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Agenda

Part 1

▪ Training Timeline

▪ Statistical Process Control Background

▪ Training Objectives

▪ APQP Relationship

▪ Terminology (Process Variation: Common & Special 

Causes) 

Part 2

▪ Interpreting a Control Chart

▪ Control Chart Tests for Special Cause Variation

▪ Potential causes for each test

▪ Confusing Common and Special Cause Variation

▪ Control Chart examples (Minitab and Excel)

▪ Appendix B – Additional Control Chart Analysis and 

Interpretation
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Training Objectives

Include:

• Understanding the benefits and application of SPC 

methodology

• Recognizing variation in manufacturing processes

• Differentiating between common and special causes of 

variation

• Learning about data collection and control charts

• Understanding the importance of reducing variation

• Implementing control charting to assess process stability

• Selecting, applying, and interpreting basic SPC tools for 

process analysis
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Value Proposition

Invest more in upfront planning to significantly reduce cost later in the product lifecycle!
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APQP Relationship

* Reference AS9145 Table 2 – Production part approval process

Feedback
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2. Product Design & Development
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Process Control System Model with Feedback 
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AIAG, 2nd Ed. 
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What is Statistical Process Control (SPC)?

Statistical process control (SPC) is defined as the use of statistical 

techniques to control a process or production method. SPC tools and 

procedures can help you monitor process behavior, discover issues in 

internal systems, and find solutions for production issues. (Source: ASQ)
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History of Statistical Process Control (SPC)

• Initially developed by Dr. Walter Shewhart in the 1920’s

• Expanded by Dr. W. Edwards Deming after WWII

• Dr. Shewhart identified two sources of process variation: 

• Chance variation – inherent in process, and stable over time.

• Assignable variation – which is unstable over time, the result of specific 

events outside the system

• Dr. Deming relabeled  chance variation as Common Cause variation, and 

assignable variation as Special Cause variation.
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Quiz: Special vs Common Cause

Poor working conditions

Out of date drawings

Normal wear and tear of tooling

Poor batch material

Tool damage

Poor maintenance of machines

Maintenance check overlooked

Ambient temperature / humidity

Machine breakdown

SC = Special Cause

CC = Common Cause
CC

CC

CC

CC

SC

SC

SC

SC

SC
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Statistical Process Control (SPC)

• The four Process States:

➢ Ideal State

➢ Threshold State

➢ Brink of Chaos

➢ State of Chaos

Four Process States

Source: Understanding Statistical Process Control. Donald J. Wheeler
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Statistical Process Control (SPC)

Source: 

Understanding 

Statistical

 Process Control. 

Donald J. Wheeler

Ideal State
• PROCESS IN CONTROL
• 100% CONFORMING PRODUCT
• Control Charts

• Maintain Process in Control
• Give timely warning of any troubles 

Threshold State
• PROCESS IN CONTROL
• SOME NONCONFORMING PRODUCT
• MUST EITHER…

• Change Process or 
• Change specification

• Sorting is only a temporary fix
• Control Charts

• Maintain Process in Control 
• Evaluate efforts at improvement

Brink of Chaos
• PROCESS OUT OF CONTROL
• 100% CONFORMING PRODUCT
• All may seem okay, but…

• Assignable Causes determine what 
is produced by the process!

• Quality and conformance can 
change in a moment

State of Chaos
• PROCESS OUT OF CONTROL
• SOME NONCONFORMING PRODUCT
• Assignable Causes still dominate
• Random fluctuations due to Assignable 

Causes will eventually frustrate efforts at 
process improvement

• The only way out of chaos is to first 
eliminate the Assignable Causes
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SPC Benefits

✓ Reduce scrap and rework

✓ Increase productivity

✓ Improve overall quality

✓ Match process capability to product requirement

✓ Continuously monitor process to maintaining control

✓ Provide data to support decision making

✓ Streamline the process

✓ Increase in product reliability

✓ Opportunity for company-wide improvements
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How to Perform SPC

Identify the Process
Determine 
measurable 

characteristics

Describe natural 
variation of 

characteristics 
(Calculate Control 

Limits)

Determine 
measurement method

Develop subgroup 
strategy and sampling 

plan

Collect the data and 
plot SPC chart

Monitor process 
variation

Identify assignable 
causes(s)

Remove 
assignable 

cause(s)

Is process 
Controlled

?

