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1. INTRODUCTION 

This deliverable presents tailored teaching material for the development of control charts for 
quality management in stone industry. It explains basic statistical terms later used in 
evaluating control lines' values, and introduces step-by-step procedure on developing the 
mean control chart and its use in quality control. 
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2. DATA DISTRIBUTION  

2.1. Normal distribution 

The normal or Gaussian distribution is one of the most commonly used continuous 
distributions in probability statistics and theory. The function describing it expresses the 
probability that the observed value will be found between the selected real numbers, and it 
tends to zero when it tends to. The normal distribution is sometimes informally also called the 
bell curve, due to the characteristic shape of the graph representing this function (although 
there are other distributions of a similar bell shape, e.g. Cauchy distribution or student t-
distribution). It was determined using two important statistical values, namely the mean value 
and the standard deviation, the function it describes is given by  

𝑦 =
1

𝜎√2𝜋
𝑒,(.,/)1 231⁄   

The actual nature of the standard deviation can be well explained using the normal 
distribution. If a value is measured in a production process, such as bag filling weight, bottle 
filling volume or cutting length, the recorded values will usually be distributed exactly 
according to the normal distribution around the mean value. The distribution of these values 
will be determined by the value of the standard deviation, which thus determines the width 
of the bell curve. Figure 8.1 shows the expectation of the distribution of the measured values 
within the interval around the mean value: 

 

Figure 1 - Normal distribution 

𝜇

68,26	%
95,46	%
99,73	%

𝜇 − 1𝜎 𝜇 + 1𝜎𝜇 − 2𝜎 𝜇 + 2𝜎𝜇 − 3𝜎 𝜇 + 3𝜎



 
 

4 | P a g e  

 

 

 

BKStone 
Higher Education–Enterprise platform for fostering, modernisation and 

sustainable growth in natural stone industry in Western Balkans 

Although Chebyshev proved the following theorem:  

Let 𝜇 be the arithmetic mean and let v	𝜎 be the standard deviation of the sample 
𝑥7, 𝑥2, . . . , 𝑥:, than in the interval (𝜇 − 2𝜎, 𝜇 + 2𝜎)	there is at least 75% of data, and in the 
interval (𝜇 − 3𝜎, 𝜇 + 3𝜎) there is at least 88% of data; 

however, the empirical rule for bell-shaped distributions is used in practice. The surface is 
concentrated around the arithmetic mean and is symmetrically distributed to the left and right 
of it, according to the values shown in Table 1. The values shown in the table make it possible 
to estimate for any value that is assumed to be a normal distribution the probability of being 
within a range of a certain width around the mean value 𝜇. In the marked fields it can be seen 
that only around 10% of measurements are expected around values greater than 𝜇	 + 	1,28𝜎 
(or less than 𝜇	 − 	1,28𝜎), or 2.5% greater than 𝜇	 + 	1,96𝜎 (or less than 𝜇	 − 	1,96𝜎) are 
expected. 

Table  1 Expectations in normal distribution 

𝒁
=	 (𝒙 − 𝝁)/𝝈 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641 

0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4440 0.4364 0.4325 0.4286 0.4247 

… … … … … … … … … … … 

1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170 

1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985 

1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823 

… … … … … … … … … … … 

1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294 

1.9 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233 

2.0 0.0228 0.0222 0.0216 0.0211 0.0206 0.0201 0.0197 0.0192 0.0187 0.0183 

… … … … … … … … … … … 
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2.2. Sampling and precision measures 

A large number of process adjustments itself can lead to its instability and getting out of 
control, primarily due to increased variability and therefore the inability to meet process 
requirements. Proper sampling can help avoid such process manager behavior. For example, 
it can be expected that the measured specimen will occasionally show a value located at one 
end of the normal distribution, which could lead to the conclusion that the process needs to 
be further adjusted. But if a sample of 3, 4, 5 or more specimens is taken, it is very unlikely 
that all specimens will have values found at one end of the normal distribution. It follows that 
if individual measurements were to be replaced by the mean value of the sample (constant 
sizes of 3, 4, 5 or more specimens), then a better insight into the actual state of control or 
instability of the process would be obtained. Of course, the mean values of a series of samples 
will be different and show variations, but these variations will certainly be less than when 
observing individual values, so the samples in some way "dampen" such variations. Figure 2 
shows the distribution of individual values and the distribution of mean values of the samples. 

