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Summary

Process management ensures quality and reliability assurance and improvement goals achieved
by technical means and organizational activities — by condition monitoring. Success consists of
series of activities including the assessment of the past and current track of the process, forecast
of its possible run in the future, prediction of expected undesirable future changes and
identification of the causes of such changes.

A comprehensive information for powerful performance management can be obtained through
regular measurement of the main parameters of the process.

Process and measurement management is based on applications of random function theory, of
the-state-of-the-practice stochastical process theory for sample function analysis of process
parameters an measurement characteristics.

Parameter Potential

Statistical process control (SPC) specifies the process potential for the stable zero-mean normal
parameter as
USL - LSL

6488 o (1)
For the three-sigma process with standard deviation s, specification limits are fixed as USL =
+3s and LSL = —3s. Then, USL — LSL = 65 and C, = 1. For a six-sigma process, the lower
standard deviation s; = 0.5s must be achieved. Then, USL — LSL = 125, and C, = 1251/6s, = 2.
In sample function analysis [1] for the random sample function @¢t) with specification limits
USL = a and LSL = u and target value ¢, the parameter potential is
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For a normal sample function with p = 0.9973, the parameter potential
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can be assumed to be a real-time function ‘C,(#), the expected value of which can be determined
using standard deviation estimates. The parameter potential 'C,() correctly characterizes the
performance of zero-mean processes.

Parameter Capability

Process capability evaluates the parameter's ability to keep its actual values within specification
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Within sample function analysis for the parameter @ ¢(t) and given &y, a, and u, the parameter's
capability is
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According to the definition, capability * Cpi(t) cannot always be written as a continuous function
of parameter characteristics ‘m(z) and 'ofz).

Process Capability Evaluation

Statistical process control for quantifying the performance of a process uses both C, and Cy as a
common indicator. That provides difficulties in the adjustment of the parameter, because for
nonstable processes, C, and C, are unitless functions of parameter characteristics and
specifications.

Sample function analysis [1] for quantifying the performance of a process defines parameter
efficiency indices as correct functions of parameter characteristics and specifications, which, at
the same time, also are functionally well founded for each piece of equipment (process, product
sequence).

Parameter Efficiency

Efficiency characteristics determine the quality of performance. Within random function
crossing theory, it is more convenient to determine characteristics of the opposite concept —
inefficiency. It is carried out by estimating characteristics and functionals of curve crossings by a
wide class of stationary and related random functions, such as time to crossings, number of
crossings, intervals between crossings, duration, and area of excursions. (Fig. 1.)

Efficiency indices are probability and rate of crossings, mean number of crossings, mean time
between them, and mean duration of excursions. These indices correspond to the traditional
process estimates: probability of defect, fraction of defectives, and average of defectives.
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Figure 1. Sample function, components, and crossings.
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In production processes, the possible values of a parameter are limited by specification limits:
upper (a) and lower (#). Excursions above a and under u characterize the number of defectives
turned out by the process with parameter @ £(t). The proportion of the time in which @ ¢(t) breaks
the limits a and u is equal to the fraction of defectives. SPC traditional p, np, ¢, and u charts
illustrate the estimated characteristics of defectives. Because defectives are rare in high-quality
production, statistically plausible estimates are obtained in a long time period.

Sample function analysis estimates expected characteristics of defectives on the basis of the
crossing theory and using probability characteristics of a sample function mé’(t). They can be
determined in a real-time approach, using all results of parameter measurements. This
information is much more complete than that acquired by the use of the registered number of
defectives.

Expected Indices

The fraction of defects for a parameter (Fig.2) characterized by a normal random sample
function “¢(t) with the mean V(1) = 'Q + 'ht and '?(1) = ‘o (1) + 'dt is

fp—(,): 1_®ﬂ& +q>ﬂ£@ (6)
‘o(t) ‘o(t)

where @[ ] is a standard normal distribution function.
The ‘p () plot is statistically a better alternative for the p chart. Its image can be obtained in real
time.
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Figure 2. Parameter efficiency for product sequence.

The average of defects

b(te="p(t)e (7
determines the expected number of defects in the time interval [¢, #+®] that is, in the batch of
product manufactured during this period of time.