Perform Gage R&R

Select SPC chart 
(Xbar-R, I-MR, etc)

1 2 3

3.1

4 5

6

7

7.1

8

7.2 7.3
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What is a Control Chart?

The Control chart is a graph used to study how a process 

changes over time.

Data are plotted in time order.  A control chart always has:

• a central line for the average

• an upper line for the upper control limit 

• a lower line for the lower control limit. 

These lines are determined from historical data.

Source: http://asq.org/learn-about-quality/data-collection-analysis-

tools/overview/control-chart.html 

http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
http://asq.org/learn-about-quality/data-collection-analysis-tools/overview/control-chart.html
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Purpose of a Control Chart

• Control Chart information can be used to determine 

the natural range of the process and compare it 

with the specified tolerance range.

• Control Charts are used as predictive tools to 

indicate requirements for process changes to 

prevent production of non-conforming material. 

• Using Control Charts significantly reduces the 

amount of defective products. 
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Control Charts Benefits

✓ Detect variation

✓ Monitor/measure process performance and variation over 

time 

✓ Differentiate between special & common cause variation

✓ Assess the effectiveness of changes to improve a process 

✓ Establish if a process is in control

✓ Reduced inspection can be considered once stability is 

achieved through control chart analyses

✓ Decide when action is appropriate

✓ Establish preventative measures
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Process limits versus Specification limits

Voice of Customer

Voice of Process

LCL UCL

LCL = Lower Control Limit UCL = Upper Control Limit
Width of Distribution

Target
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Control Limits

Call the AVG. 

the center line

or X bar.  

Extend

the + or - 3 sigma

lines, call them 

control limits.

(Center line or X bar)

Upper control limit (UCL)

Lower control limit (LCL)

Zone A 

Zone A

Zone B

Zone B

Zone C

Zone C

- 2 sigma

- 1 sigma

- 3 sigma

+1 sigma

+2 sigma

+3 sigma
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Selection of Control Charts

Number 
of Defects

Defects
per Unit

Number of 
Defective Units

Fraction of 
Defective Units
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How to Calculate 
Control Limits



21 © 2026 Lockheed Martin Corporation. All Rights Reserved

Calculate Control Limits [After 20-25 Subgroups]
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Assess Statistical Control
Tests for Special Cause Variation
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Tests/Rules for Special Cause Variation

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8

Source: AS13006 App. D
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Recap

• Two sources of process variation: common and special cause variation

• Four process states: Ideal, Threshold, Brink of Chaos, State of Chaos

• Voice of the customer (Specification Limits)

• Voice of the Process (Control Limits)

• Control limits at +/- 3 sigma (zones A, B, C)

• Eight tests for special cause variation (AS13006)
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Resources

▪AS13006 Process Controls Methods

▪SPC (2nd Ed.) AIAG

▪SPC for Excel

https://www.spcforexcel.com/spc-for-excel-publications-category

▪Process Capability and Control

IAQG – Supply Chain Management Handbook (SCMH), 

https://www.sae.org/servlets/registration?PORTAL_CODE=IAQG&OBJECT_PKG=iaqg.busin

essClasses&OBJECT_TYPE=SCMHGeneral&PAGE=getSCMHBOOK

▪Minitab 20 Support

https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-

improvement/

▪Understanding Variation – The Key to Managing Chaos, Donald J. Wheeler

▪Short Run SPC, Donald J. Wheeler

https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.spcforexcel.com/spc-for-excel-publications-category
https://www.sae.org/servlets/registration?PORTAL_CODE=IAQG&OBJECT_PKG=iaqg.businessClasses&OBJECT_TYPE=SCMHGeneral&PAGE=getSCMHBOOK
https://www.sae.org/servlets/registration?PORTAL_CODE=IAQG&OBJECT_PKG=iaqg.businessClasses&OBJECT_TYPE=SCMHGeneral&PAGE=getSCMHBOOK
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
https://support.minitab.com/en-us/minitab/20/help-and-how-to/quality-and-process-improvement/
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Appendix A

