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Abstract — The traditional control charts are based onprobabilistic modelling of a failure mechanism datation
the assumption that the measurement data relatinpe  path and comparison of a projected distributioratpre-
average of each subgroup of the parameters unddefined failure threshold. Consider the conceptual
observation of a specific quality characteristicppbduct, monotonically decreasing degradation path depicied
process, system or service, are reported regardfeme  Figure 1. The failure mechanism is degrading
stability of its own parameters. This conditiongienerally ~ probabilistically with time. At any specified timéhere is a
not verified in real cases, where we should take &amcount distribution of degradation measurements considerin
the lifecycle of measuring. In the case of monitgriof  population of similarly degrading parts. Note thatthe
guality characteristic of a product for examplegamameter figure the degradation measure has a larger variaadime
that is not in fact enjoy the property of time #liois its  increases. While this may not be representativaldéilure
reliability, which is time-variant and it's decr@éag over mechanisms characterized by a decreasing degragsith,
time in force of degradation to which the prodscsiibject.  the increasing variance is often observed.

The traditional approach involves the constructimn
control charts with stationary limits, ignoring thessibility \
of an "adjustment" of those Ilimits. This conceptual
innovation determines the possibility of having an N
instrument to check, in a way as “tracking trajegtd,
modulated on possible changes of the measuringselhe ~_— |
variations may, for example, be due to degradatibthe )
detained characteristics. The modelling for thenade
described is based on the implementation of rdiigbi
function, as a known source of the variability amntol
limits, as pre-determinable through the lifecyclé the failure threshold, D {
product analyzed. "

The results achieved through the proposed apprcatch ‘
improve the sensitivity of the monitoring instrunhémrough A ¢ '
the modulation of control limits, which thus accpsira
beneficial discriminatory capacity, able to separdhe
effects of random variability arising from the comm
causes, from those owned to deterministic varighiélated
to predictable changes of the measuring. Fig. 1. Degradation path example

Numerical results, regarding an application to a
manufacturing national company operating in the
automotive sector, through fielded units taken iffedng For any specified time, reliability can then beiraated
operating periods and tested, are reported. as the probability that the degradation measurgréster

than a critical threshold value. Alternatively, the
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Variant Conditions. reliability would be estimated as the probabilityat the
degradation measure is less than the critical bioldsvalue.
1. INTRODUCTION To predict reliability based on degradation modelli the

failure mechanism must be clearly understood. Tloeleh

Reliability prediction based on degradation modelli Parameters or coefficients can then be thoughsahadom

can be an efficient method to estimate reliabifity some variables for individuals within the population.tAbugh the

highly reliable parts or systems when observatimis concept of reliability prediction based on degramat
failures are rare. Degradation modelling is based o
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modelling is relatively recent, there have beenessv
important and successful applications.

Here this approach would be applied to the corthalrt
with the aim to modulate the control limits accoglito the
different level of reliability that is possible tietermine for
different phases of a monitored process.

R(t)

f

2. PROPOSED APPROACH

Relatively quick and accurate technique to prettet
useful life of components is a critical tool to a%s that
future, and existing, product designs are succkssfu i
meeting warranty requirements. This need is pdatitu t
true for harsh environment equipments, such ashim t
automotive industry. However, understanding theedir
relationship between field needs and environmetetsting
has been an elusive target for many years. Culifetime
prediction techniques require test data obtainedr ov
extended periods that approach actual module lifeThrough the same rules for constructing a traditi@ontrol
Furthermore, available field failure data is spaesed chart, but taking into account the assumptions made
collected under uncontrolled conditions. For exampl previously and the new variable control limits, @an build
automotive products must operate satisfactorily ennd the “Reliable Control Chart”.
stressful  environmental  conditions.  Environmentallt appears, qualitatively as reported in Figure 3.
exposures include large temperature changes, ecansta

v

Fig. 2. Reliability Curve

vibration, long dwells at high temperatures andosxpe to
contaminants (e.g. automotive fluids, salt sprayc.)e
Substantial environmental exposure variability

automotive modules creates a distribution of deafiad
patterns. For example, automotive electronics ofiats are
now located in the passenger compartment, firewat
mounted on or integrated within the engine/transiois
system. Throughout these different locations, ndiffgrent
temperature ranges exist, with no set standardefmrh
environment. This problem is compounded by the fhat