 

 

Figure 2 - Distribution of individual and mean values of samples 

In general, the standard deviation of the mean values of a series of samples or the Standard 
Error 𝑆𝐸, is less than the standard deviation of individual values and it is assumed that the 
following relationship is valid between them: 

 

Distribucija pojedinačnih vrijednosti

Distribucija srednjih vrijednosti uzoraka

Distribucija pojedinačnih vrijednosti

Distribucija srednjih vrijednosti uzoraka
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𝑆𝐸 =
𝜎
√𝑛

  

where 𝑛 is the sample size, i.e. the number of specimens in each sample (for example, for 
samples of size 4 specimens, the standard error of the mean values is halved than the standard 
deviation of the individual values of the entire observed population). The standard error of 
the samples also has the same characteristics as the standard deviation (hence the values 
from Table 1 are applied to it) and it bears this name mainly to distinguish it from the standard 
deviation of the population. 

Thanks to the narrower mean distribution bell, it is easier to identify (unwanted) changes in 
the mean of the process, since in this way the cross section of the graphs is much narrower 
and therefore the shift is more noticeable. This change in the mean value of the process is 
shown in Figure 3. 

 

 

Figure 3 - Shift the mean of the measured individual specimens and the mean of the 
samples 

 

𝜇" 𝜇#

�̿�" �̿�#
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This latter variant obviously suggests that it is better to use the mean values of the samples to 
control the change in the mean value of the process (centering) than the individual measured 
values. 

2.3. Central limit theorem 

Obviously, for normal value distribution, above Table 1 is easily applicable to estimate the 
probability of occurrence, but individual measured values do not always have such a 
distribution. A very important role for statistical control of the process therefore has the so-
called Central Limit Theorem, which states that even if individual values do not have a normal 
distribution, that the mean values of their samples size 𝑛, with increasing number 𝑛, are 
increasingly distributed according to the normal distribution, with the same mean 𝜇	and 

standard error of mean values 𝑆𝐸	 = 	𝜎	/	√𝑛. 

 

Thus, even if the individual values are not normally distributed, the distribution of the mean 
values of the samples will tend towards a normal distribution, in proportion to the size of such 
a sample. The mean value of the process, obtained as the mean value of the mean values of 
the samples, will be a satisfactory estimate of the actual mean value of the population.𝜇 

2.4. Sampling and grouping of data 

The basic questions after deciding to work with sample values instead of individual values are 
which sample size to choose and how often to sample. The smaller the sample, the less 
possibilities for internal variation of the sample, while for larger samples the distribution of 
their mean values becomes narrower and the changes more recognizable. It is logical to 
choose the sample size so as to minimize variation between measurements in the sample and 
increase the possibility of detecting variation between samples. It is certainly necessary to 
group the data so that changes in shifts, machines, etc. can be easily identified, which can 
affect the shifts in the mean value of the process itself. 

2.5. Examples 

EXAMPLE 1: In most production processes it is necessary to check whether the product 
is within the set tolerance of the measured value. For example, the factory 
packs stone in bags of at least 25	kg (less weight is not allowed and would 
be a market violation) and the measured 100	bags are found to have a 
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standard deviation 300	g and that the values are normally distributed. How 
much bags should actually be filled with stone, so that no more than one 
of the 250	bags is not filled enough, ie. that at most one of the 250	bags 
weighs less than 25	kg	? 

SOLUTION: 

One of the 250	bags lighter than the default weight of 25	kg indicates the left end on the 
normal distribution bell where the expectation is 1/250	 = 	0.0040. 

