Tutorial
Statistical Process Control for the Non-Statistician:
This topic is for you if you are new to the concept, or if you tried using Statistical Process Control (SPC) before, but found it to be too involved with mathematics, complex rules, or expensive computer software. Chances are you looked into it because you had been told that it could help you improve your manufacturing quality, it would reduce your production costs, or you had heard that your competitors were winning contracts by using it. 
After trying to learn how to use it, or perhaps even after using it for a while, you may have decided that it was just too much bother. Besides, you may not even be convinced that it can help you.
These shortcut methods are much easier to use than the more rigorous methods generally taught by statisticians. The techniques are based on approximations of the "official" statistical methods, and they are more easily learned and applied by production personnel. This is after all the only lasting value of any SPC program... the ability of the production team to adopt it as a tool to achieve better output at lower cost.
If you have a production process that produces high levels of scrap or rework, and/or the output is being 100% inspected at high cost, you may want to give these methods a try. But be sure to follow the Preliminary Tests section first. There is no point in trying to apply statistical controls to an unstable process.
If you find these shortcut SPC methods useful for improving yield and reducing inspection costs, you should probably give formal SPC methods another chance. 


Choose Characteristic  Preliminary Tests  Diagram  Simplified Methods  Action  Suggestions Caution
 

CANDIDATE PROCESSES
This method will only be useful for high-volume (>60 pcs / hr) manufacturing processes. The process must be automatic, or at least semi-automatic, such that the human component has little or no effect on the outcome we are going to address. In other words, machinery/tooling needs to produce the actual characteristics we wish to control, not the way an operator loads a fixture, for example.
Manufacturing processes with associated high scrap and/or high rework costs are typically ideal candidates for cost reduction by simple SPC methods. Also, an operation/process which is quality controlled now by costly 100% inspection may be capable of enhanced quality at least to the point where a sampling plan can be used, at substantial savings.      [image: image1.png]



 

CHOOSE CHARACTERISTIC                                                                                
First, identify the cause of nonconforming product to be addressed.  There will typically be only a small handful of characteristics causing most of the problems, even though the product may have a host of inspected characteristics. Choose the most frequently nonconforming of these major rejection causes to address first.
To use this simplified method, the product characteristic to be controlled needs to be a variable capable of accurate and objective measurement, not an attribute like "glossy" or "component missing".       [image: image2.png]



 

PRELIMINARY TESTS                                                                                          
Before we try to apply control to the chosen characteristic, we will need to gather some data and evaluate it to see if the existing process looks capable of producing the required output result within the specified tolerance. There is no point trying to control a process that is totally incapable of consistently producing what is required.
Set up a simple set of (3) data sheets using common "quad-ruled" (1/4" squares) paper. Turn the paper with the 11" sides top and bottom and draw 1" margins on the left and right sides. Now write the center value of the subject characteristic's specified tolerance (for example, 1.500") in the left margin in the row that goes across the center of the sheet. 
Next, based on the total tolerance spread, write row-by-row above the center value, in evenly-divided ascending increments, the series of 10-15 values representing 150% of the 'plus' side of the tolerance. (For example, if the tolerance is ?0.020", 15 increments of 0.002" or 10 increments of 0.003" would work.) Last, in similar manner write in the same increments 150% of the 'minus' tolerance below the center value. So, you will now have the range from the maximum tolerance +50% at the top of the left margin down to the minimum tolerance -50%, divided into even increments, symmetrical about the center spec value. Make two more sheets just like this one.
Take a sample of 100 consecutive parts or products from the output of the process that produces the characteristic under study, maintaining the order of production.
Measure the subject characteristic on each of the sampled units in order. Starting with the first quad-ruled column to the right of the left margin of the first sheet, mark an "X" in the row corresponding to the measured value. When done, you will have a hundred Xs marked consecutively across three sheets, representing the measurement of each sampled item, in the order it was produced.
Connect the Xs by straight lines in run order. The resulting trail across the sheets should look something like the path an ant would make passing across the paper, or if you are a stock investor it might look to you like a 100 day chart of the Dow Jones average. This is called a "run chart".
Total the count of Xs in each row and write these counts in the corresponding rows of the right margin of each sheet. Now overlap the three data sheets, so that just the right margins with these counts show. Place a new blank quad-ruled sheet next to the right side of the data sheets. Make sure the data sheets are arranged with the measurement value rows aligned, add each row's total count from all (3) sheets, and write this number in the corresponding row near the left edge of the new sheet. Add this column of numbers when done and verify that it totals 100.
Now draw a single line top-to-bottom just behind the right side of all these total counts. Next, on the other (right) side of this line fill in the number of squares equal to the total count for each line. 
The filled-in rows should look similar to the outline of the Liberty Bell, with one strong central 'hump' and 'tails' trailing off fairly evenly on either side. This is the process "distribution curve" for the characteristic under study. If there is distinctly more than one hump, or a clearly defined tail only on one side, the process can not be controlled using this method, and you will have to stop. An SPC text will explain why, but there is not room here.
The center value (mean) of the distribution curve should be easy to estimate.  It is the point at which there are as many filled-in squares above as there are below.  Draw a line through this data row on the distribution curve.  Transfer and draw a line across the rows of corresponding value in each of the run charts as well.
The format of the sheets represented in the graphic below should clarify any questions you have at this point:
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Study the (3) run charts carefully. See if you can find any of the following: 

