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Foreword

ISO (the Interpational Organization for Standardization) is a worldwide

federation of national standards bodies (1ISO member bodies). The work

of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for
which a technjcal committee has been established has the right to be
represented qn that committee. International organizations, govern-
mental and ngn-governmental, in liaison with 1SO, also take part in the
work. iSO coilaborates ciosely with the internationai Eiectrotechnicai
Commission (I[EC) on all matters of electrotechnical standardization.

Draft Internatipnal Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Inter:

national Standard requires approval by at least 75 % of the member
bodies casting a vote.

International Standard ISO 8258 was prepared by Technical.CGommittee
ISO/TC 69, Applications of statistical methods.

Annex A of this International Standard is for informatiotonly.
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Introduction

The traditional approach to manufacturing is to depend on
make the product and on quality control to inspéct the fin
screen out items not meeting specifications.This strateg
is often wasteful and uneconomical becausé)it involves

inspection when the wasteful production(has already occ
it is much more effective to institute d-strategy of preve

production to
bl product and
y of detection
fter-the-event
rred. Instead,
ntion to avoid

waste by not producing unusable oltput in the first place. This can be

accomplished by gathering process‘information and analy
action can be taken on the process itself.

sing it so that

The control chart as a graphical means of applying the gtatistical prin-

ciples of significance tocthe control of a production pro
proposed by Dr. Walter>Shewhart in 1924[1]. Control chart
nizes two kinds of vatiability. The first kind is random vap
“chance causes” _(also known as “common causes”). Thi
wide variety of €auses that are consistently present an
identifiable, each of which constitutes a very small com

cess was first
theory recog-
iability due to
5 is due to the
d not readily
ponent of the

total variability but none of which contributes any significant amount.

Nevertheless, the sum of the contributions of all of these
random'-¢auses is measurable and is assumed to be in
process. The elimination or correction of common caus
management decision to allocate resources to improve th
system.

unidentifiable
herent to the

s requires a

e process and

The second kind of variability represents a real change in the process.

Such a change can be attributed to some identifiable ca
not an inherent part of the process and which can, at leas

uses that are
theoretically,

be eliminated. These identifiable causes are referred to gs “assignable

causes” or “special causes” of variation. They may be
the lack of uniformity in material, a broken tool, workman
dures or to the irregular performance of manufacturi
equipment.

Control charts aid in the detection of unnatural patterns

attributable to
ship or proce-
ng or testing

Df variation in

ria for detect-

data resulting from renetitive nrocessas and nravida orit
R—+epeti-e—p 5585 Re—pPreovHae—eHe

ing a lack of statistical control. A process is in statistical control when
the variability results only from random causes. Once this acceptable
level of variation is determined, any deviation from that level is assumed
to be the result of assignable causes which should be identified and
eliminated or reduced.

The object of statistical process control is to serve to establish and
maintain a process at an acceptable and stable level so as to ensure
conformity of products and services to specified requirements. The
major statistical tool used to do this is the control chart, which is a
graphical method of presenting and comparing information based on a
sequence of samples representing the current state of a process against
limits established after consideration of inherent process variability. The
control chart method helps first to evaluate whether or not a process
has attained, or continues in, a state of statistical control at the proper
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specified level and then to obtain and maintain control and a high de-
gree of uniformity in important product or service characteristics by
keeping a continuous record of quality of the product while production
is in progress. The use of a control chart and its careful analysis leads
to a better understanding and improvement of the process.

vi
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Shewhart control charts

1 Scope

This Intefnational Standard establishes a guide to

the use

gnd understanding of the Shewhart control

chart apgroach to the methods for statistical control
of a procgss.

This Intefnational Standard is limited to the treat-
ment of [statistical process control methods using
only the Shewhart system of charts. Some supple-
mentary | material that is consistent with the
Shewhar{ approach, such as the use of warning
limits, anjalysis of trend patterns and process capa-
bility is Briefly introduced. There are, however, se-
veral other types of control chart procedures, a

general |description of which can be found (n

ISO 7870

2 Symbols

n Subgroup size; the number of sample ob-
servations per subgroup

k umber of subgroups

X lue of measUred quality characteristic (in-
djvidual values are expressed as

>

>l

(X, Xy, Xa\.). Sometimes the symbol Y is
uped instead of X.

({ dar) Subgroup average value:

Me

=)

Q>

Average value of the(subgroup medians

Subgroup randey“difference| between the
largest and smallest observations of a sub-
group.

NOTE, 1 “JIn the case of charts for individuals, R
represents the moving range, which is the abso-
luteé\value of the difference betwpen two succes-
sive values | X; — X,|, | X, — X;|| etc.

Average value of the R valups for all sub-
groups

Sample standard deviation:
D (X=X
n—1

Average value of the subgroup sample
standard deviations

True within-subgroup process$ standard de-
viation value

Estimated within-subgroup process standard
deviation value

Proportion or fraction of noncgnforming units
in a subgroup:

p = number of nonconforming units in a
subgroup/subgroup size

_ X
="n

(X double bar) Average value of the sub-
group averages

True process mean value

Median value of a subgroup. For a set of n
numbers X, X,, ...X, arranged in ascending
or descending order of magnitude, the me-
dian is the middle number of the set if n is
odd and the mean of the two middle num-
bers if n is even

np

Average value of the proportion or fraction
nonconforming:

p = number of nonconforming units in
all subgroups/total number of inspected
units

Number of nonconforming units in a sub-
group

Number of nonconformities in a subgroup

Average value of the ¢ values for all sub-
groups
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u Number of nonconformities per unit in a
subgroup
u Average value of the u values:

Z = number of nonconformities in all
units/total number of inspected units

3 Nature of Shewhart control charts

A shewhart coptretcha e1e
sampling the process at approximately regular in-
tervals. The intervals may be defined in terms of
time (for example hourly) or quantity (every lot).
Usually, each $ubgroup consists of the same prod-
uct or service with the same measurable units and
the same subgroup size. From each subgroup, one
or more subgrpup characteristics are derived, such
as the subgrqup average, X, and the subgroup
range, R, or the standard deviation, s. A Shewhart
control chart is a graph of the values of a given
subgroup characteristic versus the subgroup num-
ber. It consistg of a central line (CL) located at a

control, the reference value is usually the long-term
value of the characteristic as stated in the product
specifications pr a nominal value of the character-
istic being plotted based on past experience with the
process or frgm implied product or service target
values. The cdntrol chart has two statistically deter-
mined control |[limits, one on either side of the cen-
tral line, whigh are called the upper coatrel limit
(UCL) and the lower control limit (LCL) (see
figure 1.

I N Central Une {CL)

Lower Jontrol \mit (LCL)

| 1 1 1 1 1

1 2 2 r3 p3 2]

does not include subgroup-to-subgroup variation but
only the within-subgroup components. The 3o limits
indicate that approximately 99,7 % of the subgroup
values will be included within the control limits,
provided the process is in statistical control. Inter-
preted another way, there is approximately a 0,3 %
risk, or an average of three times in a thousand, of
a plotted point being outside of either the upper or
lower control limit when the process is in control.
The word “approximately” is used because devi-
ations from underlying assumptions such as the
distributional form of the data will affect the proba-
bility values.

