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Introduction

The statistical control of processes using arithmetic average control charts
with warning limits is a modification of Shewhart control charts. Control
charts for the arithmetic average using both warning and action limits are
characterized by higher sensitivity to a process level shift.

Arithmetic average control charts with warning limits are able to reveal
smaller shifts of the mean value of the controlled quality measure because
of additional information obtained from the points being accumulated in
the warning zone. In addition, sudden large shifts in process level are de-
tectable if sample average values fall beyond action limits. In comparison
with Shewhart control charts, they are more sensitive in the case of minor
and slowly forming biases of the quality measure (that is, shifts not ex-
ceeding 2,5q/+/n, where ¢ is the standard deviation of the quality measure
and\n is the sample size).
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INTERNATIONAL STANDARD

ISO 7873:1993(E)

Control charts for arithmetic average with warning

limits

1 Scope

This International Standard specifies procedures for
the statistical control of processes by using control
charts based on calculating the arithmetic average of
a sample and using warning limits and action limits.
It is assumed that for large lots and for the mass
output of piece and batch production, such a measure
of quality is a random variable following a normal dis-
tribution. However, when averages of four or more
items are plotted, this assumption of a normal dis-
tribution is not necessary for control purposes {s&€e
4.2).

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 3534-1:1993, Statistics — Vocabulary and sym-
bols — Part 1: Probability and general statistical
terms.

ISO 3534-2:1993, Statistics — Vocabulary and sym-
bols — Part 2: Statistical quality control.

3 Definitions

For the purposes of this International Standard, the
definitions given in ISO 3534-1 and ISO 3534-2 apply.

4 Conditions of application

4.1 The implementation of the statistical methods
of process control should be preceded by statistical
analysis during a base period of the quality measure
to be controlled in order to provide a basis for con-
structing relationships between a process (the oper-
ations) and product: quality, as well as for producing
recommendations for the adjustment of the process.

If'the statistical analysis shows that the process is out
of control, and the process capability does not meet
specified requirements, it is necessary to determine
the-causes of, level shifts” and ways of adjusting the
process.

4.2 In order to apply the rules of this International
Standard, it is necessary first to establish the follow-

ing.

a) The arithmetic average X approximates a normal
distribution. Except for extremely unusual circum-
stances, averages of samples of four or more
items will, under the Central Limit Theorem, follow
approximately a normal distribution even though
the individual observations may not.

b) For best results, the individual observations aver-
aged to obtain X are made by scale-measuring in-
struments with scale divisions not exceeding /2.

c) The underlying, but unknown, mean value u of the
sample X values defines the current process level.
If the process level shifts, then so will u. The pro-
cess level should then be adjusted.

d) The target level y, corresponds to the value of the
middle line of the tolerance zone of the quality
measure specified in the documents when the
two-sided criterion is used.

1) “Level shifts” means a case in which u becomes equal to g, or p_,.
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e) The standard deviation ¢ of the quality measure is
assumed to remain constant and acceptable. This
assumption must be verified by using sample
standard deviation or range control charts.

f) In the case of the one-sided criterion p, > pgy or
k-1 < Mo, the target level is assumed to be pg, but
only the direction of concern is of interest. When
a process is considered to be out of control in the
direction of interest, it requires correction. Values
of u, or u_, are selected to indicate process shifts
A = |uq = pol Or |pu_ 4 = uol that should be discovered
quickly and are called “highly undesirable” levels.
This value shall correspond to a fraction of re-
jection (see annex A).

g) In the case of the two-sided criterion y; > pg and
k-1 < o interest lies on either side of py. When
the process is out of control in either direction, it
requires correction.

Proceeding from the values yq, o, p4 andfor p_4 the
value 6, which characterizes the standardized form
of the mean value in the case where the process
is out of control, is determined, i.e.

_ Mo

0=—p—
_ Ho— k-
- ]

When the value ¢ is constant, the process may go
out of control owing to the change of x under the
influence of assignable causes:.