From the above table with cumulative standard normal distribution values, it can be seen that 
this corresponds to the value 𝑧 = 2.65, so the target charge average is equal to  

𝟐𝟓, 𝟎𝟎𝟎	𝐠	 +	 (𝟐. 𝟔𝟓 ∙ 𝟑𝟎𝟎	𝐠) = 	𝟐𝟓, 𝟕𝟗𝟓	𝐠	 = 	𝟐𝟓. 𝟕𝟗𝟓	𝐤𝐠 

 

EXAMPLE 2: The stone factory fills the containers of stone declared with 1	ton. Actual 
charge values are distributed by the normal distribution with a standard 
deviation of 4	kg. If the minimum allowed filling of a container is exactly 
1	ton, how much should actually be filled so that at most one of the 
50	containers is not filled enough? 

SOLUTION: 

One of the 50 containers that are not sufficiently filled indicates the left end on the normal 
distribution bell where the expectation is 1/50	 = 	0,020. 

From the above table of cumulative standard normal distribution, the probability 0,020	is 
corresponding to 𝑧	 = 2.05, so the target average charge is equal  

1000	kg	 +	(2.05 ∙ 4	kg) = 	1008.2	kg = 1.0082	tons 
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3. CONTROL CHARTS 

3.1. Control chart model 

The control chart is a graphical representation of the quality characteristics measured or 
calculated from the sample, in relation to the number of samples or the time when the sample 
was taken. There is a center line on the control chart that represents the mean (average) value 
of the quality characteristic when the process is under control. In addition to the center line, 
there is also at least an upper action line and a lower action line at the chart. The lines of action 
are determined in such a way that if the process is under control, almost all points (samples) 
will be located between them. As long as the points are between the lines of action, no action 
is required. However, when a point in the process is outside the lines of action, it is said that 
the process is not under control. It is then necessary to conduct an investigation and corrective 
actions to find and eliminate the causes that brought the process out of control. Between the 
center line and the action line are the upper warning line and the lower warning line. When a 
point is found outside the warning lines, but within the limits of action, then the process is 
said to be still under control, but now it is necessary to pay more attention to the process, 
because the process has approached the limit of action. 

Let 𝑥	be astatistical measure of the sample be presented, which measures a quality 
characteristic. If it is further assumed that the measure 𝑥 has a mean value 𝜇.	and a standard 
deviation 𝜎., then the center line, upper and lower action and warning lines, can be 
represented by the following: 

 
Upper	action	line	𝑈𝐴𝐿 

Upper	warning	line	UWL 

Centerl	ine	(mean)𝐶𝐿 

Lower	warning	line	LWL 

Lower	action	line	LAL 

= 𝜇. + 𝐿𝜎. 

= 𝜇. + (2 3)⁄ 𝐿𝜎. 

= 𝜇.  

= 𝜇. − (2 3)⁄ 𝐿𝜎. 

= 𝜇. − 𝐿𝜎. 

9.1 

 

where 𝐿 represents the distance of the control lines from the center line, expressed in 
standard deviations. This general theory of control charts was proposed by Walter A. 
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Shewhart, so control charts developed on the basis of these principles are often called 
Shewhart charts. Following Figure shows the design of the Shewhart control chart. 

 

 
Figure 1 - Shewhart control chart 

Control charts explain in a very precise way what is really meant by the term statistical control 
and as such can be used in different situations and in different ways. However, control charts 
are most used in real-time process monitoring. The application of control charts can be easily 
explained by the following example: sample data are collected on a regular basis, and then a 
control chart is created based on them. If the sample values are within the control lines and 
do not show any systematic patterns of sample distribution, then such a process is said to be 
under control. Control charts are used to draw conclusions about the state of the process in 
the past, but they can also be used to predict the future state of the observed process. 
However, 

