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Introduction
Statistical Quality Control
• Statistica1 quality control (SQC) is the term used to describe the set 

of statistical tools used by quality professionals. Statistical quality 
control can be divided into three broad categories:

• 1. Descriptive statistics are used to describe quality characteristics 
and relationships. Included are statistics such as the mean, standard 
deviation, the range, and a measure of the distribution of data.

• 2. Statistical process control (SPC) involves inspecting a random 
sample of the output from a process and deciding whether the 
process is producing products with characteristics that fall within a 
predetermined range. SPC answers the question of whether the 
process is functioning properly or not.

• 3. Acceptance sampling is the process of randomly inspecting a 
sample of goods and deciding whether to accept the entire lot based 
on the results. Acceptance sampling determines whether a batch of 
goods should be accepted or rejected.
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All three of these statistical quality control 
categories are helpful in measuring and 
evaluating the quality of products or services. 
However, statistical process control (SPC) tools 
are used most frequently because they identify 
quality problems during the production process. 

They also help us identify a change or variation in 
some quality characteristic of the product or 
process.

Variation in the production process leads to 
quality defects and lack of product consistency.
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Causes of variation
1. Common or random or chance causes
• No two products are exactly alike because of slight 

differences in materials, workers, machines, tools, and other 
factors. These are called common, or random, causes of 
variation.

• Common causes of variation are based on random causes 
that we cannot identify. These types of variation are 
unavoidable and are due to slight differences in processing.

2. Assignable causes
• The second type of variation that can be observed involves 

variations where the causes can be precisely identified and 
eliminated. 

• These are called assignable causes of variation. Examples of 
this type of variation are poor quality in raw materials, an 
employee who needs more training, or a machine in need of 
repair. 4
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Control chart
 A control chart (also called process chart or 

quality control chart) is a graph that shows 
whether a sample of data falls within the 
common or normal range of variation.

 A control chart has upper and lower control limits 
that separate common from assignable causes of 
variation. 

 The common range of variation is defined by the 
use of control chart limits. 

 We say that a process is out of control when a 
plot of data reveals that one or more samples fall 
outside the control limits.
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o The x axis represents samples (#1, #2, #3, etc.) 
taken from the process over time. The y axis 
represents the quality characteristic that is being 
monitored.

o The center line (CL) of the control chart is the 
mean, or average, of the quality characteristic 
that is being measured. 

o The upper control limit (UCL) is the maximum 
acceptable variation from the mean for a process 
that is in a state of control. 

o Similarly, the lower control limit (LCL) is the 
minimum acceptable variation from the mean for 
a process that is in a state of control.
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The upper and lower control limits on a control chart if 
set at 3 standard deviations from the mean. 

If we assume that the data exhibit a normal distribution, 
these control limits will capture 99.74 percent of the 
normal variation. 

Control limits can be set at 2 standard deviations from 
the mean. In that case, control limits would capture 
95.44 percent of the values.

observations that fall outside the set range represent 
assignable causes of variation. 

However, there is a small probability that a value that 
falls outside the limits is still due to normal variation. 
This is called Type I error, with the error being the 
chance of concluding that there are assignable causes 
of variation when only normal variation exists. 
Another name for this is alpha risk (α)
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Basic principles of control charts
• Basic components of control charts

– A centerline, usually the mathematical average of all the samples plotted;
– Lower and upper control limits defining the constraints of common cause 

variations;
– Performance data plotted over time.

• General model for a control chart
– UCL = μ + kσ
– CL = μ
– LCL = μ – kσ
where μ is the mean of the variable, and σ is the standard deviation of the 

variable. UCL=upper control limit; LCL = lower control limit; 
CL = center line. where k is the distance of the control limits from the center 

line, expressed in terms of standard deviation units. When k  is set to 3, 
we speak of 3-sigma control charts. Historically, k = 3 has 

become an accepted standard in industry.
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Significance of control limits
Control charts provide the basis for judgment on certain 

questions like:
1. Were all these samples drawn from same lot?
2. Do these figures indicate a stable pattern of variation?
3. Do these measurements show statistical control?
The answers for the above questions either YES or NO will 

help us to analyze the process better.
The rule for establishing control limits that will determine 

the YES or NO in any case should strike an economic 
balance between the costs due to two kinds of errors

A. Error for hunting for trouble when it is absent ( 
whenever the NO answer is incorrect)

B. Error for not hunting for trouble when it is present( 
whenever the YES answer is incorrect) 
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Data

Two types of data are considered in statistical 
measurements

1. Discrete – data which can only take a 
specific value and nothing in between, ex: 
number of defective bolt and nuts 

2. Continuous – data which can take any value 
within specified limits, ex: dimensions of 
bolt and nuts
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Types of control charts
• Control charts are one of the most commonly used 

tools in statistical process control. They can be used to 
measure any characteristic of a product, such as the 
weight of a cereal box, the number of chocolates in a 
box, or the volume of bottled water. 

