BNl Life Time Tests

Basics

In order to be able to draw conclusions with regard to the reliability of a component
or assembly, tests are conducted with a limited number of test samples prior to actual
series production. This is a relatively reliable method of discovering fundamental
design flaws or manufacturing faults. On the other hand, the probability of determining
faults that occur randomly or at low frequency is low if a considerably higher load
cannot be applied in the test. This is generally the case in vehicle tests, in contract to
the special component tests conducted on component test rigs or in the laboratory,
permitting an increase in load by a factor of 2 and higher.

The initial question is how high is the probability Pa that a test specimen fails during
the test:

PA =1- Rtn where Rt = Reliaiblity at test time t for a test specimen; n = Number of test specimen

Rearranging
the formula:

R, =(L-P, )"

The reliability for the test time t is calculated using:
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A reliability Ra: applies for the defined service life ta:
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Equating the two relationships and defining Lv =t/ t; results in:
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Consequently:

In(R, ) = In(R,) Lv®

b
Rt _ Ra Lv

Together with the number of test specimens R, =(1-p, /" and equating results in:
1

n

R =RY —(1-P,)

1
b
Ra = (1_ PA)nLV

The reliability Rais to be considered as the "guaranteed minimum reliability“ and the
following applies:
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1

)
Rmin = (1_ PA)n K

Example: The following representation is achieved for a confidence level Po=0.8
and an estimated b=2:
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In the 3D representation It can be seen that a turther increase at the level of Ly and n
provides no further decisive advantages.
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On examining these considerations in the Weibull plot the following representation is
obtained (P = 0.80 > upper confidence bound 90% t=30000 Rmin=90% )
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Pa was originally introduced as the probability for the failure of a test specimen. The
prerequisite is that these test specimens are a random sample of a "population”. A
conclusion is drawn based on the samples where the definition corresponds to the
confidence bound of the illustrated Weibull plot.

The calculated minimum reliability is not valid if the test specimens are "hand
specimens” or prototypes with their manufacturing process not corresponding to
subsequent series production.

It should be noted that a lower b results in a lower minimum reliability. Initially, this is
not to be expected as a low b results in a lower slope on the Weibull plot and therefore
a higher failure frequency. This effect is caused if the target running time is less than
the test time and one is moving to the left with a flat slope.

It can generally be assumed that for the confidence level or for determining the
reliability, it is better to test less samples size for a longer time than many samples
for a relatively short test time. On the other hand, with fewer samples the conclusion
concerning the component scatter is also less reliable (minimum number of samples).

Lv should always be greater than 1 if the load cannot be increased. Irrespective of
the mathematical minimum reliability, no part must fail at Lv<l (minimum
requirement).

If conclusions are to be drawn with regard to the reduction in service life to higher
load, tests with concrete failures will be necessary, represented in a stress-cycle
(Woehler) diagram.

If a certain minimum reliability is defined and the question is what confidence level is
reached, the above formula is to be correspondingly rearranged to result in b=2 and

R=80%:
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Minimum number of samples for tests

It is often necessary to determine the minimum number of test specimen for the
purpose of verifying the defined reliability. However, there is no generally defined
procedure for this purpose. In accordance with VDA, the necessary minimum number
is calculated by transposing the formula for n:

G- 1/Ina-PR,)
UL In(R)

For PA=0.80 and b=2 this results in:
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As illustrated, the prerequisite for this scope of random samples is that no failures
occur.

The procedure for determining the confidence bound can be used for establishing the
minimum number of samples, resulting in the same consideration as when using a
defined confidence level.

Example: The number of components to be tested is to be found if a double test time
compared to the required service life is possible and a minimum reliability of R=90%
is required. No parts fail during the test. This results in n=3 for a confidence level of
P»=0.80.
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Determining minimum reliability for several test groups with
different running times

If there are several identical products with different running times used in the test (or
in the field), each running time completed without failure will contribute to deducing
the minimum reliability. Corresponding classifications of the running time are
preferable formed for this purpose. Example: The following running times and number
of "test specimens" serve as the basis for a confidence level of PA=80% and a
required service life of 100,000 km (assumption b=2):

[ Running time/km Lv n

1 100000 1.0 10
70000 0.7 20

3 62000 0.62 40

The running times were sorted in descending order and the calculation started at the
longest running time. This produces the following points in the diagram:

1) 10 parts survived without failing at the longest running time of Ly,=1.0

2) This corresponds to a quantity of 20 parts at L,=0.7 (identical Ruin).
20 parts were tested without failure at L,=0.7

