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below LCLg are, statistically speaking, out of control, however, they are also desirable
because they indicate unusually small variability within the sample which is, after all, one of
our main objectives. It is most likely that such small variability is due to special causes.
If the user is convinced that the small variability does indeed represent the operating state
of the process during that time, an effort should be made to identify the causes. If such
conditions can be created consistently, process variability will be reduced. The process
should be set to match those favorable conditions, and the observations should be retained for
calculating the revised centerline and the revised control limits for the R-chart.

Step 6: Implement the control charts.

The X- and R-charts should be implemented for future observations, using the revised
centerline and control limits. The charts should be displayed in a conspicuous place where they
will be visible to operators, supervisors, and managers. Statistical process control will
beeffective only ifeveryone is committed to it—from the operator to the chief executive officer.

Examplein our syllabus
Example 7-1 Consider a process by which coils are manufactured. Samples of size 5 are
randomly selected from the process, and the resistance values (in ohms) of the coils are
measured. The data values are given in Table 7-2, as are the sample mean X and the range
R. First, the sum of the ranges is found and then the centerline R. We have

R i=1 87

=— =348
g 25

Forasample of size 5, Appendix A-7 gives D, = 2.114 and D, = 0. The trial control limits
for the R-chart are calculated as follows:

UCLg = D4R = (2.114)(3.48) = 7.357
LCLg = D3R = (0)(3.48) = 0

The centerline on the X-chart is obtained as follows:

8
X;
i_,-; | 521.00

= 20.840

g 25

Appendix A-7, for n =35, gives A, = 0.577. Hence, the trial control limits on the X-charts
are

UCLy = X + AsR = 20.84 + (0.577)(3.48) = 22.848
LCLy = X — AoR = 20.84 — (0.577)(3.48) = 18.832

We can use Minitab to construct trial X- and R-charts for the data in Table 7-2. Choose Stat
> Control Charts > Variables Charts for subgroups > X bar-R. Indicate whether the
subgroups are arranged in a single column or in rows, input, in this case column numbers C1 to
C3, since in the worksheet for this example a subgroup is entered as a row across five columns,
Click on X bar-R chart options, sclect Estimate, and under Method for estimating
standard deviation, select Rbar. Click OK. Figure 7-4 shows the Minitab X- and R-charts
with 3G limits. Observe that sample 3 is above the upper control limit on the R-chart and
samples 22 and 23 are below and above the X -chart control limit, respectively. When the
special causes for these three samples were investigated, operators found that the large value
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TABLE 7-2 Coil Resistance Data
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Sample Observation (2) X R Comments

1 20,22,21,23,22 21.60 3

2 19, 18,22, 20,20 19.80 4

3 25,18,20,17,22 20.40 8 New vendor

4 20,21,22,21,21 21.00 2 Valuesmaybechangedn paper.

5 19,24,23,22,20 21.60 5 Do the same numericalfor up to

: 15,20.19.18,20 1900 ,  lovalues

: nwnama  mw 3 oy

9 21, 20,24, 23,22 22.00 4 . .

10 21,19, 20,20, 20 20.00 2 only observationsvould be given.

11 20,20, 23,22, 20 21.00 3 youwill haveto calculate

12 22,21,20,22,23 21.60 3 X bar,x doublebar,

13 19,22,19,18,19 19.40 4 R(largestvalue-Smallest),

14 20,21,22,21,22 21.20 2 R bar(averageof all R values)

15 20,24,24,23,23 22.80 4 Draw centreline, uppercontrol

ig ;(1) fg f‘; ;g ;(1) ?;;g ; limit UCL & lower controllimit

18 20,24,22,23,23 22.40 4 LCL fine. .

