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Omnex provides training, consulting and software solutions to the
international market with offices in the USA, Canada, Mexico, China (PRC),
Germany, India, the Middle East, and SE Asia. Omnex offers over 400
standard and customized training courses in business, quality,
environmental, food safety, laboratory and health & safety management
systems worldwide.

Email: info@omnex.com
Web: www.omnex.com
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Course Objectives

» |dentify the different uses of basic variables control charts.
* Explain common and special causes.

* Relate within and between variation to common and special
causes.

* Explain the relationship between process control and process
capability.

* Explain the relationship between C and P indices, and the
different methods of estimating standard deviations.

* ldentify appropriate uses for C,, C;, and P, P,

* Explain the relationship between the capability indices to

determine process improvement actions.
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Agenda
e Course Overview and Introductions
e Chapter 1—-SPC Background
— Breakout Exercise 1: Analyzing Data
* Chapter 2 — Introduction to Control Charts
e Chapter 3 — Basic Variable Control Charts
— Breakout Exercise 2: Plotting Data
— Breakout Exercise 3: Control Charts
— Breakout Exercise 4: X & MR Charts
e Chapter 4 — Basic Attribute Control Charts
* Chapter 5 — Analyzing Control Charts
— Breakout Exercise 5: Interpreting Control Charts
* Chapter 6 — Capability Analysis
— Breakout Exercise 6: Calculating Indices
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A BRIEF INTRODUCTION TO OMNEX
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Omnex Introduction

* International consulting, training and software development
organization founded in 1985.

e Specialties:
— Integrated management system solutions.
— Elevating the performance of client organizations.

— Consulting and training services in:
* Quality Management Systems, e.g. ISO 9001, IATF 16949, AS9100, QOS
* Environmental Management Systems, e.g. ISO 14001
* Health and Safety Management Systems, e.g. OHSAS 18001

 Leader in Lean, Six Sigma and other breakthrough systems
and performance enhancement.

— Provider of Lean Six Sigma services to Automotive Industry via AIAG
alliance.
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About Omnex

 Headquartered in Ann Arbor, Michigan with offices in major global
markets.

* In 1995-97 provided global roll out supplier training and development for
Ford Motor Company.

* Trained more than 100,000 individuals in over 30 countries.
* Workforce of over 400 professionals, speaking over a dozen languages.

 Former Delegation Leader of the International Automotive Task Force
(IATF) responsible for ISO/TS 16949.

* Served on committees that wrote QOS, ISO 9001:2000, QS-9000,
ISO/TS 16949 and its Semiconductor Supplement, and ISO IWA 1
(ISO 9000 for healthcare).

* Member of AIAG manual writing committees for FMEA, SPC, MSA, Sub-tier
Supplier Development, Error Proofing, and Effective Problem Solving (EPS).
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o Omnex Global Head Quarters (Michigan, USA)
West Coast Operations (San Jose, CA)

o Asia Pacific HQ (Chennai, Pune, Delhi, Bangalore)
o China (Shanghai, Guangzhou, Wuhan, Chengdu)
o Canada (Mississauga)

o Europe (Berlin, Germany)

o Middle East (Dubai, Saudi Arabia, Bahrain)
o Thailand (Bangkok)

Mexico (Monterrey)
o Singapore

o Malaysia (Kuala Lumpur)




Rules of the Classroom

v’ Start and end on time

v’ Return from breaks and lunch on time
v All questions welcome

v" Your input is valuable and is encouraged
v Don’t interrupt others

v' One meeting at a time

v’ Listen — and respect others’ ideas

v" No “buts” — keep an open mind

v" Cell phones & pagers off or silent mode

- v' No e-mails, textin eeting during class

call or answer a text ple
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Icebreaker

* Instructor Information: -
— Name T x 3
— Background

e Student Introductions: owmnex
— Name
— Position / Responsibilities
— What is your involvement in the

new product development
process?

— What are your experiences with SPC?
— Please share something unique and/or interesting about yourself.
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Chapter 1
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Chapter 1: SPC Background —
What We Will Cover

Learning Objectives Chapter Agenda

At the end of this chapter, you will be
able to describe:

Process Fundamentals

. i )
e The voice of the customer and Prevention vs. Detection

the voice of the process * Process Variation

* The purpose of SPC e Control vs. Capability

* The difference between
prevention and detection

 Basic Statistics

. .
* Process control and process Breakout Exercise 1

capability  Normal Distribution
* Over-control  Central Limit Theorem
* Location statistics and spread

statistics
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“Control charts are easy to
construct, so they are widely used.
But there are surprisingly few
really useful charts.”

[shikawa (1982), Guide to Quality Control
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Fundamentals of Process Control

VOICE
OF THE
PROCESS
STATISTICAL
METHODS
PEOPLE p
EQUIPMENT P THE WAY
MATERIAL P WE WORK/ PRO(II));CTS CUSTOMERS
METHODS P BLENDING OF SERVICES
MEASUREMENT p RESOURCES
ENVIRONMENT p
IDENTIFYING
a oA oS CHANGING NEEDS
INPUTS PROCESS/SYSTEM OUTPUTS AND EXPECTATIONS
VOICE
OF THE
CUSTOMER
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PREVENTION VS. DETECTION




Prevention Versus Detection

Detection — Tolerates Waste

Prevention — Avoids Waste



e

Strategy of Prevention

* A prevention strategy sounds sensible — even obvious — to
most people.

It is easily captured in such slogans as, “Do it right the first
time.”

However, slogans are not enough

What is required is an understanding of the elements of a
statistical process control system.