3.2. Analysis of point distribution patterns on control charts 

Control charts can indicate a process out of control when one or more points are outside the 
lines of action, or when the points follow some non-random and unusual pattern of 
occurrence (distribution). The problem is in recognizing systematic or non-random patterns of 
the appearance of points on control charts and determining the reasons for these phenomena. 
The ability to interpret certain patterns, in terms of determining special causes, requires 
experience and good knowledge of the process. Not only knowledge of the statistical 
principles of control charts is enough, but good knowledge and understanding of the 
processes being controlled is of particular importance. A large number of tests have been 
developed to determine different types of non-random and unusual occurrence patterns, and 
some of them are described and graphically presented in the section below. Assuming data 
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normality, each of these patterns has a probability of occurrence of less than 0.005, when the 
process is under control. 

The tests that can be used to determine non-random and unusual distributions of points on 
control charts are: 

• One point outside the line of action, 

• Seven or more consecutive points below or above the center line, 

• Six or more consecutive points in ascending or descending trend. 

Graphical representations of these tests are shown in the below Figure.  

 

  
a) One point outside the line of action b) Nine consecutive points below or above the 

center line 

 

 

c) Six consecutive points in ascending or 
descending trend 

 

Figure 2 - Non-random and unusual patterns of distribution of points on control charts 

3.3. Control charts for mean values and ranges - 𝒙n	and 𝑹 control charts 

Many quality characteristics can be expressed by numerical measures. A measurable quality 
characteristic, such as length, diameter, mass, volume or stress, is called, in the context of 
statistical quality control, a variable. When a quality characteristic is controlled, which is a 
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variable, its mean value and its variability are usually controlled. The control of the mean value 
of the process, or the mean value of the quality level, is usually performed by control charts 
for the mean values, ie 𝒙n	control charts. Control of process variability, or variability in quality 
levels, is usually performed either by control charts for standard deviations, also called 
𝒔		control charts, or by control charts for ranges or 𝑹	control charts. A control chart is more 
often used to control the variability of quality characteristics. Usually both 𝑅	𝑎𝑛𝑑	�̅�	control 
chart are used to control quality characteristics at the same time. 𝑅 and (or) �̅�	control charts 
are considered one of the most important and useful tools of statistical quality and process 
control. 

In reality, the mean 𝜇	and standard deviation 𝜎 of the process are not known. Therefore, these 
values must be determined from preliminary samples taken from the process when the 
process was considered to be under control. It is usually recommended to take at least 20 to 
25 samples. 

Let 𝑚	samples were taken from the process, with each sample contains 𝑛 observations of the 
desired quality characteristic. Usually the sample size	𝑛 is small and contains from 4 to 6 test 
units. The reason for the small sample size is that it is impractical and expensive to take a large 
number of control units. Let now �̅�7, �̅�2, … , �̅�v	be the mean values of each of the 𝑚	samples 
taken from the process. The estimate of the mean value 𝜇 of the process can be determined 
using the mean value �̿�	of all samples, using the following form: 

�̿� =
�̅�7 + �̅�2 +⋯+ �̅�v

𝑚   

 

The mean �̿�	of all sample mean values, as the best estimate of the process mean 𝜇, will be the 
center line �̅�	of the control chart. 

In order to determine the control lines, it is necessary to estimate the standard deviation of 
the process. For the case under consideration, it is shown below how the standard deviation 
𝜎 of the process is estimated using a range. Let the observations 𝑥7, 𝑥2,… , 𝑥:	be the quality 
characteristics in the sample size 𝑛. The range of any sample is then the difference between 
the largest 𝑥vy.	and the smallest observation 𝑥vz:, i.e. .𝑅 = 𝑥vy. − 𝑥vz: 

Let 𝑅7, 𝑅2,… , 𝑅v	be the ranges of all the 𝑚 samples. The mean range of all samples taken 
from the process is 𝑅{ 
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𝑅{ =
𝑅7 + 𝑅2 +⋯+	𝑅v

𝑚   

The center line �̅�, upper and lower action and warning lines, for the control chart, can be 
determined using the forms given below:  

UAL 

UWL 

C𝐿 

LWL 

LAL 

= �̿� + 𝐴2𝑅{  

= �̿� + (2 3)⁄ 𝐴2𝑅{ 

= �̿� 

= �̿� − (2 3)⁄ 𝐴2𝑅{ 

= �̿� − 𝐴2𝑅{  

 

The values of constant 𝐴2	and, for different sample sizes 𝑛, are given in the table in Annex. 