· Are there any runs of more than 10 consecutive data points (Xs) on the same side of the mean line? 

· Are there any runs of more than 10 consecutive data points heading in the same direction, either increasing or decreasing? 

· Trace in a line that tends to pass through the center between the highs and lows of the 'teeth' along the chart... are there any distinctly non-random recurring cyclic wave-like patterns in this line? 

If the answer to any of the above is "yes", the process does not appear to be random and stable, and there are probably correctable causes of the non-randomness that need to be fixed before attempting control. 
Next, look for any single data point that is way off to either the high or low side well away from any other reading. Disregarding any such "flyer", find the highest and lowest readings. Subtract the minimum reading from the maximum reading, to get the approximate process spread. Divide the total tolerance spread (if tolerance is ?0.020", the spread is 0.040") by this value. 
If the resulting "capability factor" is less than 1.0, the process is not capable of statistical control, and either the process needs to be overhauled to reduce variation, or (if feasible) the specified tolerance should be changed. The subject process is not capable of producing the product to the existing spec. It will always produce some significant level of nonconforming (NC) product.
On the other hand, if the capability factor is at least 1.3, you should be able to dramatically reduce NC product. The simplified methods below should allow you to see when the product characteristic under study is heading out of control. This will allow you to take action before NC product is made, instead of finding out afterward... the main value of SPC.
For values between 1.0 and 1.3 you can expect mixed results, and any work to tighten the process (remove causes of variation) will be effort well spent. The higher the factor becomes, the more effective will be the control efforts.         [image: image5.png]



 

SIMPLIFIED METHODS                                                                                        
If the process has passed the above tests, you can with some confidence expect to increase the process yield significantly (for the characteristic under study), by using the following easy methods: 

· Set up a simple control chart master sheet, similar to the data sheets used above for the tests; 

· Draw a ?quot; left margin and write, in 20-30 even increments, the values representing the spec total tolerance, leaving as many unused rows as possible at the bottom of the sheet (for notes/comments)... no right margin is needed
· Draw a heavy solid line across the sheet at the tolerance center value
· Draw two dashed lines at the upper and lower tolerances
· Divide the process spread determined in the above tests by 6 
· Draw two thin solid lines at intervals equal to the above 1/6 spread value above and below the center line 
· Draw two more thin solid lines at 1/6 spread intervals above and below these lines
· Use this master chart to make daily control chart working copies
· Refer to the process distribution average line from the test above... adjust the process, as needed, to make this average value the same as the tolerance center value, then repeat the test on 100 new samples to verify... repeat as needed until the values match within 5% of  the total tolerance
· Begin measuring the subject characteristic on 3 consecutive samples from the process output each 15 minutes    
· Mark an X in the square corresponding to the average value of the 3 readings, and connect it with a line from the last samples' mark 
Note:   A data collection sheet with several pairs of columns, one for the sets of (3) readings and the other for their averages, is useful for this task
· Interpret the control chart regarding the following rules... make no changes to the process setup parameters unless a rule indicates that it is advisable to do so.        [image: image6.png]



