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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Every production, service, or administrative process contains a certain amount of variability due to the
presence of a large number of causes. The observed results from a process are, as a result, not constant.
Studying this variability to gain an understanding of its characteristics provides a basis for taking action

ona

process.

Control charts are afundamental tool of statistical process control (SPC). They provide a simple graphical
method that can be used to
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hs inherent variability and referred to as being in a “state of statistical control”,
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bstimate the magnitude of the inherent variability of the process,

rompare information from samples representing the current state of a process aga
imits reflecting this variability, with the objective of determining whether the proces
has remained stable or is reduced or increased,

can drive the process to an unacceptable level of performance,

hid in the regulation of a process through the identificationof‘patterns of variability sug
Funs, cycles, etc.,

Hetermine if the process is behaving in a predictable’and stable manner so that it will bg
hssess if the process is able to meet specifications;

determine whether or not the process can be‘expected to satisfy product or service re
hnd process capability for the characteristic(s) being measured,

provide a basis for process adjustment through prediction using statistical models, and
hssist in the assessment of the performance of a measurement system.

hjor virtue of the control chart'is its ease of construction and use. It provides the pr
ice operator, engineer, adtministrator, and manager with an online indicator about the
process. However, in order for the control chart to be a reliable and efficient indicator
e process, careful attention has to be paid at the planning stage to such matters as s
opriate type of chatt'for the process under study and determining a proper sampling s

bral conceptsarseful to a successful design of a control chart are presented in this part g
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part of ISO 7870 presents key elements and philosophy of the control chart approdch, aj
He variety of control charts (including those related to the Shewhart control chart, tho
ess acceptance or online process adjustment, and specialized control charts),

esents an overview of the basic principles and concepts and illustrates)the relation
pus control chart approaches to aid in the selection of the most appropriate standaj

becified in future parts of ISO 7870.

Normative references

following documents, in whole or in part, are normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. R
ences, the latest edition of the referenced document (including any amendments) appli

B534-2, Statistics — Vocabulary and symbols‘<- Part 2: Applied statistics

Terms and definitions
the purposes of this document, ‘the terms and definitions given in ISO 3534-2 and tH

.

rol chart
t with control limits{3.2) on which some statistical measure of a series of samples is
icular order to steer the process with respect to that measure

1 to entry: Theé particular order is usually based on time or sample number order.

2 to entry? The control chart operates most effectively when the measure is a process varig
lated\with an ultimate product or service characteristic.

REE: [SO 3534-2:2006, 2.3.1]

[SO

\d identifies
se stressing
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ent and are
or undated
bS.

e following

plotted in a

ble which is

3.2

control limit

stati

Note

stical value defining an intended level of stability for a produced characteristic

1 to entry: One or two control limits are represented on the control chart.

Note 2 to entry: The term “stability” is not meant only for a process in control but it can also be stability against
a target value.
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3.3

Shewhart control chart

control chart (3.1) with Shewhart control limits (3.4) intended primarily to distinguish between the
variation in the plotted measure due to random causes and that due to special causes

[SOURCE: ISO 3534-2:2006, 2.3.2]

34

Shewhart control limit

control limit (3.2) determined statistically from the variation of the process due to the random causes
alone

3.5
acceptanceg control chart
control chart (3.1) intended primarily to evaluate whether or not the plotted measure can be’expected
to satisfy specified tolerances

[SOURCE: I§0 3534-2:2006, 2.3.3]

3.6
process adjustment control chart
control chant (3.1) which uses a prediction model of the process to estimate@nd plot the future courge of
the process|if no change is made, and to quantify the change to be madé<o keep the process deviafions
within acceptable limits

[SOURCE: I§0 3534-2:2006, 2.3.4]

3.7
variables gontrol chart
control chant (3.1) in which the plotted measure represénts data on a continuous scale

[SOURCE: 10 3534-2:2006, 2.3.6]

3.8
attributes rontrol chart
control chanft (3.1) in which the plotted measure represents countable or categorized data

[SOURCE: I§0 3534-2:2006, 2.3.7]

39

c chart
count control chart
attributes cpntrol chart (3:8) for the number of incidences where the opportunity for occurrence is fixed

Note 1 to enftry: Incidences of a particular type, for example, number of absentees and number of sales lpads,
form the count. Intthe quality field, incidences are often expressed as nonconformities and the fixed opportfinity
relates to samples, of constant size or fixed amount of material. Examples are “flaws in each 100 m?2 of fabric| and
“errors in eaph 00 invoices”.