The center line, upper and lower action and warning lines, for the 𝑅 control chart, can be 
determined using the forms given below:  

UAL 

UWL 

CL 

LWL 

LAL 

= 𝐷},}}7~ 𝑅{  

= 𝐷},}2�~ 𝑅{  

= 𝑅{  

= 𝐷},���~ 𝑅{  

= 𝐷},���~ 𝑅{  

 

The values of the constants 𝐷},���~ 𝐷},}}7~ 𝐷},���~ 𝐷},}2�~ , for the different sample sizes 𝑛 , are 

given in the table in Annex. 

 

EXAMPLE 1: The stone factory packs stones. The factory quality control department 
wants to establish statistical control of the stone production and packaging 
process using �̅�	and 𝑅 control charts. Every hour, 5 packs of stones are taken 
from the process and the weight of the packs is checked. The data in Table 
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9.1 were measured on 24 samples, each 5 units in size, at times when 
production was considered to be under control. 

Table 1 – Stone pack weight  

sample m1 m2 m3 m4 m5 
 

sample m1 m2 m3 m4 m5 

1 198.28 194.66 202.78 193.75 199.14  13 195.54 199.67 203.63 197.52 196.78 

2 194.66 202.78 193.75 199.14 200.68  14 199.67 203.63 197.52 196.78 201.23 

3 202.78 193.75 199.14 200.68 205.30  15 203.63 197.52 196.78 201.23 198.93 

4 193.75 199.14 200.68 205.30 201.34  16 197.52 196.78 201.23 203.94 192.57 

5 199.14 200.68 205.30 201.34 198.13  17 210.85 197.03 197.93 200.02 207.37 

6 200.68 205.30 201.34 198.13 205.07  18 197.03 197.93 200.02 207.37 205.33 

7 205.30 201.34 198.13 205.07 193.54  19 197.93 200.02 203.20 205.33 207.37 

8 201.34 198.13 205.07 193.54 206.94  20 200.02 204.20 205.33 203.50 203.70 

9 202.40 196.86 197.42 200.46 198.30  21 202.80 205.33 198.60 204.80 200.64 

10 196.86 198.80 200.46 195.54 199.67  22 205.33 207.37 206.78 200.64 198.27 

11 191.42 200.46 195.54 199.67 203.63  23 207.37 206.78 200.64 198.27 199.60 

12 200.46 195.54 199.67 203.63 197.52  24 206.78 200.64 198.27 203.65 197.37 

When �̅� and 𝑅	control charts are used to control the process, it is recommended that a 𝑅 
control chart be created first. In the first phase preliminary data are used to determine 
whether the process was under control when the data were collected. For the 24 samples 
collected, the ranges 𝑅z	of each sample are given in Table 2. 

Table 2 - Sample ranges  

Sample Range 𝑹𝒊  Sample Range 𝑹𝒊 

1 9.03  13 8.09 

2 9.03  14 6.85 

3 11.55  15 6.85 

4 11.55  16 11.37 

5 7.17  17 13.82 

6 7.17  18 10.34 

7 11.76  19 9.44 

8 13.4  20 5.31 

9 5.54  21 6.73 
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Sample Range 𝑹𝒊  Sample Range 𝑹𝒊 

10 4.92  22 9.1 

11 12.21  23 9.1 

12 8.09  24 9.41 

 

The mean 𝑅{	of all ranges is the center line of the 𝑅 control chart, and is determined with: 

