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2. Objective 

The objective of a capability study is to provide an estimate of the quantity of defective parts per million 
being produced in a process.  

It is one of several pre-production studies to decide if improvement work (reduction of variability and/or 
targeting of process mean) is required before the process is used to manufacture product for a customer. 

Studies estimate the different sources of variability in the process, looking at: 

∗ Variability within head/cavity, to decide if improvement is required on a specific head/cavity. 
∗ Variability between head/cavity, to decide if the machine/mould balancing is required. 
∗ Total process variability seen in a delivery of product to a customer. 

 
Some customers ask for capability indices as a means of understanding how well the process is being 
managed by the supplier and hence provide a measure of confidence they have in the product. 
 
NOTE: Oakland’s definition of a capable process is one that is in statistical control and for which the combination of the degree of 
random variation and the ability of the control procedure to detect change is consistent with the requirements of the specification. 
Juran says that capability is the measured, inherent reproducibility of the product turned out by a process. 
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3. Responsibility 
Quality and Production departments have the combined responsibility of carrying out the studies . 

 

 

 

 

4. Definition of Capability Indices 
4.1   Cx  is an index measuring the precision of a process. It is expressed as the ratio of the allowable 

process spread (tolerance) and the actual process spread (6 standard deviations). 

 

deviationsstd
toleranceCx

..6
=  

 

 

 

The different possibilities for xs used in studies are: 

Cs    when the within head/mould variability is being studied. Samples, taken at one time, from 
individual heads or cavities are studied. 

Cm   when the between heads/cavities variability is being studied. Samples, taken at one time, in 
equal quantities from all heads or cavities are studied. 

Cp    when the total process variability is being studied; normally with samples taken over an 
extended period of time. Equal numbers of samples from each head or cavity, and from many 
different times are studied; this will measure the total variability the customer receives. 

      … as different elements of process variability need to be studied, so more xs can be developed by 
the quality team.  

 

 

4.2   k   is an index measuring the centrality, or accuracy, of the process relative to the target. It is rarely 
used, but can be useful in illustrating poor accuracy. 

 

Cx
Cxk

tolerance
mk −=
−×

= 1||2 μ
 

 

 

 

where           m = the process target        μ = the process average being achieved 

m μ

Tolerance

lsl uslm μμ

Tolerance

lsl usl

tolerance

6 std deviations

lsl usl
tolerance

6 std deviations

lsl usl
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4.3   Cxk is an index measuring a combination of the accuracy and the precision of a process. It is 
expressed as the ratio of the proximity of the process mean (μ) to the closest specification limit and 
half the actual process spread (3 standard deviations).  

The Cxk to use, is the smaller result of the 
two equations below 

( )
deviationsstd

lslCxk
..3
−

=
μ

 this shown as CPL in Minitab 

( )
deviationsstd

uslCxk
..3

μ−
=  this shown as CPU in Minitab 

 

As with Cx  above x can be s, m or p 

 
5. Procedure for carrying out studies 
 

Define the parameter to be studied.  … … …  

Write down the Upper and Lower Specification 
limits for the parameter.  

 Lsl = … 

Usl = … 

If the specification is one-sided, write down 
whether it is an Upper or a Lower limit, and record 
the corresponding value. 

  

… …. …  

5.1 

Decide on 

the 

parameter 

to be 

studied. Record if either specification limit is a boundary; 
that is whether it is impossible to have a result 
beyond the limit. For example roundness is 
measured with tir, which cannot have a value of 
less than 0; it is a boundary. 

  

 

… … … 

    

Ensure that the gauge is within its calibration 
period? 

If not either calibrate it or use another gauge. 

  

Ensure that the person who will measure the 
samples is competent to use the gauge? 

∗ Are they an approved user of the gauge? 
∗ Have they received training? 

∗ Is there a SOP for using the gauge? 
 

  

5.2 

Check that 

you have 

confidence 

in the 

gauge 

 Ensure a recent R&R study of the gauge classified it 
as suitable for use in a capability study of this 
parameter? 

