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[bookmark: _Toc403419072]Introduction
· What does the term quality control mean?
· Quality Control is an activity that evaluates quality characteristics relative to a standard, and takes corrective action when they do not meet standards
· How is quality control accomplished?
· by monitoring and inspecting the product during process

[bookmark: _Toc403419073]Phases of Quality Assurance
· Least Progressive 
· Acceptance sampling 
· Inspection before/after production 
· Process control 
· Corrective action during production
· Continuous improvement 
· Quality built into the process 
· Most progressive 

[bookmark: _Toc403419074]Inspection
· How Much/How Often
· Where/When 
· Centralized vs. On-site

[bookmark: _Toc403419075]Where to Inspect in the Process
· Raw materials and purchased parts 
· Before … 
· A costly operation 
· An irreversible process 
· Covering process
· Finished products

[bookmark: _Toc403419076]Inspection Costs
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[bookmark: _Toc403419078]Statistical Process Control: 
· Statistical evaluation of the output of a process during production
[bookmark: _Toc403419079]Statistical Process Control: The Control Process
· Define
· Measure
· Compare to a standard
· Evaluate
· Take corrective action
· Evaluate corrective action
[bookmark: _Toc403419080]Variations and Control
· Random variation: 
· Natural variations in the output of process, created by countless minor factors
· Assignable variation: 
· A variation whose source can be identified 

[bookmark: _Toc403419081]Statistical Process Control Steps
· Takes periodic samples from process
· Compare to predetermined limits 
· If outside limit
· Stop process and take corrective action 
· If inside limits 
· Continue process

[bookmark: _Toc403419082]Control Chart
· Purpose:
· to monitor process output to distinguish between random and assignable variation
· A time ordered plot of sample statistics (e.g. means) obtained from an ongoing process
· Upper and lower control limits define the range of acceptable variation

[bookmark: _Toc403419083]Types of Variations
· Random variation: 
· Natural variations in the output of process, created by countless minor factors
· Assignable variation: 
· A variation whose source can be identified 
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[bookmark: _Toc403419084]Normal Distribution
[image: ]
· Only a small percentage of sample means fall more than 2 or 3 standard deviations from the process mean.

[bookmark: _Toc403419085]Control Limits
· Control limits 
· The dividing lines between random and nonrandom deviations from the process mean 
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[bookmark: _Toc403419086]Control Chart 
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[bookmark: _Toc403419087]Observations from Sample Distribution
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[bookmark: _Toc403419088]Control Limits and Errors
· Control Limits: 
· The dividing lines between random and nonrandom deviations from the mean of the sampling distribution
· Type I Error
· Concluding that process has changed when it has not 
· Type 2 Error 
· Concluding a process in in control when it actually is not 
· Type I and Type II Errors
· [image: ]
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[bookmark: _Toc403419089]Designing Control Charts
· Determine sample size
· Obtain 20-25 samples
· Establish and graph preliminary control limits 
· Plot sample statistic values on control chart 
· Are there any points outside control limits (CL) 
· No
· Assume no assignable clause 
· Yes 
· Investigate and correct 

[bookmark: _Toc403419090]Control Charts for Variables
· Variables generate data that are measured 
· Sample mean control charts 
· Used to monitor the mean of a process
· X-bar charts 
· Sample range control charts 
· Used to monitor the process dispersion 
· R charts 

[bookmark: _Toc403419091]Upper and Lower Control Limits for Sample Mean Chart


*	where
x	= Standard deviation of sampling distribution of sample means =
 	= Process standard deviation
 n 	= Sample size
 z	= Standard Normal deviate (usually z = 3)
		= Average of sample means = grand mean

[bookmark: _Toc403419092]Upper and Lower Control Limits for Sample Mean Chart … ALTERNATIVE METHOD 


where
A2 can be obtained from Table 10–2
      = Average of sample ranges
Sample range = maximum value – minimum value in the sample
	= Average of sample means = grand mean

Example: Control Chart
· Twenty samples of n = 8 have been taken of the weight of a part. The average of sample ranges for the 20 samples is .016kg, and the average of sample means is 3kg.  Determine three sigma control limits for sample mean of this process.
· Given
· 

· Solution
· [image: ]
· [image: ]

[bookmark: _Toc403419093]Upper and Lower Control Limits for Sample Range Control Chart



[bookmark: _Toc403419094]Example: Control Chart
· Twenty-five samples of n=10 observations have been taken from a milling process. The average of sample ranges is .01 centimetre. Determine upper and lower control limits for sample range.
· Given
· 

· Solution
· UCLR = 1. 78(.01) = 0178cm
· LCLR = 22(.01) = 0022cm

[bookmark: _Toc403419095]Example: Sample Mean and Range Charts
· [image: ]

· Create x-bar chart 
· 

· Plot values 
· [image: ]


· Create R-chart 
· 

· Plot values 
· [image: ]

[bookmark: _Toc403419096]Sample Mean and Range Charts
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[image: ]Control Charts for 
[bookmark: _Toc403419097]Control Chart Attributes
· p-Chart 
· Control chart used to monitor the proportion of defectives in a process
· c-Chart 
· Control chart used to monitor the number of defects per unit
· Attributes generate data that are counted.