“By What Means”

W.E. Deming
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Strategy of Prevention

We need to understand:
 What is meant by a process control system?

* How does variation affect process output?

* How can statistical techniques tell whether a problem is local
in nature or involves broader systems?

 What is meant by a process being in statistical control, and
what is meant by a process being capable?

 What is a continual improvement cycle, and what part can
process control play in it?

* What benefits can be expected from using control charts?
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PROCESS VARIATION
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Total Process Variation

Total Process Variation

Common Cause Special Cause
Variation Variation
Within Variation Between Variation

« Inherent Variation e “Un”Natural Variation

* Natural Variation « Only some recipients see this
— the process capability variation

« All recipients see this variation « Something CHANGES in the

» Occurs within the subgroups process

» Occurs between the subgroups

OMNEX
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Understanding Process Behavior

If only common causes of variation are present, the
output of a process forms a distribution that is:

e stable over time and

e predictable




Understanding Process Behavior

If special causes of variation are present, the process
output is not stable over time; we are unable to predict

the results
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/Something is changing...
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Why is This Important?

* Predictions require
— “stable” processes
— only common cause variation
— processes in statistical control

The actions we take are different depending upon
if the variation is due only to common causes or
include one or more special causes.
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Two Mistakes

Mistake #1: To react to an outcome as if it came from a special
cause when actually it came from common causes of variation.

“Over control” = Tampering

Mistake #2: To react to an outcome as if it came from common
causes of variation when actually it came from a special cause.

OMNEX
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VARIATION: Sporadic or Chronic

Sporadic

Quality

historic
level

Chronic

» Perfection
Time
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CONTROL VS. CAPABILITY




e
Control vs. Capability

e Control deals with the sources of variation affecting the
process.

* (Capability is the variation left when all special causes of
variation are removed.
— The variation due only to common causes.
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Capability vs. Performance

* Process capability is determined by the variation that comes

from common causes.

— This generally represents the best performance of the process itself
and is demonstrated when the process is being operated in a state of
statistical control.

 Customers, internal or external, are typically more concerned
with the process performance — that is, the overall output of
the process, special and common causes, and how it relates to
their requirements (defined by specifications), irrespective of
the process variation.
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Control vs. Capability

CASE 2

Stability
YES NO
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CASE 1 Statistical Control CASE 3

In-Control Out-of-Control

Acceptable Case | Case 3
Capability

Unacceptable  (Cgge 2 Case 4
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BASIC STATISTICS




Variable Data

In order to make use of any statistical tools, we must be able to
make measurements — this is called Variable Data.

e Variable Data is the input for drawing a picture of the
variation in process (or even in a product or service).

 Datais grouped into sets to see if there are any patterns, such
as the shape of the distribution (i.e., symmetry, skewness,
flatness), the center of the distribution (i.e., mean, mode,
median), and the spread of data (i.e., range, standard
deviation.)
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Understanding Process Behavior

PIECES VARY FROM EACH OTHER

L _do, _dm 2B

SIZE ——» SZE——— @ SIZE——— ™ SZE—P»

BUT THEY FORM A PATTERN THAT, IF STABLE, CAN BE DESCRIBED AS A DISTRIBUTION

.

| |
SIZE——»

DISTRIBUTION CAN DIFFER IN:

LOCATION




e

Summarizing Information
Contained in Sets of Numbers

e Statisticians have developed numerous tools to answer the

guestions...
— Where is the “center” of a distribution of numbers?

— To what extent are the numbers concentrated around, or spread out
from, the center?

— What is the “shape” (or distribution) of the numbers?
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These Tools Are...

* Measures of central tendency or location of the observations:
— Mean (Average)
— Median
— Mode
 Measures of variation or spread of the observations:
— Range
— Variance
— Standard Deviation
* Information about the shape of the distribution of the
observations:
— Symmetry (Similarity to a normal distribution)
— Skewness
— Kurtosis (Flatness or Heavy Tails)

OMNEX
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e
Average

The average is the most commonly used measure of location in

SPC.
n

D%
_ =1

n
where

n = number of samples
x. = value of the ith sample

X

OMNEX
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Range

The range is the most commonly used measure of variability in
SPC.

The range takes into account only the high and low values in a
set of values.

Range = R = max{x,} — min{x;}

OMNEX
___&

WWW.OMNEX.COM Copyright 2020 Omnex, Inc. All Rights Reserved.

37



—ﬁ—
Standard Deviation

The variance is the most commonly used measure of variability
in statistical analysis.

Variance takes into account all the values in a set of items.

n-1
X =the mean of the x values

S = \/572 = the standard deviation
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Shewhart's Two Rules
for the Presentation of Data:

1. Data should always be presented in such a way that
preserves the evidence in the data for all the predictions that
might be made from these data.

2. Whenever an average, range, or histogram is used to
summarize data, the summary should not mislead the user
into taking any action that the user would not take if the data

were presented in a time series.

OMNEX
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Breakout Exercise 1




Breakout Exercise 1: Analyzing Data

Instructions

* Turn to Exercise 1 in your workbook.

Analyze the collected data.

Discuss your observations with the team. ownex

Share your findings with the class.

OMNEX
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THE NORMAL DISTRIBUTION




A Normal Process

e Data from a Normal Process will produce a continuous,
symmetrical, bell-shaped curve.

