Quality Control Handout
Designed for use with all three projects in the Manufacturing Quality Control Pathway
Statistical Process Control

Statistical quality control is the use of statistical methods for control of a product.  Statistical process control (SPC) is the use of statistical methods for quality control of a process rather than a product.  With this definition, it is clear that SPC applies to service or office jobs as well as manufacturing jobs.

The age-old way of concentrating quality control effort on inspection of finished items has been replaced with the more affordable, efficient, and effective SPC.  The use of SPC involves defining a number of processes throughout the manufacturing operation.  Each process is treated as the producer of a finished product and the next step or process is treated as a customer.  This approach is a prevention system because each internal customer identifies acceptable product for that process.  Each step neither accepts a bad product nor passes a bad product on to the next customer/operation.  This is designed to provide full customer satisfaction at each stage.

Once the process is defined, it is tested to determine its capability.  Once the capability is determined, it can be compared with customer requirements.  If the process is not capable or borderline, changes need to be made to bring it into a capable process.  This is sometimes a very hard job, but, at least we know what to expect from the process as defined.

Traditional Quality Control (QC) efforts on detection of poor quality on finished product now give way to prevention of poor quality through a defined process.  Continual improvement of the process results in better quality product, lower cost, and increased job security, which results in survival of the business.
Total Quality Control is a discipline that uses a number of quantitative methods and tools to identify problems and suggest avenues for continuous improvement in fields such as manufacturing.
Statistics is a science that deals with the collection, tabulation, analysis, interpretation, and presentation of quantitative data.  There are two basic types of statistics; descriptive and inductive.  Descriptive statistics is used to describe and analyze a subject or group.  Inductive statistics is used to determine from a limited amount of data (sample) an important conclusion about a much larger amount of data (population).  A complete body of data to be analyzed is called the population.  In most cases we must be satisfied with taking a sample of the population.

Types of Sample Data
Sample data may be either attribute data or variable data.  
Attribute data is not a measured value.  It is classified as either conforming or not conforming.  A common term is “go/no-go” when fixed gauges are used for measurement.  An example of attribute data is the number of paper sheets rejected at the feeder of a printer.  Attribute data can be classified by type of nonconformity as well as number of nonconforming.  An example is the number of boxes rejected for poor or misaligned printing.

Variable data is data which has a measured value.  Examples of variable data are the length, width, and caliper (thickness) of a corrugated sheet.  For each of these there is a numerical value in inches when measured.  The data can be represented graphically as a distribution, with the horizontal axis as the variable and the vertical axis as the number of occurrences.

How to Look at Information

A picture is worth a thousand words.  Having a good picture of the data improves our ability to understand the information and thereby make better decisions.
Ungrouped data is not as valuable as grouped data.  
Here is an example of ungrouped data:

UNGROUPED

Septi-Soft Concentration (grams):
141, 141, 143, 139, 141, 142, 140, 143 
144, 140, 142, 142, 143, 144, 142, 142

Here is an example of grouped data:

GROUPED

Septi-Soft Concentration (grams):
	Grams
	Frequency

	139
	1

	140
	11

	141
	111

	142
	11111

	143
	111

	144
	11

	145
	

	146
	


The grouped data is the same data as the ungrouped data but has been arranged with the Septi-Soft Concentrate bottle weight in a vertical table and a frequency tally for each value.  The arrangement in this frequency distribution gives a better picture of the data.

With a frequency distribution, we can look at the distribution characteristics of Central Tendency and Dispersion or Variability.  These describe location, spread and shape.
Central Tendency
· Mean – average, X bar 

· Mode – most frequent value

· Median – center value
· Average – For symmetrical distributions the average (or mean) provides a good description of the central tendency (or location) of the process. For very skewed distributions, the median is a much better indicator of location (or central tendency).
Dispersion or Variability

· Range – difference between maximum and minimum values

· Variance – statistical value for range

· Standard deviation – square root of variance.  Denoted with the Greek symbol Sigma, (
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) the standard deviation provides an estimate of variation. In mathematical terms, it is the second moment about the mean.  In simpler terms, you might say it is how far the observations vary from the mean. 