If the portion of a curve (i)Ck(t’) characterizes fluctuations of the process parameter during the
interval t, < t’ < t; + @ (Fig. 3), when the kth product is manufactured, the ib,: (t) plot is the
alternative for the ¢ chart.
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Figure 3. Parameter efficiency for product in a batch.
The average of defects
e (@)
AOEDY = (8)

determines the mean number of defects for one product in a batch K. The ‘b7(2) is the alternative
for the u chart.

The rate of defectives A

P (t)=1-exp[-O'U1)] )
characterizes the fraction of defectives in a product sequence 1, ..., K if the portion of a curve
'¢i(1’) characterizes fluctuations of the process parameter during the time interval #, <t < 1 + @
when the product is manufactured.

The rate of excursion above a and below u is

‘U1) =) + Tu(t)
a-' m, (t)j

() = [ 5O ) e
V“(t)_(2p JCXP[ 2'5%(1)

where is(t) = io*,(t) / io(t), iof (¢) is the variance of the first derivative of (i)é’(t) and im,(t) is
obtained similarly.

The efficiency evaluation can be done according to expressions (6)-(11) if a random sample
function ’¢{t) is a function with local stationarity. Different types of expected indices can be
estimated by the means of computer-based information technology also for many different
nonstationary parameters when expected indices are described with much more accuracy but, at
the same time, using more complicated expressions.

(10)
(1D

Parametrical Reliability

When the parametrical method is used, reliability is evaluated as a system ability to ensure
performance within the given requirements. It is defined as conformance of the system's main
parameters to the stated norms; that is, as ability to ensure the following:

e  Values of the main parameters are within the stated bounds.

e Accuracy (precision) indices stay within the given bounds.

e Efficiency indices conform to the stated requirements.
Reliability R(z) for independent failures is evaluated as a multiplication of survival functions
RAt) for all r=1, ..., R main parameters:

Rt)=[]R ® (12)
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[image: image5.jpg]Reliability for each main parameter is evaluated according to the failure model of the system
analyzed.

Failure Models

There are two groups of failure models describing the nature of a failure:

e Accidental failures appear when exposed to some external factors the actual value of
the main parameter exceeds the critical value (Fig.4). This type of failure does not
depend on the time ¢ of the system's application and usually has an exponential
distribution of lifetime 7. ‘

e Anticipated failures appear when the system degrades. Changes of the system's
parameters continuously accumulate when exposed to wear, fatigue, plastic
deformations, corrosion, diffusion, and other processes. The failure appears when the
parameter value exceeds the critical bounds (Fig. 5). The lifetime 7 in this case could
have many different distributions.
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Figure 4. Model of accidental failures.
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Figure 5. Model of anticipated failures.

Reliability Evaluation

Parameter reliability is evaluated using random function boundary crossing theory. The lifetime
1 is obtained as a time to the first crossing of a random sample function with the given
specification limits. The survival function R(z) is evaluated according to the features describing
the random function's {(z) parameters, that is, according to its probability distribution and
characteristics.

The estimation and prediction of reliability is carried out on the basis of sample function
measurements until the given time moment. As some features of the sample function (character
of their changes in time) can essentially influence the values of the survival function, analysis of
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[image: image6.jpg]measurements must be carried out very carefully. For instance, in failure models where ¢(7) has
identical mean and variation (Fig.6), the lifetime t usually has the following:

- Diffusion distribution if £() is a random function (D) with independent increments.

- Gaussian distribution if £{(¢) is a random function (S) with asymptotically independent

increments

- Bernshteinian distribution if 4{z) is a random function (B) with linear sample

functions.
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Figure 6. Comparison of failure models.

Quality Monitoring Methodology

Their survival functions as well as their y-percentage
resources T, differ among the models.

Failure models could be created either for each sample
function ¢(t) or for their family £(t) -homogeneous or
nonhomogeneous.

The description of the parameter by a random
compound function makes it possible to make a
probability distribution for time to first crossing for
many different trends and fluctuations. Failure models
could be created also with accuracy and efficiency
indices. In this case, the elemental random function
crossings must be analyzed, which can be done easily
using different conversions of linearization.