It should be noted that some practitioners |prefer to
use the factor 3,09 instead of 3 to provide a nominal
probability value of 0,2 % or anCaverage¢ of one
spurious observation per thousand, but $hewhart
selected 3 so as not to lead t@)attempts to|consider
exact probabilities. Similarly; some practitigners use
actual probability values—for the charts Based on
non-normal distributions such as for rarlges and
fraction nonconforfming. Again, the Shewhaft control
chart used + 3& limits, instead of the probabilistic
limits, in viewof the emphasis on empirifal inter-
pretation.

The possibility that a violation of the limitg is really
a chance event rather than a real signal i consid-
ered*so small that when a point appears gutside of
the limits, action should be taken. Since |action is
required at this point, the 3¢ control Ijmits are
sometimes called the “action limits”.

Many times, it is advantageous to mark 2q(limits on
the chart also. Then, any sample value falling be-
yond the 20 limits can serve as a warning |of an im-
pending out-of-control situation. As sucl, the 20
control limits are sometimes called |‘warning
limits™”.

Two types of error are possible when control charts
are applied. The first is referred to as a type 1 error,
which occurs when the process involved rémains in
control but a point falls outside the control |imits due
to chance. As a result, it is incorrectly ¢oncluded
that the process is out of control, and a cgst is then
incurred in an attempt to find the cause [of a non-
exictent problem

Subgroup number

Figure 1 — Outline of a control chart

The control limits on the Shewhart charts are at a
distance of 36 on each side of the central line, where
o is the population within-subgroup standard devi-
ation of the statistic being plotted. The within-
subgroup variability is used as a measure of the
random variation. Sample standard deviations or
appropriate multiples of sample ranges are com-
puted to give an estimate of o. This measure of o

The second error is referred to as a type 2 error. It
occurs when the process involved is out of control
but the point generated falls within the control limits
due to chance. In this case, it is incorrectly con-
cluded that the process is in statistical control, and
there is a cost associated with failing to detect an
increase in nonconforming output. The risk of a
type 2 error, however, is a function of three things:
the width of the control limits, the degree to which
the process is out of control, and the sample size.
The nature of these items is such that only a gener-
alization can be made about the size of the risk of
a type 2 error.
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The Shewhart system takes into account only the a) when no standard values are given, and

type 1 error and the size of this error is 0,3 % with

3o limits. Since it is generally impractical to make a b) when standard values are given.

meaningful estimate of the cost of a type 2 error in

a given situation, and since it is convenient to arbi- The standard values are some specified require-
trarily select a small subgroup size, such as 4 or 5, ment or target values.

it is appropriate and feasible to use 3« limits and
focus attention on controlling and improving the

performance of the process itself. 4.1 Control charts where no standard values

are given
When a process is in statistical control, the control
chart provides a method for continuously testing a The purpose here is to discover whether observed
statisticgl null hypothesis that the process has not values of the plotted characteristics| such as X, R
changed|and remains in statistical control. Since the or any other statistic, vary among th%mselves by an
specific [departures of the process characteristic amount greater than that which-should be attributed
from the[target value that may be of concern are not to chance alone. Control charts baged entirely on
usually defined in advance, along with the risk of a the data collected from _samples arp used for de-
type 2 efror, and the sample size is not calculated tecting those variationsl”caused ¢ther than by
to satisfyf appropriate risk levels, the Shewhart con- chance.
trol chart should not be considered in the sense of
a test off hypothesis. (See ISO 7966 and ISO 7870). . .
Shewhart emphasized the empirical usefulness of 4.2 Control charts with respect {o given
the control chart for recognizing departures from an standard values
“in-contrpl” process and de-emphasized probabilis-
tic interpretation. Some users do examine operating The purpose here is to identify whether the ob-
charactefistic curves as a means of making a hy- seryedwalues of X, etc., for several subgroups of n
pothesis|test interpretation. observations each, differ from the rgspective stan-
dard values X, (or u,), etc. by amountts greater than
When a plotted value falls outside of either control that expected to be due to chance c{uses only. The
limit or @ series of values reflect unusual patterns difference between charts with standards given and
such as gliscussed in clause 7, the state of statistical those where no standards are given ig the additional
control ¢an no longer be accepted. When this, 0¢- requirement concerning the location of the centre
curs, an|investigation is initiated to locate the_as- and variation of the process. The specified values
signable|cause and the process may be stopped or may be based on experience obtdined by using
adjusted| Once the assignable cause is determined control charts with no prior informatipn or specified
and elimjinated, the process is ready to tontinue. As standard values. They may also be |based on eco-
discussed above, for a type 1 erroriioh rare occa- nomic values established upon consideration of the
sions, nq assignable cause can be found and it must need for service and cost of production or be nomi-
be concluded that the point outside the limits re- nal values designated by the product| specifications.
presents|the occurrence of a.very rare event, a ran-
dom cause which has resulted in a value outside of Preferably, the specified values shpuld be deter-
the contfol limits even~through the process is in mined through an investigation of preliminary data
control. that is supposed to be typical of all future data. The
standard values should be compdtible with the
When control chatts'are first set up for a process, it inherent process variability for effecfive functioning
frequently occurs>that the process will be found to of the control charts. Control charts based on such
be out of control. Control limits calculated from data standard values are used particularly during manu-

from an |ott;0f-control process would lead to erro- @intain product
neous contiusto becatrse ey—wotd—be—too—F

apart. Consequently, it is always necessary to bring
an out-of-control process into control before perma- . )
nent control chart parameters are established. The 4.3 Types of variables and attributes control
procedure for establishing control charts for a pro- charts

cess will be discussed in the following clauses.

The following control charts are considered.

a) Variables control charts:
4 Types of control charts

1) average (X) chart and range (R) or standard

Shewhart control charts are basically of two types: deviation (s5) chart;

variables control charts and attributes control

charts. For each of the control charts, there are two 2) charts for individuals (X) and moving range
distinct situations: (R);
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3) median

(Me) chart and range (R) chart.

b) Attributes control charts:

1) fraction

nonconforming (p) chart or number

of nonconforming units (np) chart;

2) number
conform

5 Variable

Variables data
measuring ang
of a character
group under ¢
measurements
ohms, noise in
especially thei

of nonconformities (c) chart or non-
ities per unit (v) chart.

represent observations obtained by
recording the numerical magnitude
stic for each of the units in the sub-
onsideration. Examples of variables
are length in metres, resistance in
decibels, etc. Variables charts — and
- most customary forms, the X and R

charts — repregsent the classic application of control

charting to prg

Control charts|

cess control.

for variables are particularly useful

for several redsons.

a) Most procepses and their output have character-

istics that
plicability is

b) A measure

Bre measurable, so the potential ap-
5 broad.

ment value contains more information

than a simple yes—no statement.

without re

ard to the specification. The charts

c) The perforqnance of a process can be analysed

start with
pendent pi
terwards,
compared

d) Although o
is generally
of go/no g
ables are

he process itself and give_an inde-
cture of what the processcan do. Af-
the process may or (may not be
ith the specification,

btaining one piece,of measured data
more costly than obtaining one piece
b data, the stibgroup sizes for vari-
almost always much smaller than

those for attributes, and so are more efficient.
This helps to reduce the total inspection cost in
some cases and to shorten the time gap between
the production of parts and corrective action.