Variation is a killer. Just because one item was okay or conformed to specification, we are not assured that all product pieces will conform.  The reason is that something is changing, and this change or variation is where we must focus our attention.  The underlying cause for the difference in quality or reliability is variation.

There are two sources of variation:
Natural – inherent or common, i.e. it is process generated.  The variation when the process is operating according to plan.
Unnatural – assignable or special, i.e. something slipped, there was not a change in the plan.  In other words, unnatural variation is the variation that occurs when operation is not according to plan.
Both natural and unnatural variation can result from persons, machines, materials, methods, environments, and information.

Over many years, total quality practitioners gradually realized that a large number of quality related problems can be solved with seven basic quantitative tools, which then became known as the traditional “Seven Tools of Quality.”

Seven Tools of Quality
Cause-and-effect diagram 

Pareto chart 

Check sheet 

Control chart 

Flow chart 

Histogram 

Scatter diagram 
Creating Statistical Charts and Graphs
A chart or graph is a type of information graphic or graphic organizer that represents tabular numeric data and/or functions. Charts are often used to make it easier to understand large quantities of data and the relationship between different parts of the data. Charts can usually be read more quickly than the raw data they represent. They are used in a wide variety of fields, and can be created by hand (often on graph paper) or by computer, using a charting application. Certain types of charts are more useful for presenting a given data set than others. A histogram typically shows the quantity of points that fall within various numeric ranges (or bins). A bar graph uses bars to show frequencies or values for different categories.  A flow chart is a schematic representation of a process.  In statistical process control, the control chart is a tool used to determine whether a manufacturing or business process is in a state of statistical control or not. If the chart indicates that the process is currently under control then it can be used with confidence to predict the future performance of the process. If the chart indicates that the process being monitored is not in control, the pattern it reveals can help determine the source of variation to be eliminated to bring the process back into control.  The X-bar/R chart is normally used for numerical data that is captured in subgroups in some logical manner.  For example, three production parts measured every hour. A special cause such as a broken tool will then show up as an abnormal pattern of points on the chart.

A. Making a Flow Chart

Before you try to solve a problem, you must define it.  Before you try to control a process, you must understand it.  Determine the important elements or steps.

Making and using flow charts are among the most important actions in bringing process control to both manufacturing and administrative processes.   The easiest and best way to understand a process is to draw a picture of it, otherwise known as a flow chart.  Flow charts show what is happening.  They show process steps, material movement, and decision points.

Questions to ask yourself when creating a flow chart:

· What is the first thing that happens?

· What is the next thing that happens?

· Where does the material/service come from?

· What happens if it is good?

· What happens if it is not good?

· What else must be done at this point?

· Where does the product/service go?

· What tests are performed?

If you are going to drive a car you might make a flow chart with these steps.
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When making a flow chart for a project, identify all the steps.  Think of the above questions.  You cannot include too much detail.

B. Using a Check Sheet
The check sheet is a simple document that is used for collecting data in real-time and at the location where the data is generated. The document is typically a blank form that is designed for the quick, easy, and efficient recording of the desired information, which can be either quantitative or qualitative. When the information is quantitative, the check sheet is sometimes called a tally sheet.  A defining characteristic of a check sheet is that data is recorded by making marks (“checks”) on it.  A typical check sheet is divided into regions, and marks made in different regions have different significance. Data is read by observing the location and number of marks on the sheet.

Quality improvement is an information-intensive activity.  We need clear, useful information about problems.