Control Charts Types
Continuous Data 
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I-MR Chart
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X-Bar and R Chart
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X-Bar and S Chart
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Control Charts Types
Discrete Data 
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U Chart of Number of Defect per Unit
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C Chart - Number of Defects
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P Chart – Fraction Defective
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NP Chart – Number Defectives
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Calculate Control Limits [After 20-25 Subgroups]
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Statistical Process Control (SPC)

Part 2 - Application
Advanced Quality Team

Supplier Quality Management
Continuous Improvement Training
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GROUND RULES
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Agenda

Part 2

▪ Recap

▪ Interpreting a Control Chart

▪ Control Chart Tests for Special Cause Variation

▪ Potential causes for each test

▪ Confusing Common and Special Cause Variation

▪ Control Chart examples (Minitab and Excel)

▪ Short Run Charts

▪ Appendix B – Additional Control Chart Analysis and 

Interpretation



4 © 2026 Lockheed Martin Corporation. All Rights Reserved

Process limits versus Specification limits

Voice of Customer

Voice of Process

LCL UCL

LCL = Lower Control Limit UCL = Upper Control Limit
Width of Distribution

Target
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Control Limits

Call the AVG. 

the center line

or X bar.  

Extend

the + or - 3 sigma

lines, call them 

control limits.

(Center line or X bar)

Upper control limit (UCL)

Lower control limit (LCL)

Zone A 

Zone A

Zone B

Zone B

Zone C

Zone C

- 2 sigma

- 1 sigma

- 3 sigma

+1 sigma

+2 sigma

+3 sigma
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Interpreting a Control Chart 

Identify the following conditions:

• Instability: All over the map 

• Systematic Variation: Up-Down, Up-Down 

• Trends: Long series of points that are moving in one 

direction 

• Sudden Change: Major change in data/process 

• Cycles: Roller coaster curve 
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Assess Statistical Control
Tests for Special Cause Variation
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Tests/Rules for Special Cause Variation

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8

Source: AS13006 App. D
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Potential Causes for Each Test

TEST 1:  Single point is outside 

the control limits. (Instability)
TEST 2:  Two out of three points more 

than 2 standard deviations from the 

centerline or mean (Zone A).

Some prolonged bias exists.

What are the Possible Causes? 

• New person doing the job

• A machine breakdown

• Wrong setup

• Process Step not completed

• Power failure

• A piece of bad material

• Process step skipped

What are the Possible Causes? 

• New person doing the job

• A machine breakdown

• Wrong setup

• Process Step not completed

• Power failure

• A piece of bad material

• Process step skipped

A

B

C

A

C
B

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ

A

B

C

A

C
B
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Potential Causes for Each Test

TEST 3:  Four out of five points more 

than 1 standard deviation from the 

centerline or mean (Zone A or B).

TEST 4:  Six points in a row 

increasing or decreasing.

What are the Possible Causes? What are the Possible Causes? 

• Raw material change

• Change in work instruction

• Different measurement device/calibration

• Different shift

• Person gains greater skills in doing the job

• Change in maintenance program

• Change in setup procedure

• Tooling wear

• Operator fatigue

• Changes in raw material 

• Shifts in environmental conditions: 

      (cooling, heating)

A

B
C

A

B
C

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ
A

B

C

A

C

B
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Potential Causes for Each Test

TEST 5:  A run of eight points on 

the same side of the centerline.
TEST 6:  Eight points in a row greater 

than 1 standard deviation from the 

centerline or mean (Zone A or B).

What are the Possible Causes? What are the Possible Causes? 