5 Description of the method

5.1 The statistical control of a process is monitored
using control charts for the arithmetic average with
warning limits.

The control chart is used to show graphically the level
and the variability of the process; the current sample
averages of the measure of quality X are plotted on
the charts, as shown in figure B.1.

5.2 The control chart for arithmetic average with
warning limits has a target line (central line) corre-
sponding to the mean value of the quality measure for
the adjusted process. This line corresponds to g, the
warning limits to

Ko £ Byo[\n
and the action limits to

Ko £ Byo[n

where n is the sample size. An underlying assumption
is that the individual observations used to compute X
are statistically independent.

B, and B, are the values determining the position of
action and warning limits on the control charts. The

principle of the selection of B, and B, is described in
clause 6 .

5.3 The control chart may be located on a printed
form, on an illuminated indicator board, in computer
memory in coded form, or displayed in other appro-
priate ways.

5.4 Control charts should be located as close to the
working areas as practical and data entry and chart
plotting should be clear and explicit.

5.5 A standard operating procedure for the defi-
nition, preparation, application, maintenance and use
of a control chart as a method of measuring the vari-
ation of the process should be prepared and data as
collected should be promptly entered on the chart.

5.6 Control charts for arithmetic average with warn-
ing limits may be used both for one-sided and for
two-sided criteria of statistical process control. How-
ever, it is usual to use two-sided criteria.

5.6.1 When a process is statistically controlled by
means of aitwo-sided criterion, five quality zones are
used (see figure 1), as follows.

a) Zone T (target): the sample average value is lo-
cated between the upper warning and lower
warning limits.

b)>Zones ‘W, and W_ (warning): the sample average
value is located between the upper warning and
upper action limits, or between the lower warning
and lower action limits, respectively.

c) Zones A, and A_ (action): the sample average value
is located beyond the upper action limit, or the
lower action limit, respectively.

-~ Ug+ B, al\n Upper action limit
: Ho+ By al\n Upper warning limit
T U Central line
g — By al\n Lower warning limit
A _ U — B, a/n Lower action limit

Figure 1 — Quality zones for statistical control
with a two-sided criterion

5.6.2 \When the process is statistically controlled by
means of a one-sided criterion, three quality zones are
used (see figures 2 and 3), as follows.



a) Zone T (target): the sample average value is lo-
cated below the upper or above the lower warning
limits as the case may be.

b) Zone W (warning): the sample average value is lo-
cated between the warning and action limits.

c) Zone A (action): the sample average value is lo-
cated beyond the action limit.

A+

Ug+ Bya/~/n Action limit
W,

Ug+ Bya/~/n Warning limit
T

g Central line

Figure 2 — Quality zones for statistical control
with a one-sided criterion — Upper limits

= U Central line
Ug— Bya//n Warning limit
" - o= Bya/\/n Action limit

Figure 3 — Quality zones for statistical control
with a one-sided criterion — Lower limits

Figure2 shows the case when concern for a level
shift is connected with an increase of the mean value
of the measure of quality.

Figure 3 shows the case when concern for a level
shift is connected with a-decrease of the mean value
of the measure of quality.

5.7' The sample average value of the measure of
quality is plotted on control charts with warning limits
in the following way.

A point is plotted on the chart for each sample with
an identification number (numerical order, time order,
etc.) as abscissa and the corresponding sample aver-
age as ordinate (see figure B.1).

2) Values for t and n are specified beforehand.
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6 Statistical control of a process

6.1 A single point falling in the upper action zone
A, or the lower action zone A_ is an out-of-control
signal. When an out-of-control signal occurs, the
cause of the out-of-control condition should be deter-
mined and corrected so as to obtain control of the
process at the appropriate level.

6.2 When the selected number of successive
points, K, fall into one of the warning zones, upper
W, or lower W_, this is an out-of-control signal and the
process needs to be adjusted.