Data  =  Facts

Information  =  Answers to questions

Information includes who, what, when, where.
Example of a Check List or Check Sheet
Paint Job Quality Control Checklist

Job: 629555     101 Bear Place     Date 4/14/08

Inspector:  Al Kyder

	Problem
	Frequency

	
	

	Chip
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	Bubble
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	Run
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	Scrape or scratch
	

	Inadequate coverage
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	Other
	


C. Making a Run Chart

A run chart is also known as a run-sequence plot.  It is a graph that displays observed data in a time sequence.

The data usually represents the performance of a business or manufacturing process.  Examples could include measurements of the fill level of bottles filled in a bottling plant, or the water temperature of a dishwasher each time it is run, or the color distribution in packages of M&M’s.
Time is generally represented on the horizontal (x) axis, and the observed property is on the vertical (y) axis.
Often, some measure of mean or median of the data is indicated by a horizontal reference line on the graph.

Run charts are analyzed to find anomalies in data.  If there are long “runs” of data points above or below the mean or median line, a large total of such runs, or a long series of increases or decreases indicate factors that may be influencing variability.  These are simpler to produce but do not allow for a full range of analysis.
Example of a Run Chart:  

Shows the number of brown M&M’s in 17 Fun Size bags.
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Run Charts can be done easily by recording the data in a spreadsheet in Microsoft Excel and using the program to prepare the graphs.  This sample graph was created with Microsoft Excel.
D. Histograms

What Is a Histogram?

A histogram is a special bar graph that shows how much a certain product or product characteristic VARIES when we measure samples.

· Products from the same production line will almost always vary slightly.
· Because of this variation there will be a certain distribution of data points.

· A histogram is a graph made up of a series of bars that show this distribution.

Histograms display one characteristic at a time but represent many samples. A histogram should show:
· The highest and lowest values (the range).

· The average value (the mean, where the process is centered).
· Which value occurred most of the time (the mode)?
· A comparison with the desired specifications.

Making a Histogram
Steps:
1. Make the table and collect the data.

· Collect at least 50 data points.

· Use a check sheet to collect the data. 

2. Find the largest and smallest values in the data table.

· Circle the highest and the lowest and calculate the range.  RANGE  =  Largest minus smallest

3. Determine how many columns or bars the histogram should have.

· Pick the number of columns needed to get a good representation on the graph.

· Generally use a minimum of 5 columns.

4. Make all the columns the same width.

5. Set the column boundaries.

· Start from the lowest value.
6. Construct the Frequency Distribution Table.

· Go through the data table and count how many times there was a value that fit into each column’s boundaries. 
7. Make the Histogram

A. Draw the vertical and horizontal axis.

B. On the horizontal axis use equally spaced marks to show each column’s boundaries.

C. For the vertical axis, look at the frequency distribution table: find the largest number of tally marks in a single column and make the vertical axis go at least that high.

D. Draw the bars.  Make the height of each bar equal to the frequency for that interval.

8. Add a Legend
· Who, What, Where, Date
Example of Frequency Worksheet and Histogram

	HISTOGRAM
	
	
	
	

	
	FREQUENCY
	DISTRIBUTION
	WORKSHEET
	

	
	
	
	
	

	
	
	
	TECHNICIAN: 
	Ed Jones

	
	
	

	TITLE: Heights of Black Cherry Trees
	DATE: 04/08
	

	
	
	
	
	

	MIDPOINT
	INTERVAL
	BOUNDARIES
	TALLY
	FREQUENCY

	62.5
	60-64
	59.45-64.45
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	3

	67.5
	65-69
	64.45-69.45
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	3

	72.5
	70-74
	69.45-74.45
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 111


	8

	77.5
	75-79
	74.45-79.45
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	10

