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1. For n = 4 (samples of size 4), By = 2.266, and Bz = 0. The parameters of the S chart are given by:
UCL: B,S = 2.9458

Center line: S =13
LCL: B3S=0

For the T chart, we use A3 = 1.628. The parameters of the Z chart are given by:

UCL: 7+ A3S =14.1364
Center line: z = 12.02
LCL: T — A3S =9.9036

There is one out of control point, the fourth (14.3). If we assume that an assignable cause is found for
it, we need to get the new value of T that ignores that point. That value is Z = 11.9 (easily calculated
by %%)714'3). The values of Az and S are the same, so we subtract 0.12 from each control limit:
UCL: 14.1364 - 0.12 = 14.0164
Center line: 11.9
LCL::  9.9036 - 0.12 = 9.7836

Now there is one more out of control point, the fifteenth (14.1). If we assume that an assignable cause
is found for it, we need to get the new value of T that ignores that point. That value is * = 11.78

(easily calculated by %&71“). The new control limits are:

UCL: 13.8964
Center line: 11.9
LCL::  9.9036 - 0.12 = 9.6636

2. For this problem it would suffice to draw a sketch of the control chart by hand. The charts look like
this:
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The seventh point (14.0) is out of control.

3. For a tabular cusum chart, we do need to have an estimate for o (this is a mistake in the problem
statement; however, I will accept any estimate for o). We also need to decide how big a shift we want
to detect; again, I accept any reasonable offer.

I take S = 1.3 to be the estimate for o, and I assume we wish to detect a shift of 1 o. Using k = 0.5
and h = 4.77, it is reasonable to use K = 0.65 and H = 6.20. The headings of the chart would be:

i w; x;—1267 CF Nt O 1137-z; C7 N-

4. The development of the chart is as follows. H = 6.20 signals out of control:

i ow  a;—1267 Cf Nt 1137T—z; CF N~
1 123  -0.37 0 0 -0.93 0 0
2 13.3 0.63 0.63 1 1.93 0 0
3 113 -1.37 0 0 0.07 0.07 1
4 114 -1.27 0 0 0.03 0.04 2
5 122 -047 0 0 -0.83 0 0
6 109  -1.77 0 0 0.47 047 1
7 14.0 1.33 133 1 2.63 0 0
8§ 123 037 096 2 0.93 0 0
9 11.7  -0.97 0 0 0.33 0 0
10 11.1  -1.57 0 0 0.27 027 1
11 105  -2.17 0 0 0.87 114 1
12 115  -1.17 0 0 -0.13 o1 2
13 11.8  -0.87 0 0 -0.43 058 3
14 109  -1.77 0 0 0.47 1.05 4
15 125  -0.17 0 0 1.13 0 0
16 11.6  -1.07 0 0 -0.23 0 0
17 115  -1.17 0 0 -0.13 0 0
18 104  -2.27 0 0 0.97 097 1
19 101 -2.57 0 0 1.27 224 2
20 12.1  -0.57 0 0 -0.73 151 3

The process certainly seems to be in control. The other chart caught an out of control signal.

5. With p = 0.3 and n = 60, the control limits are:

UCL:  j+ 3/ 232 = 0.4755
Center line: 0.3
LCL:  p—3y/2072 = 0.1225

(a) The probability that a shift to p = 0.4 will be detected is the cumlative binomial distribution to
0.1225*60 (rounds to 7) plus one minus the cumlative binomial distribution to 0.4755*60 (rounds
to 29), or about 7.46%. The probability of detection by the end of the third sample is thus
0.0746 + (0.0746)(1 — 0.0746) + (0.0746)(1 — 0.0746)% = 0.2075, or 20.75%.

(b) For a nonzero control limit, we require

9(0.7)
0.3

n > =21

so we need n to be at least 22.

The chance of detecting a shift to 0.1 is essentially the probability of zero errors, or binocdf (0,22,0.1),
which is 9.85%.