• Raw material change

• Change in work instruction

• Different measurement device/calibration

• Different shift

• Person gains greater skills in doing the 

job

• Change in maintenance program

• Change in setup procedure

• More than one process present 

(e.g. shifts, machines, raw 

material.)

A

B

C

A

C

B

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ
A

B

C

A

C
B
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Potential Causes for Each Test

TEST 7:  Fourteen points in a 
row alternating up and down. 
Over-control

TEST 8:  Fifteen points in a row 

hugging the centerline (all within 

Zone C). Stratification

What are the Possible Causes? 

• Tampering by operator

• Alternating raw materials

• Two different processes 

occurring simultaneously

• Two different machines

• Two different operators

What are the Possible Causes? 

• More than one process present (e.g. 

shifts, machines, raw materials)

• Improper sampling techniques

• An operator trying to make the data 

appear too good

• A change in process variability not 

properly accounted for in the control 

limits.

A

B

C

A

C

B

A

B

C

A

C

B

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ

1σ

2σ

3σ
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Confusing Common and Special
Cause Variation

Examples
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Example #1

Observation

In
d

iv
id

u
a

l 
V

a
lu

e

454137332925211713951

1.12

1.10

1.08

1.06

1.04

1.02

1.00

_
X=1.0464

UCL=1.0918

LCL=1.0011

1

I Chart of Measurement Special Cause 

Variation  

Requires 

Immediate Action!   

A process that is NOT in control is NOT PREDICTABLE!
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Example #2

Appears to be downward 

trend, but (as it stands) it 

is part of inherent 

process variation – no 

action should be taken 

(yet) because of 

downward trend.  Taking 

action means tampering 

with the process and it 

can actually make things  

worse!

Typical Reaction:  
The process is going 

bad!   Action must be 

taken or it’s going to get 

worse…i.e. this is 

obviously an “early 

warning indicator.”   

Observation

In
d

iv
id

u
a

l 
V

a
lu

e

343128252219161310741

1.09

1.08

1.07

1.06

1.05

1.04

1.03

1.02

1.01

1.00

_
X=1.04514

UCL=1.08425

LCL=1.00603

I Chart of Measurement

No special cause variation present…yet
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Example #3

Observation

In
d

iv
id

u
a

l 
V

a
lu

e

454137332925211713951

1.09

1.08

1.07

1.06

1.05

1.04

1.03

1.02

1.01

1.00

_
X=1.04556

UCL=1.08605

LCL=1.00506

I Chart of Measurement

A process that is in control is PREDICTABLE.

If no action was taken, 

you would probably 

see something like this.

Same chart as previous 

slide, but with 

“New” data points added
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Control Chart
Excel Examples
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Xbar-R (Hole Diameter)

A Quality Engineer monitors the diameter of a hole and wants to assess whether the process is in control. 

The engineer takes a sample of 125 individual values collected using a subgroup size of five. 

Hence 25 subgroups.
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I-MR (Detergent pH)
A quality engineer monitors the manufacture of liquid detergent and wants to assess whether the 
process is in control. The engineer measures the pH of 25 consecutive batches of detergent.
Because the data are not collected in subgroups, you can use this data to demonstrate I-MR Chart.
Sample Size = 25
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Control Chart
Minitab Examples
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EXAMPLE
The quality engineer creates an Xbar-R chart for each machine to monitor the camshaft lengths.
• Entered the data in four columns, labeled Machine 1, Machine 2, Machine 3 and Subgroup ID. 

Choose Stat > Control Charts > Variables Charts for Subgroups > Xbar-R.
• From the drop-down list, select All observations for a chart are in one column and enter Machine 1 Machine 

2 Machine 3.
• In Subgroup sizes, enter Subgroup ID.
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Test Results for Xbar Chart of Machine 1

TEST 1. One point more than 3.00 standard deviations 

from center line.

Test Failed at points:  8

TEST 5. 2 out of 3 points more than 2 standard 

deviations from center line (on one side of CL).