 Standard: 
R&R% < 20% 

    

Smaller gap

3 std devs

Tolerance

lsl uslμ

Smaller gap

3 std devs

Tolerance

lsl uslμ
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Ensure that the process has stabilised. 
∗ Machinery is warm 
∗ Process has been running for several minutes 

∗ No adjustments have been made in last 10 mins 
∗ Raw material is the expected standard  

  

Collect samples to suit the index you wish to study.   

s : Within head / mould variability 

A minimum of 30 samples for each head or cavity 
that is to be studied.  

Collect them as consecutive pieces (or at least 
being produced within a very short period of time) 
coming from the process. Identify the head / cavity 
number from which each sample came. 

NOTE: If knowledge of the process has shown that there are a 
few heads / cavities which are consistently producing product at 
the lower end of the tolerance range, and others at the upper 
end, you do not need to study all heads / cavities. You need to 
study only those two or three heads / cavities from each end of 
the tolerance band. It is a risk worth taking. 

  

   

m: Between head / cavity variability 

A minimum of 50 samples. 

Collect them as consecutive pieces coming from the 
process. Identify the head / cavity number from 
which each sample came. 

NOTE: For analysis, an equal quantity of results will be needed 
for each head / cavity.  

  

   

5.3 

Collect the 
samples 

p: Total process variability 

A minimum of 120 results. 

It is best to use data taken during the quality 
control checks recorded over several days (or even 
weeks). The longer the period from which you can 
collect data, the better your knowledge will be of 
variability influencing the process other than the 
machinery itself. 

If no quality control data is available, collect a 
random sample of product at four hourly intervals, 
over a period of a day. Or discuss a suitable 
sampling plan with the team which they believe will 
capture most variability present in the process. 

 NOTE: There is no need to identify the head / cavity number; 
but samples from all heads / cavities need to be measured. 
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Measure the samples using: 
∗ The gauge in which you have confidence 

∗ A single operator (to eliminate variability 
between operators) 

 

  

Record the results, either in Excel or Minitab. 

NOTE: Where appropriate (fors and m) ensure the head / cavity 
number is recorded with the corresponding result. 

 

  

For s and m type studies 
Format data so Minitab can analyse the results. 

∗ One column to record the head / cavity number 

∗ One column for the associated results 
∗ Ensure there are the same quantity of results for 

each head / cavity; remove some if necessary. 
∗ Sort the results by head, so groups of results for 

each cavity / head are together in the list 
∗ Make a note of the number of results that you 

have for each head / cavity. 

  

 

 

 

 

 

… … … 

 

 

5.4 

 

 

Measure 

For p  type studies 
Record results in a single column 

  

    

5.5 

Analyse 

Copy and paste data into Minitab (if recorded in Excel)   

 
   

5.5.1 

Normality 
Check 

Check the combined set of results for normality, 
using Minitab’s Anderson-Darling procedure: 
Stat    Basic Statistics  Normality Test 

Select the name of the column holding the results  
as Variable. 

The P-Value needs to be > 0.1 and all points be 
close to the blue line for the data to exhibit 
Normality. 

If the data set is not normal Get Help, the solution 
may be: 

∗ Analyse each head / cavity individually, if the 
problem is balance of the heads / cavities, or 
process instability 

Analyse the data set using a non-normal distribution 
(Lognormal, Exponential, Weibull, …) 
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To calculate the Cs, Csk, Cm and Cmk indices 
 using Minitab 

  Stat     Quality Tools    
               Capability Analysis    Normal  

As the data is in a single column, select  

 Single column     insert the variable name 

     Subgroup size    the number of results you have for 
each head / cavity  

     Lower spec:       enter the value 

     Upper spec:       enter the value 

 

Click on Options  
     Target (adds..):   enter the value of the process 

target or nominal 

 

     Perform Analysis             Select both boxes 
     Within subgroup analysis  enter the value 
      Overall analysis  
 

  

   

5.5.2 

 

Capability  
Index 

Calculation 

To calculate the Cp,and Cpk indices 
 using Minitab 

  Stat     Quality Tools    
               Capability Analysis    Normal  

  As the data is in a single column, select  

   Single column     insert the variable name 

     Subgroup size    enter           1 

     Lower spec:       enter the value 

     Upper spec:       enter the value 

 

   Click on Options  
     Target (adds..):   enter the value of the process 

target or nominal 

 

     Perform Analysis           
            Select only overall 
     Within subgroup analysis   
      Overall analysis  
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5.6 

Interpretation 

Within / Overall analysis 

 

The histogram shows the distribution of the 
results collected in the study. In this specific 
example, a 6 head machine was poorly 
balanced giving six quite separate 
distributions of data. 

