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Can We Adjust Our Way to Quality? Part Two

By trying to do better we can make things worse

Donald J. Wheeler

 Last month we looked at how process-hyphen-control algorithms work
with a process that was subject to occasional upsets.  This column will
consider how they work with a well-behaved process.

Last month we saw that process adjustments can reduce variation when
they are reacting to real changes in the process.  To be clear, I know that
process control technology is everywhere and it allows us to do things we
could not otherwise do.  To borrow from page 326 of my Advanced Topics
in SPC, among other things, process-control technology allows us to:

1.  operate processes safely,
2.  maintain process characteristics near a set point,
3.  improve process dynamics,
4.  reduce the effect of disturbances which cannot be economically

removed, and
5.  accomplish complex control strategies.
As an example of the last item, when I was working with IBM at NASA I

was told that the space shuttle could not be manually returned from orbit.
The sequence of actions needed for the de-orbit burn were too complex for
manual control, and had to be automated.  So from the thermostat on the
wall to outer space, process controllers are everywhere around us.  They
have been thoroughly proven to work.

The purpose of these articles is not to belittle process controllers, but to
bring to light some aspects and consequences of process adjustment
approaches that have not been well understood.  Since the principles
behind the examples given here are mathematical imperatives, an
understanding of the limitations of process adjustment can make your
efforts more successful.

We shall start with the data shown in Figure 1 and tabled in Figure 8.
The X-chart shows no evidence of unpredictable operation for this process.
The average is 10.11 and the standard deviation statistic is 1.79.  The specs
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are 6.5 to 13.5, and 4.5% of these 200 values fall outside these specs.
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Figure 1:  Line Three Data

The question here is whether we can improve on this fraction
nonconforming by using some adjustment scheme.  To  answer this
question I used four P-controllers  with dead-bands of different widths.
(For a review of the formulas for PID controllers see part one.  Our three P-
controllers will use PID weights of a = 1.0, b = 0, and c = 0.)

NATURAL  PROCESS  LIMIT  DEAD-BAND

The natural process limits in Figure 1 are 4.8 to 15.4.  Since the values are
recorded to the nearest whole number, a dead-band of

10 ± 5.5   =  4.5  to  15.5
will be equivalent to the natural process limits.  Here our P-controller will
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make an adjustment only when a point goes outside the dead-band.
Otherwise it makes no adjustments to the process aim.
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Figure 2:  P-controler with Natural Process Limit Dead Band

Since this process was already operating on-target with minimum
variance, no adjustments were needed and none were made by this
controller.  So the fraction nonconforming remained unchanged at 4.5%.
Had an upset occurred, the controller would have made an adjustment.

(It is important to note that natural process limits must be based on a
within-subgroup measure of variation rather than a global standard
deviation statistic.  For individual values this requires the use of successive
differences known as moving ranges rather than the common standard
deviation statistic.  While there is little difference when a process is
operated predictably, there is a large difference between these two
measures of dispersion when a process is operated unpredictably.)

SPECIFICATION  LIMIT  DEAD-BAND

Would a ìzero-defectsî P-controller do any better than the P-controller
above? Here our P-controller will make an adjustment equal to the
difference between the  target and the observed value every time the
observed value is outside the specifications (i.e., either smaller than 6.5 or
greater than 13.5).  The result is shown in Figure 3.
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Figure 3:  P-controller with Specification Limit Dead Band

By trying to do better we have increased the fraction nonconforming
from 4.5% to 21%.  What will your boss say when you tell him your ìzero-
defectî process-hyphen-controller has achieved a four-fold increase in the
fraction nonconforming?

The 42 adjustments here were all unnecessary, and every unnecessary
adjustment will inevitably increase the variation.  Probability theory tells
us that making unnecessary adjustments will roughly double the process
variance.  And when we double the process variance we increase the
standard deviation by 41% Here the standard deviation statistic increased
by 59%.

Control theory often assumes that it costs nothing to make an
adjustment, but here we see that there is no such thing as a zero-cost
adjustment.  Every adjustment adds variation to the product stream, and
increased variation always increases costs.  The trick is to make
adjustments that remove more variation than they create.  Here there was
no need for any adjustment.  the process was already operating on target
with minimum variance, and the mistakes started with the first adjustment.

In this example the process standard deviation statistic in Figure 1 is
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1.79, so the ±3.5 dead-band of this controller is essentially a two-sigma
dead-band.  The next controller will use a tighter dead-band.

