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THE FIRST ANALYSIS

For many processes, you can form rational subgroups by
sampling multiple observations that are close together in time
and produced under similar conditions. The engineers at the
turbine manufacturing facility used this principle to form their
subgroups. Since each load produces four blades made at the
same time by the same operator with the same tooling, the
engineers chose to use each load of four blades as the rational
subgroup, or a subgroup size of four. Data were collected and
entered into Minitab Statistical Software (see Fig. 2).

Figure 2. The chord length measurements are recorded by spindle per load.

The engineers then created an Xbar-R chart to monitor
the process stability where each subgroup (or row of data)
included the four blades from the same load produced by
the four-spindle tracing mill. The Xbar-R chart (see Fig.

3) showed an extremely stable process where all points fell
within the control limits and no other tests for special causes
failed. The process appeared to be in statistical control.

Figure 3. The Xbar-R chart shows that the process is stable.

A new Black Belt observing the result commented that
perhaps the engineers’ choice for the rational subgroups was
invalid. She said her Master Black Belt emphasized that, by
design, a rational subgroup must contain only common cause
variation, and should not contain special or assignable cause
variation. An assignable cause is generally indicated if you
can “assign a name” to a feature that is different for the
samples within a subgroup. In this case, she pointed out,
there were different features for each of the four samples
within a subgroup, namely the spindle on which each blade
was produced. Spindle 1 may be different from Spindle 2,

Spindle 3, or Spindle 4, thereby possibly introducing
an assignable cause of variation.

THE SECOND ANALYSIS

She recommended that the engineers use separate control
charts for each spindle rather than using subgroups across
spindles by load. Since the volume of blades was low, with
one part per spindle every four hours, and the tooling
was changed at the start of each new load, the engineers
recognized that there were no logical subgroups. They
decided to use a subgroup size of one and create separate
I-MR charts for each spindle. The results showed that
Spindles 1, 2, and 3 were all stable, while Spindle 4 was
clearly out of control (see Fig. 4).

Figure 4. Creating separate control charts for each spindle reveals a problem
with Spindle 4.

Why did the first Xbar-R chart show that the process
was in control, while the second analysis revealed an issue
with Spindle 4? The variation introduced to each subgroup
by Spindle 4 increased the within-subgroup variation, and
therefore the control limits on both the Xbar and R charts
were falsely inflated. The widened control limits that resulted
from the improper subgroup assignment eftectively hid
the problem with Spindle 4, and it would have remained
undetected had a second analysis not been suggested.

This case study clearly demonstrates why rational
subgroups should only contain common cause variation.

If special cause variation is mistakenly introduced into the
subgroups, processes can appear to be stable even when

they are not. In this case, the engineers detected why the
blades were defective only when the rational subgroups were
properly chosen.

The control chart is one of the most important tools in

an SPC toolkit. Used properly, these charts help us separate
natural variation in a process from unusual variation that we
need to pay attention to. However, control charts are only as
good as the data that are used to create them. 0(
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