 

ACTION RULES                                                                                                    
If any of the 3 sample readings is NC (outside of the spec tolerance), the responsible process operator should set the NC item aside to a secured container or area and immediately notify the responsible supervisor. 
We will refer to the areas between the center line of the control chart and the first two lines either side as "zone one", the areas between the first and second set of lines as "zone two", and outside the second set of lines as "zone 3".
Each time a new data point is marked on the control chart, the chart should be examined for evidence of an unstable process, as described below...
If any of the following conditions occurs, the responsible process operator should immediately notify the responsible supervisor. The process seems to be becoming unstable, and appropriate corrective action should be considered before NC process output results.
Consider each side of the center line separately, and look for these unacceptable conditions: 

· 2 out of 3 successive points in zone 3 

· 4 out of 5 successive points in zone 2 or 3 

· 8 successive points on one side of center 

Next, consider the total chart and look for 10 or more successive points all heading the same direction (upward or downward); or a series of  10 or more points varying up and down, but 'trending' directly from one zone 3 toward and into the other.
Finally, at the end of each shift, total the values of the chart's points and divide by the number of points. Record this estimated process average. If the average has shifted significantly, it should be reported to the supervisor. Depending on the capability factor, it may be advisable to re-center the process.
IMPORTANT:  Each time an out-of-control (OC) condition is detected, the offending data points should be circled and a notation entered at the bottom or on the back of the chart explaining what action was taken.         [image: image7.png]



 

SUGGESTIONS                                                                                                    
1. For running the above preliminary tests, it may be useful to assign a QC technician, but do not use QC persons as SPC monitors in the long term. As soon as the responsible operators can be equipped and trained they should be doing the charting and analysis. The whole purpose is to provide the production crew with a better tool to reduce/eliminate NCs.
2. Whenever an OC condition is found, the group of parts/product produced by the process since the last in-control condition was charted should be pulled and set aside. This production batch is suspect (could be high in NCs). Appropriate action might be to inspect it as a separate lot at an increased sampling level.
3. When deciding how to react to an OC condition, use the recorded notes from previous control charts to see what may have worked for similar conditions.
4. As experience is gained with corrective actions for various processes and control chart patterns, a logical path to analysis and corrective action may emerge.  When it does, prepare documented procedures for the action to be taken when common OCs happen.
5. Over time, the goal should be to use the process control knowledge gained and corrective actions learned to run an increasingly more stable process. Periodically, repeat the preliminary tests to determine the new capability factor. Use the new data to make a new tighter control chart.
6. As the capability factor increases, the process will become more robust (NC free). As this happens, reduced sampling will be justifiable for the applicable statistical inspection plan.
7. If you find this simple pseudo-SPC technique useful for controlling your scrap, rework and inspection costs, it should convince you that there is really something to SPC. Then you should be willing to learn more about formal SPC and "six sigma" manufacturing methods... to allow you to take process control/improvement even further. 
8. Eventually, as more processes/characteristics are brought under control and the capability factors of all product characteristics increase toward 2.0, it will become rare to see an NC product (commonly referred to as "zero defects" manufacturing). 
You can then start considering the possibilities/benefits/risks of removing virtually all in-process inspection. If you are a job-shop, your customers may even be willing to consider putting you on a preferred ship-to-stock basis at a premium price.


CAUTION:                                                                                            
Do not forget that SPC is a tool for the production floor... not for manufacturing engineering, QC, or some other function. Sadly, this is where many manufacturers have gone astray with their SPC efforts.           