𝑅{ =
∑ 𝑅z2�
z�7

24 =
217.83
24 = 9.08 

 

For size samples 𝑛 = 5, from the table in Annex following values 𝐷(.)~ 	for constants are used: 

Sample 
size 𝒏 

𝑫𝟎,𝟗𝟗𝟗
~  𝑫𝟎,𝟎𝟎𝟏

~  𝑫𝟎,𝟗𝟕𝟓
~  𝑫𝟎,𝟎𝟐𝟓

~  

4 0.10 2.57 0.29 1.93 

5 0.16 2.34 0.37 1.81 

6 0.21 2.21 0.42 1.72 

 

Control lines are now determined as: 

UAL 

UWL 

CL 

LWL 

LAL 

= 2.34 ∙ 9.08 = 21.24 

= 1.81 ∙ 9.08 = 16.43 

= 9.08 

= 0.37 ∙ 9.08 = 3.36 

= 0.21 ∙ 9.08 = 1.45 
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Figure 3 - R packing weight control chart 

𝑅 control chart, with the center line and the upper and lower action and warning lines, is 
presented with the above Figure 3. The ranges of each preliminary sample are plotted on the 
chart. It can be seen that there are no points outside the action lines or warning lines, so it 
can be concluded that the process is under control. 

As process variability is under control, .�̅�	control chart can now be approached. For the 24 
collected samples, the mean values �̅�z	of each sample are given within the Table 3 

Table 3 - Mean values of the samples from example 1 

Sample Mean value 
𝒙n𝒊 

 Sample Mean value 
𝒙n𝒊 

1 197.72  13 198.63 

2 198.20  14 199.77 

3 200.33  15 199.62 

4 200.04  16 198.41 

5 200.92  17 202.64 

6 202.10  18 201.54 

7 200.68  19 202.77 

8 201.00  20 203.35 

9 199.09  21 202.43 
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Sample Mean value 
𝒙n𝒊 

 Sample Mean value 
𝒙n𝒊 

10 198.27  22 203.68 

11 198.14  23 202.53 

12 199.36  24 201.34 

 

The mean �̿�	of all samples’ means �̅�z is also the center line of the control chart, and is 
determined using Form 9.2: 

 

�̿� =
∑ �̅�z2�
z�7

24 =
4,812.56

24 = 200.52 

 

For sample size 	𝑛 = 5, from the table in Annex, values for constants 𝐴2	and 2 3⁄ 𝐴2are 

 

Sample size 𝒏 𝑨𝟐 𝟐 𝟑⁄ 𝑨𝟐 

4 0.73 0.49 

5 0.58 0.39 

6 0.48 0.32 

 

Control lines are determined as: 

UAL 

UWL 

CL 

LWL 

𝐿𝐴𝐿 

= 200.52 + 0.58 ∙ 9.08 = 205.79 

= 200.52 + 0.39 ∙ 9.08 = 204.06 

= 200.52 

= 200.52 − 0.39 ∙ 9.08 = 196.98 

= 200.52 − 0.58 ∙ 9.08 = 195.26 

�̅� control chart with the center line, and the upper and lower action and warning lines is 
presented with Figure 4: 
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Figure 4 – 𝒙n packing weight control chart 

The mean values of all preliminary samples are plotted on the chart. Looking at the �̅� control 
chart, it can be seen that there are no points that cross the lines of action. Since the �̅�	and R 
control charts do not have points outside the lines of action, it can be concluded that the 
process of production and packaging of stone is under statistical control, and preliminary 
control lines can be adopted and used for future control of the observed process. 
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4. PROCESS CAPABILITY ANALYSIS 

How effective an organization is in meeting the needs and desires of customers is measured 
by the ability of its processes to produce products and / or services that meets or exceeds 
customer requirements. Customer requirements are significant features that a customer 
expects to find in a product or service. Design engineers translate these customer 
requirements into the quality characteristics of the product or service they intend to produce. 
Quality characteristics are fully embedded in product design, as product variables or 
attributes, and they are used as measures to ensure that production processes meet customer 
requirements. Once the product quality characteristics have been determined and the quality 
objectives have been set, engineers specify the upper and lower limits within which the 
specified variables must be located - quality characteristics. 

