
The Real Truth Behind Cpk 
and Ppk Capability and 
Potential Process Studies
What is Cpk and Ppk – really? How do you appropriately use these 
statistics to measure and improve your process? What do they really 
mean? These are very good questions. This article will describe how 
to properly estimate the true potential of your process.
By Fred Eberle



T
THE MOST COMMON DEFINITION OF CPK AND PPK IS THIS: CPK IS THE SHORT-TERM CAPA-

BILITY OF A PROCESS, AND PPK IS THE LONG-TERM. THE TRUTH IS THAT THESE STATISTICAL 

INDICES ARE MUCH MORE THAN THAT, AND IT IS IMPORTANT TO UNDERSTAND WHAT PROCESS 

AND CAPABILITY STATISTICS REALLY MEAN. HOWEVER, IN ORDER TO REVEAL THE TRUE STATE 

OF YOUR PROCESS, YOUR DATA HAS TO BE ACCURATELY ASSESSED AND INTERPRETED.

why is A proCess 
CApAbiLity stuDy 
Done? there Are 
three reAsons:
1.  To assess the potential capability 

of a process at a specific point or 
points in time in order to obtain 
values within a specification,

2.  to predict the future potential of a 
process in order to create a value 
within specification with the use 
of meaningful metrics, and

3.  to identify improvement opportuni-
ties in the process by reducing or 
possibly eliminating sources of 
variability.

According to Mark Twain's Own auto-
biography, The Chapters from the 

North American Review, 1906, when 
it comes to statistics, "There are 
three kinds of lies: lies, damned lies, 
and statistics."

Statistics can be powerful tools in 
discerning the truth within a myriad 
of data, and when used and inter-
preted properly, they are invaluable. 
But great danger comes from putting 
confidence into a statistic that was 
not properly applied and interpreted. 
Therefore, what conditions must be 
satisfied to validate Cpk and Ppk 
process statistics?

There are four conditions that 
must be satisfied to make pro-
cess capability and performance 
statistics meaningful metrics: 

1.  The sample must be truly rep-
resentative of the process. This 
includes the 6 M’s: man, machine, 
material, measurements, meth-
ods, and Mother Nature (environ-
mental).

2. The distribution of the quality 
characteristic must be Gaussian, i.e. 
the data can be normally distributed 
in a probability curve. If the data 
does not conform, the question is: 
Can it be normalized? Various analyt-
ical methods are used to potentially 
normalize data or apply a non-para-
metric analysis – these advanced 
techniques will be in explained in a 
future paper.

3.  The process must be in statisti-
cal control. In other words, is it 
stable and its variation generally 
random (common cause)? Note: 
A real-time control chart should 
be verifying statistical stability 
as process capability data is cap-
tured. Don’t wait until the data is 
taken to create a control chart, 
only to discover that the process 
trended out of statistical control 
along the way or had some other 
identifiable problem.

The sample size must be of suffi-
cient size to build the predictive 4. 
The sample must be of sufficient 
size to build the predictive capabil-

ity model. How big of a sample 
size? That is the wrong question. 
Remember that a statistic, when 
applied correctly, is just an estimate 
of the truth. The right question to ask 
is: How much confidence do I need 
in the estimate? If a Cpk of 1.70 is 
observed, we should report, "I don't 
know the true Cpk, but based upon 
a random sample of n = 30 points,
I am 95% confident that it's between 
1.23 and 2.16 according to its con-
fidence interval." On the other hand, 
for the same data set and n = 500 
points, I can say: “I am 95% confi-
dent that the Cpk is between 1.19 
and 1.37 according to its confidence
interval." In order to get a reliable 
estimate of Cpk, especially for a 
new process or a part in its initial 
production where there is no known 
historical standard deviation, it may 
be prudent to ask for (n=100) mea-
surements for capability analysis. 
See figures 1 and 2 to get a sense 
of what is being described.
 
The abbreviated chart is based 
on 100,000 data points randomly 
generated from a normal 

Fig. 1
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distribution curve. The specification limits are 10.0 +/- 0.05 
mm. In this example, the chart shows that if you have only 28 
samples, the estimate for Cpk is (Cpk +/- 0.50).

Therefore, if our Cpk is 1.25, the confidence interval 
predicts an actual Cpk of (0.75 to 1.75). Taking the curve out 
to 2000 samples, the Cpk estimate is +/- 0.1 and for 10,000 
Cpk is +/- 0.04. Simply put: sample size matters. In addition, 
with increasing number of data points, Cpk approaches Ppk.

so whAt ex ACtLy Are Cpk AnD ppk 
Any wAy?
Cpk is a snap shot or a series of snap shots of a process at 
specific points in time and is used to assess the “local and 
timely” capability of a process. Think of Cpk as more of a point 
of insight into a much larger, future population of process 
data.

Cpk is comprised of measurements produced as rational 
sub-groups. A sub-group is a series of measurements that 
represent a process snapshot. They are best taken at the same 
time, in the same way, in a controlled fashion. For example, 
gear shafts are made in a continuous process. 100 parts are 
made every hour and a critical diameter is to be evaluated in 
a capability study. 10 shafts will be sampled every hour for six 
hours. This means that we will have six subgroups of 10 shaft 
measurements for a total of 60 measurements for the day.

Fig. 2: In this example Cpk is equal to Ppk at 100 samples.

Fig. 3:  Sample Data arranged in sub-groups – in time order

THE WORLD’S 
LARGEST 
STOCK OF 
GEAR CUTTING 
TOOLS

SALES@ASHGEAR.COM
248.374.6155          42650 NINE MILE RD

NOVI, MI 48375

Since 1959

36            gearsolutions.com

mailto:SALES@ASHGEAR.COM?subject=Referred by Gear Solutions
mailto:rpi@repair-parts-inc.com?subject=Referred by Gear Solutions
http://www.repair-parts-inc.com


The process capability metric for 60 
data points or of the daily output will 
be calculated with a within subgroup 
variation of the shaft measurement. 
It will not account for any drif t or 
shif t between the subgroups. This 
discrimination will be critical to 
understanding the dif ference between 
Cpk and Ppk.