[SOURCE: ISO 3534-2:2006, 2.3.8]

3.10

u chart

count per unit control chart

attributes control chart (3.8) for the number of incidences per unit where the opportunity is variable

Note 1 to entry: Incidences of a particular type, for example, number of absentees and number of sales leads, form
the count. In the quality field, incidences are often expressed as nonconformities and the variable opportunity
relates to subgroups of variable size or variable amounts of material.

[SOURCE: ISO 3534-2:2006, 2.3.9]
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3.11

np chart

number of categorized units control chart

attributes control chart (3.8) for number of units of a given classification where the subgroup size is
constant

Note 1 to entry: In the quality field, the classification usually takes the form of “nonconforming units”.
[SOURCE: ISO 3534-2:2006, 2.3.10]

3.12

p chart

prO]Fortion categorized units control chart
perdent categorized units control chart
attributes control chart (3.8) for number of units of a given classification per total number offunits in the
sample expressed either as a proportion or percent

Note|1 to entry: In the quality field, the classification usually takes the form of “nonconforming unitf.
Note|2 to entry: The p chart is applied particularly when the subgroup size is yariable.
Note|3 to entry: The plotted measure can be expressed as a proportion or,ds.a percentage.
[SOURCE: ISO 3534-2:2006, 2.3.11]

3.13
starldardized p chart
attributes control chart (3.8)where proportion of given classification are expressed as sfandardized
norrhal variates

3.1

X balr control chart

average control chart

varigbles control chart (3.7) for evaluatifig the process level in terms of subgroup averages

[SOYRCE: ISO 3534-2:2006, 2.3.12]

3.15
median control chart
varigbles control chart (3:Z) for evaluating the process level in terms of subgroup medians

[SOURCE: ISO 3534-272006, 2.3.13]

3.16
moving average control chart
contfol chart(3.1) for evaluating the process level in terms of the arithmetic average of eacly successive
n obpertvations

Note Tto entry: This chart is particularly useful when only onie observation per subgroup 1s available. Examples
are process characteristics such as temperature, pressure, and time.

Note 2 to entry: The current observation replaces the oldest of the latest n + 1 observations.
Note 3 to entry: It has the disadvantage of an unweighted carry-over effect lasting n points.

[SOURCE: ISO 3534-2:2006, 2.3.14]

© ISO 2014 - All rights reserved 3
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3.17

individuals control chart
X control chart
variables control chart (3.7) for evaluating the process level in terms of the individual observations in

the sample

Note 1 to entry: This chart is usually accompanied by a moving range chart, frequently with n = 2.

Note 2 to entry: It sacrifices the advantages of averaging in terms of minimizing random variation and the normal
distribution central limit theorem assumptions.

Note 3 to entry: Individual values are prrchpd hy the cymhn]c X4, X2 X3

Note 4 to ent
is the absolu

[SOURCE: I
3.18

cumulativeé sum control chart

CUSUM ch4
control char
value is plo

Note 1 to enfry: The ordinate of each plotted point represents the algebraie/sum of the previous ordinate an

most recent

Note 2 to ent|
average valu

Note 3 to enffry: The chart can be used in control, diagnostig, ‘ot predictive mode.

Note 4 toent
on the graph|

[SOURCE: I§
3.19

EWMA control chart

exponentig
control char

[SOURCE: I§

3.20

Z chart
variables cd
variates

ry: In the case of charts for individuals, the symbol R represents the value of the moving range, \
Le value of the difference between two successive values, thus, |X1 —X5[, X9 — X3| , etc.