3) Together this results in approx. 40 parts at Ly=0.7

4) This corresponds to a quantity of 50 parts at L,=0.62 (identical Rmin).
20 parts were tested without failure at L,=0.62

5) Together this results in approx. 90 parts at L,=0.62
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The result is a guaranteed minimum reliability of approx. 95%. Referred to the
minimum reliability relationship already introduced, the total Rminges iS generally
derived from:

-1
k
> Lvib n;j J

R, . =100%(1-P,)

min, ges
k = Number of different test times (collectiv)

If failures occurred unexpectedly during the tests, the minimum reliability will then be
based on the test running time achieved up to this point and the number of test

’

specimens n still to be tested:

K -1
> Lvib +n'Lv' b}

i=1
Rmin,ges = 100% (1 o PA)
k = Number of different test times (collectiv)
n’ = Number of test specimens to be tested without failure

Lv = Test time to be tested for the test specimens without failure

Taking into account previous knowledge

If previous knowledge of the components is available (Bayes method), it can be taken
into account by using the Beyer/Lauster method /23/. This previous knowledge can
originate, for example, from predecessor models and is expressed by the value R,
that is valid for a confidence level of PA=63.2%. The expected minimum reliability is:

1
n LR +1/In(1/Ro)
Rmin = (1_ PA) !

In the same way as the factor ¢ defined under /26/ for taking into consideration the
applicability of the previous knowledge, it is used here under the term previous

confidence level to give:
1

n LY + ¢/In(1/Ro)
R, =(@-P,)

The previous information factor ¢ must lie between 0...1. ¢ =0 signifies that no
previous information should be used whereas ¢ = 1 means all previous information
can be used.

¢ can, for example, assume the following values when the following applies to the
components of the earlier tests:

¢ =1 The components and the tests are identical to the current status or are
100% comparable

¢ =0.75  Components have been slightly modified or the design status is
identical but from different manufacturers

¢ =0.50  Components have been partially modified, e.g. material properties
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¢ =0.25 Components agree only in terms of their concept (rough estimation)

The preliminary confidence level can also be used to express when the test changed.
The reduced number of samples is therefore:

S_L[lna-P) ¢
L[ IN(Ry,)  In(/R,)

An acceleration factor can be used to take into account different loads from earlier
tests. This acceleration factor is discussed in the following sections dealing with the
component strength (service life in the Woehler diagram).

Determining tio (B1o) from minimum reliability without failures

If there are no failures in the tests, the following steps can be applied to calculate a
t10 service life:

Step 1: Determine a minimum reliability Rmin from existing tests -> Point (1) in the
diagram.

Step 2: Determine a mean service life ratio Ly, that is equivalent to the previous
tests. The following formula is used for this purpose:

NI P

Rearranging the right side for Ly results in:

1/b
L | 1fInd-PA)
" n Ir](Rmin)
Step 3: Calculate the reliability value on the Weibull curve with Pa= 50% -> Point (2)
b
RPA=50% = (1— 0,5 )ll(Lvm n)

The Weibull curve is now defined by specifying the slope b and the Point (2) on the
curve.

Step 4:
Rearranging the Weibull distribution for T results in:

t t

(In@-H))" (- 1n(Rop o))"

gefordert

Step S:
Calculation of tig (or Big) -> Point (3)

1 1/b
t,=T|In
. ( (1—0,1]}
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Minimum reliability in tests with unexpected failures

The relationship used to date no longer applies if failures are permitted to occur in
the test. Rmin Will then be calculated based on the 2 distribution:

2
_ X2r+2,Py
2-Lb-n
R, =€ v with r = number of failures during the test
Strictly speaking, the previous example with a failure rate at Lv=1.1 is not quite

correct for the further calculation. To simplify matters, it was assumed that the test
specimen was removed just before reaching the failure at Lv=1.1.

By way of transposition, the necessary new scope of samples is derived from
2
_ A2rs2,p,
- b
2 Lv ) In(Rmin)

or the necessary testing time

1/b

LV _|_ ZZZHZ,PA
2-n- In(Rmin)

This approach is to be applied when the times at which the failures occur are still
uncertain. However, since the number of failures cannot be forecast in advance in
practical terms, this calculation is of corresponding significance only for presenting
scenarios.

Example: n=5, b=2, Rnin=0.8, Pa=0.9
Necessary testing time for the required minimum reliability
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No failure Lv=1.43
1 failure Lv=1.87
2 failures Lv=2.18

Reliability from Binomial-method

In general applies to the statistical assurance without given running time the
Binomial-method.