Ppk will indicate what the potential 

process may be capable of in the 
future. In this case, calculating Ppk on 
the 60 measured data points will give 
us an estimate of overall variation of 
the critical shaft measurement. Ppk 
includes subgroup variation and all 
process- related variation, including 
shif t and drif t. This is another vital 
discrimination: Cpk includes only 
common cause variation, whereas Ppk 
includes both common and special 
cause variation.

 
Let’s look at the difference between 
the two:
•  Common cause variations are the 

many ever-present factors (i.e. process 
inputs or conditions) that contribute 
in varying degree to relatively small, 
apparently random shifts in outcomes 
day after day, week after week. These 
factors act independently of each 
other. The collective effect of all 
common causes is often referred to 
as system variation because it defines 
the amount of variation inherent in the 
system. It is usually difficult, if not 
impossible, to link random, common 
cause variation to any particular source. 
These may include composite variation 
induced by noise, operational vibration, 
and machine efficiencies and are 
generally hard to identify and evaluate 
because they are random in nature. 
However, if only random variation is 
present, the process output forms a 
distribution that is stable over time.

•  Special cause variations are factors that 
induce disparities in addition to random 
variation. Frequently, special cause 
variation appears as an extreme effect 
or some specific, identifiable pattern in 
data. Special causes are often referred 
to as assignable causes because the 

variation produced can be tracked down 
and assigned to an identifiable source.

These include variations induced by 
special effects not always present or built 
into the process. Some examples include: 
Induced temperature and uncontrolled 
environmental factors, power surges, 
people, changes in process, tooling 

adjustments, measurement error, and 
material variations.

Let’s take a look at what math reveals 
about Cpk & Ppk: 
Looking at the formulas for Cpk and Ppk we 
can see that they are almost nearly identical.

The only difference is the way the standard 
deviation is calculated.
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Where:
CPU/CPL = Upper/Lower capability Process Limit
PPU/PPL = Upper/Lower potential process Limit
µ = XBar = (mean of the data)
σWithin = Standard Deviation pooled within subgroups
σOverall = Overall Standard Deviation of the dataset, lot or population 
 
In the equation above, the calculation for the within Standard Deviation 
of Cpk for equal number subgroups is:

            Where:
Sp =  The summation of variance within each 

subgroup, i.e. {Σ STDEV2 / k}1/2
k = Number of subgroups
C4 =  computes the expected (unbiased) 

value of the standard deviation 
of η independent normal random 
variables with (d) degrees of 
freedom.

η = Total number of samples
d = degrees of freedom

Note: C4 (d) is to be read as: C4 of (d), not C4 times (d). So where 
do you get the C4 of (d), the unbiased standard deviation value? 
These come from readily available statistical tables. For example: 
If (d) = 28 then, C4 is taken at (0.990786).

Also note that the special case of calculating Cpk with a 
subgroup size of 1.0 can be done with an estimate of standard 
deviation using the moving range equation (not shown).

The overall standard deviation is much easier to calculate. Here 
it is taken without respect to subgroups and is given by:

Where:
X = the individual shaft diameter measurements
n = Total Number of data points
XBar = Mean of all (60) data points

Fig. 4:  Unbiasing Constants c4, c5, d2, d3,d4
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Let’s tAke A Look now At 
the potentiAL DiFFerenCe 
between Cpk & ppk. 
Let’s take a look now at the potential differences 
between Cpk and Ppk. In our example, there were 
600 shafts made. 10 out of 100 were measured each 
hour for six hours. 60 data points were accumulated. 
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Fig. 5:  Calculation of Cpk, Ppk with (60) Data Points.

Fig. 6:  Calculation of Cpk, Ppk with (30) Data Points.

There are six subgroups of 10 data points. Parts are made on one machine, by 
one operator, the same way on the same day. We can see that the average stan-
dard deviation within subgroups is very close to the overall standard deviation. 
Therefore, in this particular case, Cpk and Ppk should be very close in value – and 
they are. (See Fig. 5)

Note: This example is a two-tailed distribution based on the upper and lower 
control limits (diameter specification). Therefore, Cpk and Ppk is taken as the 
lessor value of the two calculations.

Here is where the difference between within and overall standard deviation is 
apparent. If we pull 30 measurements out of the 60 total that were taken, irre-
spective of time order, to make 3 unique subgroups, there could be wildly different 
results (we would never, ever do this). The difference between the lower and upper 
Ppk values (1.72 vs. 1.37) is +25%. However, the difference for Cpk is (3.13 vs. 
1.39) +125%! (See Fig. 6). The result comes from the data in Figure 3. Cpk calcu-
lates the standard deviation of each subgroup and pools the results, whereas Ppk 
calculates the standard deviation from all data as on continuous matrix.

Figure 6 shows the importance of truly understanding the data you are investi-
gating. Ask: How is the data taken? How stable is it? Where is the variation com-
ing from? Is the data trustworthy? How was it organized? Are there enough data 
points? Will this process generate like results, lot after lot, time after time? Is the 
statistical confidence level of the capability indices acceptable? As so often is 
the case, if a decision is going to be made about whether the parts and process 
are acceptable for production based on a series of initial subgroup “snap-shots,” 
then it behooves one to really dig into these specifics; so today’s Cpk is not wildly 
different from the future long-term process capability. Along the way, the most 
important thing you may discover is how to continuously and confidently verify 
whether your process is actually in control and truly capable.  
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