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ISTRACT

An advanced process state lesting technique is described. It combines the Neyman - Person Approach to
tistical Analysis and the Taguchi Loss Function Approach to Quality Assessment. The technique results in
nificant reduction of the risk of adjustment errors compared with conventional (Shewhart charts) method A4
fiware module supporting the suggested technigue is available as, an option, considerably increasing the efficiency
the automated process control by feedback adjustment.

INTRODUCTION

There are many quality improvement tools, used in manufacturing practice. All these tools, except the control
art, represent the so-called 'static’ instruments, i.e. they do not yield information in real time. Therefore, 'the tool
>st generally recommended 1o controlling the quality during the course of their actual manufacturing is the control
art' - Feigenbaum (1983). '

The chart suggested by W. Shewhart (1931) involves charting results of repeated sampling on a vertical scale
ainst the sample number, plotted horizontally. The sample statistic may be: = '
werage, median, range, standard deviation, etc., if a process is judged by variables,
sumber of defectives, proportion of defectives, number of defects, etc., if a process is judged by attributes.

The statistic values should cluster about a central line, which represents either a specified standard or the statistic
ng-lerm average of the process. The upper and lower chart limits (UCL and- LCL, respectively) represent the
wndaries of typical stalistic variation (so-called 'inherent variability’) due to random’ fluctuations, which are
evitable and allowable. If during the course of production a statistic value from one of the samples is recorded
itside the limits, it would be concluded that a change in the process had occurred and it would immediately be
vestigated to delerminc a cause of the change. In this way many poor production practices have been corrected
sfore the production of large number of defective units. A typical control chart is shown in Fig. 1.
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ROCESS ASSESSMENT BY VARIABLES

Statisticat Bchavior

Variables control charts, i.c. so-called ‘classical Shewhart charts’, solve the problem of process lesting by
yratc asscssment of the measures of central tendency and spread. Common practice implics setting up the chart
averages (x) and the chart bascd on cither the sample range (R) or the sample standard deviation (s). TL.=
nique is equivalent to construction of a rectangular control region (Shewhart Rectangle} on a two-dimensional
»h formied by superimposing the charts. This Rectangle represents boundary of Shewhart control region and is
i for testing the Dual Null-Hypothesis concerning the process stability:

Hy: o =0y and g =

HpoFog,or p# iy
e o and p represent process spread and central tendency estimated by the sample statistics; o, and j, are
aclerized by the chart centerlines. For all sample points (x; s) falling within the Rectangle the process is
sidered o be in as state of control, otherwise it is in "out-of-control' state in terms of process mean or variability
1 2).
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Figurc 2. Shewhart Decision Making Method

In contrast to the Shewhart decision making method this work is based on the Neyman-Pearson (1928) approach
process testing discussed in their paper preceeding the famous Shewhart' (1931} publication. Neyman and Person
ywed that for the case of simultaneously controlled process mean and variability the conirol region has an oval
ipe and represents the results of cutting the joint sampling distribution by a horizontal plane at the height
tresponding to the given significance level. Fig.3 presents the Shewhart Rectangle and the oval as well as the
ults of sampling (set of 25,000 samples, n=5) from a process with normal random variation N {0;1}. One can see
W the oval much better fits the shape of the scatter diapram, so the Rectangle represents the rather rough
proximation of the true control region.

The oval-shaped control region inevitably leads to rejection of the conception of conslant control limits on control
arts. Choosing the sample standard deviation as a basis for follow-up analysis, one can set up the chart



s depending on Lhe s-vaiue, UDVIOUSY, L8 GCpRinstuiny vveivopanes i .
mics reflect the standard deviation fluctuations. The intercsted reader can
d and Grabov (1995)) presented at the

averages with vadablc control iimil

ation of the oval and the limits dyna
| the detailed descriplion of the method theory in our paper (see Bluvban

h ASQC Annual Qualily Congress.

AVERAGE

STANDARD DEVIATION

Fipure 3. X-5 Graph presenting the Results of Monte-Carfo simulation:

I - shewhart Rectangle, 7 - 3 - over, sampling Data

2 Current Quality livaluation

Stability cvaluation is intcresting for manufacturet, whereas what counts for the customers is whether the process
sality is stable. Therefore, completc continuous process analysis include a feature for on-line quality monitoring,
or curenl quality evaluation we proposed a loss estimator (LE-statistic) closely resembling the Taguchi Expected
oss for a normally distributed product characleristic. On the assumption that samples of size n are drawn from a

ormal universe with parameters p and o, the LE-statistic is given by

R | ~2 on —
LE, = ‘5??; (xp-1)% c’*[mn (8)% + (Z %]

vhere x; denotes the j-th reading of the i-th sample,

..E o _...__E._ '- 5' = _..S_ - 1

o o] n-2
{-lg-unit variation and process deterioration (wear-out, shift, ctc.).
is that the former characterizes the on
The latter characterizes the off-line

Thus the LE-statistic value depends on both uni
The main difference between the LE-estimator and the Expected Loss,
Jine quality activity and uscs the sample statistic for current loss evaluation.
quality activity and is associated with the loss computed via the population parameters.



