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Control Charts 
 

Control charts are a graphical aid for assessing variation in a manufacturing process. By 
distinguishing between common and unusual variation, you can determine whether a 
process is functioning normally or needs to be adjusted.  

 

ControlChart Principles 

Control charts are constructed by plotting samples of your process output collected over 
time. There are several types of control charts, and the one that you choose depends on 
the type of output that your process produces and the sampling plan that you use to 
collect it.  

Tracking variables. If you record process parameters or things that you can measure, 
such as temperature, diameter, or flow rates, then you should use one of the variable 
charts. They tell you how your process is running. Specifically, they compare the actual 
machine readings to the set point or target values, and they tell you how well your 
finished product meets specifications. The available variable charts, according to 
sampling plans, are as follows:  

− Sample of several measurements. If at each collection period you take several 
measurements, then you should use an X-bar chart with either the R chart or s 
chart. The R chart measures spread in terms of the sample range while the s chart 
measures spread in terms of the sample standard deviation.  

− Sample of one measurement. If at each collection period you take a single 
measurement, then you should use an individual and moving range chart. This 
chart measures spread in terms of the range of two or more consecutive samples.  

Tracking attributes. If you want to track defects, defective units, or other things that you 
can count, such as defective parts, cracks, bubbles, or late shipments, you should use an 
attribute chart. They classify defects into categories so you can monitor a specific defect 
type. They also tell you types of defects and how they occur. The available attribute 
charts, according to the type of attribute tracked and sampling plan, are as follows:  

− Defective units. In situations where you are tracking whole units that are unusable, 
you should use a p chart or np chart. The difference between these charts is that 
the p chart can be used when the size of the sample varies between collection 
periods.  

− Number of defects. In situations where you are tracking blemishes on units, you 
should use a c chart or u chart. The difference between these charts is that the u 
chart can be used when the size of the sample varies between collection periods.  

Multiple charts can be used for process control. For example, a radio manufacturer can 
use a u chart to track cosmetic defects and a p chart to track units that don't work.  

General guidelines for assessing process control. From these plots, you can 
determine whether the process is functioning within prescribed limits. Random variation 
within those limits indicates the process is stable. Nonrandom variation indicates that 
something is wrong. Any of the following symptoms in a control chart indicate a possible 
unstable process:  
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− Any number of points outside the control limits.  

− A run of at least 8 points in a row falling on one side of the process centerline.  

− A trend of 6 consecutive points increasing or decreasing in value.  

− A cycle or repetitive pattern.  

− Alternating values of 14 consecutive points that fall on opposite sides of the process 
centerline.  

− A lack of variability indicated by 15 consecutive points in the center third of the chart.  

− Excessive variability indicated by 8 consecutive points outside the center third of the 
chart.  

 

Using X-bar and R Charts to Monitor Shampoo pH 
 

A manufacturer of hair products needs to monitor the pH of its shampoo. The normal pH 
of hair is slightly acidic, in the range of 4.5-5.5. To maintain hair strength and vitality, 
shampoo and conditioning products should be pH balanced with hair. In order to ensure 
quality, six separate output batches are measured at regular time intervals and their pH 
recorded.  

This information is collected in shampoo_ph.sav . Use control charts to monitor this 
process with X-bar and R charts.  
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Running the Analysis 
 

 
 
  To run a control charts analysis, from the menus choose:  

Graphs  
  Control...  

 

 
 
  Click Define.  
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  Select pH level as the process measurement variable.  

  Select Time of measurement as the subgroup definition variable.  

  Click Statistics.  

 

 
 
  Type 5.5 as the upper specification limit (USL).  

  Type 4.5 as the lower specification limit (LSL).  

  Type 5.0 as the target value.  



 -  5- Control Charts

  Select CP, CpU, CpL, K, CpM, and Z-out in the Process Capability Indices group.  

  Select PP, PpU, PpL, PpM, and Z-out in the Process Performance Indices group.  

  Select Actual % outside specification limits.  

  Click Continue.  

  Click OK in the X-Bar, R, s: Cases Are Units dialog box.  

These selections produce a range chart, X-bar chart, and process statistics table.  

 
 

Range Chart 

 

 
Examine the R chart first. The R chart uses sample ranges to monitor changes in the 
spread of a process.  