A normal (Gaussian) distribution is assumed for
within-sample variability for all variables control
chart applications considered in this International
Standard and departures from this assumption will
affect the performance of the charts. The factors for
computing control limits were derived using the as-

sumption of normality. Since most control limits are
used as empirical gui

ns, rea-

sonably small departures from normality, should not

cause concern. In any case, because.of't

central

limit theorem, averages tend to be-normally distrib-

uted even when individual obserations arg

not; this

makes it reasonable to asstimé normality for X

charts, even for sample sizes-as small as

4 or 5 for

evaluating control. When-dealing with indijidual ob-

servations for capability~study purposes,

the true

form of the distribution‘is important. Periodjc checks

on the continuing{x;alidity of such assum

ions are

advisable, particylarly for ensuring that ¢nly data

from a single ‘population are being used.

It should

be noted that the distribution of the ranges and
standard, deviations are not normal, althpugh ap-
proximate normality was assumed in the estimation
of the ‘constants for the calculation of contfol limits,
which is satisfactory for an empirical decision pro-
cedure.

5.1

Variables charts can describe process datg
of both spread (piece-to-piece variability
cation (process average). Because of this,

Mean (X) chart and range (R) or §tandard
deviations (s) chart

in terms
and lo-
control

charts for variables are almost always prepared and

analysed in pairs — one chart for locatior

and an-

other for spread. The most commonly usgd pair is

the X and R charts. Table1 and table 2

give the

control limit formulae and the factors for |variables
control charts respectively.

Table 1 — Control limit formulae for Shewhart variables control charts

No-standard-vattes-given Standard-values-given—
Statistic .
Central line UCL and LCL Central line UCL and LCL
X X X + AR or X + A X, or X, + Ao,
R R D4R, D,R Ry O dyarg Dyaq, Dyog
s 5 Bys, Bss So OF €47 Bsog, Bgog

NOTE — Xy, Ry, S, 1 and o are given standard values.
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Table 2 — Factors for computing control chart lines

Obser-
vations Factors for control limits Factors for central line
in
subgroup
n A A, Ay By B, Bs Bg D, D, Dy Dy Cy 1C, d 1/d,
2 2,121 | 1,880 | 2,659 | 0,000 | 3,267 | 0,000 | 2,606 | 0,000 | 3,686 | 0,000 | 3,267 | 0,7979 1,2533 | 1,128 | 0,8865
3 1,732 | 1,023 | 1,954 | 0,000 | 2,568 | 0,000 | 2,276 | 0,000 | 4,358 | 0,000 | 2,574 | 0,8862 11284 | 1,693 | 0,5907
4 1,500 | 0,729 | 1,628 | 0,000 | 2,266 | 0,000 | 2,088 | 0,000 | 4,698 | 0,000 | 2,282 | 0,9213 1,0854 | 2,059 | 0,4857
5 1,342 | 0,577 | 1,427 | 0,000 | 2,089 | 0,000 | 1,964 | 0,000 | 4,918 | 0,000 | 2,114 | 0,9400 1,0638 | 2,326 | 0,4299
6 T,225 | 0,483 [ 1,287 | 0,030 1,970 | U,029 [ 1,874 | O,000 | 5,078 | 0,000 | 2,004 | U,95T5 T,05T0 2,534 | 0,3946
7 1,134 | 0,419 | 1,182 | 0,418 | 1,882 | 0,113 | 1,806 | 0,204 | 5,204 | 0,076 | 1,924 | 0,9594 1,0423"\{[2,704 | 0,3698
8 1,061 | 0,373 | 1,099 | 0,185 | 1,815 | 0,179 | 1,751 | 0,388 | 5,306 | 0,136 | 1,864 | 0,9650 1,0368) [[2,847 | 0,3512
9 1,000 | 0,337 | 1,032 | 0,239 | 1,761 | 0,232 | 1,707 | 0,547 | 5,393 | 0,184 | 1,816 | 0,9693 10317 |[2,970 | 0,3367
10 0,949 | 0,308 | 0,975 | 0,284 | 1,716 | 0,276 | 1,669 | 0,687 | 5469 | 0,223 | 1,777 | 0,9727 1,0281 [[3,078 | 0,3249
1 0,905 | 0,285 | 0,927 | 0,321 | 1,679 | 0,313 | 1,637 | 0,811 | 5535 | 0,256 | 1,744 | 0,9754 1,0252 |[3,473| 0,3152
12 0,866 | 0,266 | 0,886 | 0,354 | 1,646 | 0,346 | 1,610 | 0,922 | 5,594 | 0,283 | 1,717 | 0,9776 1,0229 |[[3,258 | 0,3069
13 0,832 | 0,249 | 0,850 | 0,382 | 1,618 | 0,374 | 1,585 | 1,025 | 5,647 | 0,307 | 1,693 | @,9794 1,0210 |[[3,336 | 0,2998
14 0,802 | 0,235 | 0,817 | 0,406 | 1,594 | 0,399 | 1,563 | 1,118 | 5,696 | 0,328 | 1,672 {(C0,9810 1,0194 |[3,407 | 0,2035
15 0,775 | 0,223 | 0,789 | 0,428 | 1,572 | 0,421 | 1,544 | 1,203 | 5,741 | 0,347 | 1,653 |\"0,9823 1,0180 |[3,472 | 0,2880
16 0,750 | 0,212 | 0,763 | 0,448 | 1,552 | 0,440 | 1,526 | 1,282 | 5,782 | 0,363 |/1,637 | 0,9835 1,0168 |[[3,532| 0,2831
17 0,728 | 0,203 | 0,739 | 0,466 | 1,534 | 0,458 | 1,511 | 1,356 | 5,820 | 0,378,622 | 0,9845 1,0157 |[[3,588 | 0,2787
18 0,707 | 0,194 | 0,718 | 0,482 | 1,518 | 0,475 | 1,496 | 1,424 | 5856 | 0,891 1,608 | 0,9854 1,0148 |[[3,640 | 0,2747
19 0,688 | 0,187 | 0,698 | 0,497 | 1,503 | 0,490 | 1,483 | 1,487 | 5,891 | 0,403 | 1,597 | 0,9862 1,0140 |[3,689 | 0,2711
20 0,671 | 0,180 | 0,680 | 0,510 | 1,490 | 0,504 | 1,470 | 1,549 | 5921 \©;415 | 1,585 | 0,9869 1,0133 |[3,735 | 0,2677
21 0,655 | 0,173 | 0,663 | 0,523 | 1,477 | 0,516 | 1,459 | 1,605 | 5051 | 0,425 | 1,575 | 0,9876 1,0126 (3,778 | 0,2647
22 0,640 | 0,167 | 0,647 | 0,534 | 1,466 | 0,528 | 1,448 | 1,659+5,979 | 0,434 | 1,566 | 0,9882 1,0119 |[3,819| 0,2618
23 0,626 | 0,162 | 0,633 | 0,545 | 1,455 | 0,539 | 1,438 | 1,710,| 6,006 | 0,443 | 1,557 | 0,9887 1,014 |[[3,858 | 0,2592
24 0,612 | 0,157 | 0,619 | 0,555 | 1,445 | 0,549 | 1,429 | 1;#59 | 6,031 | 0,451 | 1,548 | 0,9892 1,0109 |[3,895 | 0,2567
25 0,600 | 0,153 | 0,606 | 0,565 | 1,435 | 0,559 | 1,420 [\,806 | 6,056 | 0,459 | 1,541 | 0,9896 1,0105 [(3,931| 0,2544
Source: ABTM, Philadelphia, PA, USA.
5.2 Control chart for individuals (X) tween the second and third, and sq on. From the
moving ranges, the average moving ftange R is cal-
In some [process control situations, fitiis either im- culated and used for the construcfion of control
possible jor impractical to take rational subgroups. charts. Also, from the entire data, the overall aver-
The time| or cost required to measure a single ob- age x is calculated. Table 3 gives tHe control limit
servation| is so great that repeat observations can- formulae for control charts for individpals.
not be cgnsidered. This would typically occur when

the meaqurements are expensive (e.g. in a destruc-
tive test) [or when the output at any time is relatively
homogeneous. In other situations there is only one
possible [value, £.9." an instrument reading or a
property [of a batch of input material. In such situ-
ations, iff is<nécessary for process control to be
based on individual readings.

