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Assignment 5 Solutions:  

Shewhart Control Charts for Continuous Variables
A firm has developed a process for filling containers with ball bearings.  The containers will be sold by weight, and the target weight for the containers will be 180 g.  The filling machine has four filling heads, with each filling head being supplied by a separate hopper of ball bearings.  The process operates to fill four containers at the same time (one container per head).  The company wants to control the process using Shewhart control charts for the container weight, so they will periodically pull a sample of containers from the line and weigh them.  
NOTE:  The data for these problems is available as an Excel spreadsheet from the class Materials page.  
A.)  One method for sampling (NOT CORRECT) picked a sample of size 4 by taking one container from each head every five minutes.
1. The most appropriate control charts using a sample size of 4 would be x-bar and R-charts.  In plotting the first 25 samples, no points plot beyond the control limits on the R-chart.  However, Sample 17 is beyond the upper control limit on the x-bar chart.  This sample is removed from the data, and the trial control limits are recomputed for the 24 remaining trial points.  (Note:  after removing the sample, dropped samples plot as a zero value, but are not used in computing the control limits.)  In the second trial limits, Sample 21 plots below the lower control limit on the x-bar chart (no points are out-of-control on the R-chart).  This data is also dropped, and the control limits are recalculated based on 23 samples.  On the third try, none of the data plot beyond the trial control limits, so these limits are accepted for production use.  Accepted Control Limits:

· UCLx
 = 181.97

· CLx 
= 180.46

· LCLx 
= 178.95

· UCLR 
= 4.74

· CLR 
= 2.08

· LCLR 
= 0
2. Using these control limits to interpret the remainder of the data show that the following points are out-of-control:

· Sample 26 is beyond the UCL on the x-bar chart.  
· Sample 30 is beyond the UCL on the x-bar chart.

· Sample 46 is beyond the UCL on the R-chart.

· No other Western Electric rules were violated on either chart.
3. The process problems are not readily apparent from these charts.  In reviewing the R-chart, almost all of the points hug the centerline.  This would indicate that the R-chart control limits are set too widely apart.  If there is a difference in the center location for each of the filling heads, the estimate for the spread will be too wide – which will affect both the x-bar and R-charts, by making the charts insensitive to changes in spread or in location. 
B.)  The second method also used a sample of size 4, but required one set (of two control charts) for each filling head.  The results were:  

1. The x-bar and R- control charts were most applicable for this sampling plan, since the range is easier to compute for small sample sizes (8 or less).
2. For Head 1:  In plotting the first 25 samples, no points plot beyond the control limits on the x-bar chart.  However, Sample 21 is beyond the upper control limit on the R-chart.  This sample is removed from the data, and the trial control limits are recomputed for the 24 remaining trial points.  On the second try, none of the data plot beyond the trial control limits, so these limits are accepted for production use.  Accepted Control Limits:

· UCLx
= 181.45

· CLx 
= 179.92

· LCLx 
= 178.40

· UCLR 
= 4.76

· CLR 
= 2.09

· LCLR 
= 0

For Head 2:  In plotting the first 25 samples, no points plot beyond the control limits on the x-bar chart.  However, Sample 21 is beyond the upper control limit on the R-chart.  This sample is removed from the data, and the trial control limits are recomputed for the 24 remaining trial points.  On the second try, none of the data plot beyond the trial control limits, so these limits are accepted for production use.  Accepted Control Limits:

· UCLx
= 183.18
· CLx 
= 181.94
· LCLx 
= 180.69
· UCLR 
= 3.90
· CLR 
= 1.71
· LCLR 
= 0

For Head 3:  In plotting the first 25 samples, no points plot beyond the control limits on the x-bar chart.  However, Sample 21 is beyond the upper control limit on the R-chart.  This sample is removed from the data, and the trial control limits are recomputed for the 24 remaining trial points.  On the second try, none of the data plot beyond the trial control limits, so these limits are accepted for production use.  Accepted Control Limits:

· UCLx
= 181.31
· CLx 
= 179.93
· LCLx 
= 178.55
· UCLR 
= 4.33
· CLR 
= 1.90
· LCLR 
= 0

For Head 4:  In plotting the first 25 samples, no points plot beyond the control limits on the x-bar chart.  However, Sample 21 is beyond the upper control limit on the R-chart.  This sample is removed from the data, and the trial control limits are recomputed for the 24 remaining trial points.  On the second try, none of the data plot beyond the trial control limits, so these limits are accepted for production use.  Accepted Control Limits:

· UCLx
= 181.18

· CLx 
= 179.94

· LCLx 
= 178.69

· UCLR 
= 3.90

· CLR 
= 1.71

· LCLR 
= 0
3. Using these control limits to interpret the remainder of the data yields the following results: 

For Head 1:  All remaining data plot within control for both the x-bar and R-charts.  Head 1 appears to be in statistical control.