	82.5
	80-84
	79.45-84.45
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	5

	87.5
	85-89
	84.45-89.45
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E. Control Charts
The goal of a process control system is to make economically sound decisions about actions affecting the process.  The Control Chart is a vital part of any process control system.  It is a graphic comparison of a measured characteristic against computed control limits.  It plots variation over time.  The primary use is to detect assignable causes of variation in a process.  The purpose of any control chart is to help determine if variations in measurements of a product are caused by small, normal variations that cannot be acted upon (“common causes,”) or by some larger “special cause” that can be acted upon or fixed. The type of chart to be used is based on the nature of the data.  Control Charts distinguish between common causes and assignable causes of variation through the use of control limits calculated from the laws of probability.
Two kinds of control charts:

VARIABLE — Measured Data

ATTRIBUTE — Number of Defects

Variable charts show process data in terms of both its range (piece-to-piece variability) and its location (process average).  Control charts for variables are almost always prepared and analyzed in pairs—one chart for location and another for spread.  

X-bar/R Control Chart (Averages and Range)
The most commonly used control chart pair is the X-bar and R chart.  X-bar is the average of the values in small subgroups—a measure of location; R is the range of values within each subgroup (highest minus lowest)—a measure of spread.  If rational subgroups (Rational subgroups are selected in a way that makes each subgroup as homogeneous as possible) can be formed, the X-bar Charts are generally preferred, since the control limits are easily calculated using values from the table of control chart constants.
X-bar & R Charts are the most common form for variables and the most powerful.

X-bar is a continuous plot of subgroup averages.  
R is a continuous plot of subgroup ranges.
X-bar/MR Control Chart (Individual and Moving Range Charts)
Used when the subgroup size is one.
X-bar / Moving Range charts are generally used when:

1. The cost of the product or cost of testing is very expensive.
2. The sample is from a chemical process such as the liquid in a vat.

3. The process has demonstrated a low variance and warrants reduced testing and the associated cost savings. 

4. The 3 sigma limits are process capability limits so the process is generally monitored to 2 sigma limits.
Making an X-bar/R Chart
X-bar 
First, perform the calculations for the X-bar or top part of the graph.
Steps:

1. Collect the data. (Using at least 100 samples is best.)
2. Divide the data into subgroups of 4 or 5 data points each. The number of samples is represented by the letter n and the number of subgroups is represented by the letter k.

3. Record the data on the data sheet.
4. Find the sum or total of each subgroup.
5. Using the following formula, find the mean value or X-bar 
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 for EACH subgroup.  Find the sum of each subgroup and divide by the number of sample measurements.
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6. Find the overall mean, or X double bar 
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.  Total the mean values of X-bar for each subgroup and divide by the number of subgroups (k).
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R bar 
Now, perform the calculations for R bar, or the bottom part of the graph.

Using the following formula, find the range, R, for EACH subgroup.

7. Range = (largest value) – (smallest value)
8. Record the range for each subgroup.
9. Compute the average value of the range(R).  Add R for all the groups and divide by the number of subgroups (k).
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Compute the Control Limit Lines
Use the following formulas for X-bar and R Control Charts.  The coefficients for calculating the control lines are A2, D4, and D3, shown below in the Control Chart Constants.

[image: image21.jpg]CONTROL CHART CONSTANTS
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IN A, d D, D,
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2 1.88 133 0 3.287
3 1023 1693 0 2575
4 0.729 2059 0 2282
5 0577 2326 0 2115
6 0.483 2534 0 2.004
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10 0.308 3.078 0.223 1.777





10. Find Upper Control Limit (UCL) for X-bar
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11. Find  Lower Control Limit (LCL) for X-bar
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12. Plot the Upper Control Limit (UCL) and the Lower Control Limit (LCL) on the X-bar part of the Chart.
13. Find UCL
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14. Find LCL
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Plot the Upper Control Limit (UCL) and the Lower Control Limit (LCL) on the R bar part of the Chart.
15. Find the largest and smallest numbers that you will be plotting.  Place numerical values on the lines on the Averages and Ranges part of the chart.  Place numbers equidistant apart.   Line values do not have to be the same for Averages and Ranges.