Some caution should be exercised with respect to
control charts for individuals.

a) The charts for individuals are not|as sensitive to
process changes as are the X and R charts.

b) n the interprefation of charts

Care shall be take t
fthe—proeess—distribution is not

ni
for—individuale—if the
t €

In the case of charts for individuals, since there are
no rational subgroups to provide an estimate of
within-batch variability, control limits are based on
a variation measure obtained from moving ranges
of, often, two observations. A moving range is the
absolute difference between successive pairs of
measurements in a series; i.e. the difference be-
tween the first and second measurements, then be-

alc
TOT—rarviattratro—T LAl

normal.
c) Charts for individuals do not isolate the piece-
to-piece repeatability of the process and, there-
fore, it may be better in some applications to use
a conventional X and R chart with small sub-
group sample sizes (2 to 4) even if this requires
a larger period between subgroups.
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Table 3 — Control limit formulae for control charts for individuals

Statisti No standard values given Standard values given
anste Central line UCL and LCL Central line UCL and LCL
Individual, X X X + ER X, or Xy + 30,
Moving range, R R DR, D,R Ry or dyy Dyog, Dyag

NOTES

1 X, Rq, 1 and|a, are given standard values.

2 R denotes the average moving range of n = 2 observations.

3 The values qf the factors d,, I);, D,, Dy, D, and, indirectly, E, (= 3/d,) can be obtained from table2 for n = 2

5.3 Control dharts for medians (Me)

Median charts gre alternatives to X and R charts for
the control of fi process with measured data; they
yield similar cqnclusions and have several specific
advantages. They are easy to use and do not require
as many calculations. This can increase shop floor
acceptance of the control chart approach. Since in-
dividual values|(as well as medians) are plotted, the
median chart $hows the spread of process output
and gives an ¢ngoing picture of the process vari-
ation.

Control limits for median charts are calculated.in
two ways: by uping the median of the subgroup(me-
dians and the edian of the ranges; or by using the
average of the| subgroup medians and thesaverage
of the ranges| Only the latter approach, which is
easier and mdre convenient, is considered in this
International Standard.

The control limits are calculated-as follows.

5.3.1 Median chart

Table 4 —(Values of A,

n 2 3 4 5 6 7 8 B | 10

A, | 1,88] 1,19{ 0,80| 0,69/ 0,55| 0,51| 0,43| 4,41| 0,36

it should”be noted that the median chart| with 3¢
limits*gives a slower response to out-of-cortrol con-
ditions than an X chart.

5.3.2 Range chart

Central line = R = average value of the R values
for all subgroups

UCLg = D,R
ILCLg = D4R

The values of the constants D,; and D, are| given in
table 2.

6 Control procedure and interpretation for
variables control charts

The Shewhart system of charts stipulates jhat if the
process. pi -to-pi iabili process

Central line = Me = average of the subgroup me-
dians

UCLye = Me + 4,R
LCLye = Me — A,R

The range chart is constructed in the same way as
for the case of the X and R charts in 5.1.

The values of the constant 4, are given in table 4.

average were to remain_constant at their present
levels (as estimated by R and X respectively), the
individual subgroup ranges (R) and averages (X)
would vary by chance alone and they would seldom
go beyond the control limits. Likewise, there would
be no obvious trends or patterns in the data, beyond
what would probably occur due to chance.

The X chart shows where the process average is
centred and indicates the stability of the process.
The X chart reveals undesirable variations between
subgroups as far as their average is concerned. The
R chart reveals any undesirable variation within
subgroups and is an indicator of the magnitude of
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the variability of the process under study. It is a
measure of process consistency or uniformity. The
R chart stays in control if the within-subgroup vari-
ations are essentially the same. This happens only
if all the samples receive the same treatment. If the
R chart does not remain in control, or if its level
rises, it may indicate that either different subgroups
are being subjected to different treatments or se-
veral different cause-effect systems are operating
on the process.

X charts can also be affected by out-of-control con-

ISO 8258:1991(E)

6.6 Now plot the .X chart and check the data points
against the control limits for points out of control or
for unusual patterns or trends. As for the R chart,
analyse any out-of-control condition and take cor-
rective and preventive action. Exclude any out-of-
control points for which assignable causes have
been found; recalculate and plot the new process
average (X) and control limits. Confirm that all data
points show statistical control when compared to the
new limits, repeating the identification/-
correction/recalculation sequence if necessary.

ditions gnthe R chart. Since the ability 10 interpret
either the subgroup ranges or the subgroup aver-
ages dgpends on the estimate of piece-to-piece
variabilify, the R chart is analysed first. The follow-
ing control procedure should be followed.

6.1 Gather and analyse data, calculating averages
and ranges.

the R chart first. Check the data points
against fhe control limits for points out of control or
for unusjual patterns or trends. For each indication
of an asjsignable cause in the range data, conduct
an analylsis of the operation of the process to deter-
mine the cause; correct that condition and prevent
in from flecurring.

6.3 Exdlude all subgroups affected by an identified
assignaljle cause; then recalculate and plot the new
average|range (R) and control limits. Confirm that
all rang¢ points show statistical control when com-
pared |to the new limits, «epeating the
identification/correction/recalculation” sequence if
necessayy.

6.4 If ahy subgroups aré-dropped from the R chart
because| of identified asgignable causes, they shall
also be [excluded from the X chart. The revised R
and X vplues shallbe used to recalculate the trial
control I|mits for-averages, X + A4,R.

NOTE 2
of-contro
data”. Rather, by excluding the points affected by known
assignable causes, we have a better estimate of the
background level of variation due to chance causes. This,
in turn, gives the most appropriate basis for the control
limits used to detect most efficiently future occurrences
of assignable causes of variation.

TFhe“exclusion of subgroups representing out-

6.5 When the ranges are in statistical control, the
process spread (the within-subgroup variation) is
considered to be stable. The averages can then be
analysed to see if the process location is changing
with time.

6.7 When the initial data to establish control limit

reference values are consistently)c

bntained within

the trial limits, extend the limits-to dover future pe-

riods. These limits shall becused for
of the process, with the responsible
erator and/or superviser) respondi

bngoing control
ndividuals (op-
ng _to signs of

out-of-control conditions on either the X or R chart

with prompt action-

7 Pattern tests for assignable causes of

variation

A setNof eight supplementary tests
preting patterns in Shewart charts i
presented in figure2. For
discussion of these tests, see (2] and

used for inter-
5 schematically

a more complete

{31,

Although this can be taken as a bagic set of tests,

analysts should be alert to any uni

ue patterns of

points that might indicate the influgnce of special

causes in their process. These test
fore be viewed as simply practical

whenever the presence of assignab
dicated. An indication of any of the ¢

5 should there-
fules for action
e causes is in-
bnditions stipu-

lated in these tests is an indication ¢f the presence

of assignable causes of variation tha
nosed and corrected.

