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Prerequisites  

ÅLearners should be familiar with the 

following concepts prior to taking this course 

ïVariation 

ïMean and Standard Deviation 

ïHistograms 

ïNormal Distributions 

ïCp and Cpk 

ÅCapability Course is available on BPI 

website if you need to review these topics 

http://www.qmss.biz/
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Course Objectives  

ÅUpon completion of this course, participants 
should be able to: 

ïUnderstand the basics of creating variable and 
attribute control charts 

ïUnderstand the concepts of advanced control 
charting 

ïIdentify an out of control condition 

ïIdentify which control chart to use with each 
process 

ïCalculate control limits for any control chart 
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Statistical Process Control (SPC)  

ÅSPC is the application of statistical 

methods to identify and control the 

special cause of variation in a process  

ÅSPC is a preventative tool to: 

ïAssess the consistency of a process 

ïMonitor a process to determine when it has 

changed 

ïReduce variation in a process 
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Run Chart  

ÅGraph that displays observed data in a time 

sequence 
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Control Charts  

ÅRun chart with calculated control limits 

ï3 standard deviations above and below average 

ÅHelp distinguish process variation due to 

assignable or ñcommonò causes from those 

due to unassignable or ñspecialò causes 

ÅUsed to detect whether a process is 

statistically stable 
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History  

ÅInvented by Walter A. Shewhart while 

working for Bell Labs in the 1920s 

ÅW. Edwards Deming became the foremost 

champion of Shewhart's work 

ïlong career as an industrial consultant in Japan, 

spread use of the control charts throughout the 

1940s and 1950s 
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Special vs. Common Cause  

ÅSpecial Cause Variation 

ïData points outside of control limits 

ïTrend or shift pattern within limits 

ïCan be removed from a process 

ÅCommon Cause Variation 

ïNoise within the system, typical, expected 

ïData points randomly occurring within the 

control limits 

ïAlways exists in a process, but can be reduced 
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Control Chart Basics  
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Special vs. Common Cause  

Common Cause Special Cause 
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Real Life Examples  

ÅProcess: Driving to Work 

ÅAverage Time: 12 minutes 

ÅStandard Deviation: 2.5 minutes 

 

ÅCommon Causes 

ïWind speed, miss one green light, driving speed, number of cars on 

road, time when leaving house, rainy weather 

ÅSpecial Causes 

ïStop for school bus crossing, traffic accident, pulled over for 

speeding, poor weather conditions, car mechanical problems, 

construction detour, stoplights not working properly, train crossing 
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Control Limits  

ÅCenterline (CL) = average value of observations 

ÅUpper Control Limit (UCL) ~ 3 standard 
deviations ABOVE the centerline 

ÅLower Control Limit (LCL) ~ 3 standard 
deviation BELOW the centerline 

ÅControl limits are set when process is ñin 
controlò or ñstableò 

ï Fixed at baseline value 

ï Adjusted for improvements 

ï Never widened 

ÅControl limits are not specification limits 
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Stability  

ÅA process is considered ñin controlò or 

ñstableò when the data does not show any 

out of control conditions on the control 

chart 

ÅStability means predictability 

Day 1 

Day 2 

Day 3 

Day 4 

Day 5 
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Control Limit Zones  
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Histogram vs. Control Chart  
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Out of Control (OOC) Conditions  
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Out of Control Conditions  

ÅOutside control limits is easiest to identify 

ÅPatterns highlight other out of control 

conditions 

ïTrends (increasing/decreasing points) 

ïShifts (data jumps higher or lower than normal) 

ïInconsistencies (not random, more or less 

variation than history) 
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Western Electric Rules for Control  

VAny point outside control limits 

V7 consecutive points on same 

side of centerline 

V7 consecutive points increasing 

or decreasing 

V2 of 3 points in same zone A or 

beyond 

V4 of 5 points in same zone B or 

beyond 

V14 consecutive points alternating 

up and down 

V14 consecutive points in either 

zone C 
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Nelson Tests for Control  

VAny point outside control limits 

V9 consecutive points on same 

side of centerline 

V6 consecutive points 

increasing or decreasing 

V2 of 3 points in same zone A or 

beyond 

V4 of 5 points in same zone B or 

beyond 

V14 consecutive points alternating 

up and down 

V15 consecutive points in either 

zone C 

V8 points in a row outside zone 

C, same side of centerline 
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False Alarm Rates are the Key  

Nelson 

Å Any point outside control limits 

Å 9 consecutive points on same side of centerline 

Å 6 consecutive points increasing or decreasing 

Å 2 of 3 points in same zone A or beyond 

Å 4 of 5 points in same zone B or beyond 

Å 14 consecutive points alternating up and down 

Å 15 consecutive points in either zone C 

Å 8 points in a row outside zone C, either side of 

centerline 

False Alarm Rate 

.0027 

Approx .003 

Approx .003 

.00305 

.0043 

Approx .004 

Approx .003 

Approx .003 

The Nelson tests are designed so that the false alarm rates for all 

tests are approximately the same. The Western Electric rules do not 

have this property. 
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9 Consecutive on Same Side  

ÅIf process is stable and normal, 50% of data will 

be above centerline, 50% will be below 

centerline 

ÅProbability of getting 9 straight on one side, 

same as flipping coin and getting 9 straight 

heads 

(.5)10 = 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 =  .001 

(.5)9 = 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 =  .002  

(.5)8 = 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5 * 0.5  =  .004 
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Nelson Test # 1  

Rule 1:  Any point outside control limits 
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Nelson Test # 2  

Rule 2:  9 consecutive points on same side of centerline 
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Nelson Test # 3  

Rule 3:  6 consecutive points increasing or decreasing 
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Nelson Test #4  

Rule 4:  2 of 3 points in same zone A or beyond 
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