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Sample Frequency and Process Behavior Charts

How you sample your process matters

Donald J. Wheeler

The keys to effective process behavior charts are rational sampling and
rational subgrouping. As implied by the word rational, we have to use our
knowledge of the context to collect and organize our data in a way that allows
them to answer the interesting questions. This column will show the role that
sample frequency plays in constructing an effective XmR chart.

One of my clients had an on-line temperature gauge that could be sampled at
different frequencies. The process engineer wanted to use these data to create a
process behavior chart. He began by sampling the temperature once every 128
seconds, resulting in a sample frequency of 28 times per hour. The resulting
XmR chart is shown in Figure 1.

Temperature Samped Every 128 Seconds

Figure 1: Temperature sampled 28 times per hour

This chart shows 50 consecutive readings which span almost two hours of
production. The process is being operated predictably with an average near
19°C. The observed temperatures varied from 16.5° to 21.6° while the natural
process limits range from 14.9° to 22.7°. Thus, unless something changes, these
process temperatures can be expected to vary from 15° to 23° in the future.

Next the process engineer sampled the temperature every 64 seconds. The

resulting XmR chart is shown in Figure 2.

www.spcpress.com/pdf/DJW414.pdf 1 June 2023



Donald |. Wheeler Sample Frequency and Process Behavior Charts

Temperature Samped Every 64 Seconds

< 53 minutes >

Figure 2: Temperature sampled 56 times per hour

These 50 consecutive readings represent about one hour of production. Once
again the chart shows a process that is being operated predictably with an
average near 19°. The observed temperatures vary from 16.2° to 22.3°. The
natural process limits of 15.1° to 23.1° tell the same story as was told by Figure 1.
Unless something changes this process can vary between 15° and 23° while
averaging about 19°.

For his next chart the process engineer sampled the temperatures every 32
seconds.
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Figure 3: Temperature sampled 112 times per hour

Fifty consecutive readings now cover a time span of about 27 minutes. This
chart shows a process that is being operated predictably with an average near
19°. The observed temperatures vary from 16.7° to 20.9°. The natural process
limits of 16.1° to 22.0° are slightly tighter than before, but are still consistent with
the observed values in all three charts above.

Changing the sample frequency to once every 16 seconds resulted in the chart

in Figure 4.
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Temperatre Samped Every 16 Seconds

Figure 4: Temperature sampled 225 times per hour

Now 50 consecutive readings cover about 13 minutes of process operation.
As before, we see a process that is being operated predictably with an average
near 19°. The observed temperatures vary from 16.6° to 22.2°. The natural
process limits are 15.8° to 22.3°.

Up to this point all four XmR charts basically tell the same story even though
the computed values differ slightly. This process was operating predictably with
an average near 19°C while the temperatures varied from lows near 15° or 16° to
highs near 22° or 23°. This is the voice of the process. It is what can be expected
from this process unless or until it is changed in some fundamental way.

Next the process engineer changed the sample frequency to once every 8
seconds. The resulting chart is shown in Figure 5.

Temperature Samped Every 8 Seconds

< 6 minutes 40 sec >

Figure 5: Temperature sampled 450 times per hour

While the process still has an average near 19°, and while the observed
temperatures vary from 16.6° to 21.0° as before, we now find 8 points outside the
computed limits of 17.6° to 20.4°. Having 16% of the points on an X chart beyond
the limits is not what we expect to see from a predictable process.

Continuing on, the sample frequency was set to once every 4 seconds,

resulting in the chart in Figure 6.
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Temperature Samped Every 4 Seconds

Figure 6: Temperature sampled 900 times per hour

Now our 50 data span less than 4 minutes elapsed time. The observed
temperatures varied from 17.5° to 20.8° while averaging about 19°, yet 23 of the
50 values fall outside the computed limits of 18.3° to 19.8°.

So what is happening? The shorter we make our window on the process, the

more unpredictable the process appears to be!