I must be diag-

The upper and lower control limits dre set at a dis-
tance of 3o above and below the cenfral line. For the
purpose of applying the tests, the ¢ontrol chart is

equally divided into six zones, each
wide. These are labelled A, B, C, C,

zone being 1o
B, A with zones

C placed symmetrically about the central line. These

|

8 Process control and proces

tests are applicable to X charts arld to individual

ssumed.

s capability

The function of a process control system is to pro-
vide a statistical signal when assignable causes of
variation are present. The systematic elimination of
assignable causes of excessive variation, through
continuous determined efforts, brings the process
into a state of statistical control. Once the process
is operating in statistical control, its performance is
predictable and its capability to meet the specifica-
tions can be assessed.
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Figure 2 — Tests for assignable causes
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Process capabhility is determined by the total vari- recurring and the ongoing control charts [reflect a
ation that comes from common causes — the mini- proc T istical control

mum variation that can be achieved after all
assignable causes have been eliminated. Process
capability represents the performance of the pro-
cess itself, as demonstrated when the process is
being operated in a state of statistical control. As
such, the process must first be brought into statis-
tical control before its capability can be assessed.
Thus, the assessment of process capability begins
after control issues in both the X and R charts have
been resolved; that is, special causes have been
identified, analysed, corrected and prevented from

preferably for at least the past 25 subgroups. In
general, the distribution of the process output is
compared with the engineering specifications, to
see whether these specifications can consistently
be met.

Process capability is generally measured in terms
of a process capability index PCI (or ;) as follows:
_ tolerance specified  UTL — LTL

PCI =
process spread 66
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where
UTL is the upper tolerance limit;
LTL is the lower tolerance limit;
G is estimated from the average within-

subgroup variability and is given by 5/c,
or R/d,.

A PCI value of less than 1 indicates that the process
is not capable, while PClI = 1 implies that the pro-
cess is only just capable. In practice, a PCI value of

ISO 8258:1991(E)

many such events occur in the unit, group or area.
Attributes data are generally rapid and inexpensive
to obtain and often do not require specialized col-
lection skills. Table 5 gives control limit formulae for
attributes control charts.

In the case of control charts for variables, it is com-
mon practice to maintain a pair of control charts,
one for the control of the average and the other for
the control of the dispersion. This is necessary be-
cause the underlying distribution in the control
charts for variables is the normal distribution, which

1,33 is denerally taken as the minimum acceptable
value bgcause there is always some sampling vari-
ation and no process is ever fully in statistical con-

however, be noted that the PCI measures
relationship of the limits to the process
he location or the centring of the process
nsidered. It would be possible to have any
ge of values outside the specification limits
with a high PCl value. For this reason, it is important
to consigler the scaled distance between the process
average| and the closest specification limit. Further
discussipn of this topic is beyond the scope of this
Internatipnal Standard.

In view |of the above discussion, a procedure, as
schemalically presented in figure 3, can be used as
a guide [to illustrate key steps leading towards pro:
cess control and improvement.

9 Attnibutes control charts

Attributgs data represent observations obtained by
noting the presence or absence of'seme character-
istic (or|attribute) in each of th€ ,uhits in the sub-
group under consideration, then counting how many
units dg or do not possess,the attribute, or how

depends on these two parameters.
case of control charts for attributes

However, in the
a single chart

will suffice since the assumed distribution has only
one independent parametern, the avarage level. The

p and np charts are based-on the
bution, while the ¢ and.w charts ar
Poisson distribution

Computations for'these charts are s
cases where the variability in subgr
the situatjon, When the subgroup s
the same set of control limits can b
subgroup. However, if the numb
spected in each subgroup varies,

binomial distri-
e based on the

milar except in
bup size affects
ze is constant,
b used for each
r of items in-

parate control

limjts have to be computed for eagh subgroup. np

and ¢ charts may thus be reasona

bly used with a

constant sample size, whereas p and u charts could

be used in either situation.

Where the sample size varies from
ple, separate control limits are calc
sample. The smaller the subgroup
the control bands, and vice versa.

sample to sam-
ulated for each
size, the wider
f the subgroup

size does not vary appreciably, ther a single set of
control limits based on the averagq subgroup size

can be used. For practical purposes
for situations in which the subgrou
+ 25 % of the target subgroup size.

this holds well
b size is within
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Process

- Presence of assignable ™\
causes

- Polnts outsidp control
Limits

- Presence of T

uns, frends,
cycles, etc. J

output

Evaluate with
conirol charts

L oAl

\J and R chartis

- Collect 25 samples
of slze 4 or5
- Calculate centre Line

) and control limits

!

— L

- Plot and examine charts

%

' (' - PoInts randomly scattered

PCl <1

- improve the process
- Stop making|the product
- Live with th we have

and Institute 100 9% sorting
- Change the gpecifications

Process n;f Process around central line

In statistical In statistical - Paints within contral

confrol control Uimits

_r——— - No runs, irends, paiferns
' - Pracess stable, predictable

Remove Evaluate r— Calculate &, estimate of o,
assignable process tromS /¢, orfromR /d>
causes capability - Calculate PCI

—

Y

1

Process not
capable

Process
capable

{PCI >1

T

Management
decision

]

Attempt
process
Improvement

{PCI >1,33

\

control Uimits, continue monitoring the charts

! r Process spread may be equal to specification
Check for spread, but Individual units may be outside
process specification Uimits
centring - It so, relocate process average, recalculate

Figure_3-— Strategy for process improvement

Table 5-5 Control limit formulae for Shewhart attributes control charts

Statistic No standard values given Standard values given
Central line 3¢ control limits Central line 3o control limits
P 7 Pt Prtd<frot—poith.
np np np + 3Jnp(1 — p) npy npy £ 3/npo(1 — po)
c c c + 3\/5_ ' Co ¢y + 33/
u u u + 3\Juln Uy U 3\/1—/;/—;
NOTE — pq, npy, ¢ and i, are given standard values.

10
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An alternative procedure for situations in which the
sample size varies greatly is the use of a standard-
ized variate. For example, instead of plotting p, plot
the standardized value

P — Do

ISO 8258:1991(E)

10.2 Analysis of the production process

A detailed analysis of the production process should

be made to determine

t may give rise

may affect the

A a) the kind and location of causes tha
N Po(1 — po)[n to irregularities;
or b) the effect of the imposition of specifications;
7 = __P=pP c) the method and location of inspection;
VP —Dp)in
d) all other pertinent factors that
according to whether the standard value for p is production process.

specified|or not. The central line as well as the con-
trol limits become constant, independent of sub-
group sige, and are given as

central line = 0
UCL + 3
LCL + -3

The p chprt is used to determine the average per-
centage pf nonconforming items submitted over a
period of time. It brings to the attention of process
personngl and management any changes in this av-
erage. The process is judged to be in statistical
control if the same way as is done for the X and R
charts. If| all the sample points fall within the trial
control lifnits without exhibiting any indication of.an
assignable cause, the process is said to be in/con-
trol. In such a case, the average fraction~noncon-
forming, |p, is taken as the standard valuel for the
fraction rfonconforming, p,.

