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Process Variability

Manufacturing process variations are of two types:

1. Random variations – result from intrinsic variability in the 

process

• Process is operating normally

• Human variations from cycle to cycle, minor variations in starting 

materials, machine vibration

2. Assignable variations – indicate an exception from normal 

operating conditions

• Operator errors, defective raw materials, tool failures, equipment 

malfunctions
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Distribution of Values of Part Characteristics at Four Times 

during process operation
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Process Capability

PC =   3

where PC = process capability,  = process mean set at nominal 

value of the parameter of interest (bilateral tolerances assumed), 

 = standard deviation of the process

• Assumptions:

• Output is normally distributed

• Steady state operation

• Process is in statistical control



1394-دانشگاه سمنان-مقطع کارشناسی ارشد-درس سیستم های تولید صنعتی-حاجی علی محمدی5/47

Process Capability and Tolerances

• Natural tolerance limits – when tolerance is set = process 

capability

• Process capability index

PCI (Cp) = 

where PCI = process capability index, UTL and LTL = upper and 

lower tolerance limits, and 6 = range of natural tolerance limits

6

LTLUTL
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Process Capability Index 
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Cp and Cpk
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Process Capability Index 
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Statistical Process Control (SPC)

Use of various methods to measure and analyze a process, either in 

manufacturing or non-manufacturing situations

• Objectives of SPC:

1. Improve quality of process output

2. Reduce process variability and achieve process stability

3. Solve processing problems
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Seven Tools of SPC

Sometimes referred to as the "magnificent seven"

1. Control charts

2. Histograms

3. Pareto charts

4. Check sheets

5. Defect concentration diagrams

6. Scatter diagrams

7. Cause and effect diagrams
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Control Charts

A graphical technique in which statistics computed from measured 

values of a process characteristic are plotted over time to 

determine if the process remains in statistical control

• Underlying principle is that the variations in a process divide into 

two categories:

1. Random variations

2. Assignable variations
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Control Chart
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Two Basic Types of Control Charts

1. Control charts for variables

• Require a measurement of the quality characteristic of interest

• Two principle types: (1) X-bar chart and (2) R chart

2. Control charts for attributes

• Require a determination of either fraction of defects in the sample 

or number of defects in the sample

• Two principle types: (1) p chart and (2) c chart
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Determination of LCL and UCL
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Example
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Solution
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X-Bar Chart
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R Chart
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Control Charts for Attributes

• Control charts for attributes monitor the number of defects

present in the sample or the fraction defect rate as the planed

statistic.

• Examples of these kinds of attributes include number of defects

per automobile, fraction of nonconforming parts in a sample,

existence or absence of flash in a plastic molding, and number of

flaws in a roll of sheet steel. Inspection procedures that involve

GO/NO-GO gaging arc included in this group since they

determine whether a part is good or bad
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Control Charts for Attributes

• (1) the p chart, which plots the fraction defect rate in successive 

samples; and (2) the c chart, which plots the number of defects, 

flaws. or other nonconformities per sample

the p chart Formulation
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p chart
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Example
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Example
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c chart

• c = number of imperfections discovered per 100 m
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Example
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Interpreting the Control Charts

 one point that lies outside the UCL or LCL

 two out of three consecutive points that lie beyond ±2σ

on one side of the center line of the control chart

 four out of five consecutive points that lie beyond ±1σ on

one side of the center line of the control chart

 eight consecutive points that lie on one side of the center

line

 six consecutive points in which each point is always

higher than its predecessor or six consecutive points in

which each point is always lower than its predecessor.
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Example

In each chart can you find out of control item in the process?
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Example
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Control Chart used as Feedback Loop in Statistical 

Process Control
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Histogram

Statistical graph consisting of bars representing different members 

of a population, in which the length of each bar indicates the 

frequency or relative frequency of each member

• A useful tool because the analyst can quickly visualize the 

features of the data, such as:

• Shape of the distribution

• Any central tendency in the distribution

• Approximations of the mean and mode

• Amount of scatter in the data
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Histogram
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Pareto Chart

Special form of histogram in which attribute data are arranged 

according to some criterion such as cost or value

• Based on Pareto’s Law: “the vital few and the trivial many”

• Often identified as the 80%-20% rule

• 80% of a nation’s wealth is owned by 20% of the population
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Pareto Chart
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Check Sheet

Data collection tool generally used in the preliminary stages of a 
study of a quality problem

• Data often entered by worker as check marks in a given category

• Examples:

• Process distribution check sheet - data on process variability

• Defective item check sheet – types and frequencies of defects on 
the product

• Defect location check sheet - where defects occur on the product
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Check sheet- Example

3و 2، 1تعداد قطات تولید شده در محدوده های اندازه ای مختلف در سه شیفت 
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Check sheet- Example
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Defect Concentration Diagram

A drawing of the product (all relevant views), onto which the 

locations and frequencies of various defect types are added

• Useful for analyzing the causes of product or part defects

• By analyzing the defect types and corresponding locations, the 

underlying causes of the defects can possibly be identified
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Defect Concentration Diagram

Four views of refrigerator with locations of surface defects indicated 

in colored areas
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Scatter Diagrams

An x-y plot of data collected on two variables, where a correlation 

between the variables is suspected

• The data are plotted as pairs; for each xi value, there is a 

corresponding yi value

• The shape of the collection of data points often reveals a pattern 

or relationship between the two variables
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Scatter Diagram

Effect of cobalt binder 

content on wear 

resistance of a 

cemented carbide 

cutting tool insert
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Cause and Effect Diagram

A graphical-tabular chart used to list and analyze the potential 

causes of a given problem

• Also known as a “fishbone diagram”

• Can be used to identify which causes are most consequential 

and how to take corrective action against them
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Cause-and-Effect Diagram
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Applications of the Seven SPC Tools in a Quality 

Improvement Project
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Pareto priority index

E(S) = expected savings from the project. which equals anticipated savings

multiplied by the probability of success; C = cost of project: and T = time to

complete (yr).
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Example



1394-دانشگاه سمنان-مقطع کارشناسی ارشد-درس سیستم های تولید صنعتی-حاجی علی محمدی47/47

پایان جلسه چهاردهم