)

0 3534-2:2006, 2.3.15, modified]

rt
t (3.1) where the cumulative sum of deviations of successive saniple values from a refer
ted to detect shifts in the level of the measure plotted

eviation from the reference, target, or control value.

I'y: The best discrimination of changes in level is achieyédwhen reference value is equal to the oy
3

'y: When used in control mode, it can be interpreted graphically by a mask (e.g. -mask) superimp
A signal occurs if the path of the CUSUM:intersects or touches the boundary of the mask.

0 3534-2:2006, 2.3.5]

1ly weighted moving.average control chart
t (3.1) for evaluatingthe processlevel in terms of an exponentially smoothed moving ave

0 3534-2:2006,273.16]

ntrolehart (3.7) for evaluating the process in terms of subgroup standardized no

rhich

gence

d the

erall

osed

rage

rmal

3.21

group control chart for averages
variables control chart (3.7) for evaluating the process level in terms of subgroup (with several sources)

highest and
3.22

lowest averages with corresponding source identification

group control chart for ranges
variables control chart (3.7) for evaluating the process variation in terms of subgroup (with several
sources) highest ranges with corresponding source identification

3.23

high-low control chart
variables control chart (3.7) for evaluating the process level in terms of subgroup largest and smallest

values

4
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3.24

trend control chart

control chart (3.1) for evaluating the process level with respect to the deviation of the subgroup averages
from an expected change in the process level

Note 1 to entry: The trend can be determined empirically or by regression techniques.

Note 2 to entry: A trend is an upward or downward tendency, after exclusion of the random variation and cyclical
effects, when observed values are plotted in the time order of the observations.

[SOURCE: ISO 3534-2:2006, 2.3.17]

3.2

R chart

range control chart

varigbles control chart (3.7) for evaluating variation in terms of subgroup ranges

Note|1 to entry: The value of the subgroup range is given by the symbol R, the difference between thg largest and
smalllest observations of a subgroup.

Note|2 to entry: The average value of the subgroup ranges is denoted by the symbol R.
[SOURCE: ISO 3534-2:2006, 2.3.18, modified]
3.26

s chart
starIdard deviation control chart
varigbles control chart (3.7) for evaluating variation in.terms of subgroup standard deviations

Note|1 to entry: The value of the subgroup standards déviation is given by the symbol s.
Note|2 to entry: The average value of the subgroup standard deviations is denoted by the symbol §
[SOURCE: 1SO 3534-2:2006, 2.3.19]

3.27
moving range control chart
varigbles control chart (3.7) for€valuating variationin terms of the range of each successive n opservations

Note|1 to entry: The currentobservation replaces the oldest of the latest n + 1 observations.
[SOYRCE: I1SO 3534-2:2006, 2.3.20]

3.28
confrol chartfor coefficient of variation
varigbles control chart (3.7) for evaluating variation in terms of subgroup coefficient of variation

3.2

multivariate control chart
control chart (3.1) in terms of the responses of two or more mutually correlated variates combined as a
single sample statistic for each subgroup

[SOURCE: ISO 3534-2:2006, 2.3.21]

3.30
multiple characteristic control chart
attributes control chart (3.8)for evaluating the process level based on more than one characteristic

[SOURCE: ISO 3534-2:2006, 2.3.22]

© IS0 2014 - All rights reserved 5
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3.31

demerit control chart

quality score chart

multiple characteristic control chart (3.1) for evaluating the process level where different weights are
apportioned to events depending on their perceived significance

[SOURCE: ISO 3534-2:2006, 2.3.23]

3.32

process adjustment
action to reduce the deviation from the target in the output characteristic by making appropriate
compensatqTy Changes I S0Me Other control variable by Measurement of fiuctuations im am input or
output varigble

Note 1 to entry: Ongoing monitoring determines whether the process and the system of process adjustment jtself
are, or are n¢t, in a state of statistical control.