RATIONAL SAMPLING

For an XmR chart the requirements of rational sampling can be expressed in
two statements. First, successive individual values must be logically comparable,
and second, the differences between successive values must logically capture the
routine process variation. The judgment involved in meeting both requirements
is why we talk about rational sampling. It is rational sampling that allows the
chart to reveal both the process potential and the process performance. Without
rational sampling our computations will have no fulcrum and the data will
provide no leverage for gaining insight into the process.

In the examples above we are comparing successive temperatures at one
point over time, so successive values are logically comparable and the first
requirement is satisfied.

With regard to the second requirement we see that the first two charts have
average moving ranges of 1.45° and 1.50°. Both of these charts estimate the voice
of the process to be about 19°+4° The next two charts have average moving
ranges of 1.11° and 1.22° and estimate the voice of the process to be about
19°+3.4°. Thus, the first four charts tell essentially the same story, and intervals
of 16 seconds to 128 seconds between observations are sufficient to let the
successive differences capture the routine variation inherent in this process. The
similarity of these four charts reveals the robustness of the process behavior chart

technique. We do not have to always get everything exactly right to characterize
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the process behavior.

In the last two charts, with intervals of 8 seconds and 4 seconds, the
successive differences fail to capture the routine process variation. There is not
enough time between successive readings. As a result the moving ranges are
constrained, the average moving ranges are deflated, and the limits for the X
charts are too tight to describe the natural process variation.

Thus, when sampling on-line readings for a process behavior chart, a sample
frequency that is too high can result in limits that do not reflect either the process
potential or the process performance. The truncated differences between
successive readings will deflate the average moving range and artificially tighten
the limits for the X-chart. This is one of the two known failure modes where the

computations for an XmR chart will result in an excess number of false alarms.

Sample Frequencies in Times Per Hour
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Limits for X charts for On-Line Temperatures

Figure 7: The Effect of Sample Frequency Upon Limits

The first four sets of limits do a reasonable job of describing the data from all
six charts. The last two sets of limits fail completely.

So how can you avoid this problem? You have to think about your process
and understand how rapidly it changes. In determining an appropriate sample

frequency you might do as the process engineer did here, and try various
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frequencies to see how the story told by the chart changes. As shown by the first
four charts, when the moving ranges capture the process variation, the limits will
effectively stabilize and the charts will begin to tell the same story. But when the
sample frequency is too high the limits will begin to shrink.

UNPREDICTABLE PROCESSES

When sampling on-line readings from an unpredictable process it is possible
to make the process look more predictable with a sample frequency that is too
low. Once again judgment is required. Generally, in between frequencies that
are too low and frequencies that are too high there will be some region where
different sample frequencies will result in similar limits. These will be the
sample frequencies where the charts will describe both the process potential and
the process performance.

TWO TYPES OF ACTION

But what if 15° to 23° is too much variation for the process above? If 19°+4° is
not satisfactory, then this predictable process will need to be changed in some
fundamental way. Distorting things by artificially tightening the limits of the
process behavior chart by increasing the sample frequency will not help.

The objective of a process behavior chart is to characterize the process
behavior so that appropriate actions can be taken as needed and when needed.
And there are two fundamentally different courses of action that can be taken to
reduce variation.

For an unpredictable process the appropriate action is to identify the
assignable causes of exceptional variation so that they can be controlled in the
future. As these assignable causes are found and controlled the process variation
will be substantially reduced.

For a predictable process which still has too much variation, the appropriate
action is to reengineer the process. Seeking non-existent assignable causes will
be a waste of time and effort.

To know which type of action is appropriate you will first need to create a
process behavior chart that reflects both the process potential and the process
performance, and this requires rational sampling.

SPC is a way of thinking with some tools attached. Learn the way of thinking
and the tools come to life.

www.spcpress.com/pdf/DJW414.pdf 6 June 2023