While production is in progress, process performance is constantly monitored. A tool often 
used to monitor and track performance while production is still in progress are control charts. 
Control charts help identify specific causes of variation and define preventive and corrective 
actions. However, checklists are not the right tool to determine customer satisfaction, as they 
are only used to monitor the performance of the production process in progress, and the 
controlled process does not necessarily mean that all products produced meet customer 
requirements. In other words, the process can be contained within the upper and lower 
control limits (action line), but still produces products that are outside the specification limits. 
To avoid ambiguity, it is common for specification limits to relate to customer requirements, 
that is, the requirements of the designer of the product / service, while the control limits refer 
to the process of production / provision of the service. Control charts do not establish a 
relationship between process performance and customer requirements, as there is no 
statistical or mathematical relationship between engineering-specified limits and process 
control limits. Process capability analysis is a bridge between process and customer 
requirements. It compares the variability of a production process, which is stable and under 
control, with its engineering specifications, and it determines process capability indices to 
measure the level of process performance that meets customer requirements. because there 
is no statistical or mathematical relationship between engineering-specified limits and process 
control limits. Process capability analysis is a bridge between process and customer 
requirements. It compares the variability of a production process, which is stable and under 
control, with its engineering specifications, and it determines process capability indices to 
measure the level of process performance that meets customer requirements.  



 
 

20 | P a g e  

 

 

 

BKStone 
Higher Education–Enterprise platform for fostering, modernisation and 

sustainable growth in natural stone industry in Western Balkans 

 

Process capability analysis (Montgomery, 2009) is a vital part of a comprehensive quality 
improvement program. Among the most important benefits of process capability analysis are 
the following: 

• It helps to predict the ability of the process to maintain tolerances (boundaries). 

• Assists product development / design engineers in selecting or modifying processes. 

• Helps establish sampling intervals. 

• Helps determine the requirements for the purchase of new equipment (machines). 

• Assists in supplier selection and other aspects of supply chain management. 

• It helps in planning production processes when there is an interactive impact of 
processes on tolerances. 

• Helps reduce process variability. 

Thus, process capability analysis is a technique that has application in many segments of 
product lifecycle, including product and process design, supply chain management, 
production planning, and production in general. 

A process is said to be capable if the mean process value is centered toward the target value 
and if the range of specification limits is wider than the actual process variations, as in Figure 
5. The specification limits on the left side of the image represent the customer's requirements, 
while the control chart, on the right side of the image, represents the process performance. 
In this example, all products are considered to be compliant and manufactured in accordance 
with the specifications, since the distribution width of the process samples (on the left) is 
lower than the specification limits. 
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Figure 5 -  Example of a capable process 

If the scattering of natural variations (control limits) is greater than the specification limits, as 
shown in Figure 6, then the process is said to be incapable. In this example, it can be seen that 
the distribution width of the process samples is wider than the specification limits, so the 
products in the distribution tails (marked in red) can be considered non-compliant, ie. 
products that do not meet the set specifications. Sometimes non-compliant product units can 
be reprocessed and become compliant. For example, if in Figure 6 the quality characteristic 
was the weight of a unit, then units whose diameter is larger than the upper limit of the 
specification, by additional processing might be adjusted to meet the set specifications, ie. 
these units could become aligned. But units with lower weight than the lower limit of the 
specification cannot be further processed, so they are considered to be definitely non-
compliant units (scrap).  
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Figure 6 - Example of a process that is not capable 

4.1. Process capability indices 

𝑪𝒑 index measures the ability of a process to meet set specifications. The estimated standard 

process deviation 𝑅{ 𝑑2⁄  is used to calculate this index when control charts �̅�	and	𝑅 are used 
for process control (𝑑2	values are given in the table in Annex). According to the above, the 
.𝐶�	index represents the potential of the process to meet the set specifications. This index 

does not take into account the position of the mean value of the process, but the scattering. 
If the process is not centered against the set specifications, the 𝐶�	index itself may give 

incorrect information.  