— 68.26% of the individuals will be within plus or minus one standard
deviation of the mean

— 95.44% and within two standard deviations
— 99.73% within three standard deviations

* These percentages are the basis for control charts, limits,
analysis and capability decisions.
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Normal Distribution

Percentages Under the Normal Distribution
o P T T T —

o~y

Location Percentage
. : Within 1o of the mean, u 68.268049%
L AN Within 2o of the mean, p 05 440074%
» Within 3¢ of the mean, p 09. 7300209
Within 4e of the mean, u 09.993666%%
Within S50 of the mean, u 09,99994 3%
Within o of the mean, g 09, 9999995
- :
-0 ' ' ' aEcs ’ + oo

-6c -50 -40 -30 -20 ~-10 0 +1c +20 +30 +40 +50 +60

99.9937%
- 99.999943% >

< 99.9999998% >




—_‘_—_ﬁ
The Central Limit Theorem

 The most important application of the normal distribution in
statistical process control is the fact that in many

circumstances, the distribution of the sample mean, X , is
normal.

 However, if the base distribution is not normal, we can still
take advantage of Normal Theory by the Central Limit
Theorem.
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The form of the distribution of
sample means approaches the
form of a normal distribution as
the size of the sample increases.

3/
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What This Means is That...

If | have a group of data, which
its distribution shape is any form:

And you create subgroups out of that data:

The distribution of the averages of those
subgroups will always be a narrower and
more normally shaped distribution.
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Normal Theory and the Central Limit Theorem

* The Central Limit Theorem is one of the most important
concepts in all of statistics.

* This indicates that it is almost always the case that the shape

of the distribution of values of X is either exactly normal or
approximately normal.

 Non-normal distributions such as flat or uniform, exponential,
or skewed, benefit from the Central Limit Theorem
applications in almost all process control applications in
manufacturing.
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Chapter 1: SPC Background —

What We Covered
Learning Objectives Chapter Agenda
You should now be able to describe: e Process Fundamentals

* The voice of the customer and
the voice of the process
e The purpose of SPC * Process Variation

* Prevention vs. Detection

« The difference between * Control vs. Capability

prevention and detection e Basic Statistics

4 Process control and rocess .
P * Breakout Exercise 1

capability
° Over_control ¢ NOI"mal DIStrIbUtIOn
 Location statistics and spread  Central Limit Theorem
statistics
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Chapter 2: Introduction to Control Charts —

What We Will Cover

Learning Objectives Chapter Agenda
At the end of this chapter, you ¢ Statistical Control
will be able to describe: « Types of Control Charts
* What statistical control e Basic Control Chart
means Elements
* Different types of control
charts

e The elements of control
charts

OMNEX
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STATISTICAL CONTROL




e

Performance Evaluation — IATF 16949

The following clauses from IATF 16949:2016 reference monitoring,
measurement and evaluation:

* 9.1.1.1 Monitoring and Measurement of Manufacturing Processes
* 9.1.1.2 Identification of Statistical Tools
 9.1.1.3 Application of Statistical Concepts

OMNEX
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Is the Process in Statistical Control?

prediction

@ Has the process
0 changed




Is the Process in Statistical Control?

change in location

_—changéinVWdﬁ1

[]

change in shape

Has the process
changed




Is the Process in Statistical Control?

Has the process
location changed

take n samples
calculate X




Is the Process in Statistical Control?

Q
Y
@ take n samples

C@j calculate X

Due to Sampling Variation

OMNEX _
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Control Limits show

/\. A /./.\ / how much random
-\./ V e variation exists in the
sampling plan.

Lower control limit

Due to Common Causes




Process Control

 When a process is in (statistical) control

...all variation in all important
process, product, or service
delivery measurements is the
- of common-causes o




The Only Way to Prove a Process is in
Statistical Control is by Control Charts

OMNEX
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A Diversion

e Although control charts are the only way to verify a process is
in statistical control, out of control processes can be identified
using other statistical tools: e.g., histograms.

* On the following pages identify which processes are out of
statistical control.

Remember: special causes = changes

OMNEX
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Control Charts

* If we are going to watch for patterns or other indicators of
control, we should have some control limits. Because the
normal process is useful in this situation, we have some
formulas that can help us and a mathematical table to aid

with calculations.

OMNEX
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TYPES OF CONTROL CHARTS
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Types of Variable Charts

Basic Charts
e Average and Range Charts (X & R charts)

— When data is readily available

e Average and Standard Deviation Charts (X & S charts)
— When sigma is readily available and the subgroup size is ten or more

* Individual with Moving Range Chart (X & MR charts)

Other Charts

* Moving Average and Moving Range Chart (MX & MR charts)
e EWMA Charts

e CUSUM Charts

 Median and Range Charts

e Run Charts — Note: not a Control Chart
OMNEX
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BASIC CONTROL CHART ELEMENTS
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Basic Chart Elements

* There is no single “approved” manner of displaying control
charts; however the reasons for the use of control charts must
be kept in mind.

* Any format is acceptable as long as it contains the following:

A.

m 7 OgP

OMNEX
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Appropriate Scale

UCL, LCL and Centerline

Subgroup Sequence / Timeline

|dentification of Out-of-Control Plotted Values
Event Log
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Basic Chart Elements

A D B
42
g o R WYY N
iz A
= 40 Centerline
5 “\’
5 o M VAW Y
------------------------------------------ LCL
33‘ L] L]
Subgroup 5 10 15 20 25 ) 35 W) 45
T OCS Subgroup Event Log
C first shift - new setup; insert IC27; material lot #1984

‘second shift ~ new setup; insert IC27; material lot #1931
third shift - new setup; insert IC84; material lot #1QR50
first shift - material lot #2179, replaced bad insert

third shift -- material lot #2193

first shift -- material lot #1950

-second shift - material lot #ZM18

1




Basic Chart Elements
A. Appropriate Scale

— The scale should be such that the natural variation of the process can
be easily viewed.

