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Statistical Process Control
• Methods and tools used to monitor and improve product quality by 

monitoring and reducing process variation

• First step to reduce variation is to understand the source:
1. Common Cause Variation

• Is stable over time?
• Is a result of the system or process design?
• Processes will have some natural level of variation over time

2. Special Cause Variation
• Is process unstable over time?
• Is assignable to a specific event that is outside of the process?

• Process is said to be operating in statistical process control when the only 
sources of variation are from common causes
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SPC Common Theme

Variation

Measurement Systems 
Analysis

Process Capability

Control Charts



Measurement Systems 
Analysis



MSA

• Assess the measurement system
• What is the true value? (bias/accuracy)
• What is the precision? (variation)
• Range of techniques

• Linearity
• Resolution
• Stability
• Go/no go 

• Helps determine how much variation is due to the measurement 
system rather than from product or process variation



Part to Part
Operator
Device (equipment, gage)

Sources of Variation:

𝑆𝑆்௢௧௔௟ = 𝑆𝑆௉௔௥௧  +  SS𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑆𝑦𝑠𝑡𝑒𝑚

SS: Measure the distance from the average, 
square it and sum them all together.

SS is a measure of variation.

SSTotal= ∑( ௜ )2



Precision Errors

• Repeatability – the variation due to the measuring device.  It is the 
variation observed when the same operator measures the same part 
repeatedly with the same device.

• Reproducibility – the variation due to the measurement system.  It is 
the variation observed when different operators measure the same 
parts using the same device.



MSA – Gage R&R Studies
𝑆𝑆்௢௧௔௟ = 𝑆𝑆௉௔௥௧  +  SSOperator  +  𝑆𝑆Gage

𝑆𝑆்௢௧௔௟ = 𝑆𝑆௉௔௥௧  +               SSR&R

For  a  good  Measurement  System

SSPart / SSTotal  >>   SSR&R / SSTotal
      >  90%                      <  10%

Reproducibility      Repeatability

*  Variance SS Percent (%) of Total  *



Crossed Versus Nested Designs
• Crossed designs we assume that each operator can measure 

the same parts that other operators measure.  We also plan on 
having each operator measure the same part more than once, 
(e.g. board that can be measured again) 

• Nested designs we assume that the part is destroyed (e.g. 
breaking strength test, flammability test) to obtain a 
measurement, therefore, for repeatability the operator must 
have parts that are assumed to be the “same” to obtain 
repeatability variation.  



Example: Measuring Board Length 
• Ten boards were selected that represent the 

expected range of the process variation (usually we 
want to assure at least 80% coverage).

• Three operators measured the ten parts, three times 
per part.

① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨ ⑩



Instructions
1. Select Analyze→ Quality 

and Process 
→Measurement Systems 
Analysis

2. Select Measurement for Y, 
Response

3. Select part# for Part, 
Sample ID

4. Select Operator for X, 
Grouping

5. Make sure MSA Method is 
changed to Gauge R&R

6. Select OK.



Output

Does it look like there 
is variation within 
operator or between 
operators?  



Instructions
1. Click on the red triangle 

next to Variability Gauge.
2. Select Gauge Studies 

→Gauge RR
3. Select Crossed 
4. Select OK.



Output

Look to see what % contribution of Gage R&R is.  
Is this an acceptable Gage R&R?



Process Capability



Driving into a Garage

USLLSL



Process Spread: Too Much Variation

USLLSL



Process is Not Centered: Creating Defects

Off target



Ideal: Centered and On Target

LSL=59.75” USL=60.25”T=60”



Capability Analysis 

• Is my process capable of meeting specifications?
• Compare  Voice of the Customer (Specifications) [USL-LSL] to Voice of 

the Process (Process Distribution) [6]
• Specifications: 

Internal, External; one-sided, two-sided

𝐶௣  =   
(U𝑆𝐿  −  LSL)

6 ∗ 𝜎ොshort−term
 

𝐶𝑝𝑘  =   
𝑀𝑖𝑛 (U𝑆𝐿  −  x , x  −  LSL)