The higher the value of the index 𝐶�	the less scatter the process output. A low-scatter process 

does not mean that the process meets the set specifications at the same time if the mean 
value is not centered on the target value. If, on the other hand, the mean value of the process 
is centered with the target value, then the 𝐶�	index should be used together with the index 

𝐶�� , in order to take into account the mean value and the scatter of the process. The indices 

𝐶�	and	𝐶��  will be equal in value only when the mean value of the process is centered 

according to the target value. 

The value of the 𝐶�	index is calculated with: 
 

𝐶� =
𝑈𝑆𝐿 − 𝐿𝑆𝐿
𝑈𝐴𝐿 − 𝐿𝐴𝐿 =

𝑈𝑆𝐿 − 𝐿𝑆𝐿
6𝜎�  
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Where USL is upper specification limit, LSL is lower specification limit, UAL is upper action line, 
LAL is lower action line and 𝜎� = �̅�	or	𝜎� = 𝑅{ 𝑑2⁄ 	is estimate of standard process deviation. 

𝑪𝒑𝒌 index measures how well the process actually meets the set specifications. An estimate 

𝜎�	of the standard deviation of the process is also used to calculate the index 𝐶�� , and 

therefore shows the potential of the process to meet the specifications. As the position of the 
process mean �̿� is also used to calculate the index 𝐶�� , the process does not have to be 

centered in relation to the target value in order for this index to be used. 

The value of the 𝐶��  index is calculated based on the form: 

 

𝐶�� = min	�𝐶���; 𝐶���� 
 

𝐶��� =
𝑈𝑆𝐿 − �̿�
3𝜎� ;	𝐶��� =

�̿� − 𝐿𝑆𝐿
3𝜎�  

 

From the above equiation it can be seen that to calculate the index 𝐶��  it is necessary to first 

calculate the two values 𝐶���	and 𝐶���, and then adopt the smaller one. If both values are 
equal, then the process is centered according to the target value. If the values are different, 
then the mean value is shifted to a lower one. For example, if the index	𝐶��� is smaller, then 
the mean value is shifted towards the upper limit of the specification; and if the index 𝐶��� 	is 

smaller, then the mean value is shifted towards the lower limit of the specification. 

Some characteristic values of the 𝐶�	index and their meaning are as follows: 
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The range of specifications is equal to 
the range of natural process variations 
(control chart range). This process is said 
to be barely capable. Such a process is 
only able to produce products without 
non-conformities (defects), if the mean 
value of the process is centered 
according to the target value. 
Approximately 0.27% or 2,700 units of 
products per million are non-compliant. 
 

 

The range of specifications is greater 
than the range of natural process 
variations. The process is potentially 
capable if the mean value of the process 
is centered toward the target value. This 
process "probably" produces products 
that meet or exceed customer 
requirements. 
 
 

 

The range of specifications is smaller 
than the range of natural process 
variations. The process is incompetent 
and produces non-compliant parts. 
 

 

6𝜎#

𝑇
𝐷𝐺𝑆𝐺𝐺𝑆

𝐺𝐾𝐺 𝐷𝐾𝐺

𝐶* = 1

𝑇
𝐷𝐺𝑆𝐺𝐺𝑆

6𝜎'
𝐺𝐾𝐺 𝐷𝐾𝐺

𝐶* > 1

6𝜎#
𝐺𝐾𝐺 𝐷𝐾𝐺

𝑇
𝐷𝐺𝑆𝐺𝐺𝑆

𝐶* < 1

LSL USL 

UAL LAL 

LSL USL 

UAL LAL 

LSL USL 

UAL LAL 