— A scale which yields a “narrow” control chart does not enable analysis
and control of the process.

YES
NO °] 4
. . la, /N W, AN } S
...:;.. - s I- . “, .'" o e |
A S -
|
5 [ -
g | JAA T N R MM
g : 1"4'\.; ‘,r \f\fﬂr I""'JI'I“., /—-A ."II 11(‘/%/ .V.'w.’f\b‘ 'ﬂll i -j Centarline
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Basic Chart Elements
B. UCL, LCL and Centerline

— The ability to determine outliers which signal special causes the
control chart requires control limits based on the sampling

distribution.

— Specifications limits should not be used in place of valid control limits
for process analysis and control.

— The control chart requires a centerline based on the sampling
distribution in order to allow the determination of non-random
patterns which signal special causes.

L
B
a
o
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Basic Chart Elements

C. Subgroup Sequence / Timeline

— Maintaining the sequence in which the data (subgroups) are collected
provides indications of “when” a special cause occurs and whether
that special cause is time-oriented. osmssnsesx

ucL
2
i
7]
E Centerline
w
LCL
md
Subgroup S 10 15 20 =S 0 35 40 45




e

Basic Chart Elements

D. Identification of Out-of-Control Plotted Values

— Plotted points which are out of statistical control should be identified
on the control chart osmssnsesx

— For process control, the analysis for special causes and their
identification should occur as each sample is plotted as well as
periodic reviews of the control chart as a whole for non-random

patterns.
D

42

- @ ] L] Lh:L
o 4 . ¥ - AN
= \ r . " L
I o W » W W iy
R Y LS S T R WA S S B & >y Centerling
B \ | e — ¥ " -_-
in 39 W ' -If. I ad . -

7 R . L S LCL

I8

5 10 5 Pl 5 30 15 & 45

OMNEX

WWW.OMNEX.COM Copyright 2020 Omnex, Inc. All Rights Reserved. 71



Basic Chart Elements

E. Event Log

Besides the collection, charting, and analysis of data, additional
supporting information should be collected.

This information should include any potential sources of variation as
well as any actions taken to resolve out-of-control signals (OCS).

This information can be recorded on the control chart or on a separate
event log.

If there has not been any change in the process between subgroups, it
is not necessary to include an entry on the process event log.

OCS Subgroup Event Log
1 first shift = new setup; insert ICZT; material lot #1984
4 second shift - new setup; insert IC27; material lot #1931
6 third shift = new setup; insert IC84; material lot 81QRS50
i T first shift - material lot #2179, replaced bad insert

g third shift - material lot #2193
12 first shift -- material lot #1950
23 second shift — material lot #ZM18

t
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Basic Chart Elements

* For control charts which are included as a part of a report and
for those which are maintained manually the following
“header” information should be included:

— What: part/product/service name and number/identification

— Where: operation/process step information, name/identification
— Who: operator and appraiser

— How: measurement system used, name/number, units (scale)

— How Many: subgroup size, uniform or by sample

— When: sampling scheme (frequency and time)

OMNEX
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Chapter 2: Introduction to Control Charts —

What We Covered

Learning Objectives

You should now be able to
describe:

e What statistical control
means

* Different types of control
charts

e The elements of control
charts

OMNEX

Chapter Agenda
e Statistical Control
* Types of Control Charts

e Basic Control Chart
Elements
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Chapter 3
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Chapter 3: Basic Variable Control Charts —
What We Will Cover

Learning Objectives Chapter Agenda

At the end of this chapter, you will be Y &R
able to describe:

e How to construct an X & R chart Breakout Exercise 2

Breakout Exercise 3
X & MR
Breakout Exercise 4

 The type of variation seen on the
X chart

 What the spread of control limits
on the X chart represent

* The type of variation seen on the
range chart

e Applications foran X & MR chart

« Differences between an X & R
chart and the X & MR chart

OMNEX
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Basic Control Charts

Variables Charts:

* Average and Range Charts

* Average and Sigma Charts

* Individual and Moving Range Charts
 Median and Range Charts

Attributes Charts:
* p,np,c,and u Charts
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X & R Chart

* When we have variable data
* There is a need to establish process variation

* When we can obtain samples of constant size between 2-10
consecutive pieces

* When pieces are produced under similar conditions with a
short interval between production of pieces

OMNEX
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X & R Chart

To calculate the control limits for the chart we use the following formulas:

@ubgroup Average: \ ﬂ}rand Average: \

X +X,+.+X,

bl

<]

L BRI _
n

n = number of samples in a subgroup k = number of subgroups used to determine the

Grand Average and Average Range
Subgroup Range:

o Average Range:
R = x,,, —x,; (within each subgroup)

= R+R +..R
K / \ = k ’ /
(Centerline Control Limits )
CL; =X UCL; =X+A4R  LCL;=X-4R
\ CLy = R UCL, = D,R LCL, =D,R y
n 2 3 4 5 6 7 8 9 10
D4 3.27 2.57 2.28 2.11 2 1.92 1.86 1.82 1.78
D3 - - - - - 0.08 0.14 0.18 0.22
A2 1.88 1.02 0.73 0.58 0.48 0.42 0.37 0.34 0.31
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Process for X & R Chart

1.

7.

Determine sample size, typically between 2-10 pieces

* For 10 or more sample sizes, use an X & S chart for more
sensitivity

Establish the frequency of taking measurements
Collect data and establish control limits
Calculate average and record for each sample
Determine the range and record for each sample
Plot the average and range on chart

Use the chart to monitor the process

OMNEX
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Breakout Exercise 2




Breakout Exercise 2: Plotting Data

Instructions

* Turn to Exercise 2 in your workbook.
e Plot the data from Exercise 1 on the X & R chart.

