Table 4.2  Data in Subgroups Obtained at Regular Intervals

Row  Subgroup  x1  x2  x3  x4 
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    R    S
  1         1  72  84  79  49  71.00  35  15.47

  2         2  56  87  33  42  54.50  54  23.64

  3         3  55  73  22  60  52.50  51  21.70

  4         4  44  80  54  74  63.00  36  16.85

  5         5  97  26  48  58  57.25  71  29.68

  6         6  83  89  91  62  81.25  29  13.28

  7         7  47  66  53  58  56.00  19   8.04

  8         8  88  50  84  69  72.75  38  17.23

  9         9  57  47  41  46  47.75  16   6.70

 10        10  13  10  30  32  21.25  22  11.35

 11        11  26  39  52  48  41.25  26  11.53

 12        12  46  27  63  34  42.50  36  15.76

 13        13  49  62  78  87  69.00  38  16.87

 14        14  71  63  82  55  67.75  27  11.53

 15        15  71  58  69  70  67.00  13   6.06

 16        16  67  69  70  94  75.00  27  12.73

 17        17  55  63  72  49  59.75  23   9.98

 18        18  49  51  55  76  57.75  27  12.42

 19        19  72  80  61  59  68.00  21   9.83

 20        20  61  74  62  57  63.50  17   7.33
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We could use either R or S in controlling the process variability. The latter is

preferable, particularly if a statistical quality control (SQC) operation is computeized,

since it uses all the observations in each subgroup, whereas R is calculated

from only two observations in each subgroup (the largest minus the smallest).

Thus, although the range is much easier to calculate by hand than the standard

deviation, it is wasteful of information. This loss of information is not great when

the subgroup size is four (as in this example) but is much more serious when

the subgroup size is larger. See Mahmoud, Henderson, Epprecht, and Woodall

(2010). Therefoie, when largd subgroup sizes are used, the range should not be

used to control the process variability. Instead, some statistic should be used that

is calculated from all of the observations, such as S. ./.

Another reason for preferring S overR is that other statistical mgtho{r{hat are

useful in quality improvement work are generally based on S (or S)ratHer than R.

A cursory glance at Table 4.2 reveals two comparatively small numbers in

subgroup #10 (13 and 10), which cause t}re average for that subgroup to be much

smaller than the other subgroup averages. At this point we might ask the following

question: What is the probability of obtaining a subgroup average as small as or

smaller than2t.25 when, in fact, the process mean is in control atT,the average

of the subgroup averages? Recall from Chapter 3 that we can "standardize" X as

X-u

/, - u- o/ 4n

lPl: KPB/OSW P2: ABC

IfWnSOZS-cO+ JWBSO75-Ryan Apin25,20ll Printer Narne: Yet to Come

4.8 ILLUSTRATIVEEXAMPLEWTIH RFAI DAIA

Thble 4.4 Electrical Characteristics (in Decibels) of Final Assemblies frorn 11 Strips

of CeramiC

115

16.5 15.7 17.3

r7.2 17.6 15.8

t6.6 16.3 16.8

15.0 14.6 17.2

r4.4 14.9 16.2

16.5 15.2 16.9

15.5 16.1 14.9

7: 16.0 15.8 16.4

R :2.8 3.0 2.4

16.9

15.8

16.9

16.8

16.6

16.0

16.6

16.5

1.1

15.5 13.5

16.6 13.5

15.9 16.0

16.5 15.9

16.1 13.7

16.2 15.2

15.7 15.9

L6.r r4.8

1.1 2.5

16.5 16.5 14.5 16.9

r4.3 16.9 r4.9 16.5

16.9 16.8 15.6 r7.r

14.6 16.1 16.8 15.8

17.5 16.9 12.9 15.7

15.5 15.0 16.6 13.0

16.1 16.1 10.9 15.0

15.9 16.3 14.6 r5.7

3.2 1.9 5.9 4.1

r6.5

16.7

16.3

t4.o

14.9

15.6

16.8

15.8

2.8

aFrom Ellis R. Ott (1949). Variables and control charts in production research. Industrial QualiE

Control,6(3), 30. Reprinted with permission of the American Society for Quality Control.

excessive) in a particular electrical characteristic that was involved in the assembly

of electronic units was significant over the 11 ceramic sheets relative to the

variability between the 7 strips within each sheet. If the variability between sheets

turned out to be significant, inferior sheets could theh be discarded.

Ott addressed this question by constructing an X- and an R-chart. The control

limits for the R-chart were

LCL: DzE

:0.076(2.8)

:0.2128

and

UCL: DqE

: i:Z?\f"'

We observe that the range for subgroup #9 exceeds the UCL.

The fimits for the 7 chartcan be shown to be

I-CL: T - AzR

: 15.81 - 0.419(2.8)

:1.4.637

UCL: i + lzF

: 15.81 + 0.419(2.8)

: 16.983
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