10 Prt1liminary considerations before
starting| a control chart

10.1  Choice'of quality characteristics

lit h taricti 7 the control
Select the—quality characteristics—for—the—control

Analysis should also be performed to
stability of production préeesses, t
production and testingy equipment,

determine the
e accuracy of
the quality of

products or services-produced, and the patterns of

correlation between the types and ¢

auses of non-

conformities. The“\'conditions of production oper-
ations and praduct quality are reqpired to make

arrangements to adjust the productig

n process and

equipment,.if needed, as well as to ('ifvise plans for

the statistical control of production
will help pinpoint the most optimal pla
controls and identify quickly any irred

rocesses. This
ce to establish
ularities in the

performance of the production process to allow for

prompt corrective action.

10.3 Choice of rational subgroup

S

At the basis of control charts is Shewhart’s central

idea of the division of observations
called “rational subgroups”; that is th
of the observations under consider

into what are
classification
tion into sub-

groups, within which the variations may be consid-
ered to be due to chance causes only, but between

which any difference may be due

to assignable

causes which the control chart is intepded to detect.

This depends on some technical khowledge and

familiarity with the production cond

tions and the

conditions under which the data were taken. By

identifying each subgroup with a tim
specific causes of trouble may be
traced and corrected, if advantageo

programme. Characteristics affecting the perform-
ance of the product or service should normally be
the object of first attention. These may be aspects
of the service offered or features of the material
used, of the component parts of the product, as well
as of the finished product delivered to the pur-
chaser. Statistical methods of control should be pri-
marily introduced where the control chart will assist
in furnishing information about a process in a timely
manner so that the process can be corrected and a
better product or service produced. Product or ser-
vice quality characteristics should be selected to
have a decisive effect on product or service quality
and to ensure the stability of processes.

and—testrecords givenmimthe order

P Or a source,
more readily
us. Inspection
which the ob-

servations were taken provide a basis for sub-
grouping with respect to time. This is commonly
useful in manufacturing where it is important to
maintain the production cause system constant with
time.

It should always be remembered that analysis will
be greatly facilitated if, when planning for the col-
lection of data, care is taken to select the samples
so that the data from each subgroup can be properly
treated as a separate rational subgroup and that the
subgroups are identified in such a way as to make
this possible. Also, insofar as possible, the subgroup
size, n. should be kept constant to avoid tedium in

"
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calculations and interpretation. However, it should
be noted that the principles of Shewhart charts can
equally be applied to situations where n varies.

10.4 Frequency and size of samples

No general rules may be laid down for the frequency
of subgroups or the subgroup size. The frequency
may depend upon the cost of taking and analysing
samples and the size of the subgroup may depend
upon practical considerations. For instance, large
subgroups taken at less frequent intervals may de-

11 Steps in the construction of control
charts

The steps involved in the construction of the X chart
and the R chart, for the case when no standard val-
ues are given, are described in 11.1to 11.5. They are
described in the form of an example in 12.2. In the
construction of other control charts, the same basic
steps shall be followed but the constants for the
computations are different (see table 1 and table 2).
A general format of a standard control chart form is
shown in figure 4. Modifications to this form can be

tect a small shiff T the process average more dac-
curately, but dmall subgroups taken at more
frequent intervals will detect a large shift more
quickly. Often, the subgroup size is taken to be 4 or
5, while the samipling frequency is generally high in
the beginning 4dnd low once a state of statistical
control is reached. Normally, 20 to 25 subgroups of
size 4 or 5 are|considered adequate for providing
preliminary estimates.

It is worth noting that sampling frequency, statistical
control and profess capability need to be consid-
ered together. [The reasoning is as follows. The
value of the avdrage range R is often used to esti-
mate o. The number of sources of variation in-
creases as the time interval between samples within
a subgroup incrpases. Therefore, spreading out the
samples within [a subgroup over time will increase
R, increase thq estimate of o, widen the control
limits and will thus appear to decrease the process
capability inde¥. Conversely, it is possible to in-
crease procesq capability by consecutive piece
sampling, giving a small R and o estimate, but
statistical contrgl will be difficult to attain.

-10.5 Preliminjary data collection

After having degided upon the quality characteristic
which is to be cpntrolled and the frequency and size
of the subgroup|to be taken, som® initial inspection
data or measurgments haveto\be collected and an-
alysed for the plrpose of providing preliminary con-
trol chart valueg that are{needed in determining the
central line and contreflimits to be drawn on the
chart. The preliminary data may be collected sub-
group by subgfolp until 20 to 25 subgroups have

made in concert with the particular requirenjents of
a process control situation.

11.1 If the preliminary data were fot taken|in sub-
groups according to a prescribed)plan, break up the
total set of observed values “into sequential sub-
groups, according to the driteria for rational sub-

important commamn\factor, for example uni
uced during thel{same short interval of time
coming from:one of several distinct sourcep or lo-
cations. The different subgroups should represent
possible.@v suspect differences in the process that
produced them, for example different intefvals of
timeYor different sources or locations.

11.2 For each subgroup, calculate the average, X,
and the range, R.

11.3 Compute the grand average of all the ob-
served values, X, and the average range, R

11.4 On a suitable form or graph paper, lay out an
X chart and an R chart. The vertical scale on the left
is used for X and for R and the horizontal dcale for
the subgroup number. Plot the computed vglues for
X on the chart for averages and plot the cqmputed
values for R on the chart for ranges.

11.5 On these respective charts, draw sofid hori-
zontal lines to represent x and R.

been obtained 'froma—contimuous—+un—of—the—pre
duction process. Care shall be exercised that, dur-
ing the course of this initial data collection, the
process is not unduly influenced intermittently by
extraneous factors such as change in the feed of raw
material, operations, machine settings, etc. In other
words, the process should exhibit a state of stability
during the period when preliminary data are being
gathered.

12

11.6 _ Place the control limits on these charts. On
the X chart, draw two horizontal dashed lines at
X 4+ A,R and, on the R chart, draw two horizontal
dashed lines at ;R and D4R, where A, Dy and D,
are based on n, the number of observations in a
subgroup, and are given in table2. The LCL on the
R chart is not needed whenever n is less than 7
since the ensuing value of ), is considered zero.
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s are given

Operation Sample size Characteristics
Specification: USL Date Department Quality manager
LSL
"]
)
g
s
<
)
=
o
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m“‘"’12345678 0] NMN[122]B\1%[15]116|17]|18|19]20|21|22|23|24]2p
1
2
3
4
5
Sum
Averoge
X
Range
R
Figure 4 — General format of a control chart
12 lliystrative-examples: Variables control weight of the packages is 100,6 g.| The assumed
charts process standard deviation is 1,4 g, bpsed on similar
packing processes.
121  Xleh HA he e
given (X, = 100,6, oy = 1,4), the contr

The production manager of a tea importer wishes to
control his packaging process such that the mean

ol charts for the mean

and range can be immediately constructed using the
formulae given in table1 and the factors 4, d,, D,
and ), given in table 2 for n = 5.