The value of the various parameters are chosen in
accordance with the procedures shown in clause 7.

7 Choice of values of parameters for a
statistical control plan of a process

7.1 When choosing a plan for statistical process
control it is necessary to establish the following val-
ues:

a)-,sample size?,n.(see 7.3);
b) ;sampling period?, ¢ (see 7.3);
¢) number of successive points, K (see 6.2);

d), values, determining the positions of action and
warning limits on control charts, B, and B, (see
7.2.2 and 7.4.1);

e) decision-making rules for process correction.

Initial values for choosing a plan for statistical process
control are as follows:

or 0, Kq @ndfor u_, (see clause 4);

Ly and L, [the average run lengths (ARL) of a process
in and out of control, respectively (see 7.2 and
annex C)].

7.2 The efficiency of a statistical process control
plan can be described in terms of average run lengths.

7.2.1 The average run length (ARL) of a process is
the average number of sample averages that will be
plotted before an out-of-control signal is obtained,
with the process average constant. The ARL is a
maximum when the process level is at the target level
(1o), and decreases progressively as the process de-
viates from target. The design of the control chart
should provide a large ARL, L,, when the process av-
erage is on target; this provides a low rate of false
alarms. The design of the control chart should also
provide a small ARL, L,, when the process average is
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at u, 1 or u_q; this provides rapid detection of an un-
satisfactory situation.

7.2.2 For the case of the one-sided criterion of the
process statistical control, tables 1 to 3 give L, values
(on the line 6 /n = 0) and L, values (on the line corre-
sponding to the established value é./n) as a function
of K, By, B, and é./n. When choosing L, and L,, it is
necessary to specify a few variants of B, and B, and
choose, as far as possible, those which provide the
highest Ly/L, ratio.

7.2.3 For the case of the two-sided criterion of the
process statistical control, one should use tables 1 to
4. In this case the ARL of the process in control L, is
determined from table 4 with 6\/n = 0. The ARL of the
process out of control L, is determined using table 4
with 6/n< 1 and tables 1 to 3 with 6/n > 1, since
at 64/n > 1 the ARL for the two-sided criterion coin-
cides numerically with the ARL for the one-sided cri-
terion (see table C.1).

7.2.4 For the values of é/n missing from tables 1
to 4, the corresponding L, values are obtained through
linear interpolation.

7.3 The sample size n affects|thecARL ‘curves, as
shown through the formulae in annex C, as well as
the parameters pg, p, 1 andfor p_, o and K. (Morepver,
for the same total number of observations or
measurements the control chart can be designed with
a long sampling period, ¢, and a small sample size n,
or conversely.

In each specific application, various trial combinations
of n and ¢ should be investigated during design of the
control chart to determine the resulting values of L,
and L;. The design should be evaluated in terms of
the elapsed process time associated with the result-
ing values of Ly and L.

In most cases, the pre-existing sampling plan (n, ¢
will be the “base” trial combination, and other trial
designs should be compared with the base design
with respect to performance (L, and L,) and cost.

7.4 Tables 1 to 4 are used for choosing a plan of the
statistical process control.

7.4.1 If the values ¢ and n, as well as L, and L, (and
their restrictions), are predetermined, then B,, B, and
K are found under the given value 6/ n in tables 1 to
4 (interpolating, if necessary) (see clause B.2).

If there are several variants of the statistical process
control plan that meet specified requirements (see
clause B.2), a variant which provides the maximum
Ly/L, ratio should be chosen, with regard to 7.2.1. In
this case, if the ratio is high (is greater than or equal
to 40) it is recommended that the variant giving the
smaller value of L, be chosen.

7.4.2 |If the sample size n is not predetermined, its
possible values can be found using tables 1 to 4. Val-
ues are found by choosing those columns in tables 1
to 4 for which L, values satisfy given conditions and
then the first number smaller than or equal to the
given L, value is taken. Then, from the corresponding
value of 8/n, & given, the sample size n is obtained
by rounding the calculated number to the nearest in-
teger (see clause B.4).