* Includethe X & R (averages) or center lines.

* Analyze at this point.

We will introduce some rules designed to detect certain kinds of non-
random patterns.

Before presenting the rules, however, try to detect the presence of
special cause(s) of variation in the process whose control chart you
started.

Conduct an analysis of the chart without regard to any specific rules that

have been previously learned.
OMNEX
Y
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Answer: X & R Chart




Breakout Exercise 3




e

Breakout Exercise 3: Control Charts

Instructions
* Turn to Exercise 3 in your workbook.

e Calculate the control limits for your chart using the formulas
provided and the included Control Chart Constants Matrix.

OMNEX
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X & MR Chart (or I & MR Chart)

* Individual reading and a moving range are useful for short
runs and for parts tested by destructive testing.

 Also called I & MR charts — substituting | for individual in
place of X.

e Control limits are calculated from the average moving range,
similar to the X & R chart.

* Chart does not separate piece-to-piece variability.

* Chartis not as sensitive to changes in the process as the
X & R chart.

OMNEX
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e
X & MR Chart (or I & MR Chart)

To calculate the control limits for the chart we use the foIIowing formulas:

/Individual Value:  x, i=1,....k individual values: \ / Average Moving Range: \

Average of Individual Values: MR - MR, + MR, +... MR,
TNt ey k—1
k Estimate of the Standard Deviation of X:
Moving Range: . =
o7
]\/,!Rl.:|xi—x_H ,i=2.k d,
\ (Range between current value and previous valy \ /
4 ] B )
Centerline Control Limits
EC = X UCL,=X+ER  ILCL,=X-ER
U G =R UCL, = D,R LCL, = D,R )
n 2 3 4 ) 6 7 8 9 10
D4 ol 4 2.57 2.28 2.11 2 1.92 1.86 1.82 1.78
D3 - = = 0.08 0.14 0.18 0.22
E2 2.66 1.77 1.46 1.29 1.18 1.11 1.05 1.01 0.98

OMNEX
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Breakout Exercise 4
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Breakout Exercise 4: X & MR Charts

Instructions
 Turn to Exercise 4 in your workbook.

* Look at the enclosed chart and identify the differences and
similarities to the X & R charts.

* Analyze the viscosity chart for capability and control.

7\
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Answer: X & MR Chart (or I & MR Chart)




Answer
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Chapter 3: Basic Variable Control Charts —
What We Covered

Learning Objectives Chapter Agenda
You should now be able to describe: e X&R

e How to construct an X & R chart ]
Breakout Exercise 2

* The type of variation seen on the
X chart

 What the spread of control limits
on the X chart represent

Breakout Exercise 3
X & MR
Breakout Exercise 4

* The type of variation seen on the
range chart

e Applications foran X & MR chart

« Differences between an X & R
chart and the X & MR chart

OMNEX
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Chapter 4
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Chapter 4: Basic Attribute Control Charts —

What We Will Cover

Learning Objectives Chapter Agenda

At the end of this chapter, you ¢ Characteristics of Attribute

will be able to describe: Charts

* Key characteristics of e Types of Attribute Charts
attribute control charts — np Chart

* The four attribute charts — p Chart

e When to use attribute — c¢Chart
charts — u Chart

OMNEX
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Characteristics of Attribute Charts

* Subgroup or sample size needs to be greater than 50.

* Average number of defects/defectives should equal 4 or
more.

* |f the subgroup size varies by more than 10%, control limits
need to be recalculated.

— With computer generated charts, any variation in n should have
recalculated limits.

 The defects and defectives plotted in attribute charts are
categorized into a Pareto Chart to determine the vital few.
— Reducing the defects needs a fundamental system change.

OMNEX
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Types of Attribute Charts

Proportion Nonconforming (p Chart)
— For defectives with varying sample sizes

* Nonconforming Product (np Chart)
— For defectives with constant sample size

Number of Nonconformities (c Chart)
— For defects with fixed sample size

 Nonconformities Per Unit (v Chart)
— For defects with varying sample size

OMNEX
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e
p Chart — Percent / Proportion

* Analyzes percentages or proportions

— Commonly used with Percentage of Non-conforming Product, also
called Fraction Defective.

— Can be used with any process percent not just non-conforming
product

 Sample size can be different for individual readings

OMNEX
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p Chart: with Constant Sample Size

P Chart of Rejected peices

0.0200 1
0.0175 - A
UCL=0.01581
0.0150 -
=
=)
+ 0.0125 /\/.\
o}
3 !
& 0.0100 - o V \'/ﬁ\/ P=0.00995
0.0075 - V v
0.0050 -
LCL=0.00400
WK1 WK3 WKS WKT WKS WK1 WK13 WK15 W17

Week
Constant Sample Size of 2500 Minitab 19
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p Chart

To analyze the proportion of defectives or nonconforming use the following
formulas for the chart limits:

Guideline:
Since the control limits are based on a normal approximation, the

sample size used should be such that #p > 5.