Test Failed at points:  17

TEST 6. 4 out of 5 points more than 1 standard deviation 

from center line (on one side of CL).

Test Failed at points:  12, 13, 19, 20

Test Results for Xbar Chart of Machine 3

TEST 1. One point more than 3.00 standard 

deviations from center line.

Test Failed at points:  2, 14

TEST 6. 4 out of 5 points more than 1 standard 

deviation from center line (on one side of CL).

Test Failed at points:  9
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I-MR (Detergent pH)
A quality engineer monitors the manufacture of liquid detergent and wants to assess whether the process 
is in control. The engineer measures the pH of 25 consecutive batches of detergent.
Because the data are not collected in subgroups, you can use this data to demonstrate I-MR Chart.
Sample Size = 25

Test Results for I Chart of pH

TEST 1. One point more than 3.00 standard deviations from center 

line.

Test Failed at points:  8

TEST 5. 2 out of 3 points more than 2 standard deviations from 

center line (on one side of CL).

Test Failed at points:  20, 21
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p Chart (Defective Records data)
A supervisor at a small hospital wants to ensure that the number of errors in the hospital's medical records remains in control. The 
supervisor records the total number of medical records that are filed each day and the number of records that are incomplete or 
inaccurate (defectives).
Because the data are counts of defectives, you can use this data to demonstrate P Chart
Defectives. The number of incomplete and inaccurate records that are filed each day.
Total Records. The total number of records that are filed each day. This column contains the subgroup sizes.
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Short Run Charts 

“We are pretty much a job shop!

“Our production runs are short!

“We are always changing over to

 a different product!”

“Each job is different.  

We can’t use SPC here.”
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Short Run Charts 

Sigma (X) = R
            d2

d2 = 1.128Zed Value = X – Nominal
                      Sigma (X)

X = Observation

UCLw = d2 + 3d3

X = Data point 
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Minitab Example
Z-MR Chart
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A manufacturer uses short runs to create small batches of metal parts. The quality manager measures parts from three runs 
to assess the stability of the stamping process. The manager creates a Z-MR chart to monitor the stamping process.

• Choose Stat > Control Charts > Variables Charts for Individuals > Z-MR.
• In Variables, enter Stamp Data.
• In Part indicator, enter Run.
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Short Run Charts 

Test Results for MR Chart of Stamp Data
TEST 1. One point more than 3.00 standard 

deviations from center line.

Test Failed at points:  13

Interpret the results
Point 13 is above the upper control limit on the 
Moving Range chart. Also, Run A appears to 
have less variation in the moving ranges, than 
either Run B or Run C. You can see that 
variation across runs in the Z chart as well.

Based on these results, special causes may 
currently influence the process.
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QUIZ
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Quiz

Example (I-MR)

USL - Upper Spec Limit

LSL - Lower Spec Limit

Q.  Is this process capable?

X

UCL - Upper Control Limit

LCL - Lower Control Limit

Q.  How are Spec Limits and Control Limits related?

Yes!

Q.  Do all processes have inherent variation? Yes!
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Time

Independent
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Quiz

Example (I-MR)

UCL-  Upper Control Limit

LCL - Lower Control Limit

Caution:  There is such a thing as having good control of a bad process!

Q.  Is this process capable?

X

USL - Upper Spec Limit

LSL - Lower Spec Limit

Q.  Is the process in control?

No!

Yes!
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Quiz

One main purpose for using control charts is to identify special cause variation.

Q.  What are the 2 types of process variation?

Q.  What type of variation does Point A represent?

X

UCL- Upper Control Limit

LCL - Lower Control Limit

Special & Common Cause

Special Cause

Point A
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Control Chart Tips

Tip 1 “In Control” doesn’t necessarily mean that the product or service will meet 

the customer needs. 

Tip 2 Do not remove any out-of-control data from the calculations unless you 

know the special cause of the instability and have eliminated it. 