16. Draw X double bar (
[image: image26.wmf]X

) on the chart. This is your Central Line (CL).
17. Notice in the charts on example one on pg. 13 and example two on pg. 15, the Central Line is already shown in bold black.

18. The chart you are given to fill out may already have the Central Line shown in bold black.  If so, then just label the Central Line with its appropriate numerical value.
19. It is recommended that you that you use a blue or black line for the CL and a red line for the UCL and LCL.  The central line is a solid line.  The UCL and LCL are drawn as broken lines.
20. Draw 
[image: image27.wmf]R

 line on the chart.
21. Plot the Upper Control Limit (UCL) and the Lower Control Limit (LCL) on the R part of the Chart.
22. Construct the Control Chart using the handout Control Chart for Averages and Range.

23. Make sure the control lines are drawn and labeled correctly with their appropriate numerical values.  

It is recommended that you that you use a blue or black line for the CL and a red line for the UCL and LCL.  The central line is a solid line.  Plot the X-bar and R values as solid lines.  The UCL and LCL are drawn as broken lines or dashed lines.

24. Plot the measurements or points on the X-bar chart for X-bar graph just below each subgroup and connect the points.

25. Plot the range for each subgroup on the range chart.

26. Look for any out-of-control conditions.

27. If there are out of control conditions attempt to find an assignable (special) cause.

28. Revise control limits as needed.

Making an X-bar/MR chart

The steps are the same until you are calculating upper and lower control limits.  For the upper and lower control limits you must calculate for the value of sigma and calculate the limits using a plus three values of sigma for the upper limit and a minus three values of sigma for the lower limit.  Look at the example on pp. 15-16.

definitions of symbols used
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 = the number of samples in a subgroup
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 = the measured value
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 = Average of the values of 
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 = 
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 double bar the average of 
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 bar
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 = number of sub groups
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 = Range: the difference from the maximum sample to the minimum sample in the subgroup

[image: image37.wmf]R

 = Average of range
UCL = Upper control limit

LCL = Lower control limit

Sigma 
[image: image38.wmf]s

 = Standard deviation

Example One:  
Control Chart for Averages and Ranges (Example for n=5)

	Sample number
	
	
	
	
	
	
	
	

	1
	92
	93
	93
	95
	91
	96
	90
	91

	2
	91
	94
	93
	95
	94
	93
	96
	92

	3
	90
	96
	93
	92
	94
	94
	98
	95

	4
	91
	94
	93
	92
	95
	97
	95
	94

	5
	92
	98
	94
	95
	94
	90
	94
	94

	sum
	456
	475
	466
	469
	468
	470
	473
	466

	Average 
[image: image39.wmf]X


	91.2
	95
	93.2
	93.8
	93.6
	94
	94.6
	93.2

	Max
	92
	98
	94
	95
	95
	97
	98
	95

	Min
	90
	93
	93
	92
	91
	90
	90
	91

	Range R
	2
	5
	1
	3
	4
	7
	8
	4

	Sub Group
	1
	2
	3
	4
	5
	6
	7
	8
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For a Sub Group of n=5
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Example Two:  
X-bar/MR Chart (Moving Range Chart)
For the X chart, n=1.  Remember that n is the # of subgroups, but for the R chart, two values are involved (sub group 1 minus sub group 2, etc.) so from the table, d2 for n=2 is used.
	  Time
	8:30
	8:45
	9:00
	9:15
	9:30

	  Sample 1
	143
	142
	142
	144
	143

	  Sample 2
	
	
	
	
	

	  Sample 3
	
	
	
	
	

	  Sum
	
	
	
	
	

	  Average
	
	
	
	
	

	  Range
	
	1
	0
	2
	1

	  Sub Group
	1
	2
	3
	4
	5
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Look at Control Chart Constants on pg. 11 of this handout.  For R based on a sub group of 2
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For X based on individuals
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UCL and LCL for X bar
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UCL and LCL for R bar
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