Individual Value
p, = i 41 s, =number of parts inspected;
Fl.

i

np, = number of nonconforming items found

Average of Individual Values

np, +np, +....+np,

where £ = number of subgroups

=1
Il

mt+n, ...t

sl

\ _btp ;C- + P if all the »;"s are equal /

OMNEX
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p Chart

To analyze the proportion of defectives or nonconforming use the following
formulas for the chart limits:

4 Control Limits N\

If the sample size is constant (n) UCL, = I_H_3—\)p(1—p)

Jn
— L NP(-p)
LCL,=p-—3
4 : N,
/Constant control limits when the sample size varies \
(for situations where M7 5075 )
max #,

Control Limits




0.015 1

0014 T

0012 1

0.010 1

0.008 1

Proportion

0.006 1

0004

0.002 1

P Chart of Rejected peices

- /\;/
Lo

-

0.000 1

WK1 WK3 WEKES WET WEKD WK1 WK1 WIS WEIT
Week

[ Tests are performed with unequal sample sizes.

1

OMNEX

Notice how the control limits vary accordi

UCL=0.01287

P=000797

LCL=0.00307

Minitab 19




Number of Defectives — np Chart

* Total average defectives per lot is the np value, which is the
total defectives divided by the number of lots.

 Sample size cannot be different for individual readings.

* This chart plots the COUNT of the defectives.




np Chart

To calculate the np chart limits, use the following formulas:

,

\

Restriction: \

Requires a constant subgroup size = n

Guideline:

Since the control limits are based on a normal approximation,
the sample size used should be such that np > 5

Individual Value:

np, n=number of parts inspected;

np = number of nonconforming items found

Average of Individual Values:

— np,+nup,+...+1R
np = Py sz P /

OMNEX
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np Chart

To calculate the np chart limits, use the following formulas:

p

Centerline

(. = np

e

Control Limits:

UCL,, = np +3\/@(1 -y = np +3 np(1- )
H

—  w. —  [———
LCL,, =np - 3\/@(1 - ;p = np =3 np(1- F)

~

=




np Chart

18 1
18 7

14 1

A /\/L

12

10

Sample Count
5 2]

54}
1

MP Chart of Defectives

1

1 3 L T 9 n 13 15 LE 19

Sample

Constant sample size = 500

21

23

UCL=14.75

MP=592

LCL=0

Minitab 19

With constant sample size: in this instance 500 units
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¢ Chart

* Counted Attribute data — e.g., Nonconformities count per unit

 Nonconformities are distributed throughout a product, e.g.:
— Number of defects on a painted part
— Number of flaws in an assembly operation

 Effectively a sample (subgroup) size =1

When nonconformities can be found from multiple sources or
attributed to multiple sources

OMNEX
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¢ Chart

C Chart of Defects
0 -
. 1

s0- H B UCL=60.01

N / \
: A e
=
S C=a034
5 407 S * '
=%
=
30

LCL=2167
20
.
10 -
T 1 T T T T T T T T
1 4 7 10 13 16 19 22 25
Group
Minitab 19

With a constant sample size of “1”




¢ Chart

To calculate number of defects and the chart limits, use the following formulas:

Restriction:
Requires a constant subgroup size=n
Guiddine:

Since the control limits are based on a nommal approximation, the sample

used must be large enough so that the number of subgroups with ¢ = 0 1s
small

Individual Value:

c,= number of nonconformities found in sample; 1 =1.... %
[

Average of Individual Values:

C+Cy+.+ G,
T

c =

&= number of samples

Chart Features:
Centerline Control Limits

Cle= ¢ UCL, =t +3-t

LCL. =t -3F
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u Chart

* Average number of defects per unit is the u value, which is the
total defects found in a sample divided by the number of units
(pieces) in the sample.

 Sample size can be different for individual readings.

On average, are fewer defects
occurring in the assembly process?

OMNEX
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u Chart

U Chart of TotalDefects

UCL=5.436

AN AL M /\ Asl
: V\/ A\ \/ RN

- LCL=0

sample Count Per Unit

1 4 ? m 13 15 19 22 25 28
Lot

‘ Tests are performed with unequal sample sizes, | Minitab 19

With unequal / variable sample siz
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u Chart

To calculate the average number of defects per unit or average nonconforming
per unit and the chart limits, use the following formulas:

ﬁ}uideline:

Since the control limits are based on a normal
approximation, the sample size used must be large enough
so that the number of subgroups with ¢ = 0 1s small.

Individual Value:
¢ » . _
u, =—— ¢, = number of nonconformities found in sample 7;

n, = 1s the sample size
Average of Individual Values:

M Uyt
H =
k

OMNEX
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u Chart

To calculate the average number of defects per unit or average nonconforming

per unit and the chart limits, use the following formulas:

/

Centerline Control Limits
CL =@ UCLH:EJr?/E:EJrS 2
n, A,

LCL, g T =ﬁ—3\/z
1,

\

_
=

\

For constant control limits when the sample size varies

% »075)

max #,

(for situations where

Control Limits:

UCL, =u+ Wi =u +3\/£ ( n = average sample size)
Ji Z

LCL, =u - Wi =i — 3\/5 ( 7 = average sample size)
Ja 7

OMNEX
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Chapter 4: Basic Attribute Control Charts —

What We Covered

Learning Objectives

You should now be able to
describe:

* Key characteristics of
attribute control charts

e The four attribute charts

e When to use attribute
charts

OMNEX
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Chapter Agenda

 Characteristics of Attribute
Charts

e Types of Attribute Charts
— np Chart
— p Chart
— ¢ Chart
— u Chart
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Chapter 5: Analyzing Control Charts —
What We Will Cover

Learning Objectives Chapter Agenda
At the end of this chapter,you ¢ Common Out-of-Control
will be able to describe: Detection Rules
* At least four of the common ¢ Patterns that Signal Out-of-
out-of-control detection Control
rules * Breakout Exercise 5

* How to analyze a control
chart for out-of-control
situations

OMNEX
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Control Charts

* If a special cause of
variation occurs at some
point in time, its impact
on the statistic will be
noticeable.