In this case, many variants of the statistical control
plan_are_obtained; often it would be appropriate to
choose!that plan/(with regard to points 7.2 and 7.4.1)
which provides the smallest sample size. This is es-
pecially’important when the process to improve con-
trol is rather expensive.

7.5 Various changes may take place in production
technique manufacturing conditions, for example the
skill of operators, materials supplied, the narrowing
or widening of action limits because of some techno-
logical or economic reasons, etc. All these changes
should be immediately taken note of in the plans for
process statistical control.

To this end, it should be recorded in the documents
that in some specified time periods (a month, a quar-
ter, a year etc.) control charts and other documents
shall be subject to statistical analysis in order to up-
date them. The frequency of such an analysis shall be
determined by production necessity.
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Table 1 — ARL values for B, = 2,75 (One-sided criterion)

ARL with B, = 2,75 and B,

K=2 K=3 K=4
oJn
B, B, B,
10 [125| 15 [ 1,75 | 20 10 | 1,25 [ 16 | 1,75 | 20 1,0 | 1,25 | 15 | 1,75 | 20
0,0 | 41,7 | 798 | 1468 | 2328 | 2974 | 161,8 | 253,0 | 310,2 | 3306 | 3345 | 287,4 | 324,6 | 333,6 | 3351 | 3354
02 | 245|436 | 767 | 1209 | 1589 | 80,4 | 1263 | 161,7 | 1803 | 184,7 | 1464 | 166,6.| 1852 | 1853 | 1856
04 | 153|254 | 423 | 658 | 880 | 424 | 669 | 882 | 1015 [ 1055 | 69,1 | 960 | 1041 | 106,1 | 106,4
06 (103|159 | 250 | 322 | 505 | 246 | 374 | 505 | 560 | 624 | 408 | 542 | 606 | 629 | 633
08 | 73105 | 150 | 227 | 303 | 153 | 221 | 297 | 352 | 380 | 244 | 31,8 | 367 | 384 | 391
1, 54 | 73| 103 | 144 | 190 96 | 140 | 183 | 220 | 239 | 157 | 196 | 228 | 243 | 248
12 | 42| 54 7,2 97 | 126 7.2 89 | 121 | 145 | 160 | 103 | 127 | 150 | 162 | 166
14 | 34| 42 5,3 6,8 8,5 54 6,7 8,2 96 | 107 7,2 8,6 99 | 108 | 112
16 | 28| 33 39 4,7 5,6 4,0 5,0 54 6,0 6,5 5,0 6,2 6,2 6,6 7.9
18 | 24| 28 32 4,1 45 35 39 44 5,2 5,4 4,2 4,7 5,2 5,6 5,6
20 | 22| 24 2,7 31 35 2,9 35 34 38 41 34 37 4,0 4,8 43
22 | 19| 21 2,3 2,5 2,8 2,5 2,7 2,8 31 32 2,9 30 3,1 33 34
24 | 18] 19 2,0 2,1 2,3 2,2 2,3 2,4 2,5 2,6 2,4 2,5 2,6 2,6 2,7
26 | 16| 17 1.8 1.9 2,0 1.9 2,0 2,0 2,2 2,2 2,1 2,1 2,2 2,3 23
28 | 16| 1.6 1.7 1,7 1.7 1.8 1.8 1,9 2,0 1,9 2,0 1,9 2,0 2,0 2,0
30 | 14| 1.4 15 1,5 1,5 1,6 1,6 1.6 1,6 1,6 1.7 16 1.6 1,7 1,7
32 | 1.3 1.3 1.4 1.4 1,4 1,4 1.4 1,4 1,5 1.5 15 15 1,5 1,5 15
34 | 1,3 13 1.3 1.3 1.3 1.3 1.3 1,3 1.3 1.3 1.3 1,3 1.3 1,3 1,3
36 | 1.2 1.2 1.2 1,2 1.2 1.2 1.2 1.2 1,2 1,2 1,2 1,2 1,2 1,2 1.2
38 | 1.1 ] 1.2 1.2 1.2 1.2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
Table 2 ~ ARLvalues for, B, =3)(One-sided criterion)
ARL with B, = 3 and B,
K=2 K'=3 K=4
SJn : C
B, B; B,
10 125 15 | 1,75 | 20 10 [ 125 | 15 | 1,75 | 20 10 | 1,25 | 16 | 1,75 | 20