• The different characteristics that can be measured by 
control charts can be divided into two groups: 

• Variable A product characteristic that can be measured 
and has a dimension of values (e.g., height, weight, or 
volume).

• Attribute A product characteristic that has a discrete 
value and can be counted like the number of 
defectives.
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A control chart for variables is used to monitor 
characteristics that can be measured and have 
a continuum of values, such as height, weight, 
or volume. 

A soft drink bottling operation is an example of a 
variable measure, since the amount of liquid 
in the bottles is measured and can take on a 
number of different values. 

Other examples are the weight of a bag of sugar, 
the temperature of a baking oven, or the 
diameter of plastic tubing.
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A control chart for attributes, on the other hand, is used 
to monitor characteristics that have discrete values and 
can be counted. Often they can be evaluated with a 
simple yes or no decision. Examples include color, 
taste, or smell. 

The monitoring of attributes usually takes less time than 
that of variables because a variable needs to be 
measured (e.g., the bottle of soft drink contains 15.9 
ounces of liquid). 

An attribute requires only a single decision, such as yes or 
no, good or bad, acceptable or unacceptable (e.g., the 
apple is good or rotten, the shoes have a defect or do 
not have a defect, the light bulb works or it does not 
work) or counting the number of defects (e.g., the 
number of broken cookies in the box, the number of 
dents in the car).
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CONTROL CHARTS FOR VARIABLES

There are three different forms of control charts 
for variables

1. Mean chart or X-bar chart – X
2. Range chart – R
3. Standard deviation chart - σ
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Mean chart or X-bar chart – X
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CONTROL CHARTS FOR ATTRIBUTES

• Control charts for attributes are used to measure 
quality characteristics that are counted rather 
than measured.

• Attributes are discrete in nature and entail 
simple yes-or-no decisions. For example, this 
could be the number of nonfunctioning light 
bulbs, the number of rotten apples, the number 
of scratches on a tile. Two of the most common 
types of control charts for attributes are p-charts 
and c-charts.
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• Determining stability of "counted" data (e.g., errors per 
widget, inquiries per month, etc.) when the sample size varies. 

• The u chart will help evaluate process stability when there can 
be more than one defect per unit. 

• This chart is especially useful when you want to know how 
many defects there are not just how many defective items 
there are. It's one thing to know how many defective circuit 
boards, meals, statements, invoices, or bills there are; it is 
another thing to know how many defects were found in these 
defective items. 

• It is used when the sample size varies: the number of circuit 
boards, meals, or bills delivered each day varies. 
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Final words
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All three of these statistical quality control categories are helpful in measuring and evaluating the quality of products or services. However, statistical process control (SPC) tools are used most frequently because they identify quality problems during the production process. 

They also help us identify a change or variation in some quality characteristic of the product or process.

Variation in the production process leads to quality defects and lack of product consistency.
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Causes of variation

1. Common or random or chance causes

No two products are exactly alike because of slight differences in materials, workers, machines, tools, and other factors. These are called common, or random, causes of variation.

 Common causes of variation are based on random causes that we cannot identify. These types of variation are unavoidable and are due to slight differences in processing.

2. Assignable causes

The second type of variation that can be observed involves variations where the causes can be precisely identified and eliminated. 

These are called assignable causes of variation. Examples of this type of variation are poor quality in raw materials, an employee who needs more training, or a machine in need of repair. 
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Control chart

A control chart (also called process chart or quality control chart) is a graph that shows whether a sample of data falls within the common or normal range of variation.

A control chart has upper and lower control limits that separate common from assignable causes of variation. 

The common range of variation is defined by the use of control chart limits. 

We say that a process is out of control when a plot of data reveals that one or more samples fall outside the control limits.
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The x axis represents samples (#1, #2, #3, etc.) taken from the process over time. The y axis represents the quality characteristic that is being monitored.

The center line (CL) of the control chart is the mean, or average, of the quality characteristic that is being measured. 

The upper control limit (UCL) is the maximum acceptable variation from the mean for a process that is in a state of control. 

