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ESTIMATING POTENTIAL CAPABILITY OF AN UNSTABLE PROCESS

Donald 5. Holmes, Stochos Inc. 14 N, College Steet, Schenectady, N.Y. 12305
(518) 372-5426, dsholmesiistochos.com

ABSTRACT

In this paper we describe scveral methods for providing a
benchmark estimate of the poteatial width capability of a
process when the process becomes stable in the statstical
process control (SPC) semse of the word We define
“process capability™ as the ability of the process 1o
continually meet customer requirements which are
expressed in terms of product specificanons.  Product
specificanons are generally concerned with both the center
and the width of the various characteristics of the process
output. The term “capability™ is approprate for process
vanables which are judged 10 be " control™ in the SPC
sense. Should the process nmot be i control, the term
“process capability” (Cp) should be replaced by “process
performance” (Pp); and the ratio calculations should be
based on the capability standard deviation and the
performance standard deviation respectively. This point is
often overlooked in reporting of quality indices. This paper
describes several methods for evaluating the capability
standard deviation which do not require the use of control
chars. A numernical example 15 given.

DISCUSSION

SPC is a key component of the total quality philosophy in
the sense that it 15 process-oriented, preventive, and helps
wdennfy types of vanaton i 2 process. SPC, nself, has
several components, such as describing the current process
performance (c.g, wusing some descriplive statistcs);
moniionng Lhe process over nme {e.g., using proper control
chans); and assessing the capability of the process {(e.g.
using capability estimates such as capability indices). For
more deil on SPC, sce, for example, Monigomery [5],
Duncan [1] and Grant and Leavenworth [2].

In this paper we will deal with the third component of SPC
mentioned above, 1c., estimating the capability of a process
A capable process is one that is narrow enough to allow the
production of all parts (1e.. process ouiput) within the
specification limits and is centered on the process nominal
(target). The process may be nammow emough (i.e., small
vananon) but may not be centered properly which might
cause some outputs to fall outside the specification limits.
This paper deals with the first issue: the width of the
distribunion. We propose several methods for determining
the potential capability of a process should the state of
statistical control be accomplished, The smaller of these
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two estimates could then be used as a benchmark for
process improvemnents that may be achieved by reducing the
process varianon

The method that we propose mvelves cakulanng two
additional process vanance esumates in additon 10 the §
regular variance esumate. The two additional (capabihiy}
cshimaies are:

. Vamance estimate using the mean square
successive differences (MSSD)

2  Vanance estimate using the occurrence of “runs” in
the data.

The smaller of the two estimates, as mentioned sboves
would be picked as the variance that the process could have—
if some of the non-random patterns that exist in the process
were eliminated. Therefore this varance estimate can be
used to determine the potential width capability of the 8
process. The smaller variance becomes a benchmark for the 2
process and then management can take the proper measures
to achieve it. It should be noted that an F test of thel
significance of the ratios of the regular vanance estimate
and the ones mentioned above would also signal whether or
not the process is i fact stable with respect to the center.

The usual process vaniance estimator for o’ prrfurrmm}_-
15 given as ’
T (X, -X):

4 j=] F

I - e (1) &

n-1

where X, are the individual observations from the processy

Xis the estimate for the process average and n = o
number of observations

As one can see, the usual vanance esumator does not taksl
into account the time order of the dam.  Therefore, if there
are movements in the process average over ume, such e
trends; cycles, eic., those are reflected in this estimate and g
return the variance becomes large. In other words thiss
estimate represents the total vanation that exists in they
process.



| Variance esnmate through mearn square successive

differences (MSSD)

The MSSD 15 delined as

A=} -
MSSD = TIX., =X, ) (2)

(a-1)

{See, for example, Neumann, ct al. [6], Hald [3] and Holmes
and Mergen [4]). Using these differences an unbiased
estimate for the process variance is given by Hald [3] as

3 T 2
= X=X 3
Heng ¥

q

The vanance estimated through MSSD, q°, as defined
= above, looks only at the successive differences (by taking
mio account the nme order of the data) and represents the
varation that a process could display if some of the non-
random elememts, such as ftrends, cycles, ete, were
eliminated. The g and the usual variance estimator would
be different if there are such non-random patterns in the
process; otherwise they will be very close 1o each other,
implying that the process displays only random (ic.
COMmImOn} Causss t}lf varnaion

2 Variance estimate by looking af the “runs " in the process:

Another method to estimate the process vanance is to take
into account the “runs” that may exist in some processes.
The run is delined as successive points above or below the
median. For example, assume that the median is § and we
have the following time ordered sample data from the
process

5.5 335 4.6 43 57 6.1

In this sample there are three runs; which are {5.5), (3.5, 4.5,
43) and (5.7,6.1)

Far the purposes of this paper, we define “significant” runs

as those with nine or more successive points on the same

side of the median. We then calculate a variance estimate in

each run and get a pooled estmate of the process variance

as given below

_(n,=Ds] (0, =1)s; =..+(n, -1s; &
(n, =1)+(n,=1)+..+(n, =1)

L

where §° 's are the variance in each run as defined above

and n; are the size of each run (i.e., nine or more) and k is
the number of runs

Thiss_, 15 another variance estimator which takes into

account the tume order of the process data. It represents what
the process vanation would be if the runs, as defined above,
were chminated. This estimator could also be compared

with the usual variance estimator and tested for significant
difference.

Tao determine the potential capability of an unstable process
the smaller of these two variance estimators is picked and
standard deviation is determined by taking the square root of
the corresponding variance. (Roes, et al. [7] suggested a
munor correction factor m estimating the standard deviation
when MSSD approach is used. This facior disappears as the
sample size gets bipper) The smallest standard deviation
estimate could then be used in, for example, the C,
calculation to see what the potential capability of the
process is. The G index is defined as

_USL-LSL

C
’ G

(3)

where USL and LSL are the upper specification limmt and
lower specification limit, respectively, and ¢ is the process
standard deviation estimated by using the vanance estimator
described in either equation 3 or 4.

This potential capability estimate of the process can be
compared to the current capability estumate (which uses the
regular variance estimator defined in equation 1), and the
proper projects can then be designed by the management 1o
achieve the potential capability.

EXAMPLE

The example time series data is from a glue factory on the
viscosity for the glue. There are 310 data points (the data
set is available from the authors upon request). The
specifications for glue viscosity are sct as 9.4 = 1 centipoise
{centipoise is the unit of measure for viscosity). Control
charts (X-bar and R) for the data indicated that the process
average is not stable. The descriptive statistics for the data
is given below,

Mean: 9.1348
Std, dev. (regular): 0.6078
Std. dev. (MSSD): 0.2308
Std. dev. (ran): 0.3251

As it is seen, MSSD standard deviation is the smallest,
which indicates the potentis] capability variance of the
process, if non-random vanations are eliminated.

When the Cp index is caleulated using the regular and
MSSD standard deviations, respectfully, we get the
following results:

_ 10.4-84 _
6(0.6078)
and
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104-84

= =1.4443
6(0.2308)

Cp

The current capability, i.¢., the performance, of the process
is only 0.5484, which indicates that the process is not fully
satisfying the specification limits. However, Cp value of
1.4443 indicates that the capability of this process could be
raised up to 1.4443, if the non-random elements which make
the process average unstable, were eliminated.

=i,

CONCLUSION

In this paper we proposed 2 method to estimate the potential
capability of an unstable process. This estimate can bea
valuable benchmark for the manapement in order to select
the right process improvement projects and set more rational
goals for these projects.
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