[SOURCE: I§0 3534-2:2006, 2.3.24]

3.33
control variable
variable in the process that is varied as a function of the actuating signal so-as to change the value of the
process output

Note 1 to enflry: Actuating signal can be triggered by measurable changes in process.
[SOURCE: IS0 3534-2:2006, 2.3.27, modified]

3.34
autocorrelption
internal coifrelation between members of series of observations ordered in time

[SOURCE: 1§0 3534-2:2006, 2.3.28]

3.35
special cause
<process vdriation> source of process.variation other than inherent process variation

Note 1 to entry: Sometimes “special ‘cause” is taken to be synonymous with “assignable cause”. However, a
distinction i§ recognized. A special(cause is assignable only when it is specifically identified.

Note 2 to entfry: A special causé-arises because of specific circumstances that are not always present. As sucH, in a
process subjgct to special causes, the magnitude of the variation from time to time is unpredictable.

[SOURCE: 10 3534-2:2006, 2.2.4]

3.36
random capse

common cause

chance cause

<process variation> source of process variation that is inherent in a process over time

Note 1to entry: Inaprocess subject only to random cause variation, the variation is predictable within statistically
established limits.

Note 2 to entry: The reduction of these causes gives rise to process improvement. However, the extent of their

identification, reduction, and removal is the subject of cost/benefit analysis in terms of technical tractability and
economics.

[SOURCE: ISO 3534-2:2006, 2.2.5]
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4 Symbols

n  subgroup size

p  proportion or fraction of units

R  subgroup range

R  average of subgroup ranges

s subgroup standard deviation

s |average of subgroup standard deviations

x [individual value

x |average of subgroup individual values

NOTE In International Standards, abbreviated terms can contain multiple(letters, whereas symbols consist
only|of a single letter. The reason for this is to avoid misinterpretation of compound letters as an findication of
multfplication, in formulae.

5 [Loncepts

5.1 | Control chart

The fontrol chart is a graphical display of data fromithe process, which allows a visual asses§ment of the
prodess variability and stability. At defined inter{als, subgroups of items of a specified size dre obtained
and the value of a characteristic or feature of the items is determined. The data obtained are typically
sumpmarized through the use of appropriate-Statistics and it is these statistics that are plqtted on the
contirol chart. A typical control chart willconsist of a centre line that reflects the level arpund which
the plotted statistic can be expectedto'vary. In addition, this control chart will have two lines, called
contjrol limits, placed one on each sideof the centre line that define a band within which the $tatistic can
be expected to lie randomly if the\process is in control.

The [two control limits are used as a criterion for judging the state of control of a procesd. The limits
define a band, the width of which is determined in part by the inherent variability of the prpcess. If the
chogen statistic plots. within the band, the chart is indicating that the process is in a state qf statistical
contjrol and hence theprocess is allowed to continue operating as it is currently configured| However, a
valup of the statistic/plotting outside the control limits indicates that the process can be “out of control”.
The ontrol chartis then providing a signal suggesting that a special cause of variability can be present
and fonsequently there is a need for action on the process.

Actipns‘that can be taken on the process consist of

a)

undertaking an investigation to determine the source(s) of a special cause(s), with a view to
elimination, correction, or reduction of the effect of such cause(s) in the future,

b) making a process adjustment,

c) continuing the process on a risk assessment basis,
d) stopping the process or taking containment action until correction has been made, and
e) retaining the special cause, making it permanent whenever possible in cases where special cause

indications are of a positive nature (e.g. process improvement).

Sometimes, a second set of limits called “warning limits” is also placed on the control chart. The
observation of a plotted point falling outside the warning limits but not outside the control limits indicate
that, although no “action” is required on the process, increased attention should be paid to the process

© ISO 2014 - All rights reserved 7
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since a suspicion has been raised that a special cause might have affected the process. It might prove
advantageous to then shorten the interval of time to the next sample and/or increase the size of the next
sample in order to more quickly determine if the process has undergone a change. When warning limits
are included on the control chart, the control limits are then sometimes called “action limits”.