Tip 3 When a control chart has been initiated and all special causes removed, 

continue to plot new data on a new chart, but DO NOT recalculate the 

control limits. 

Tip 4 Nothing will change just because a chart was created!
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Additional Control Chart 
Analysis and Interpretation

Source: 

CSSBB Primer; Quality Council of Indiana 
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Control Chart Analysis

1. Process Average Out-of-Control

Average Shifting

Variation Stable

UCL

LCL

X

A
v
e

ra
g

e

Time

UCL

LCL

R

R
a
n

g
e

Time
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Control Chart Analysis

2. Process Variation Out-of-Control

Average Stable

Variation Changing

UCL

LCL

X

A
v
e

ra
g

e

Time

UCL

LCL

R

R
a
n

g
e

Time
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Control Chart Analysis

3. Process Average and Variation Out-of-Control

Average Shifting

Variation Changing
UCL

LCL

X

A
v
e

ra
g

e

Time

UCL

LCL

R

R
a
n

g
e

Time
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Control Chart Analysis

4. Process In-Control

Average Stable

 Variation Stable

UCL

LCL

R

R
a
n

g
e

Time

UCL

LCL

X

A
v
e

ra
g

e

Time
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Control Chart Interpretation

UCL

LCL

X

X CHART CAUSES R CHART CAUSES

• Deterioration of machine
• Tired operator
• Tool wear

• Improvement or deterioration of operator skill
• Tired operator
• Change in incoming material quality

CORRECTIVE ACTION

• Repair or use alternate machine if available

• Discuss operation with operator to find cause

• Rotate operator

• Change, repair, or sharpen tool

• Investigate material

Trends
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Control Chart Interpretation

Jumps in Process Level

X CHART CAUSES R CHART CAUSES

• Changes in proportions of material coming from different 
sources

• New operator or machine
• Modification of production method or process
• Change in inspection device or method 

• Change in material
• Change in method
• Change in operator
• Change in inspection

CORRECTIVE ACTION

UCL

LCL

X

• Keep material supply consistent

• Investigate source of material

• Check out machine capability

• Examine operator methods and instruction 

• Check calibration of measurement device
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Control Chart Interpretation

UCL

LCL

X

Recurring Cycles

X CHART CAUSES R CHART CAUSES

• Physical environment
• Temperature
• Humidity

• Tired operator
• Regular rotation of machine or operator

• Scheduled maintenance
• Tired operator
• Tool wear

CORRECTIVE ACTION

• If environment is controllable, adjust it

• Service equipment

• Rotate operators 

• Evaluate machine maintenance

• Replace, sharpen, or repair tool
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Control Chart Interpretation

UCL

LCL

X

Points Near or Outside Limits

X CHART CAUSES R CHART CAUSES

• Over control
• Large systematic difference in material quality
• Large systematic differences on test methods or equipment

• Mixture of material of distinctly different quality

CORRECTIVE ACTION

• Check control limits

• Investigate material variation

• Evaluate test procedures

• Evaluate inspection frequency or methods

• Eliminate operator overadjustment of the process
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Control Chart Interpretation

UCL

LCL

X

Lack of Variability

X CHART CAUSES R CHART CAUSES

• Incorrect calculation of control limits
• Improvement in process since limits were calculated
• Employee may not be making checks

• Collecting in each sample a number of measurements from 
widely different lots

• Improvement in process since limits were calculated

CORRECTIVE ACTION

• Check control limits

• Validate rational sample subgroupings

• Verify checking procedure, gages, etc.

• Verify proper employee measurement

• Congratulate someone for improvement
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Take Aways

▪ Process stability or instability is reflected in Control Charts

▪ If a process is stable, there is a very slim chance a point will fall outside the 

control limits. 

▪ If a point falls outside the control limits, it is usually treated as a “special cause” 

of variation. 

▪ Special cause variation can still exist within control limits, resulting in a lack of 

statistical control. 

▪ Control Charts are based ideally on control limits which are +/- 3 standard 

deviations (3 sigma) away from the centerline (average).
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