0,0 | 438|835 | 1861 | 3462 | 556,0 | 2151 | 422,56 | 620,1 | 711,0 | 734,6 | 5354 | 624,17 | 730,9 | 7383 | 7394
02 |257 481 | 927 | 151,0 | 2752 | 101,3 | 194,0 | 301,7 | 3650 | 3859 | 2454 | 3416 | 380,6 | 389,6 | 391,0
04 [161 279 | 505 | 896 | 1419 | 51,8 | 956 | 1594 | 192,1 | 210,56 | 1171 | 174,6 | 2033 | 212,4 | 2142
06 |108 172 | 264 | 398 | 760 | 286 | 497 | 784 | 877 | 1159 | 595 | 89,7 | 111,0 | 1176 | 121,9
08 | 81113 | 177 | 284 | 430 | 192 | 281 | 431 | 552 | 669 | 354 | 488 | 623 | 694 | 71,4
10| 66| 79| 16| 174 | 265 | 116 | 171 | 250 | 337 | 399 | 195 | 403 | 363 | 41,3 | 433
12 | 42| 58 80 | 1.4 | 161 77 | 12| 149 | 206 | 247 | 119 | 171 | 220 | 256 | 27,2
14 | 36| 45 5.8 78 | 1,2 6,0 78 | 103 | 132 | 158 87 | 112 | 150 | 164 | 176
16 | 30| 35| 44 5,7 74 4,7 5.8 7,2 89 | 106 6,5 7,8 94 | 109 | 11,3
1.8 | 26| 29 3,5 4,7 54 39 45 53 6.8 7,4 5,0 5,8 6,7 7,9 8.3
20 | 23| 25 2,9 34 4,1 34 36 4,1 4,7 5,4 4,0 45 5.0 5,5 6,0
22 | 21| 22 2,5 2,8 32 2,8 2,8 33 37 41 34 36 39 4,2 4,5
24 | 19| 20 2,2 2,4 2,6 2,5 2,6 2,8 3,0 3,2 2,9 30 31 33 3,5
26 | 17| 1.8 1,9 2,0 2,2 2,2 2,3 2,3 2,5 2,6 2,5 2,5 2,7 2,7 2,8
28 | 16| 1.7 1,8 1.8 1.9 2,0 2,1 2,1 2,1 2,2 2,2 2,3 2,3 2,3 2,4
30 | 15| 18 1.6 1.6 1.7 1.8 1.8 1.8 1.9 1.9 1.9 1.9 1,7 1,9 2,0
32 | 14| 14 1.4 1,5 1,5 1.6 1.6 1,6 1.6 1,7 1.6 1.6 1,6 1.6 1,7
34 | 1,3] 1.3 1.4 1.4 1,4 15 1,5 1,5 15 1,5 1,5 15 1,5 1,5 15
36 | 1.3 1.3 1,3 1,3 1,3 1.3 1.4 1,4 1,4 1,4 1,4 1.4 1,4 1,4 1.4
38 | 1.2 1,2 1,2 1.2 1,2 1,2 1,3 1.3 1.3 1,3 1.3 1,3 1.3 1,3 1,3
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Table 3 — ARL values for B, = 3,25 (One-sided criterion)