vehicles containing these modules are located imyma
different areas of the world with varying ambient

environments. In addition, driving patterns (e.gmenercial
fleet service versus recreation, highway versug, @tc.)
contribute to the variable environmental exposubme
solution to this problem is to study degradatiottgyas in a
large sample of deployed assemblies returned faomdam
field locations and compare the observed degrauatith a
failure threshold. The failure threshold is eststiid from
the behaviour of a performance variable with a fotadle
response obtained from accelerated laboratoryntgsiihe
minimum value of any predictable performance vdeab
could be used as a basis for lifetime prediction.

Since the failure rate will be known, also will keown the
reliability function R(t), which decreases exporiaify with
time, taking the trend of Figure 2.

Based on the assumptions taken into account the @ha
amended presenting control variable limits, no nase: &
(stationary), but in the form + (3K+ k's), where

k =f[R ()] and k '= Increase of tolerance.

In fact, it was taken in modelling system an insgeaf
tolerance equal tos3of the further quantity &'

Particularly, for a failure rate constantve have:

R)=e®  =e™ (1)

in

Useful life

+Kotk'a

+3a

Fig. 3. Reliable Control Chart

The highlighted area in the figure 3 shows a sibmabut of
control recognized by the “Reliable Control Charigt by
the traditional control chart. Once the functionreliability
is known, then, through this chart is possible takenthe
control more severe (control limits characterizgdabminor
amplitude) where we expect a decrease of perforezant
the product (or system) monitored, and a more btamdrol
where the theoretical performances are scheduletheto
certified on high values. So the operative workditions of
a product or of a system are related to the prégatures.
Indeed, in the initial phase of monitoring, it isgsible to
detect out of control only through the traditionhbrt, while
the out of control point is seen in control frone tReliable
Chart. And it's normal because, the reliable chart
characterized initially by bland limits, as a coasence of a
cost-benefit analysis, in fact in the initial phatte low
probability of having an out of control does nostjty
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corrective actions finalized to restore systemtsonominal
values, while, in the final phase the high prokigbjustifies
a more selective control.

Making control more severe implies an increaseosts
that it's more advantageous avoid to support in eady
phases of lifecycle of the product/process/systemice,
because it is appropriate to make the control bensd the
reliability function, according to it, during higdtime, the
product works by reducing its performances oveetim

3. EXPERIMENTAL RESULTS
APPLICATION FOR A REALCASE
(CONDOR GROUP S. P. A. COMPANY)

Fig. 4. Composite material for the experimentation
Presentation of the group of companies.

Condor Group, with all its companies, under itspary
and leadership of Petrosino’s family, is involved the  The use of reliable control chart starts when thedpct
production of composite materials, scaffolding,niarork,  meets the function for which is demanded. In theneired
machinery and building block. The policy value ti@aand  case, the mission profile of the composite matarsd in
expansion, which in over twenty years of activigsted to  coaches, is to resist the stresses and forcestbviich is
the conclusion of important acquisitions, has adldwhe subject, with a value of surface hardness whiabmadlit to
achievement of leadership in the market in whick thfunction correctly, avoiding cracks and deformasion

companies of the group operate. Control of the surface hardness of composite mageri
Today the group owns seven production plants iy,I8  examined, is measured during operation under certai

branch and a rental centre in France. operating conditions, and covers a period of apprately 3
The group companies control all stages of the poln  years (period of operation).

chain, from shifting coil of steel to the profiliraf the pipe, The surface hardness measures taken relate tobt0 su

the assembly of the product lines completely autethalrhe  groups, each of 50 items, where, to estimate taedsird

production of equipment for transportation and ¢amdion  deviation o of the measurement process, for each section
in the last year has been |ntegrated with a difredsiand there were 3 measures of surface hardness.

synergistic with it: the field events with the prmtion of Each subgroup has been inspected at an intertahef
antlers, stands and audio-lighting towers for spat show. At ~ 3 months or so and the failure rate= 0.000375,
The 2007 was the year of the debut in formworks. which is considered approximately constant in yeits a
) value given from the Quality Assurance sector oé th
Experimental Results. Company taking into account the work cycle averafgthe
We decided to eXperiment with the innOVationitemS, Corresponding to about (8 * 7) 56 hoursvmk'
introduced by the new implementation of the Qualitss Really, the traditional control charts do not taikéo

Function on one of the Brand Group, the Condotherarea zccount such long time for its monitoring, but the

tubes. Condor is highly specialized in processifigsteel  application example proposed aims basically to tstdad
coils (galvanized, pickled, hot rolled and cold)tire tube the evolution over time of the change of contrahifs,
for the production of scaffolding, which in turrkés place pased on the function of product reliability under
in other brands of the group. observation.