The survival function R(?) is obtained as a function of
the parameter probability characteristics. That permits
analysis of how each parameter influences reliability as
well as the evaluation of how the possible
diminishment of parameter trend, fluctuations, and
other factors influences reliability.

For instance, carrying out appropriate design,
production, and application activities, the failure model
with a lower reliability could be changed into the model
with increased reliability (Fig.6), D — § — B. The
effectivity of such activities can be evaluated
comparing resources T, In production and application
it is also possible to carry out retrospective diagnostics
of causes of decreasing the level of the system's
predicted performance and reliability.

Quality monitoring as a real-time system has been developed to perform the following:

e Follow the process behavior and changes in the processes and performance of equipment

e Determine or predict their expected undesirable changes

e Make corrections and regulate performance for quality improvement

Quality monitoring is based on the SFA' feedback information (Fig.7) obtained by analyzing
quality indices of equipment, process, and product sequences [1]. These harmonized indices are
used in traditional and modified quality toolsets to make corrections in production as well as to
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[image: image7.jpg]accumulate experience in design, R&D, and marketing. In close connection with production
monitoring it is also possible to create measurement, reliability, safety, and environmental
compatibility monitoring which are needed for TQM methodology as well.
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Figure 7. Information flow on quality monitoring for quality system. DOE - design of experiments;
DFMEA - design failure mode and effect analysis; PFMEA — process failure mode and effect analysis; QFD —
quality function deployment; QIM — quality improvement methodology; R&D - research and development;
SFA — sample function analysis.

Quality monitoring is based on quantifying the performance by indices of parameter accuracy,
precision, stability, potential, capability, and -efficiency. A more complete performance
estimation and prediction can be carried out on the basis of indices correctly estimated using
parameter probability characteristics and one-dimensional or multidimensional distributions.
Measurement monitoring as a part of quality monitoring is based on the evaluation of accuracy,
precision, and stability indices of measurements. This makes it possible to estimate measurement
repeatability and reproducibility and to provide metrological confirmation of equipment.
Reliability, safety, and environmental monitoring is based on estimation and prediction of
reliability indices. Information about the process or equipment performance is obtained by the
evaluation of the parameter as well as by analyses of accuracy, precision, and efficiency indices
and their evolution in the previous period of time.
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Maczais J., Mikelsons J., Salenieks N. Procesu efektivitate, droSums un monitorings.

Aplitkoti procesu aprakstoSie parametriska droSuma raksturotdji - parametra potencidls, spéjigums, efektivitate, to
evoliicijas iespéjamais raksturs un kjiimju modeli. Dots kvalitates monitoringa metodologijas apraksts un izpétita
informdcijas plismas virziba kvalitates vadibas sistéma, sniegti secindjumi par mérijumu monitoringa lietosanas
ietekmi uz iekartu metrologisko nodroSinajumu.

Mazais J., Mikelsons J., Salenieks N. Process efficiency, reliability and monitoring.

Characteristics of a process parametrical reliability - parameter potential, capability, efficiency, and parameter’s
possible expected evolution and failure models are described. A quality monitoring methodology and directions of
information flow in the quality management system are discussed and conclusions of an impact of measurement
monitoring on metrological assurance of equipment are provided.

Masaiic 4., Muxenconc A., Canenuexc H.. dghghexmusnocme, Hadescnocms u MOHUMOPUHZ NPOYECCO8.
Paccmompenvl xepakmepucmuku napamempuyeckoii HA0EHCHOCMU — ROMEHYUAN, CROCOBHOCMb U ddexmusHocmsb
napamempa, nOKAa3amnbl 6Udbl 603MOJICHOT I60NIOYUL IMUX XAPAKMEPUCIUK U MOORIU UX OMKA3086. Jlano onucanue
MemoOoN02UU MOHUMOPUHSA KAYECMEA U UCCIeO08AHbL HANDABIICHUS. NOMOKA UHGOPMAYUY 8 CUCTEME YRPaBNeHUs
Kauecmeom, Oanvl 0000WeHUA O GNUAHUU NPUMEHEHUs. MOHUMODUHZA USMEPEHULi HA MEempONOZUYEcKoe
obecneuenue 06opyO08anus.
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