control of environmental
factors (see [13] and [14]), its value must be selected from a
data set that covers the variability of the manufacturing
process in its interval.

Although, the proposed method allows practitioners to
incorporate the expected operational times to the ALT
analysis, it is important to note that their efficiency
corresponds to the efficiency of the median rank approach
and on the assumption of a constant . Finally, it is important
to note that although it may seem that » could be used to
incorporate the expected times in the ALT analyses where the
Weibull closure property does not hold (f is not constant), as
is the case of ALT analysis with several variables, more
research is required.

References
[1] Bagdonavi¢ius, V. and Nikulin, M., Accelerated life models,
modeling and statistical analysis, Ed. Chapman and Hall/CRC, Boca
Raton, FL, USA, 2002.

Bertsche, B., Reliability and automotive and mechanical engineering,
Ira. ed., Stuttgart, Springer—Verlag Berling Heidelber, 2008. DOI:
10.1007/978-3-540-34282-3.

Cox, D.R. and Oakes, D., Analysis of survival data, 1st Ed, Chapman
and Hall, Boca Ratén, FL, USA, 1984.

Escobar, L.A. and Meeker, W.Q., A Review of accelerated test
models. Statistical Science, 21(4), pp. 552-577, 2006. DOI:
10.1214/088342306000000321.

Kleyner, A.V., Reliability demonstration: Theory and application.
Reliability and Maintainability Symposium (RAMS). Las Vegas,
USA, Tutorials CD, 2008.

Manotas, E., Yafiez, S., Lopera, C. y Jaramillo, M., Estudio del efecto
de la dependencia en la estimacion de la confiabilidad de un sistema
con dos modos de falla concurrentes. DYNA. 75(154), pp. 29-38,
2007.

Meeker W.Q. and Escobar L.A., Statistical methods for reliability
data, New York, John Wiley & Sons, USA, 2014.

Mischke, C.R., A distribution-independent plotting rule for ordered
failures, Journal of Mechanical Design, 104(3), pp. 593-597, 1979.
DOI: 10.1115/1.3256391.

Nelson, W.B., Accelerated testing statistical models, test plans and
data analysis, John Wiley & Sons, New York, USA, 2004.

Nelson, W.B. Applied life data analysis, John Wiley & Sons, New
York, USA, 1985.

Nelson, W.B., Weibull analysis of reliability data with few or no
failures, Journal of Quality Technology, 17(3), pp. 140-146, 1985.
Nicholls, D. and Lein, P., Weibayes testing: What is the impact if
assumed beta is incorrect?, Reliability and Maintainability

(2]

[3]
(4]

(3]

(6]

57

Symposium (RAMS), Fort Worth, Texas, Tutorials CD, 2009.
Pina-Monarrez M.R., Avila-Chavez C. and Marquez-Luevano C.D.,
Weibull accelerated life testing analysis whit several variables using
multiple linear regression, DYNA, 82(191), pp. 156-162, 2015. DOI:
10.15446/dyna.v82n191.43533.

Pifia-Monarrez, M.R. and Ortiz-Yafiez J.F., Weibull and lognormal
Taguchi analysis using multiple linear regression. Reliability
Engineering and System safety. 144, pp. 244-253, 2015. DOIL:
10.1016/j.ress.2015.08.004

Rinne, H., The Weibull distribution a handbook, CRC press, Boca
Raton, FL, USA, 2009.

Tobias, P. and Trindade, D., Applied reliability. Chapman and
Hall/CRC, Boca Raton, FL, USA, 2012

Vassiliou, P. and Metas, A., Understanding accelerated life-testing
analysis, Reliability and Maintainability Symposium (RAMS),
Tutorials CD, Seattle, WA, USA, 2002.

Weibull, W., A statistical theory of the strength of materials.
Stockholm: Generalstabens litografiska anstalts forlag. 1939.

[13]

[14]

[15]
[16]

[17]

[18]

M.R. Piia-Monarrez, is a researcher-professor in the Industrial and
Manufacturing Department at the Autonomous University of Ciudad Juarez,
Mexico. He completed his PhD. in Science in Industrial Engineering in 2006
at the Technological Institute of Ciudad Juarez, Mexico. He had conducted
research on system design methods including robust design, design of
experiments, linear regression, reliability and multivariate process control.
He is member of the National Research System (SNI-1), of the National
Council of Science and Technology (CONACYT) in Mexico.

ORCID: 0000-0002-2243-3400.

M.L. Ramos-Lopez, is a PhD. student on the doctoral program in science
and engineering (DOCI), at the Autonomous University of Ciudad Juarez,
Mexico. She completed her MSc. degree in Industrial Engineering in 2012
at the Universidad Autéonoma de Ciudad Juarez, Mexico. Her research is
based on accelerated life time and weibull analysis.

ORCID: 0000-0001-8614-1311.

A. Alvarado-Iniesta, is a researcher professor in the Industrial and
Manufacturing Department at Universidad Autonoma de Ciudad Juarez,
Chihuahua, Mexico. He completed his PhD. in Industrial Engineering in
2011 at New Mexico State University, Las Cruces, NM, USA. His research
interests focus on Operations Research. He is member of the National
Research System (SNI-1), of the National Council of Science and
Technology (CONACYT) in Mexico.

ORCID: 0000-0002-3349-4823

R.D. Molina-Arredondo, is a researcher-professor in the Industrial and
Manufacturing Department at the Autonomous University of Ciudad Juarez,
Mexico. He completed his PhD. in Science in Industrial Engineering in 2009
at the Technological Institute of Ciudad Juarez. He had conducted research
on reliability and robust design.
ORCID: 0000-0001-8482-4186.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