 The behavior of the statistic
will no longer be random; its pattern
of values will probably stand out from
the common cause of variation.

OMNEX
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Special Cause Criteria

* The samples are randomly selected from the population.

* The plotted points will have a normal distribution if the
process is in statistical control.

Ea |
14% - = = = = = = = = = = = —-—!—‘1-—————————————————————— - =
[4}
13% ! \1
| \
1 \
12% l=l \ FARY
\_| N I~
i rd A\ \\ ‘ll-.___“’l
10% N/ AV —
N\ NI/
) N/
9% 7
. /\‘ ! I I I
8/0 \’ 1 | 1
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ! | 1
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Common Out-of-Control Detection Rules

 Afew commonly seen changes in a process are due to...

A gradual change in the center or spread of the process, possibly due
to tool wear, worker fatigue, depletion of a chemical in a solution,
changing work conditions, etc.

An abrupt and persistent change in the center or spread of the
process, possibly due to a change in the material or supplier, a change
of operators, a change in monitoring procedures, reaction to a new
set-up, etc.

An abrupt but temporary change in the center or spread of the
process.

Periodic movements in the center or spread of the process, possibly
due to daily or weekly environmental changes, operator rotations, etc.

Other types of erratic or systematic changes in the center or spread of
the process that experience has shown to be associated with specific
causes.

OMNEX
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Summary of Typical Special Cause Criteria

One point more than three standard deviations from centerline
Seven or more points in a row on same side of centerline

Six points in a row, all increasing or all decreasing

Fourteen points in a row, alternating up and down

Two out of three points > 2 std dev from centerline (same side)
Four out of five points > 1 std dev from centerline (same side)

Fifteen points in a row within 1 std dev of centerline (either side)

BTV EC\E & P T

Eight points in a row > 1 std dev from centerline (either side)

In this table, “standard deviation” refers to the standard deviation used in
the calculations of the control limits.

OMNEX
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Out

of Control Patterns

in Control Charts

ucL

X

LCL

Time

{b} Two cut of three points bevond two standard deviations.

UCL

X

LCL

Time

{d) A run of seven points on one side of the Mmidlina.

OMNEX
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Time

{a) A point outside the control limits.

ucL

ol

LCL

Time ——————=—

(c) Four out of five points bayond ohe standard deviation.

ucL

ol

LCL

Time —————=——

{e) A trand of langth six or “aimost trend™ of length tan.
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Patterns that Signal Out-of-Control

* A few explanations for a point being outside the control limits
are...
— The control limits have been miscalculated.
— The value of the statistic has been mis-plotted. o*m*nexx*

— The variability of the process has increased or decreased, if the sample
is larger than six. (R charts)

— The center of the process has shifted. ( X charts)

— There is a trend in the data. ( X charts)

— The measurement system has changed (there is new gaging system or
a new inspector).

OMNEX
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Summary

* If a control chart includes one of the signals discussed in this
segment, it not only indicates that the process is out of
control; the nature of the signal also suggests what the root
cause of the problem may be.

* The pattern of behavior of its control chart statistic should be
completely random.

 The way a control chart signals an out-of-control process is by
revealing systematic patterns in the values of the statistic,
patterns that have a low probability of occurring when the
process is actually in control.
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Breakout Exercise 5




e

Breakout Exercise 5: Interpreting Control Charts

Instructions
 Turn to Exercise 5 in your workbook.

 Examine each of the control charts and determine which, if
any, of the out-of-control patterns are present.

OMNEX
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Chapter 5: Analyzing Control Charts —

What We Covered
Learning Objectives Chapter Agenda
You should now be able to e Common Out-of-Control
describe: Detection Rules
* At least four of the common ¢ Patterns that Signal Out-of-
out-of-control detection Control
rules * Breakout Exercise 5

* How to analyze a control
chart for out-of-control
situations
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What We Will Cover

Learning Objectives

== —— e

Chapter 6: Capability Analysis —

Chapter Agenda

At the end of this chapter,you

will be able to describe:

* The meaningof C,, C,,

and P,
* The type of variation

P,

considered in the indices .

* How to apply the formulas
to calculate the indices

OMNEX
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Capability Basics

Bilateral Tolerances and
Capability

Unilateral Tolerances and
Capability

Breakout Exercise 6
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Capability Basics
e OQOutput of a stable process can be described by its statistical

distribution.

* The process must be stable (in statistical control) in order for
the distribution to be useful for predicting future results.

* Process centering and spread interact with respect to
producing an acceptable product.

e Asshiftin process location, an increase in process spread or a
combination of these factors may produce parts outside the
specification limits.

OMNEX
___&

WWW.OMNEX.COM Copyright 2020 Omnex, Inc. All Rights Reserved. 129



—_—_—‘ﬁ
Capability Basics

* Indices of process variation-only, relative to specifications: C,
and P,

* Indices of process variation and centering combined, relative
to specifications: C,, and P,

* Ratios of process variation-only, relative to specifications: CR
and PR

OMNEX
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Capability Basics

Process variation and process centering are two separate
process characteristics. Each needs to be understood separately
from the other.

e To assist in analysis, it is convenient to combine the two
characteristics into indices such as; C,, C,, or P, P,

* These indices can be useful for:
— Measuring continual improvement using trends over time.
— Prioritizing the order in which processes will be improved.
— These indices should always be evaluated in pairs.