The sample ranges are plotted as points on the chart and connected with lines. The solid 
centerline is the average of the sample ranges. The two dashed lines are the upper 
control limit (UCL) and the lower control limit (LCL). Note that the value of the LCL is 0.0, 
so it's not visible because it's flush with the horizontal axis. The control limits are 
calculated so that if the process is in control, nearly all of the sample points will fall 
between the limits. Control limits reflect the expected amount of variation in the sample 
ranges when only common causes of variation are present. This R chart seems okay. All 
the points are within the control limits. There are no obvious patterns. At the right end of 
the chart, there may be the beginnings of a problem with too little variability, but this is 
difficult to assess without further observation.  
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X-bar Chart  
 

 
The X-bar chart uses sample means to monitor changes in the location of a process. On 
the X-bar chart, the sample means (or averages) are plotted as points and connected 
with lines. The solid centerline is X-bar or the average of the sample means. The two 
inner dashed lines are the upper control limit (UCL) and the lower control limit (LCL). The 
control limits reflect the expected amount of variation in the sample means when only 
common causes of variation are present. The average is 4.9915, which is on target, but 
this plot shows the process is out of control. There are points outside the control limits at 
collection periods 2, 25, and 35. There is a trend of 6 increasing points from collection 
period 12 to 17. Moreover, there are several other near-trends, which suggests a cyclical 
pattern. Sure enough, the process peaks at collection periods 7, 17, 25, and 35. It 
bottoms out at periods 2, 12, 20, and 30. Looking back at the records, you find that the 
valleys all occur during the first shift, and the peaks occur during the third shift.  
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Process Statistics  
 

 
This table shows capability and performance indices.  

Capability indices. These measures assess the ability of the process to perform to 
specification. Each statistic measures a different aspect of the process.  

CP is the ratio of the difference between the specification limits to the observed process 
variation. CP values greater than or equal to 1 indicate capable processes. Values less 
than 1 indicate that the process is too variable. The CP value of 0.762 indicates that the 
variability in the pH of the samples exceeds specification. CpL and CpU help you to 
determine whether or not the process variability is symmetric. If their values, as in this 
case, are close to CP, then the process variability is relatively symmetric. K is a measure 
of the ability of the process mean to approximate the center of the specification limits. 
Smaller values of K, combined with larger values of CP, indicate that the process stays 
within the specification. CpM measures the process capability, adjusted for its ability to 
stay on target. If CpM is close to CP, as in this case, then the process has stayed on 
target. Performance indices. These measures are similar to the capability indices, but 
tend to be more conservative because they are based on the overall process variability 
rather than the sample variability. If the performance indices are considerably smaller 
than the capability indices, there may be nonrandom variation in your process. Here, the 
performance indices do not appear to be much smaller than the capability indices.  

 

Summary  
 
Using the X-bar and range charts, you have determined that the process by which the 
manufacturer produces shampoo is out of control. On average, the process mean is close 
to the target value of 5.0, but the process mean exhibits too much variability. Given the 
patterns observed in the X-bar chart, your next step should be to investigate the 
differences in the pH of shampoo produced by different shifts.  
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Using p Charts to Track the Proportion of Defective Units 
 

A clothing manufacturer employs quality inspectors to track the manufacturing process. 
From each lot produced at the factory, the inspectors take a sample of clothes and count 
the number of clothes that are unacceptable.  

This information is collected in clothing_defects.sav . Use control charts to track the 
proportion of defective clothes with a p chart.  

 

Running the Analysis  
 

 
 
  To run a control charts analysis, from the menus choose:  

Graphs  
  Control...  
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  Click Define.  

  Select p, np.  

  Select Cases are subgroups.  

 

 
 
  Select Number defective as the variable representing the number of nonconforming 
units.  

  Select Lot number as the variable that labels the subgroups.  
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  Select Variable in the Sample Size group and select Number sampled as the variable 
containing the sample sizes.  

  Click OK.  

These selections produce a p chart.  

 

p Chart  
 

 
The p chart monitors the fraction or proportion of defective or nonconforming units. Each 
point on the chart represents the sample ratio of defective units to the total number 
inspected within each subgroup or time interval. The solid centerline is the average of the 
sample proportions. The two dashed lines are the upper control limit (UCL) and the lower 
control limit (LCL). Note that the value of the UCL is variable because the sample size 
varied by collection period. The value of the LCL is near 0.0, so it's not visible because it's 
flush with the horizontal axis. Control limits reflect the expected amount of variation in the 
number of defective units when only common causes of variation are present. This chart 
looks good because all the points are within the control limits and there are no obvious 
patterns.  

 

Recommended Readings  

See the following text for more information on control charts (for complete bibliographic 
information, hover over the reference):  

(Grant and Leavenworth, 1988)  

 
 
 