For each subgroup examined over time, it is es#éthat

) _ ) the average value in Barcol of measures surfaainkas.
One of the needs in companies producing manufatture Forj=1, 2, ... 10 gives the values reportechiie |

in composite materials is closely linked to meetitg
technical specifications of physical endurance dndr
chemical, depending on the particular product which
industry is intended.

It is evident that, given the deep differences leetw
different products produced, each contract requideful
analysis about the choice of the type of resin ushd
appropriate stratification of laminated compositatenials
and not least by the standards of time to timeireduby the
developer.

For the experimental run ended, reference was ntade
measure of the hardness of surface profiles dedidoe
pleasure craft, as shown in Figure 4.
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Ati = 3 months Average valuesui
Atl 92,4
A2 87,5
At3 87,1
At4 87,7
At 88,9
A6 88,3
At7 88,5
At8 88,5
A9 87
At10 90

Table I. Average value in Barcol of measures surfegeness of
each examined subgroup

The control chart realized will present on the conbf
the abscissa the time sampling of the various sobps,
divided into intervalsAti, and on the axis of ordinate the
average values for each subgroup.

The couple Ati; i) will be represented on chart by a
control point.

It then calculates the average of averagést, = 88.59
Barcol (shown on the chart as a line parallel toahscissa)
and the standard deviation, which is consideredtent,c
=1.53.

Control limits stationary, typical for a traditioneontrol
chart, are given by:

* LCS (Upper Control Limit)utot + 35
¢ LCI (Lower Control Limit):utot - 35
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Fig. 5. Reliable Control Chart for the experimentation

Comparison between traditional control chart and
reliable control chart.

Observing the graph of figure 5, is possible tosider
that:

-1st point: the observation of the traditional cohtchart,
unlike from the reliable control chart, would se¢m be
initially out of control.

The low probability of having an out of control (as
indicated by the reliability function), it showsaththe point
checked on chart is an isolated point and hencedbke of
an intervention to restore the system (in this aasework
of the composite material profile) does not is anmient.
-10th point: the observation of the traditional ithanlike
the reliable one, indicates a situation of contwdigreas the

system is reducing its performance, given the béiig

The limits of control variables introduced in thefunction.

proposed reliable control chart, are based on
implementation of the function as a reliable knosaurce
(on the curve of product life) of their evolutiones time,
taking into account, however, an increase of toleea
employed conveniently in cost-benefit analysis,shswn
before:

LCSv (Upper Control Limit variable)itot + 3Ks + K'c
LClv (Lower Control Limit variable)utot - 3Ko - K'c

For a failure rate of the produdt (t) constant, the
reliability function R (t) takes on an exponentall
decreasing trend, such that K = f [R (t)] #te-

Assume also, depending on the product concerned,
value of K '= 1.

It shows the evolution over time of the averageigalof
the characteristic of quality control on controladh by
introducing the modifications on the model proposed

The reliable control chart, for the experimentakeca
examined, will be constructed as reported in figure

the

4. CONCLUSIONS

In this paper we propose an “adjustment” for the
traditional control chart in terms of capacity todalate the
control limits according to the different level dfliability
that is possible to determine for different phasdsa
monitored process. This opens up the potential g8 u
Shewhart control charts, bringing enormous benéfits
terms of enhancing the cost/benefits ratio of thecess of
restore of the system through corrective actions.

The implementation of this “adjustment” is possible
once are known some reliability parameters of the
n"ﬁ‘easuring.

Numerical results relative to a real application of
superficial hardness measures on composite matesia
reported, regarding manufacturing national company
operating in the automotive sector through fieldadts
taken in differing operating periods and tested.
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