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Assignment 7:  

Control Charts for Individuals
A foundry has a highly-automated and instrumented process for producing steels of specified hardness.  The demand is greatest for hot rolled, low carbon steel at a minimum hardness of 60 on the Rockwell B scale.  The firm uses a target specification of 63 HRB, at a standard deviation of 0.8 HRB. Three variables in the process seem to affect the output hardness, and the company wants to control their processes by using control charts on each sheet that is produced.  
NOTE:  The data for these problems are available as an Excel spreadsheet from the class Materials page.  You will need to download this spreadsheet to complete the exercise.  You should also be able to verify the computation of the spreadsheet control chart limits and at least three sequential individual values by your manual calculations.
A.)  One variable influencing hardness is the temperature of the rolls, which produces a small shift of about 0.7 σ in the hardness when one of the heating elements needs to be replaced.  Use this historical data and the 50 samples from the SmallShift tab on the spread sheet for the following:  

1. Copy the data (in order) to the Data tab on the spreadsheet.  Plot the data, and correctly use the spreadsheet and data points to compute the centerline and control limits for each of the individuals control charts.
The Data are plotted (for each control chart) using the Target Values of μ = 63 and σ = 0.8.  For the CUSUM chart, the expected shift values (delta) is 0.7.
2. Use these charts to investigate and interpret the data.  Use window sizes of 2, 5, and 12 observations for the Moving Average chart; use L=2.7 and  λ of .05, .1, and .2 for the EWMA; and an H of 4 and 5 for the CUSUM.  Note which of the charts detects the out-of-control run earliest for each chart, and the parameter values.
The results for these control charts are summarized in the table below:

	Chart
	Parameters
	Shift Detection

	MA
	W = 2
	No shift detected, all points within control limits.

	MA
	W = 5
	No shift detected, all points within control limits.

	MA
	W = 12
	Shift detected at Observation 39, exceeded upper control limit.

	EWMA
	λ = .05
	No shift detected, all points within control limits.

	EWMA
	λ = .1
	Shift detected at Observation 36, exceeded upper control limit.

	EWMA
	λ = .2
	Shift detected at Observation 36, exceeded upper control limit.

	CUSUM
	H = 4
	Shift detected at Observation 35, exceeded upper sum limit.

	CUSUM
	H = 5
	Shift detected at Observation 36, exceeded upper sum limit.


The CUSUM with H = 4 detects the small shift earliest.
B.)  A second variable of influence is the amount of carbon in the molten steel, which is thought to produce a medium-sized hardness shift of  around 1.2 σ when the amount of scrap metal in the melt is less homogeneous.  Use this theoretical data and the 50 samples from the MediumShift tab on the spread sheet, to do the following:  

1. Copy the data (in order) to the Data tab on the spreadsheet.  Plot the data, and correctly use the spreadsheet and data points to compute the centerline and control limits for each of the individuals control charts. 
The Data are plotted (for each control chart) using the Target Values of μ = 63 and σ = 0.8.  For the CUSUM chart, the expected shift values (delta) is 1.2.
2. Use these charts to investigate and interpret the data.  Use window sizes of 2, 5, and 12 observations for the Moving Average chart; use L=2.7 and λ of .05, .1, and .2 for the EWMA; and an H of 4 and 5 for the CUSUM.  Note which of the charts detects the out-of-control run earliest for each chart, and the parameter values.

The results for these control charts are summarized in the table below:

	Chart
	Parameters
	Shift Detection

	MA
	W = 2
	Shift detected at Observation 24, exceeded lower control limit.

	MA
	W = 5
	Shift detected at Observation 26, exceeded lower control limit.

	MA
	W = 12
	Shift detected at Observation 28, exceeded lower control limit.

	EWMA
	λ = .05
	Shift detected at Observation 28, exceeded lower control limit.

	EWMA
	λ = .1
	Shift detected at Observation 27, exceeded lower control limit.

	EWMA
	λ = .2
	Shift detected at Observation 26, exceeded lower control limit.

	CUSUM
	H = 4
	Shift detected at Observation 26, exceeded lower control limit.

	CUSUM
	H = 5
	Shift detected at Observation 27, exceeded lower control limit.


The MA with W = 5, the EWMA with λ = .2, and the CUSUM with H = 4 detect the medium shift earliest.

C.)  The third variable is the degree of work-hardening, related to the number of passes through and amount of soiling on the rolls.  This will produce a large shift of at least 3.2 σ.   Use the 50 samples from the LargeShift tab on the spread sheet, to do the following:  

1. Copy the data (in order) to the Data tab on the spreadsheet.  Plot the data, and correctly use the spreadsheet and data points to compute the centerline and control limits for each of the individuals control charts.

The Data are plotted (for each control chart) using the Target Values of μ = 63 and σ = 0.8.  For the CUSUM chart, the expected shift values (delta) is 3.2.  
2. Use these charts to investigate and interpret the data.  Use window sizes of 2, 5, and 12 observations for the Moving Average chart; use L=2.7 and λ of .05, .1, and .2 for the EWMA; and an H of 4 and 5 for the CUSUM.  Note which of the charts detects the out-of-control run earliest for each chart, and the parameter values.
The results for these control charts are summarized in the table below:

	Chart
	Parameters
	Shift Detection

	MA
	W = 2
	Shift detected at Observation 5, exceeded upper control limit.

	MA
	W = 5
	Shift detected at Observation 5, exceeded upper control limit.

	MA
	W = 12
	Shift detected at Observation 5, exceeded upper control limit.

	EWMA
	λ = .05
	Shift detected at Observation 5, exceeded upper control limit.

	EWMA
	λ = .1
	Shift detected at Observation 5, exceeded upper control limit.

	EWMA
	λ = .2
	Shift detected at Observation 5, exceeded upper control limit.

	CUSUM
	H = 4
	Shift detected at Observation 6, exceeded upper control limit.

	CUSUM
	H = 5
	Shift detected at Observation 7, exceeded upper control limit.


All MA and EWMA charts detect the large shift at the same time.  
D.)  Ideally, the company would eliminate these three assignable causes.  However, use the results of your experience with A-C (above) to recommend the best control chart for:  

1. A process that most typically encounters the small shift of Part A.  Why would you recommend this particular chart and parameters?
The CUSUM chart with H = 4 and delta = 0.7 (the expected shift size) would be best, with the EWMA with λ = .2 being a good alternative.
2. A process that most typically encounters the medium shift of Part B.  Why would you recommend this particular chart and parameters?

The Moving Average (MA) chart with W = 2 (window size) would be the best, with the EWMA with λ = .2 being a good alternative.
3. A process that most typically encounters the large shift of Part C.  Why would you recommend this particular chart and parameters?

Any of the Moving Average or EWMA charts would be good at detecting this kind of a shift.  However, the EWMA with λ = .2 seems to be the most robust alternative for all of the situations.

4. Do these recommendations seem consistent with the advice from the textbook?  Explain.

Yes, the text book recommendations seem valid in these instances.  The Moving Average charts detect small shifts better with large window sizes, and large shifts better with small windows.  The CUSUM charts are very good at detecting small shifts quickly, but are not as good at detecting large shifts.  The EWMA charts tend to perform well at all shift ranges.
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