For Head 2:  All remaining data points on the R-chart plot within control limits.  However, Samples 33, 34, and 36 plot beyond the upper control limit on the x-bar chart.  Sample 35 would also be considered out-of-control by the Western Electric Rules, since 2 out of 3 consecutive points plot beyond the 2-sigma limits on the same side of the centerline. It would appear that a temporary shift in location (only) occurred at about Sample 33 and lasted until Sample 36.

For Head 3:  All remaining data plot within control for both the x-bar and R-charts.  Head 3 appears to be in statistical control.  

For Head 4:  The R-chart shows that Samples 44 through 47 are out-of-control because 4 out of 5 points are beyond the 1-sigma limit on the same side of the centerline (and points 46 and 45 form 2 out of 3 points that are beyond the 2-sigma limits on the same side of the centerline; and Sample 46 is beyond the upper control limit).  The x-bar chart shows that points 44 and 46 are beyond the lower control limit (and out-of-control).

4. It is easier to identify the process problems using these charts – since each chart corresponds to one head, there is no masking effect. 

The in-control heads were Head 1 and Head 3.

The out-of-control heads were:  

Head 2 – it appeared that a temporary shift in location (only) occurred at about Sample 33 and lasted until Sample 36 by analysis of the x-bar chart; and 

Head 4 – it appears that a temporary increase in spread (on the R-chart) occurred at about Sample 44 and lasted until Sample 47.  This increase in spread could also show up as a change in location on the x-bar chart as the values varied more widely).

C.)  The third method used a sample of size 10, and required one set (of two control charts) for each filling head.  Using the all 10 observation columns from each of the filling head tabs, do the following:  

1. Since the sample size was 10, the x-bar and s-charts were most applicable for this plan.
2. For Head 1:  In plotting the first 25 samples, no points plot beyond the control limits on either chart.  Accepted Control Limits:

· UCLx
= 180.99

· CLx 
= 179.96

· LCLx 
= 178.93

· UCLs 
= 1.88

· CLs 
= 1.06

· LCLs 
= 0.30

For Head 2:  In plotting the first 25 samples, no points plot beyond the control limits on either chart.  Accepted Control Limits:

· UCLx
= 182.81

· CLx 
= 181.96

· LCLx 
= 181.12

· UCLs 
= 1.54

· CLs 
= 0.86

· LCLs 
= 0.25

For Head 3:  In plotting the first 25 samples, no points plot beyond the control limits on either chart.  Accepted Control Limits:
· UCLx
= 180.90
· CLx 
= 179.96
· LCLx 
= 179.02
· UCLs 
= 1.71
· CLs 
= 0.96
· LCLs 
= 0.27
For Head 4:  In plotting the first 25 samples, no points plot beyond the control limits on either chart.  Accepted Control Limits:
· UCLx
= 180.81
· CLx 
= 179.96
· LCLx 
= 179.12
· UCLs 
= 1.54
· CLs 
= 0.86
· LCLs 
= 0.25
2. Using these control limits to interpret the remainder of the data yields the following results:  For Head 1:  All remaining data plot within control for both the x-bar and s-charts.  Head 1 appears to be in statistical control.
For Head 2:  All remaining data points on the s-chart plot within control limits.  However, Samples 33 through 36 plot beyond the upper control limit on the x-bar chart.  It would appear that a temporary shift in location (only) occurred at about Sample 33 and lasted until Sample 36.
For Head 3:  All remaining data plot within control for both the x-bar and s-charts.  Head 3 appears to be in statistical control.  
For Head 4:  The R-chart shows that Samples 44 through 46 are out-of-control because these points are beyond the upper control limit.  The x-bar chart shows no points that are out-of-control.
3. It is easier to identify the process problems using these charts, since each chart corresponds to one head, there is no masking effect.  
The in-control heads were Head 1 and Head 3.  
The out-of-control heads were:  
Head 2 – it appeared that a temporary shift in location (only) occurred at about Sample 33 and lasted until Sample 36 by analysis of the x-bar chart; and 
Head 4 – it appeared that a temporary increase in spread (on the s-chart) occurred at about Sample 44 and lasted until Sample 46.  This increase in spread did not show up as a change in location on the x-bar chart because using the standard deviation to estimate the control limits on both charts leads to less impact by an outlying value.
D.)  What effect did each sampling plan have on your ability to diagnose the filling head problems - which plan (A, B, or C) was best, and which was worst?
The best sampling plan for diagnosis was C – it allowed the tightest identification of the shift in spread, probably due to the greater number of data points in each sample.
The worst sampling plan for diagnosis was A – the combined chart masked the effects of the changes in both location and spread both by lack of data points (this plan had the fewest) and by lack of individual head information (all head information was pooled).  All this plan allowed the user to do was to identify that a problem existed – and later than the other plans signaled.
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