[bookmark: _Toc403419098]Use of p-Charts
· When observations can be placed into two categories.
· Good or bad
· Pass or fail
· Operate or don’t operate
· When the data consists of multiple samples of several observations each

[bookmark: _Toc403419099]Use of c-Charts
· Use only when number of occurrences per unit of measure can be counted;
non-occurrences cannot be counted.
· Scratches, chips, dents, or errors per item
· Cracks or faults per unit of distance
· Breaks or tears per unit of area
· Bacteria or pollutants per unit of volumeCalls, complaints, failures per unit of time

[bookmark: _Toc403419100]Control Charts for Attributes
· p-Chart – for sample proportion of defectives in a process
· c-Chart – for the number of defects per unit
· 

· 

· 


[bookmark: _Toc403419101]Choosing the Right Control Chart
[image: C:\Documents and Settings\user\My Documents\Stevenson\4ce\Stevenson 4Ce Image Bank Files\ste69574_ch10\ste69574_1014.jpg]

[bookmark: _Toc403419102]Nonrandom Patterns in Control charts
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[bookmark: _Toc403419103]Question
On a quality control chart if one of the values plotted falls outside a limit it should signal to the manager to do which of the following?
a. System is out of control, should be stopped and fixed
b. System is out of control, but can still be operated without any concern
c. System is only out of control if the number of observations falling outside the boundary exceeds statistical expectations
a. With limits of 2 standard deviations, expect about 4.5% of observations will be outside the limits 
b. With six sigma expect that only 3 out of 1 million observations will fall outside the limits 
c. Managers should not conclude the system is out of control from only one observation 
d. System is OK as is
e. None of the above

[bookmark: _Toc403419104]Process Capability
· Design specifications (aka tolerances)
· Range of acceptable values established by engineering design or customer requirements
· Process variability
· Natural variability in a process
· Process capability
· Process variability relative to specification

[bookmark: _Toc403419105]Process Capability Indices
· Process capability index = specification width / process width 
· If the process is centered use Cp 
· Cp = Upper specification – lower specification
6
· If the process is not centered use Cpk 
· Smaller of 
· Process mean – Lower specification  
3
· And
· Upper specification – Process mean
3

[bookmark: _Toc403419106]Capability Example
· The design specification for the width of a part is between 101 mm and 101.8 mm (= 0.8 mm) 
· Which of these machines are capable 
· [image: ]
· Cp  > 1.33 is desirable
· Cp = 1.00 process is barely capable
· Cp < 1.00 process is not capable

[bookmark: _Toc403419107]Process Capability Analysis
[image: ]

[bookmark: _Toc403419108]Capability Analysis
· Capable 
· Process output falls within specifications 
· If incapable 
1. redesign process or reduce variability,
2. use alternative process, 
3. use 100-percent inspection, or
4. relax design specification.

[bookmark: _Toc403419109]Process Capability Example: Cookie Packages
· A company creates small packages of cookies in a 16 gram package. Government standards state that weights must be within ± 5 percent of the weight advertised on the package.
· The design specifications are:
· Upper design specification = 16 + .05(16) = 16.8 grams
· Lower design specification = 16 – .05(16) = 15.2 grams
· Inspectors test 1,000 packages of cookies and find an average weight of 15.875 grams with a standard deviation of .529 grams.
· Is the process capable?
· Specification Limits
· Upper Spec = 16.8 g
· Lower Spec = 15.2 g
· Observed Weight
· Mean = 15.875 g
· Std Dev = .529 g
· [image: ]

[bookmark: _Toc403419110]What does a Cpk of .4253 mean?
· An index that shows how well the units being produced fit within the specification limits.  
· Process considered capable if Cpk  1
· This process will produce a relatively high number of defects.
· Many companies look for a Cpk of 1.3 or better… Six-Sigma companies want 2.0!

[bookmark: _Toc403419111]Six Sigma Quality
· Goal: 
· Cpk = 2.00 = only 3.4 units per million outside design specification
· [image: ]

[bookmark: _Toc403419112]Comparing Six Sigma to CI
[image: ]

[bookmark: _Toc403419113]Six Sigma Improvement Methodology DMAIC
[image: ]

[bookmark: _Toc403419114]Improving Process Capability
· Simplify 
· Standardize 
· Mistake-proof 
· Upgrade equipment 
· Automate 
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