Optional, additional rules used for judging the state of control of a process take various forms such as
data points within limits but exhibiting unusual patterns. These rules, often called “decision rules”, are
defined in ISO 7870-2.

When the objective is that of process acceptance, additional limit(s), called acceptance limit(s), might be

needed as a

decision criterion to judge the process acceptability. See 5.3.

5.2 Stati

Control cha
statistical c
(or commor
have entere
the degree

stical control of a process

Fts are often used to judge the stability of a process. A process is considered to bein‘a “stg
pntrol” (the process is effectively said to be “in statistical control”) if it is affécted by ran|

or chance) causes only, i.e. if no extraordinary, unexpected, or special (orassignable) c
d the system. Such special causes can affect either the level at which the'process is oper
pf variability around the process level, or both simultaneously.

Variations ¢lue to random or chance causes occur in a random fashion and.are usually found to

certain staf
reliably the
the process
informatior
said to be “q
natural phe
identify a 19

5.3 Acce

In addition
acceptabilif]
with contrdg
requiremen
tolerance d
out-of-conti
then used t
process lev¢

istical laws. In essence, when a process is “in statistical cgntrol” it is possible to prg
behaviour of that process, whereas when special (or assighable) causes enter the sys
is subject to the results of these causes and the outceme cannot be predicted wit
about their presence and effect. A process found not t0 be in a state of statistical cont}
ut of control” and requires intervention to bring it into such a state. For certain econom
nomena, there might be no known way to interene and the control chart simply serv
ck of control.

ptance of a process

to monitoring the stability of the(process, control charts can also be used to judgg
y of a process. When the proces§s;is in statistical control, it is then possible to detern
lled risks of decision errors,.if'the process output does or does not meet product or set
ts. This is most effective-when the variability of the process is small compared td
efined by the specifications: In such situations, the process level can temporarily shift {
ol state, yet all productdnd service requirements are still being met. The control chg
b maintain the acceptable status of the process, notwithstanding the dynamic nature o
], Specific control-charts, as described in ISO 7870-3, are needed in this case.

5.4 Management ofa process with a natural drift

When soms
of a specifi

irrenigvable disturbance causes the process level to drift, for example the concentra
' chemiical in a batch, there can exist a compensatory variable that can be manipulatg

:Eng,

te of
dom
ses

bbey
pdict
item,
hout
ol is
ic or
PS to

the
hine,
vice

the
0 an
rtis
f the

tion
d to
cate

adjust the level of the process. In this situation, specifically designed charts can be used to ind

when and by how much the process should be adjusted to compensate for the disturbance effects.

his

type of control often results in a significant reduction in the variability of the process. In particular, it
guarantees that the process will not be adjusted more often than necessary (over-adjustment), which
would instead increase the inherent variability.

5.5 Risks of decision errors

In judging the state of control of a process using a set of decision rules together with a limited sample of
data points, two types of decision errors can be made.

The first type of error (type [ error) is made when a plotted point results in the decision that the process
is not in statistical control and action is required on the process; but the true situation is that the process
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is operating within a system of random causes. Hence, the process will have been erroneously declared
to be “out of control”. The risk of making this type of error is called the “alpha («) risk”.

The second type of error (type Il error) results when a special cause affecting the process has occurred
but the data from the process has not yet led to the decision being made that the process is “out of
control”. Until the control chart indicates otherwise, the process will erroneously be declared to be “in
statistical control”. The risk of making this type of error is called the “beta () risk”.

To control the risk of these errors, control limits, sets of decision rules, and subgroup size can be
appropriately chosen.

5.6 | Design of data collection

5.6. General

The most important element of data collection is the selection of the characteristics to be ftudied and
the identification of the place or stages of control. The way in which data areéollected is of fundamental
importance to the efficient operation of the control chart to discriminate effectively random against
spedial causes. Based upon an understanding of the nature of the process-and the data to He collected,
careful consideration shall be given to how the samples or subgroupsareto be defined, their pppropriate
subgroup sizes, and the frequency at which they are obtained.