13
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X chart

14

R chart
Central line = X Central line = d,a,
= 100,6 g = 2,326 x 1,4
= 33g
= 100,6 + (1,342 x 1,4) UCL = Dyo,
=1025¢g = 4918 x 1,4
=869g¢g
LCL = X,— Ao,
= 100,6 — (1,342 x 1,4) LCL = Do,
=98,7¢g = 0 x 1,4 (since nis less than
7, tCEtwittmotbe—shoywn)
Twenty five samples of size 5 are now sglecled; their
subgroup average and range values“are calculated
(see table 6) and plotted with the ‘control limits cal-
culated above (see figure5).
The charts, shown in figure3, indicate that|the pro-
cess is out of control at“the desired level |because
there is a sequence of 13 points below th¢ central
line in the X chartrand 16 points above th¢ central
line in the R chart The cause of such a [long se-
quence of low<valtes of the mean should he inves-
tigated and eliminated.
I
o
(=]
g 104
<
———————————————————— ucL = 102,5
102 ‘
A X, =
o =100,6
100—w \*
——————————————————— LCL = 98,7
98-
« PKyY—— ucL =6,9
S as
7 :AV Ro =33
i Vi
o 1 1 1 1 J. 1

1 5 10 15 20 25
Subgroup number

Figure 5 — Average and range chart for data given in table 6
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Table 6 — Tea packing process

ISO

The first step is to plot an R chart an
state of control.

8258:1991(E)

d evaluate its

Subgroup Subgroup range R chart
Subgroup No. average ) —
- R Central line = R
4 = 0,028 7
2 1013 40 ucL = DR
3 99,6 22 = 2,282 x 0,028 7
4 100,5 4,5 = 0,0655
5 99,9 48 _
Fet——sR
99,5 3,8 = 0 x 0,028 7 (since n is less
8 1882 ?; than 7, LCDis' npt shown)
101,1 2,2 Lo
1 1003 46 The values of multiplying factors IJ; and D, are
taken from table 2 for n<= 4. Since tHe R values in
1 100,1 5,0 table 7 are within the.R-chart contrdl limits, the R
1 99,6 6,1 chart indicates a ,state of statistical control. The
1 99,2 3,5 R value can now ‘he/used to calculate X chart con-
1 99,4 5,1 trol limits.
1 99,4 45
1 99,6 4.1 X chart
: gg:g g:g Ceantral line = Y
1 100,5 39 = 0,1924
2 98,5 47 = =
UCL =X + A4,R
2 100,1 4,6 = 0,1924 + (0,729|x 0,028 7)
1 100,4 44 = 0,2133
2] 1011 49
24 99,9 47 - v 3
24 99,7 34 LCL =X —A,R
= 0,1924 - (0,729 [x 0,028 7)
= 0,1715
1,2‘2 X |chart and R chart: No standard values The value of the factor A4, is taken ffom table 2 for
given n=4. The control charts for X and R are plotted in
. . figure 6. An examination of the X chgrt reveals that
In table 7 _measurements of theyautside radius of a the last three points are out of contrpl. It indicates
plug are given. Four measurenyénts are taken every that some assignable causes of varjation may be
half hour for a total of 20 samp'les. The subgroup operating. If the limits had been calculated from
averages and ranges ate)also given in table7. The previous data, action would have begn called for at
specified|tolerances _dxe-0,219 dm and 0,125 dm. The point 18
objective| is to evalyate the process performance '
and to cpntrol the process with respect to its lo- At this point, suitable remedial actipn is taken to
cation aryd spread so that the process would meet eliminate the assignable causes and prevent their
the specifications. e is continued

re-occurrence. The charting procedut

by establishing revised control Hmits
the out-of-control points, i.e. the valu
numbers 18, 19 and 20. The values of
trol chart lines are recalculated as fol

yx
k

33454
= =

Revised ? =

0,1968

by discarding
es for sample
X, R and con-
lows:

15
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&

Revised R chart

Revised R = Central line = R
= 0,0310
0,5272 —
. = 2,282 x 0,0310
Revised X chart = 0,0707
Central line = Y LCL = DR
= 0,196 8 = 0 x 0,0310 (since n is less
— than 7, LCL is not shown).
uc =X——77R
= 0,196 8 + (0,729 x 0,0310) The revised control charts are plotted in, fiqure 7.
= 0,2194
LCL = X — 4,R
= 0,196 8 — (0,729 x 0,0310)
= 0,1742
Table 7 — Production data on the outside radius of a plug
Radius
Subgroup No. Me_an Rangs¢
X, X, X, X, X R
1 0,1898 0,1729 0,206 7 0,1898 0,1898 0,033 §
2 0,2012 0,1913 0,187 8 0,192 1 0,193 1 0,013 4
3 0,2217 0,2192 0,207 8 0,198 0 0,2117 0,0231
4 0,1832 0,1812 0,1963 0,1800 0,1852 0,016
5 0,1692 0,2263 0,206 6 0,209:1 0,2033 0,057
6 0,162 1 0,1832 0,1914 0,783 0,1788 0,029
7 0,200 1 0,1927 0,2169 0,208 2 0,204 5 0,024 1
8 0,240 1 0,1825 0,1910 0,226 4 0,2100 0,057 ¢
9 0,1996 0,198 0 0,207 8 0,2023 0,2019 0,009 4
10 0,178 3 0,1715 0,182.9 0,196 1 0,1822 0,024 6
1 0,216 6 0,1748 0,196 0 0,1923 0,1949 0,041 g
12 0,192 4 0,198 4 0,2377 0,2003 0,207 2 0,045 3
13 0,176 8 0,198 6 0,224 1 0,2022 0,200 4 0,047 3
14 0,1923 0,187 0,1903 0,1986 0,1922 0,011
15 0,192 4 0,1996 0,2120 0,2160 0,2050 0,023 6
16 0,1720 0,194 0 0,2116 0,2320 0,204 9 0,060
17 0,1824 0,1790 0,1876 0,1821 0,1828 0,008 §
18 0,1812 0,158 5 0,1699 0,1680 0,169 4 0,022 7
19 0,1700 0,1567 0,169 4 0,1702 0,166 6 0,0135
20 0,169 8 0,166 4 0,1700 0,1600 0,166 6 0,010(

16
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&
g 0,224
o g T m T o ————- UcL=0,2133
02 —
019 | X =0,1924
0.18 |
ot — — — —- LCL=01715
016
® 0,07
é-ﬂ 006 ] — T — g ———— — — UCL=0,0655
* 0,05 -
0,04 - m
0.03 43 R0,0287
0.02 - \/\J V V W
0,01 |
L1 1 9%

L R N S
2 & 6 8 10 12 1% \16 1B 20

Subgroup number

Figure 6 — Average and range charts for data given in table 7

Average, X

007 4— — — — e — — — — — UL =0,0707

Range, R
o
[=]
&
1

0,03 - R =00310

L2 N (N AN N R S B
2 & 6 8 10 12 1% 16
Subgroup number

Figure 7 — Revised X and R charts for data given in table 7
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With the process exhibiting a state of statistical
control with respect to the revised control limits,
process capability can be evaluated.

one observation per lot and to set control limits on
the basis of the moving range of successive lots.

_29+32+..+35

X
Calculate 10
ifi — 34,5 o
PCl — tolerance specified _UTL LTL == 3,459
process spread 66
— - 03404+ ..4+0/1
where & is estimated by R/d, = 0,0310/2,059 = R=- 5
0,0151.
3.4 o
The value of the constant d, is taken from table 2 for =——=038%

n=A4.