ARL with B, = 3,25 and B,

K=2 K=3 K=4
éJn
B, B, B,
1,0 | 1,25 15 1,75 2,0 1,0 1,25 1,5 1,75 2,0 1,0 1,25 1,5 1,75 2,0
0,0 | 451|947 | 2120 | 4815 | 987,8 | 448,7 | 6186 | 1176,0| 1567,8| 1698,7] 904,8 | 1454,7] 1675,9| 1720,8| 17304
02 | 264 |507] 1053 | 2233 | 432,2 | 116,2 | 263,9 | 4695 7449| 8436| 369,7 | 6530 8196 864,3| 8729
04 | 166|292 | 556 | 110,2 | 2076 | 580 | 121,2 | 230,3| 360,3| 430,2| 161,3 | 299,9| 392,2| 446,9| 4558
06 | 110|180 | 31,7 | 584 | 1053 | 321 60,7 | 112,3] 1789| 2251| 9955 | 140,1| 204,6| 216,4| 2357
08 | 78|118] 193] 302 | 565 | 193 | 333 58,1 92,11 117,2| 403 69,91 104,2| 118,1| 1332
10| 68| 82| 125 | 200 | 323 | 126 | 198 322 498 671| 233 375| 562 71,4| 951
1,4 | 37| 47 6,2 6.7 12,6 6,6 8.8 124 1740 232] 101 13,9 19,2| 247| 286
16 | 33| 37 4,7 6.3 8,6 5,1 6.5 85| 11,3 147| 74 95| 124| 156 182
1,9 | 27| 31 38 4,7 6,1 4,2 49 6,2 7.8 98| 57 6,9 8,5 104 120
20 | 24| 27 3.1 37 45 3,5 39 4,7 55 66| 46 5,2 6.0 6.9 7.9
22 | 21| 24 2,6 3.1 36 3,1 3,4 38 4.4 5,1 3,9 43 48 54 6.0
24 | 20| 21 2,3 2,6 2,9 2,7 2.9 3,2 35 39| 33 35 3.8 4,1 4,4
26 | 1,91 1.9 2,1 2,2 2,5 2,4 2,5 2,7 2,9 3,1 2,9 3,0 3.1 33 35
28 | 1,9 1.8 1,9 2,0 2.1 2.2 23 23 2,5 26| 25 2,6 2,6 2.7 2.8
30| 16 1,7 1,7 1,8 1,9 2,0 2,0 2,1 2,1 22| 22 2,2 2,3 2,3 2,4
3,2 1,5 1.6 1,6 1,6 1,8 1,8 1,8 1,8 1,9 1,91 19 1,9 2,0 2,0 2,0
34| 14| 14 1,5 1,5 1,6 1,6 1,6 1,7 1,7 1,71 1.7 1,7 1,7 1,7 1,8
36 | 1.4 14 1,4 1,4 1,4 1,5 1,5 1,5 1,5 15| 1,5 1,5 1,5 1,6 1,6
38 | 13| 1.3 1,3 1,3 1,3 1,4 1,4 1,4 1,4 1,41 1.4 1,4 1,4 1,4 1,4
Table 4 — ARL values (Two-sided criterion)
ARL with B,
K=2 K=3 K=4
B, 6Jn
B} B; B,
10 [ 125 | 16 | 1,75 | 20 10 11,251 1.6 | 1.75 | 20 10 | 1,28 | 156 | 1,75 | 20

00 | 208 | 399 | 734 | 1164 | 148,7| 80,9 | 126,5| 155,1 | 165,3 | 167,2 | 143,7 | 162,3 | 166,8 | 1675 | 167,7

02 | 186 | 330 | 61,0 | 9521235 658 | 100,0 | 126,6 | 140,8 | 1429 | 1176 | 131,6 | 1429 | 143,0 | 1431
275 | 04 {139 | 235 | 39,7 | 61,7 81,3 403 | 633 | 826 | 935| 974 | 658| 893} 962 | 980]| 981