5.6. Choice of characteristic

To start, a decision has to be taken with regard to the characteristics for which a control prpgramme is
desited. In choosing the characteristic, the following.aspects are required. One is that the characteristic
strongly reflects the state of process. The other is‘that the characteristic is related to assuring the
qualfity characteristic of product. An example cho@sing the characteristic is demonstrated. Tgble 1 shows
a supject matter for choosing the characteristic, which is based on the results of FMEA and process
analysis. The higher the severity ranking of the product characteristic and the earlier in the process
you are able to control it, it is the better as.the characteristic of control charts. Considering|Table 1, the
roll pressure and the stress torque applied to hinge can be candidates for the characteristi¢s of control
charts.

Table 1 + Subject matter for choosing characteristics

Severity ranking | Product character- Component Process param-
(from FMEA table) istic examples characteristics eter examples
of the product
9 to{10ysafety criti- |Thickness of an Shaft diameter Roll pressure
cal insulator
5'to 8, significant Resistance to move- |Pitch diameter of |Stress torque
characteristic ment the screw applied to hinge
2 to 4, others Scratches Surface texture Handling

5.6.3 Measurement process evaluation

Before implementing any type of process control activity, it is of crucial importance to ensure the
validity of the measurement process. The variability induced by measurement (see [SO 22514-7) shall be
estimated in order to check that it can adequately detect characteristics variation. In this context, choice
of measurement (including method, device, etc.) needs to be capable with respect to specifications or to
process variability.
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5.6.4 Subgroup selection

Subgroups are samples of collected items obtained from the process in a defined manner. Data from
characteristics of these items are determined from which statistics, such as a number of nonconformities
or an average or a range, can be computed and plotted on the control chart.

Rational samples or subgroups should be selected in amanner that makes each subgroup ashomogeneous
as the process will permit. Within a rational subgroup, variation is presumed to be due only to random
causes. These causes are sources of variation inherent in a process over time. Rational subgroups are
selected to enable the detection of any special causes of variation between subgroups. Short-term
variability is measured using the variability within a series of reasonably homogeneous subgroups

and determ
usually eva
subgroups

bases, such
supplier-to-
supplier ing

The rationa
have meani
instrument
the sample.
an unrealis
from the pr

5.6.5 Su

because it allows for detection of special causes that can occur over time. However, d
as the need to study operator-to-operator variability, machine-to-machine varfabilit|
supplier variability can suggest that subgroups be defined across operator, machin
tead of over time.

1 subgroup should be subject to all usual sources of random cauSe variation if it
ingful value. For example, a series of repeat readings on a piece of-material set in a tes

[f these aspects were inherentin a usual testing environmenty the' repeat readings would

pbcess would appear to be “out of control”.

roup size

Ines the position of the control limits on the control chart, while long-term variability is
uated in terms of changes between subgroups. Time order is often a good basis foriforming

ther
y, or
b, or

s to
ting

will fail to include the contribution of locating the material in th&instrument or of obtaining

give

ic, low estimate of inherent measurement variability. Thus, almost any actual measureinent

Subgroup size should be selected so as to balance the ability to detect small shifts in the process andl the
risk of not dletecting special causes. A larger subgroup §ize, although more costly, will provide a 1

precise ass
sample is tqg
sample, caul
many speci

When deali
will ordina
carry much

bssment of the process, therefore allowing*for a more efficient monitoring. However, i
o large, special causes have more opportunities to occur within the collection period o
sing increased within-sample variation; hence, control limits might be unduly widened
h] causes can occur without detection.

ng with attributes data, the subgroup size needed to detect changes in the process propoj
[ily be very much larger thah the subgroup size using variables data, since attributes
less information than vapiables data.

In some sitfiations, it is imprag¢tical, or it does not make sense, to form subgroups, but rather to cg

informatior
testing is dg
or batch pr

on individual uhits, so that, essentially, subgroup size is equal to one. This is the case
structive orisampling is costly, or when repeated measurements on the process (contin
cesses) differ only because of instrument or analysis error.