The control limit for the LE-statistic can be established from the extreme loss under Process rancom Stauisuva
schavior. Comparison of the losses duc to inhcrent process variability shows that the extreme loss value corresponds

o the right veriex of the oval with the coordinales Z =0ands,.
Thus the Yoss control region’ on the x-s graph is bounded by the iso-loss semiellipse given by

n-2 (g4 (52 < 222 @) @
n I

ind shown in Fig. 4 From Eg. (2) onc can easily get the expression for the quality contro! limits on the x-chart as
, function of the sample standard deviation.
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Figure 4. The Area under X-g5 Graph Subdivided by the B - Oval and the Iso - Loss Semieilipse
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3. COMPLETE PROCESS ANALYSIS

Combining two couples of variability limits (for stability testing and for quality assessment) on the same chart
of averages one can set up a pooled chart intended for complete process analysis. Since the semiellipse contains the
oval touching it only at the right vertex, the couple of quality control limits will be outer in refation to the inner
couple of stability limits for all sample standard deviation values smaller than the right vertex of the oval. The pooled
chart represents a lool for simuitancous visualization of the process central tendency (x-piot) and spread (control

limits) variation.
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SUMMARY

Despile the fact thal cuslomer requircments are he drving foree in today's world, the standard charting lechniq
is oricnicd only to the cvaluation of process statistical behavier over time, This problem has significance for t

producer, and not to the customer, who is interesled only in the fact that the product quality is slablc.

The proposed advanced fechnique presents a new tool (pooled chart) for Quality - Orienled SPC. Extending t
Taguchi Approach aclivity lor on-line quality control, the approach claims that it is unprofitablc 10 adjust a proce
characlerized qualily loss which docs nol exceed the extreme limit under random statislical behavior (due to proct
inhcrent variability). ‘Thc proposcd qualily-oricated pooled chard represents a graphical mean for delecting variati
from the quality to be expected in a continvous production line and indicate when a process should be examined
trouble. Actually, the chart is inlended for performing the test of the hypothesis thal subscquently produced ite

have cssentially the same Quality Characleristics as previously produced ones.



Both sciting up and analysis of the pooled chart could be simpiiied Dy 1$ nOMALZalon, i.C. 0F provtius
clding a standardized chart with zero centerline, the constant  {+1) outer control limits (for quality
sessment) and the variable inner ones (for stability testing). The plotting normalized statistic is given by:

riemz D 2y SR (E-X)
zo= s -2 E07 — o ®

The suggested technique allows also to perform correct diagnostics of the assignable causes of the process ‘out-
~control' state. The Shewhart concept of subdivision of the area under the x-5 graph into 9 different zones
hewhart Rectangle and 8 ‘out-of control' zones - see Fig. 2) is logical and is accepted for our approach as well.
1t compared with the Rectangle the zone boundaries represent the.curves of the gradients perpendicular to the oval
ntour of the control region (see Fig. 5) The gradient equations represent the line of the "steepest descent” to the
ntrol region and should be used for optimization of the feedback controllers used for automated process control

conjunction with the control charts.
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Figure 5. Desision Mapping In the Oval Control Region

The proposed. technique is somewhat more complex than the Shewhart charts. However, with the advance of
utomated data collection and computerized data analysis the complexity factor is rather insignificant. The end user
eed not be overwhelmed by any charting mathematics, as a suitable program performs the statistical calculations
nd displays the control chart on a monitor. Some screens of the program supporting the suggested approach are
hown in Fig. 6. The program is intended for current process control by collecting data, their treatment and analysis
s well as for reporting information. The programs also generates signals for controllers maintaining product

toperties at their target values.

. CASE STUDY

the viscosity of the first 25 samples of six was measured during the stait-up phase of a new chemical process.
“he samples were used to set up the Shewhart x- and s-charts as well as the standardized pooled chart shown in Fig.
. Comparative analysis of the conventional and proposed approaches leads to a conclusion, that the process
nanagement according to the Shewhart charts leads to some adjustment
srrors: overadjustment - 3 points, underadjustment - 1 point.