Cp/Cpk or Pp, Ppk

OMNEX
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Capability Basics
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Best Practice: Evaluate the 4 Indices Together
Process Capability Sixpack Report for data

I Chart Capability Histogram
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BILATERAL TOLERANCES

Process Capability and Performance Indices
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Bilateral Tolerances

* C,is the number of times the process distribution (Six Sigma
range) can “go into” the tolerance range.
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Bilateral Tolerances

* C,:Thisis a capability index. It compares the process
capability to the maximum allowable variation as indicated by
the tolerance.

— Provides a measure of how well the process will satisfy the variability
requirements.

— C, is calculated by

_USL—LSL USL—LSL

N

* C,is notimpacted by the process location — this index can be
calculated only for two-sided (bilateral) tolerances.

C
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Bilateral Tolerances

* C, is the number of times half of the process distribution
(Three Sigma range) can “go into” the tolerance range,
starting at the process average.

.
Lk (2 N LSL USL
4 L it 2
— a1 = [\ 4
e L - 1
: L—— :
Bt Target —

CPL=3.0 CPU=22

OMNEX
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Bilateral Tolerances

* C, : Thisis a capability index. It takes the process location as
well as the capability into account.

* For bilateral tolerances, C,, will always be less than or equal to
C

p
— C, will be equal to C, only if the process is centered

— C, is calculated as the minimum of CPU or CPL

CPU:USL—X:U L-X CPL:X_LSL:X_LSIj

S
30 3(|§ j 3o, 3(§d

OMNEX
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Bilateral Tolerances

* P,:Thisis a performance index. It compares the process
performance to the maximum allowable variation as indicated

by the tolerance.

— This index provides a measure of how well the process will satisfy the
variability requirements.

— P, is calculated by
~USL-LSL USL-LSL

P
i 6o, 6s

* P, is notimpacted by the process location — this index can be
calculated only for two-sided (bilateral) tolerances.
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Bilateral Tolerances

* P, :Thisis a performance index. It takes the process location
as well as the performance into account.

* For bilateral tolerances P, will always be less than or equal to

P
p
— P, will be equal to P, only if the process is centered
— P, is calculated as the minimum of PPU or PPL
opyy LYSL=X _USL-X o X-LSL _X-LSL
BO-P 38 SGP 38
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Bilateral Tolerances

* P,and P, should always be evaluated and analyzed together.

* AP, value significantly greater than the corresponding P,
indicates an opportunity for improvement by centering the

Process.

OMNEX
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Bilateral Tolerances

* CR:This is the capability ratio and is simply the reciprocal of C,
CR= 1/C,

* PR: This is the performance ratio and is simply the reciprocal
of P
p

PR = I/P

P




e T

Bilateral Tolerances

e A parts-per-million (ppm) nonconformance rate is sometimes
used as a supplemental measure of process capability.

* To estimate the nonconformance rate using capability index
information, a probability distribution of the data must be
defined.

— While the normal distribution often is used for this purpose, this is an
assumption that should be validated before proceeding further.

— The nonlinear relationship between the capability index and the
proportion nonconforming should be understood in order to make
correct inferences.

OMNEX
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UNILATERAL TOLERANCES
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Unilateral Tolerances

* C,: Thisis a capability index. It compares the process capability to the
maximum allowable variation as indicated by the tolerance.

— This index has no meaning for unilateral tolerances.

* P,:Thisis a performance index. It compares the process performance to
the maximum allowable variation as indicated by the tolerance.

— This index has no meaning for unilateral tolerances.

* |f the product characteristic has a physical limit (e.g., flatness cannot be
less than zero), a C, (or P,) could be calculated using the physical limit
(0.0) as a surrogate lower limit — but, this number will not have the same
relationship to C,, (P,,) as it does in the bilateral case.

OMNEX
___&

WWW.OMNEX.COM Copyright 2020 Omnex, Inc. All Rights Reserved. 146



L EEEE————_ s

Unilateral Tolerances

* C, is directly related to the proportion nonconforming
produced by the process — it is equal to CPU or CPL depending
whether the tolerance is a USL or a LSL where:

CPU :USL—X CPL = X —LSL

(%, (%4,

* With unilateral tolerances with a physical limit, C,, can be less
than, equal to, or greater than C,

OMNEX
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Unilateral Tolerances

* P, isdirectly related to the proportion nonconforming
produced by the process —it is equal to PPU or PPL depending
whether the tolerance is a USL or a LSL where:

PP :USL—X PPl — X —LSL
3s 3s

* With unilateral tolerances with a physical limit, P, can be less
than, equal to or greater than P,

OMNEX
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Unilateral Tolerances

* CR:This is the capability ratio and is simply the reciprocal of C,
— As such, this index has no meaning for unilateral tolerances.

* PR:This is the performance ratio and is simply the reciprocal
of P
p

— As such, this index has no meaning for unilateral tolerances.




Breakout Exercise 6
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Breakout Exercise 6: Calculating Indices

Instructions
* Turn to Exercise 6 in your workbook.

* Calculate C,, C, and P,, P, using the Brinell Data found in
Exercise 1 and the control charts completed in Exercise 3.

As time allows, the instructor will
provide additional problems to
solve
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Chapter 6: Capability Analysis —

What We Covered
Learning Objectives Chapter Agenda
You should now be able to * Capability Basics
describe: * Bilateral Tolerances and
* The meaningof C,, C,, P, Capability

and P, * Unilateral Tolerances and
* The type of variation Capability

considered in the indices « Breakout Exercise 6

* How to apply the formulas
to calculate the indices
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Dhank You!

Questions?

info@omnex.com
734.761.4940
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