5.6.6 Samplingfrequency

Sampling fr

nore
f the
f the
and

tion
data

llect
rhen
lous

eguency is dependent upon the magnitude of the shift in the process that is consider

d to

be crucial to detect in a timely fashion, as well as upon the cost of the process operating in an out-of-
statistical-control state. The smaller the shift to be detected, the greater the number of samples, of a
given size, that will need to be collected before a signal is detected on the chart. Shortening the period
between which samples are taken will decrease the period before any process fault is detected, and in
which the process might have operated in an out-of-control state and produced faulty product. However,
in defining the period, cost considerations of sampling and testing can also be considered. Care should
be taken to ensure that the period does not synchronize with parameters that can affect the process (e.g.
always sampling at the start of the working period when temperatures are low, or every 50th product at
the start of a raw material batch, or at a shift change).
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5.7 Control charts for variables and attributes data

Control charts can be used for either “variables” or “attributes” data. Variables data represent
observations obtained by measuring and recording the magnitude of the characteristic under study on
a continuous scale of measurement. Attributes data represent (categorized or countable) observations
obtained by noting the presence (or absence) or the frequency of occurrence of some characteristics
in each of the items. A count is made of the number of units possessing the attribute or the frequency
of occurrence of the characteristic on the item. Results are then expressed in terms of frequencies or
proportions.

Fundamentally, control charts used for variables data (also called variables control charts) differ from
contfrol charts used for attributes data (also called attributes control charts] because of the different
undérlying distribution of the characteristic under study.

For most variables control charts, the normal distribution is generally assumed‘with opservations
being statistically independent. As a result of this assumption, two control charnts-are used ffor the dual
purposes of controlling both the mean level or centre and the variability of the process. The first involves
a mgasure of location (centre) such as the sample average, median, or a singlé-measured characteristic
itself if the sample contains only one item. The second uses a measuré of dispersion (variability) of
obsdrvations within the sample, such as the sample standard deviation or the sample rgnge, or the
absdlute difference between two consecutive observations if the sample contains only ome item at a
point in time. Both types of charts are required in order for the yariables control chart approach to be
effeqtive.

riation that
ol chart for
lispersion.

The
ism
prod

distance between control limits on the chart for location (average) is a function of the vg
bnitored on the chart for dispersion. It is therefore important in constructing the conti
ess level (average) to verify that the process is instatistical control with respect to its ¢

For fnost attributes control charts, either the bingmial or the Poisson distribution is generally assumed.

EacH of these distributions has a single parameter that shall be monitored for stability of {
Therefore, only a single chart is necessary.for monitoring a process with attributes data.
standard deviation of the proportion or:¢ount can be estimated once the subgroup size is
the proportion or count in the sample.is’determined, the control limits on the attributes @
detefmined.

ypes of control charts

The pystem of control charts specified in this part of [SO 7870 is composed of those correspo

he process.
Because the
known and
hart can be

hding to the

[SO 7870-2)

SO 7870-3).
bnducted to

process variability.

Some of the specific charts within these general types are described in Clauses 7 and 8.

ntrol of the

In addition, there are statistical methods, described in Clause 9, which apply when it is not possible to
bring or maintain the process in statistical control. These methods will predict process adjustments, the

purpose being to keep the process as close as possible to target.
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7 Charts for process stability

7.1 General

Two genera

] forms of the Shewhart control chart exist.

The first is a control chart with no pre-specified control limits. This chart uses control limits based
on the sample or subgroup data plotted on the chart. This form of control chart is used to determine
whether the observed values of a series of samples vary by an amount greater than would be expected
by chance alone. In essence, this type of chart is used to detect any lack of control particularly in the

research an
control cha
variation of
the signals

The second
to the statif

a) priorrg

specifig
b) an ecor
c) adesirg
This form d
measures fi

be expected

Preferably,
from the fir
charts are U

Note that the second form of control chartot only evaluates the constancy of the cause system|

also evaluat
values.