3 ∗ 𝜎ොshort−term
 

𝑃௣ =   
(U𝑆𝐿  −  LSL)

6 ∗ 𝜎ො long−term
 

𝑃𝑝𝑘  =   
𝑀𝑖𝑛 (U𝑆𝐿  −  x , x  −  LSL)

3 ∗ 𝜎ො long−term
 

𝜎ොshort-term= ோ

ௗమ
𝜎ොlong-term=∑

(௑೔ି௑ത)మ

ேିଵ
ே
௜ୀ଴



What are Good Process Capability Indices?

• It varies by industry, but generally anything higher than 1 is 
acceptable

Cp Parts Per Million Defects

1.00 66,813

1.33 6,210

1.50 1,350

1.67 233

1.83 32

2.00 3.4



Assumptions

• Stable(No special cause variation)

• Process is normally distributed
oNon-Normal distributions (Weibull, Gamma, Exponential, etc…) can be fit 



Process Capability Example
1. Open the data table JMP 

Length.jmp
2. Select Analyze→ 

Distribution
3. Select Length for Y, Columns
4. Select OK. 



Process Capability Example

1. Click on the red triangle 
beside Length

2. Select Continuous Fit 
→Fit Normal a

3. Click on the red triangle 
beside Fitted Normal 
DistribuƟon→Select
Goodness of Fit



Example: Length

Is the data normal? 
What’s next? 



Process Capability Example

Is this process capable? 



Control Charts



Control Charts
• Control Charts are used to monitor, control, and improve 

process performance over time
• Sophisticated time run chart
• What do they detect?

o Changes in process average
o Changes in process variation 
o Different sources of variation

• Benefits of Control Charts: 
1. Control Limits can distinguish ‘signals’ (special cause) from 

‘noise’ (common cause)
2. Allow you to evaluate the stability around the mean
3. Allows for better decisions regarding process improvements –

balance between acting when not necessary (overcontrol) vs. 
failing to act when necessary

4. Control Limits are based on what the process is, not what it 
should be
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Control Limits
• Control Charts use limits to identify signs of trouble, or special cause 

variation that is not due to chance.
• These limits are expressed as lines plotted above (upper control limit) 

and below (lower control limit) the central tendency of the process.
• Plot points that fall outside of the limits indicate potential trouble
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Upper Control Limit

Lower Control Limit

Special Cause (Assignable)

Common Cause (Chance)



Western Electric Rules: How they detect changes
Session 6
Lesson 10
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What Type of Chart?

Continuous 
• IR: n=1
• -R: 2<n<9
• -S: n≥10

Discrete
• np: sample size 

constant/counting defectives
• p: sample size not 

constant/counting defectives
• c: sample size constant/counting 

defects 
• u: sample size not 

constant/counting defects 



Introduction to Statistical Quality Control, 4th Ed. Montgomery, pg. 761



Example-Cont’d
1. Open Length.jmp.
2. Select Analyze→ Quality and 

Process →Control Chart 
Builder. 

3. Drag Length for Y and 
Observation to Subgroup.

4. Select OK. 
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Example
1. Right click on top  

chart and select 
Warnings→Tests
→All Tests.

2. Click Done.
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Is the process in 
control? 



Example

You decide to count the number of product returns over the last month 
from varying production lot sizes. 

Which control chart would you use? Is it in control? 

Open Returns.jmp
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Example-Cont’d
1. Open Returns.xlsx
2. Select Analyze→Quality and 

Process→ Control Chart →P.
3. Select Defectives for Process.
4. Select N for Sample Size.
5. Select OK. 
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Example

37



Summary

•SPC looks at variation
•MSA assesses the measurement system
•Process capability assesses whether meeting 
customer specifications

•Control charts identify whether process is stable 
and in control 



Just in case you were wondering….



For more information, please check out the 
free SAS Training course, Statistical Thinking 
for Industrial Problem Solving 


