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• Set your Mobile Phones to Silent 

• Respect your colleagues – no private 

conversations 

• Be on time 
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• Introduction to SPC for Variable Data 

• Process Control by Variables 

• Process Capability 

• Case Studies 
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Use of Statistical 

Tools and Methods 

It is the process 

that ‘creates’ 

variation 

To optimize a 

process, one has 

to be in control 

of its variation 



MFE3100 

Quality Management and Control 

 

© E. Francalanza 4 

  © E.Francalanza MFE 3100 – Quality Management and Control 

• Shewhart believed that there 
were 2 variations in a 
process: 

– Variations which were ‘Natural’ 
and inherent to the process. 
(Common Causes of 
Variation) 

– Uncontrolled variation that is 
not present in the process 
causal system all the time 
(Special Causes of Variation) 
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Today’s Lecture 

Data 

Collection 

Plan 

Collect 

Data 
Plot Data 

Analyze 

Data 

Make & 

Implement 

Decisions 
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SPC:  

Use of Mean and Range 

Charts Upper and Lower 

Control Limit to detect 

special causes of variation 

State of Statistical Control Process out of Control 
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1. Collect Data 
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Open Worksheet that 

contains data 
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20 readings 

taken at 

regular 

intervals, 

ex. Every 15 

minutes of 

production 

Each reading 

consists of 4 

samples of 4 

seperate parts. 

Hence sample 

size is 4 



MFE3100 

Quality Management and Control 

 

© E. Francalanza 8 

  © E.Francalanza MFE 3100 – Quality Management and Control 

1. Collect Data 

2. Calculate: 𝑋  & R for 

each sample 
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Calculate:     & R 

for each sample 



MFE3100 

Quality Management and Control 

 

© E. Francalanza 9 

  © E.Francalanza MFE 3100 – Quality Management and Control 

1. Collect Data 

2. Calculate: 𝑋  & R for 

each sample 

3. Calculate:  

– The Process Mean 

(Mean of Means) 

– The Mean Range 

(Average value of 

Ranges) 
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Calculate: 

• The Process Mean 

• The Mean Range 
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1. Collect Data 

2. Calculate: 𝑋  & R for each sample 

3. Calculate:  

– The Process Mean (Mean of Means) 

– The Mean Range (Average value of Ranges) 

4. Plot these values on: 

I. Mean Chart 

II. Range Chart 

and examine the charts for any possible Trends 
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Plot of Ranges 

Plot of Means 
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A Run Above or Below the Process Mean Value 

(Defined by 7 points in a row) 

 

Process Mean 
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A Rising or Falling Trend  

(Defined by 7 points in a row) 

Process Mean 
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1. Collect Data 

2. Calculate: 𝑋  & R for each sample 

3. Calculate:  

– The Process Mean (Mean of Means) 

– The Mean Range (Average value of Ranges) 

4. Plot these values and examine the charts 

for any possible Trends 

5. Calculate the values and plot the control 

limits (UCL & LCL) on the charts 
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Upper and Lower Control Limits (UCL & LCL) 

  𝑿 -chart 

UCL 𝑋  + 𝐴2𝑅  

LCL 𝑋  − 𝐴2𝑅  
The Constant A2 is 

chosen dependent on 

the sample size 
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  R-chart 

UCL 𝐷4𝑅  

LCL 𝐷3𝑅  

Upper and Lower Control Limits (UCL & LCL) 
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• Once the process is brought under 
statistical control by detecting and 
eliminating special causes of variation, its 
performance is predictable 

• Its capability to meet customers’ 
expectations can now be assessed. 

• For this, we need measures which express 
the relationship between the specified 
tolerance (allowed deviation from the 
nominal) and the process variability. 
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Capable Process 
Just Capable Process 
Not Capable Process 

Tolerance/ 

Specification 

Limits 

Parts out of 

specifciation 
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N.B. A process can be in control 

but not be capable 
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• Process Capability 
Index: 

 

 

• Or: 

 

 

 

• Where USL & LSL are the 
upper and lower 
specification limits 

Note: 

The upper and lower 

specification limits (USL & 

LSL) are defined as the 

tolerances of the dimension. 

Note: 

Cpk is used for one sided or 

non-symmetrical tolerances. 
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• Cpk < 1  Not Capable – Non Conforming 

  Output 

• Cpk = 1 Not Really Capable – Any Change 

  will give a Non Conforming Output 

• Cpk = 1.33  Not Satisfactory  

• Cpk = 1.5    Not Satisfactory  

• Cpk = 1.67  Promising 

• Cpk >= 2  High Level of Confidence 
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Housing 

Plunger 

Spring 

Socket 

Problem 1: 

Housing locating 

holes are misaligned 

Problem 2: 

Housing and Socket 

are not alligning 

properly 
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Housing Location Housing locating holes are misaligned 

Dim 1 

Part Information 
  

Part Material: 

PBT 

  

Process: 

Injection Moulding 

  

Injection Moulding Machine: 

2 

Specification: 20+/-0.2 
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1. Calculate:     & R for each sample 

2. Calculate:  
– The Process Mean (Mean of 

Means) 

– The Mean Range (Average value of 
Ranges) 

3. Plot these values and examine the 
charts for any possible Trends 

4. Calculate the values and plot the 
control limits (UCL & LCL) on the 
charts 

5. Check Process Capapbility 
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Problem: 

Interfrence between 

Housing Dim 2 and  

Socket Dim 

Housing Specification: 2.0+/-0.2 

Socket Specification: 2.4+/-0.2 
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Housing Socket 
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• During this lecture we have seen: 

• SPC by Variables 

• Process Capability 

• Practical Exercises using Minitab 