7.2 Parti

7.2.1 Gen

This listing
obtained ei
data for wh

't is useful for assessing the variation of a new process, product, or service, including
the measurement method. At this stage, caution shall be exercised in the interpretati
bn the chart since the control limits are functions of the plotted data.

is a control chart with specified control limits, based on adopted standardalues applig
tical measures plotted on the chart. The standard values can be based ofy

presentative data (such as that obtained from experience using control charts with no
d control limits),

omic value derived from consideration of needs of service and cost of production, or
d target value defined in a specification.

f control chart is used to monitor ongoing processes’by assessing whether the obse
r a sample value differ from the adopted standard@alues by an amount greater than sh|
by chance alone.

the standard values should be determined:as described in a) above because the trans
5t phase using a control chart with no pre-specified limits to the second phase where cof
sed with specified control limits requires continuity of the process control.

es whether that cause system is properly located in terms of the adopted economic or t4

al listing of Shewhartand related control charts

eral

is divided inte three categories. The first two, based on independent observations, use
ther from each subgroup or accumulated from more than one subgroup. The third incl
ch the'assumption of independence does not hold.

7.2.2 Chartscusing data from only one rational subgroup for each plotted value |

This
r the
n of

able

pre-

rved
ould

tion
ntrol

but
rget

data
udes

7.2.2.1 Variables data

Charts which can be used for variables data from only one rational subgroup for each plotted value
include the following:

a)

X bar and R control charts (average for measure of central tendency and range for measure of

dispersion) or X bar and s control charts (standard deviation replacing range). Median control
charts can be substituted for the average control charts;

b)

12

X and moving range control charts (see 7.2.3);

multivariate chart;
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d) trend control chart;

e) high-low control charts;

f) group control chart;

g) control chart coefficient of variation;
h) Zand R control charts.

Multivariate control charts are used to detect shifts in the mean or in the relationship (covariance)
between several related characteristics. Typically only one summary statistic derived from the
compination of the characteristics to be controlled is plotted on the chart.

7.2.2.2 Attributes data

Charts which can be used for attributes data from only one rational subgroup.for each plotted value
inclyde the following:

a) p chart (proportion or percent categorized units control chart);
b) php chart (number of categorized units control chart);

c) [ chart (count control chart);

d) W chart (count per unit control chart);

e) ptandardized p chart;

f) Hemerit control charts;

g) Fontrol charts for inspection by gauging;

h) K and moving range control charts for.counts or proportions.
7.2.3 Charts using data from more’than one subgroup for each plotted value

7.2.3.1 Moving average control chart and moving range control chart with X control ¢hart (see
ISO 7870-5)

In sdme situations, individual observations are plotted on an X control chart. Moving ranges [differences
between two consecutive observations) are then plotted on a moving range chart to estimate|and control
the yariation displayed by the process. Sometimes, moving averages of each successive n pbservation
can pe sometimes used instead of X control charts.

7.2.3.2 « Cumulative sum (CUSUM) control chart (see ISO 7870-4)

The etmtlativestmsof-deviationsof-individuatlobservationsot oub51 otp-stirary statis :iCS, such as
X R s, and p, from a reference value are plotted. The state of control of the process is determined
through the use of a device known as a V-mask. This chart, because of the reinforcing carry-over effect,
is usually more sensitive to small shifts in level than the ordinary Shewhart control chart. Equivalently,
for cases when the objective is mainly to detect off-standard conditions, rather than to present a
graphical summary of sequential data, a tabular CUSUM technique exists which does not require a chart,
but is similar in its intended use. A numerical decision rule then replaces the V-mask. A useful feature of
the CUSUM technique, whether graphical or tabular, is its ability to provide an estimate of the point at
which a change to a process parameter might have occurred.

7.2.3.3 Exponentially weighted moving average (EWMA) charts (see ISO 7870-6)

Individual observations or subgroup averages or subgroup ranges or subgroup standard deviations
from the current and all previous observations are averaged, but those taken at earlier times are given
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