P, = 1—ZX:£?](1— R) R™ with - x
i=0

R is the the reliability for not defined running time (normally to describe the quality
after production). For the representation often the so called “Larson-Nomongram” is
used, because the formula can not be resolved for R. Especially in industrial series
production the Binomial-method represents an important tool for assessing the quality
level for the sampling technique and for the control charts.

number of failures
sample size

In case of no failures (x = 0) the equation becomes the simple form
P, =1-R"

which is conform to the success-run-method.
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Using Visual-XSel

At first time using Weibull a dialog appears for the most important methods:
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@ Distribution_Comparison.vxg T . .
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Weibul_Mileage_Distribution.vxg
@ Weibull_Mixed_Distribution.vxg
@ Weibul_Monte_Carlo_Method.vxg
@ Weibull_No_Defective_Parts.vxg
@ Weibull_Parameters.vxg

Weibull_Prognosis.vxg ; | ——1
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@ Weibull_Sample_Minimum.vxg =
[ati) Weibul_Sudden_Death.vxg 00 220 240 =0 380 Kelvin
[ufi] Weibul_Test_to.vxg
[ati) weibul_woehler.vxg
i) Woehler_Pear_Cord_Method.vxg -

Tailure rate &

S OK X Exit | | Preview 7 = 5

In some templates no data is needed. For example in the template LvRb20.vxg only
a formula is represented (see .\Templates\O4_ Test_Planning). This is about the
determination of a minimum guaranteed reliability in testing with no failures (success
run).
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The parameters of the formula can be changed by a double click to the formula in the

top of the diagram.

Alternatively the formula can be opened through the menu point Tools/Formula

&

Formula-Interpreter

A X

P, = 0,8
b=2

R = 100% {1-p,)" 1

" Curves represents
{* Curves and formulas represents
1 [~ Curves-dizcussion
b

" Only formulas
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The templates Weibull_Density Function.vxg or Arrhenius_Model.vxg are also

simple formula charts.
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Life time tests — required sample size

Via the main guide or the menu point Statistics in inset [Statistics| statTemplates Format
the main window, the required reliability, the = g St@tstcsummay
necessary test duration or the sampling size can be 5 SR e
calculated. For this a default information is the —

confidence level.

This method is also well known as ,Success Run®.

Sample size...
[} DoE Experiment

Options

3
»
]

b

i

ull

oo . Model-ANOVA
Here, however, it is also possible to make Correlation ,
calculations with unexpected failures. In the dialog () Data Analysis »
it is recommended to go step by step from the top Groups of characteristics
left to the right bottom. Cluster Analyss... _
In the dialog below there is shown an example of a Prinapal Component Anaiyss .
needed sampling size for a required reliability of E5] Weibul Analysi Guide...

0 . . l Rmin Life time tests with spedfic. ...
95%. The Weibull-parameter b was estimated by e
b:2 It IS ShOWﬂ What WaS needed If Instead b:15 Biromial Larson-Momogranm... L\

or b=2.5 would have been.

i |
Visual-XSel - Life time experiment \ . lﬁ

ariant for calculation Formula -

Romin = [1 - PA]n'[LV'K]

{* without failures (test planing) 4]

7

" without failures with different times

-

-,

. *-:! [ without failures with pre-information B min Min Reliability
WA
5 " Wanted ? 1%
" with failures 1|0 A ante
i (+ Reguired Reliabiity = v %
o equal max. unreliabiltiy 5
: Precondition

L+ Test duration
Confidence level Pa |80 | % ~ Wanted 2 /“'

Wanted confid. lev. choose formulas above
SIS FomE B s & Testtime 150000 km

Irl LTV Ry '.1 T .l

P

—
——

i Required life time 100000 km - Lv= 15
¥« v Acceleration factor [1,5
b Weibull parameter
™ Define b= 2 = n Sample size
. =
f+ Use standard b=2 {* Wanted ?
. " Number is defined 5 =
@ Se= sl template WaibullLy REZ0. vieg Results Ey
s e e | Necessary number of tests -
For different conditions and lead use Data/Experiment
b=15 n=10
@ Formulas ‘ ? Help ‘ b=2 n=7
b=25 ne5
L
¥ Exi ‘ @3 Report ‘ v

This method assumes that a required life time is given. If there is no reference, then

the method WeiBayes is an alternative.
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