06 | 100 | 156 | 246 | 31,7| 495| 243 | 369 | 495| 546 | 609 | 402 | 532 | 592 | 61.3| 618

0.8 72 | 104 | 149 | 226 301|152 | 220| 295 350 377 243| 316| 365| 382 | 388

00 | 21,9 | 41,7 | 93,0 | 1731 | 278,0 | 1075 | 211.2 | 310,0 | 355,5 | 367,3 | 267,7 | 312,0 | 325,4 | 329,1 | 329,7

02 | 195 | 379 | 752 | 1266 | 2226 | 84,0 | 159,9 | 243,9 | 294,1 | 303,0 | 201,0 | 277.8 | 303,0 | 306,2 | 307,0
3.0 04 | 146 | 26,0 | 478 | 855 | 1342 | 49,7| 91,7 1515 181,8 1980 | 113,1 | 166,7 | 192,3 | 200,0 | 201,3

06 | 105|169 | 260 | 394| 753| 282 | 493 | 772| 862|1133| 585| 8811087 | 1149 119,0

0.8 80 | 11,2 | 176 | 283 | 428 192 280 429| 549| 665 353 | 485| 61,9| 689 | 709

00 | 225 | 473 | 106,0 | 240,7 | 493,9 | 224,3 | 309,3 | 588,0 | 7839 | 849,3 | 452,4 | 727,3 | 837,9 | 860.4 | 865,2

02 | 20,0 | 400 | 87,7 | 1845 357,1| 980 | 222,2 | 3954 | 609,0 | 673,4 | 312,56 | 655,5 | 657,9 | 686,3 | 692,0
325 | 04 | 151 | 27,7 | 52,9 106,2 | 2008 | 56,5 | 119,0 | 225,1 | 347,8 | 416,7 | 158,7 | 294,1 | 377,8 | 4279 | 434,8

06 | 107 | 176 | 31,3| 580 1040| 31,8| 602 | 111,1| 1754 | 220,2| 985 | 1389 | 200,5 | 212,8 | 230,3

0,8 7.7 11,7 19,3 | 30,2 56,5 19,3 33,3 58,1 921 | 117,21 40,3 69,9 104,21 1181 ] 133,2
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Annex A
(normative)

Determination of the mean value to be considered highly undesirable on the
basis of a nonconforming fraction

A.1 One-sided criterion

The upper deviation of the process mean is to be
controlled. The upper tolerance T, of the variable X is
given. In this case, the nonconforming fraction for the
process in control, q,, is given by the formula

T—HO
610=1‘¢(+T)

The nonconforming fraction for a process out of con-
trol, ¢;, is given by the formula

T.—p
¢I1=1‘®(+—a1‘)

where @ is a standard normal distribution, function.

AT

...(A2)

Therefore, if T, and ¢, are known, then p, can be de-
termined by the formula

Hy = T+_UZ1 - tale (A.3)

where Z is the (1 — ¢) quantile of the standard normal
distribution.

Similarly, if the lower deviation is controlled and the
lower tolerance T_ is given, then

Ho—T_
q =1_¢(T)

u_—=T_
— A

... (A4)

...(AB)

poy=T.+0Z _, ... (AB)

where g, and ¢, are determined as above.

A.2 Two-sided control

This is the same case as when T, — pg = po — T_. Using
the same designation, we obtain

qo=2[1 _<p(——T+;"° )J LA
q1=1—a>(—T+;“‘ )+1—¢(”1;T‘ )=
u_1—T_
o[ )
| +1-¢(%) ... (AB)

Since usually

m-T _ T, —p_q
o - o

>3
then

-T T. —
1—a>(——“10 ')=1—¢(—+ ot )

can be ignored. Then y, and p_, are determined by
formulae (A.3) and (A.6), respectively.
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