19 20, 19,23, 20,19 20.20 4 Draw graphlineson the basisof X

20 22.21,21,24,22 22.00 3 Barvalues.(10in our syllabus

21 23,22,22,20,22 21.80 3 question)

22 21,18,18,17,19 18.60 4 High temperature

23 21,24,24,23,23 23.00 3 Wrong die

24 20,22,21,21,20 20.80 2

25 19,20,21,21,22 20.60 3 UseAppendixA-7 givenbelow
Sum=521.00 Sum=87 to find outthevalueof A2

Only X Char

NO R Chartneedec

FIGURE 7-4 X- and R-charts for data on coil resistance using Minitab.


AK
Highlight

AK
Highlight

AK
Highlight

AK
Highlight

AK
Highlight

AK
Highlight

AK
Sticky Note
Cancelled set by AK

AK
Typewritten Text

AK
Typewritten Text
Values may be changed in paper. Do the same  numerical for up to 10 values
with graph as directed by sir. 
If this question comes in paper only observations would be given.
you will have to calculate
x bar, x double bar, 
R(largest value-Smallest),
R bar (average of all R values)
Draw centre line, upper control limit UCL & lower control limit LCL line. 
Draw graph lines on the basis of X Bar values. (10 in our syllabus question)


AK
Typewritten Text

AK
Typewritten Text

AK
Typewritten Text

AK
Typewritten Text

AK
Typewritten Text

AK
Typewritten Text

AK
Typewritten Text

AK
Typewritten Text

AK
Typewritten Text
Only X Chart

AK
Typewritten Text
NO R Chart needed.

AK
Typewritten Text
Use Appendix A-7 given below to find out the value of A2

AK
Typewritten Text


298 CONTROL CHARTS FOR VARIABLES

for the range in sample 3 was due to the quality of raw materials and components purchased
from a new vendor. Management decided to require the new vendor to provide documentation
showing that adequate control measures are being implemented at the vendor’s plant and that
subsequent deliveries of raw materials and components will conform to standards.

When the special causes for samples 22 and 23 were examined, operators found that the
oven temperature was too high for sample 22 and the wrong die was used for sample 23.
Remedial actions were taken to rectify these situations.

With samples 3, 22, and 23 deleted, the revised centerline on the R-chart is

72

Rzﬁz 3.273

The revised control limits on the R-chart are

UCLg = D4R = (2.114)(3.273) = 6.919

LCLg = DsR = (0)(3.273) = 0

The revised centerline on the X-chart is

z 459
X = o7 = 20.864

The revised control limits on the X -chart are

UCLg = X + A,R = 20.864 + (0.577)(3.273) = 22.753
LCLy = X — A;R = 20.864 — (0.577)(3.273) = 18.975

Note that sample 15 falls slightly above the upper control limit on the X-chart. On further
investigation, no special causes could be identified for this sample. So, the revised limits will
be used for future observations until a subsequent revision takes place.

Variable Sample Size

So far, our sample size has been assumed to be constant. A change in the sample size has an
impact on the control limits for the X- and R-charts. It can be seen from egs. (7-7) and (7-9)
that an increase in the sample size n reduces the width of the control limits. For an X-chart, the
width of the control limits from the centerline is inversely proportional to the square root of
the sample size. Appendix A-7 shows the pattern in which the values of the control chart
factors A, Dy, and D; decrease with an increase in sample size.

Standardized Control Charts

When the sample size varies, the control limits on an X- and an R-chart will change, as
discussed previously. With fluctuating control limits, the rules for identifying out-of-control
conditions we discussed in Chapter 6 become difficult to apply—that is, except for Rule 1
(which assumes a process to be out of control when an observation plots outside the control
limits). One way to overcome this drawback is to use a standardized control chart. When we
standardize a statistic, we subtract its mean from its value and divide this value by its standard
deviation. The standardized values then represent the deviation from the mean in units of
standard deviation. They are dimensionless and have a mean of zero. The control limits, on a
standardized chart are at £3 and are therefore constant. It’s easier to interpret shifts in the
process from a standardized chart than from a chart with fluctuating control limits.
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