Thus
0,2190 — 0,1250
PCl= 6| x 0,0151
0,0940
= —0,09 0= 1,0330

Since PCIl is greater than 1, the process can be
considered capable. However, on close examina-
tion, it can be|seen that the process is not centred
properly with fespect to the specification and there-
fore about 11,8 % of the individuals will be outside
the upper spetification limit. Therefore, before per-
manent contrgl chart parameters are established,
attempts shoyld be made to centire the process
properly while|maintaining a state of statistical con-
trol.

12.3 Contro] chart for individuals, X, and
moving range, R: No standard values given

Table 8 gives |the results of laboratory canalysis of
“percent moisture” of samples from 10,successive
lots of skim rilk powder. A sampte of skim milk
powder, representing a lot, is analysed in the lab-
oratory for sjuch various characteristics as fat,
moisture, acidlity, solubility{ihdex, sedimentation,
bacteria and whey protein.<it'was intended to control
the percentagg of moisture below 4 % for this pro-
cess. The sampling variation within a single lot was
found to be negligible,'so it was decided to take only

J
Control chart lines for moving ranges;~-R
R
0,38

Central line

i

ucL D,R

3,267, % 0,38

LCL

I
o
=

3
0,38 (since n is leps than

X
, LCL is not shown)

The values of the factors D; and 1), are|obtained
from table 2 for n = 2. Since the range chatt exhibits
a state of statistical control, the plotting of the con-
trol“chart for individuals can be carried oufl

Control chart lines for individuals, X

Central line = X = 345
ucL X + R

3,45 + (2,66 x 0,38)

4,46

LCL X — LR
3,45 — (2,66 x 0,38)

2,44

o

The formulae for control limits and the value of the
factor I, are given in table 3 and table 4. The control
charts are plotted in figure 8. The control tharts in-
dicate that the process is in statistical confrol.

18
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Figure

®
55
[-]
EMS = —a T — — UCL = 4,46
[~
a
; : /\\. —
g 35 — < /H X =345
3 (‘ -
5 +—— LCL= 2,44
2
[
g 1
a 192 " —————- UCL = 1.24
[<]
E 4
g 08 -
g 06 /\
a .
0.4 -~ S, ,A‘ A R=038
’ ~ MV
1 1 1 1 1 1

1 | 1 |

1 2 3 & 5 6 7 8 90
Lot number

8 — Control charts for individuals," X, for data given in table 8

Table 8 — Percent moisture for10 successive samples of skim milk powder
Lot No. 1 2 3 4 5 6 7 8 9 10
X: % meisture 29 3,2 3,6 43 3,8 35 3,0 3,1 3,6 3,5
R: moving range 0,3 0,4 0,7 0,5 0,3 0,5 0,1 0,5 0,1
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12.4 Median chart: No standard values given The range chart is calculated as follows:
R chart
Central line = R

= 573
A machine is manufacturing electronic discs with
specified thickness between 0,007 cm and 0,016 cm. UCL = DR
Samples of size 5 are drawn every half hour and = 2114 x 5,73
their thickness in centimetres is recorded as shown = 12 11
in table 9. It was decided to install a median chart for
the purpose of controlling the quality. The values of LCL 1)3}5

o

medians and ranges are also shown in table 9. 0 x 573 (since #nis less than

7, LCL is not shown)

Calculate the [average of subgroup medians and
ranges as follgws: The value of the constants I); and 1), ‘ate tgken from
table2 for n=>5. Since the range chart gxhibits a

Me = averiage of subgroup medians state of control, the median chartlines can be cal-

_12+H10+12+ .. +11 culated.
15 Median control chart
172 e\
=35 11,47 Central line =_Me
_ = 11,47
R = averape range
UCLfe ~ = Me + A,R
_ 6+5+75+...+7 = 11,47 + (0,69 x 5,73)
1 = 15,42
_ 86 _ — _
=35 =p.73 LCLye = Me — AR
= 11,47 — (0,69 x 5,73)
= 7,52

The value of A4, is taken from table4 for n=75. The
graphs are plotted in figure 9. As is eviden{ from the
chart, the process is exhibiting a state of tatistical
control.

20
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« ¥
a2 - —— UCL = 12,11
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2

1 3 S 7 9 " BB
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Figure 9 — Median chart and range chart for data given in table 9

Table 9 — Control data for thickness of mica discs

Values ih units of 0,001 cm

Thickness .
Sul{group No. Median Range

X, X, X X4 Xs Me R
1 14 8 12 12 8 12 6
2 1" 10 13 8 10 10 5
3 11 12 16 14 9 12 7
4 16 12 17 15 13 15 5
5 5 12 14 10 7 12 8
6 13 8 15 15 8 13 7
7 14 12 13 10 16 13 6
8 1 10 8 16 10 10 8
9 14 10 12 9 7 10 7
10 12 10 12 14 10 12 4
11 10 12 8 10 12 10 4
12 10 10 8 8 10 10 2
13 8 12 10 8 10 10 4
14 13 8 1 14 12 12 6
15 7 8 14 13 1 11 7
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13 IHlustrati

(E)

ve examples: Attributes

control charts

13.1 p chart
given

and np chart: No standard values

The data in table 10 give the number of noncon-
forming units per hour regarding malfunctions found

by 100 % insp

ection on small switches with auto-

matic inspection devices. The switches are prod-

uced in an a

utomatic assembly line. Since the

UCL=p +3/p(1—p)n

= 0,0027 + 3,/0,0027(1 — 0,0027)/4000

=0,0052 = 0,52%,

LCL=p —3yp(1 - p)/n

= 0,0027 — 3,/0,0027(1 — 0,0027)/4000

= 0,0002 = 0,029,

malfunction is
is used to iden
control. A p ch

Serious, thepercentonconforming
tify when the assembly line is out of
art is prepared by gathering data of

25 groups as the preliminary data (see table 10).

The central lin
below and plot

p chart

Central lin

e and the control limits are calculated
fed in figure 10.

________ UL =0,52%

e =p
_ 8414+ .. +14
- 4000 x 25
—_ 269 _ —0.97°
= 100000 =0,0027 =0,27%,
g
E
E 0.6 : __________
&
g 0,4+
g —]
€02
g -
T A B e e e

—_———— — .LCL=0,02%

The chart indicates that the quality of switd
statistical control, although the pefreent
forming may be too large. These control i
now be used for future subgroups until s
that the process is altered or.that the proc
out of statistical control. Note'that since thd
is in statistical control, Atis unlikely that
provement can be made without a procesg
Simply telling people<to be “more carefy
sufficient.

If an improvengent is made, then differen
limits will have to be computed for future s
to reflect "the altered process performang

hes is in
noncon-
mits may
uch time
PSS goes
process
any im-
change.
I” is not

t control
ibgroups
e. If the

processfias been improved (smaller p vajue), use

the new limits, but if the process has det
(higher p value), search for additional as
causes.

eriorated
signable

Note that an np chart would have been equally ap-

propriate for this data since all sample {
equal. The calculations for the np chart are
follows and the chart is plotted in figure 11.

P =027%

S 10

FrrT1717r1r 111 TrTTrT T T T T T T T T T T T T T T

izes are
given as

S 20 25

22

Subgroup number

Figure 10 — p chart for data given in table 10
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