A  ONE SIGMA  DEAD-BAND

What will happen if we are more aggressive about keeping the process
on-target and tighten up the dead-band?  To  find out we use a dead-band
of

10  ±  1.5  =  8.5  to  11.5

Here our P-controller will make an adjustment equal to the difference
between the observed value and the target value every time the observed
result is smaller than 8.5 or greater than 11.5.  The result is shown in Figure
4.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 250-1-2

P-controller with
Dead Band 8.5 to 11.5
108 Adjustments
Average = 10.00
Std. Dev. Stat. = 2.50
14% Nonconforming
Pp = 0.47

10 30 50 70 90 110 130 150 170 190

5

10

15

20

25

0
Dead Band shown in Yellow

Figure 4:  P-controller with a One-Sigma Dead Band

Here our P-controller with a one-sigma dead-band makes 108
adjustments and turns a process with 4.5% nonconforming into one with
14% nonconforming.  This controller did slightly better than the zero-defect
controller above because some of these 108 adjustments were actually
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needed to compensate for erroneous adjustments made earlier  In fact we
can see this controller oscillating in Figure 4 as it often overcompensates
following large or small values.

A  STRAIGHT  P-CONTROLLER

 If we drop the dead-band and pretend that all the values should be
found at the target, then we will treat every deviation from the target as a
signal that the process is off-target.  Here our P-controller will adjust
whenever the observed value is not equal to 10.  The results of using this
straight P-controller with our data is shown in Figure 5.
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Figure 5:  A Straight P-controller with No Dead Band

This P-controller oscillates even more than the others.  It adjusted the
process 174 times and created 13% nonconforming productóthree times as
much nonconforming product as found in Figure 1.  The standard
deviation statistic in Figure 5 is 40% larger than that of Figure 1 (what the
laws of probability theory predict).  Any way you look at it, needless
adjustments always increase variation and reduce quality.
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TWO  TYPES  OF  ACTION

Specifications are the voice of the customer.  They are intended for
taking action on the productóto sort  the conforming product from the
nonconforming product at the end of the line.

Natural process limits are the voice of the process.  They were created
for taking action on the process. Whether we are seeking to keep the
process on target, or are looking for assignable causes of exceptional
variation in order to improve the process, our actions on the process will
need to be based on the voice of the process.

While we want the voice of the process to line up with the voice of the
customer, the first step in doing this is to understand the difference.  When
we confuse action on the product with action on the process, when we fail
to distinguish the voice of the customer from the voice of the process, we
can make things worse.  And one way we confuse these two different
actions is by using specification limits to take action on the process.

SUMMARY

If you are simply concerned with keeping a process on-target you need
to use a controller with a dead-band that is at least as wide as the natural
process limits. While a process behavior chart is the simplest such device.,
process behavior charts were created to do so much more than maintain the
status quo.  They offer the quickest way to get any process to operate up to
its full potential.

But for those interested in process-hyphen-control, it is important to
understand that there is no advantage to  using dead-bands tighter than the
natural process limits.  They will not “squeeze the process.”
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Figure 6:  Effect of P-controllers on Well-Behaved Process

With a well-behaved process dead-bands tighter than the natural
process limits will always increase the variation in the product stream.
This increased variation will increase costs and reduce quality.  Here they
increased the fraction nonconforming by three-fold to four fold
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Figure 7:  Effect of P-controllers on Unpredictable Process

With a poorly behaved process, such as the example data set used last
month, a process-hyphen-controller may reduce the variation in the
product stream.  The four P-controllers defined above, when used with the
example data set from last monthís column, cut the original 48%
nonconforming roughly in half.  The four P-controllers reduced the
standard deviation of the product stream from 5.3 to about 3.5, but in spite
of making between 22 and 177 adjustments, none of these controllers
managed to reduce the standard deviation down to the 1.79 of Figure 1.
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So, regardless of how well-behaved or poorly behaved your process
may be, there is no advantage whatsoever to using a process-hyphen-
controller with a dead-band that is narrower than the width of the natural
process limits.

World-class quality is defined as operating on-target with minimum
variance.  And the only way to operate a process up to its full potential is to
use a process behavior chart to identify the assignable causes of exceptional
variation and then to take action to remove their effects from the process.
With an unpredictable process we might be able to reduce the variation by
using an adjustment scheme, but adjustments cannot take you all the way
to minimum variance.