The red curve is the predicted distribution for 
the Within analysis, estimating the possible 
improvement to the process should the 
heads be balanced. 

The black dotted curve is the predicted 
distribution for the Overall analysis. In this 
specific example it will be a poor predictor of 
defect rates as the data is not normal. The 
indices will also be unreliable, providing poor 
decisions for possible actions. 

Depending how the samples were collected will 
depend the index you are trying to estimate.  
See stage of procedure titled Collect the Samples 

If the samples were collected in order to study Cs 
and Csk, the prediction of these indices is: 

To estimate 
∗ Cs     use Overall Capability Pp 

∗ Csk  use Overall Capability Ppk 

If the samples were collected to study Cm and 
Cmk, then for 

∗ Cm     use Overall Capability Pp 
∗ Cmk  use Overall Capability Ppk 

 

If the samples were collected to study Cp and Cpk, 
then for 

∗ Cp     use Overall Capability Pp 
∗ Cpk  use Overall Capability Ppk 

 

To predict defect rates, use the box 
Exp. Overall Performance 

This provides a prediction, based on the 
estimated distribution, expressed in  parts 
per million defective: 

∗ below the lower specification limit 
∗ above the upper specification limit 
∗ total predicted ppm defective 

 

  

5856545250484644424038

LSL USL

LSL 46
Target *
USL 52
Sample Mean 48.4767
Sample N 300
StDev (Within) 1.03539
StDev (O v erall) 4.01175

Process Data

C p 0.97
C PL 0.80
C PU 1.13
C pk 0.80

Pp 0.25
PPL 0.21
PPU 0.29
Ppk 0.21
C pm *

O v erall C apability

Potential (Within) C apability

PPM < LSL 193333.33
PPM > USL 260000.00
PPM Total 453333.33

O bserv ed Performance
PPM < LSL 8378.15
PPM > USL 333.37
PPM Total 8711.52

Exp. Within Performance
PPM < LSL 268501.09
PPM > USL 189903.32
PPM Total 458404.42

Exp. O v erall Performance

Within
Overall

Process Capability of weight

Pp 0.25
PPL 0.21
PPU 0.29
Ppk 0.21
C pm *

O v erall C apability

Pp 0.25
PPL 0.21
PPU 0.29
Ppk 0.21
C pm *

O v erall C apability

PPM < LSL 268501.09
PPM > USL 189903.32
PPM Total 458404.42

Exp. O v erall Performance
PPM < LSL 268501.09
PPM > USL 189903.32
PPM Total 458404.42

Exp. O v erall Performance
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5.7 
Actions 

 
The interpretation of the results can suggest actions 
to address:  
 
Process Accuracy problems 

∗ Heads / cavities not balanced 
large difference between Within and Overall 

∗ Process not on target 
Cx different to Cxk 

∗ Process not stable 
Cp and Cpk low 

 
Process Precision problems 

∗ Heads / cavities exhibiting significant 
differences in their precision. 
Cs results different from each head / cavity 

∗ Process not capable for achieving customer 
requirements 
Cpk < 1.3 

 
 

  
 
 
 

 

6. Industry Standards 
These need discussing for each business and will be dependent on many things: 

∗ Customer expectations 
∗ Process knowledge 
∗ Specifications 
∗ … 
 

This table is a reasonable set of values for the packaging industry. The table values are generated from the 
requirement for the Acceptable Cpk of between 1.3 and 1.6. 

 

 

 

 

 

 

 

 

Manufacturing specifications are used as the basis for calculating these indices. Indices requested by customers can be 
based on customer specifications; where these are different from manufacturing. 

  Cm Cmk Cp Cpk 

Not acceptable Red < 1.6 < 1.3 < 1.3 < 1.0 

Borderline Yellow 1.6  -  1.8 1.3  -  1.6 1.3  -  1.6 1.0  -  1.3 

Acceptable Green 1.8  -  2.0 1.6  -  1.8 1.6  -  1.8 1.3  -  1.6 

World-Class Blue > 2.0 > 1.8 > 1.8 > 1.6 