Similarly, the lower control limit (LCL) is the minimum acceptable variation from the mean for a process that is in a state of control.
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The upper and lower control limits on a control chart if set at 3 standard deviations from the mean. 

If we assume that the data exhibit a normal distribution, these control limits will capture 99.74 percent of the normal variation. 

Control limits can be set at 2 standard deviations from the mean. In that case, control limits would capture 95.44 percent of the values.

observations that fall outside the set range represent assignable causes of variation. 

However, there is a small probability that a value that falls outside the limits is still due to normal variation. This is called Type I error, with the error being the chance of concluding that there are assignable causes of variation when only normal variation exists. Another name for this is alpha risk (α)
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Basic principles of control charts

Basic components of control charts

A centerline, usually the mathematical average of all the samples plotted;

Lower and upper control limits defining the constraints of common cause variations;

Performance data plotted over time.

General model for a control chart

UCL = μ + kσ

CL = μ

LCL = μ – kσ   

where μ is the mean of the variable, and σ is the standard deviation of the variable. UCL=upper control limit; LCL = lower control limit; 

CL = center line. where k is the distance of the control limits from the center line, expressed in terms of standard deviation units. When k  is set to 3, we speak of 3-sigma control charts. Historically, k = 3 has 

become an accepted standard in industry.
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Significance of control limits

Control charts provide the basis for judgment on certain questions like:

Were all these samples drawn from same lot?

Do these figures indicate a stable pattern of variation?

Do these measurements show statistical control?

The answers for the above questions either YES or NO will help us to analyze the process better.

The rule for establishing control limits that will determine the YES or NO in any case should strike an economic balance between the costs due to two kinds of errors

Error for hunting for trouble when it is absent ( whenever the NO answer is incorrect)

Error for not hunting for trouble when it is present( whenever the YES answer is incorrect) 
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Data

Two types of data are considered in statistical measurements

Discrete – data which can only take a specific value and nothing in between, ex: number of defective bolt and nuts 

Continuous – data which can take any value within specified limits, ex: dimensions of bolt and nuts
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Types of control charts 

Control charts are one of the most commonly used tools in statistical process control. They can be used to measure any characteristic of a product, such as the weight of a cereal box, the number of chocolates in a box, or the volume of bottled water. 

The different characteristics that can be measured by control charts can be divided into two groups: 

Variable A product characteristic that can be measured and has a dimension of values (e.g., height, weight, or volume).

 Attribute A product characteristic that has a discrete value and can be counted like the number of defectives.
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A control chart for variables is used to monitor characteristics that can be measured and have a continuum of values, such as height, weight, or volume. 

A soft drink bottling operation is an example of a variable measure, since the amount of liquid in the bottles is measured and can take on a number of different values. 

Other examples are the weight of a bag of sugar, the temperature of a baking oven, or the diameter of plastic tubing.
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A control chart for attributes, on the other hand, is used to monitor characteristics that have discrete values and can be counted. Often they can be evaluated with a simple yes or no decision. Examples include color, taste, or smell. 

The monitoring of attributes usually takes less time than that of variables because a variable needs to be measured (e.g., the bottle of soft drink contains 15.9 ounces of liquid). 

An attribute requires only a single decision, such as yes or no, good or bad, acceptable or unacceptable (e.g., the apple is good or rotten, the shoes have a defect or do not have a defect, the light bulb works or it does not work) or counting the number of defects (e.g., the number of broken cookies in the box, the number of dents in the car).
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CONTROL CHARTS FOR VARIABLES

There are three different forms of control charts for variables

Mean chart or X-bar chart – X

Range chart – R

Standard deviation chart - σ
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Mean chart or X-bar chart – X
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CONTROL CHARTS FOR ATTRIBUTES

Control charts for attributes are used to measure quality characteristics that are counted rather than measured.

 Attributes are discrete in nature and entail simple yes-or-no decisions. For example, this could be the number of nonfunctioning light bulbs, the number of rotten apples, the number of scratches on a tile. Two of the most common types of control charts for attributes are p-charts and c-charts.



29







30









31







32







33







34







35







36









37







38





Determining stability of "counted" data (e.g., errors per widget, inquiries per month, etc.) when the sample size varies. 

The u chart will help evaluate process stability when there can be more than one defect per unit. 

This chart is especially useful when you want to know how many defects there are not just how many defective items there are. It's one thing to know how many defective circuit boards, meals, statements, invoices, or bills there are; it is another thing to know how many defects were found in these defective items. 

It is used when the sample size varies: the number of circuit boards, meals, or bills delivered each day varies. 
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