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Standard Practice for
Rubber—Calculation of Producer’s Process Performance
Indexes !

This standard is issued under the fixed designation D 5406; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3.1.7 total process variatior-a range, along the measured

1.1 This practice provides a calculation procedure and &roperty scale, defined as six times the standard deviation
format for reporting the process performance of a manufactufdetermined under specified process conditions); the variation

ing operation for a rubber or rubber product. may contain either common or combined common and special
1.2 This practice is specifically designed to be used fofause sources. , .
technically significant properties of the final product. 3.1.8 upper specification limit (USk)-the producer’s maxi-
mum permissible value of any relevant measured product
2. Referenced Documents property.

2.1 Quality Assurance for the Chemical and Process Indus- :
tries, American Society for Quality Control, Chemical and 4. Summe'lry of Practice ) ) )
Process Industries Division, Chemical Interest Committee, 4-1 During the production of any product, certain physical

19872 or chemical properties, or both, are normally measured to
control the properties of the final product. When enough data

3. Terminology have been accumulated to form a sufficient database, it is
3.1 Definitions of Terms Specific to This Standard: possible to determine the centering (mean) and variation (range

3.1.1 common cause variatieathat residual variation in- Or standard deviation) of the process property distribution.
herent in any process that (1) is operating in a state of statisticdinese results may be informally compared to the desired target
control, and (2) is operating at some recognized or ascertainedd specification limits to determine if the process is producing

level of technological competence. an acceptable product. _

3.1.2 lower specification limit (LSk)-the producer's mini- 4.2 On a more formal basis, the two process performance
mum permissible value of any relevant measured produddarameters, the ‘process mean’ and the 'standard deviation,’
property. are used to calculate two Producer's Process Performance

3.1.3 Pp’ producer’s process performance indexhe ratio ~ Indexes designated as 'Pand Ppk. These indexes allow a
of the difference (USL - LSL) to the total process variation; Standardized comparison of an actual process performance to
the index does not consider where the process is centered. (S&€ general specifications, the comparison of different pro-
7.4) cesses for producing the same product, or comparison of the
3.1.4 PpK producers process performance indexthe Same process at different times.
minimum of two ratios: (1) the ratio of the dlfferencg 5. Significance and Use
(USL - process mean) to one-half of the total process varia- ) T
tion, or (2) the ratio of the difference (process mean - LSL) to 5-1 This practice is used to evaluate the conformance of a
one-half of the total process variation; the magnitude of thProduction process to specifications when (1) special causes of
minimum index value, used with the Pindex, indicates how Variation may be present and (2) the process may not be in a
well the process mean is centered. (See 7.5.) state of sta_t|st|cal control. Thls_ evaluatlor_1 may also be used to
3.1.5 special cause variatiothat variation attributable to compare different manufacturing operations for conformance
certain specific or assignable sources that have been (or m&§ SPecifications.
be) discovered through an investigation of the process.

o ) .. 6. Background and Precautions
3.1.6 target value—the aiming point of the process; this is 9 } ) ) o
often (USL + LSL)/2. 6.1 A process is said to be in a state of statistical control
when there are only common causes of variation present (no
. assignable causes). A state of statistical control is a requirement
This practice is under the jurisdiction of ASTM Committee D-11 on Rubber and i H R
is the direct responsibility of Subcommittee D11.16 on Application of Statistical to perfor.m'a process Capabl“.ty.calcmatlon WhICh can be used
Methods. for prediction. A state of statistical control is not required to

Current edition approved May 15, 1993. Published September 1993. perform the process performance calculations covered by this
2 Available from American Society for Quality Control, 310 W. Wisconsin Ave., practice.
Milwaukee, WI 53203.
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6.2 Although the defining calculation equations for thedegradation of the product. See 2.1.
producer’s process performance indexes @m PpK) given 6.10 The Ppkindex is inherently less than or equal to the
in 7.4 and 7.5 bear a resemblance to the defining equations f&p index. Maximum performance is achieved when the
the process capability indexes (Cp and Cpk), a legitimat@rocess is perfectly centered on the target and thé Bgqual
calculation of Cp and Cpk can be made only when a process i® the Pp. A Pp' or a PpK index that steadily increases over
in a state of statistical control. The symbols Bpd Ppk have time demonstrates an improvement in the control of, or
been selected to represent the producer’s process performaralénination of, special causes of variation in the process.
indexes to distinguish them from other capability and process 6.11 A Pg or PpK index of less than 1.0 indicates that the
performance indexes. process did not meet the specifications during the period
6.3 The Ppand Ppk indexes are historical in nature. They covered by the data. When these indexes are less than 1.0, the
indicate whether or not the process variation could have meerocess or the specification limits, or both, need to be studied.
the specifications over the time period covered by the data. 6.12 Nothing in the calculation of these indexes requires or
Since a state of statistical control is not required to do thesédicates that the process is in a state of statistical control or is
calculations, the indexes can not be used to predict futurpredictable. This practice is not meant to replace statistical
performance. process control (SPC) charts or any other statistical tool aimed
6.4 For the best understanding of the information presentedit controlling or improving the process.
associated control charts, histograms, performance, and capa-
bility indexes should be reviewed. . Calculation
6.5 The formula for calculating the standard deviation (7.3) 7.1 Data used in the statistical calculation shall cover all
will be used for test results which have a normal (Gaussian) gproducts produced while operating to a single aiming point (or
non-normal distribution. Although possible presence of specialarget) that went into a finished product area for shipment to a
cause variation could also cause the results to be non-normalfustomer. Thus, transition product made while switching from
distributed, the calculation of Pand Ppk indexes from such one product or subproduct to another product or subproduct
non-normally distributed test results is useful for the purposesay be excluded. Any off-specification or out-of-control prod-
of this standard (5.1). uct made while producing to a common aiming point must be
6.6 The selection of the time period covered by the data sdficluded.
is critical if the process is known, or suspected, to have 7.2 The process mean, s calculated as follows:
time—dependent cycles or trends. The data should include a
period long enough to encompass these cycles or trends. If the _ LN
data period does not include these cycles or trends, the reported X=— @)
results will understate the true process variability.
6.6.1 The time period covered in the report should be‘here:
established by mutual agreement between the producer and — Number of test resuits

. . . . . . X; = individual test result
consumer subject to the precaution given in 6.6. Typically, this™ . _
period would be for three months, but not less than 30 dat% 7.3 The calculation of the process standard deviation should
e based on at least 30 test results (see 6.6). The sample

iMs

points. tandard deviation, s, is calculated as follows:
6.7 Individual test results as defined in the appropriate test T ’
method shall be used for these calculations. Sample averages _ d 2
tend to have a normal distribution even when they are taken S \/<n - 1) 21 i =%) ©)

from non-normal populations. The use of averages in the here:
calculations will hide the true individual data distribution. The W ezreéam le standard deviation
standard deviation of the individual values will be greater than b

number of resul
the standard deviation of the sample averages. They are relatgg inlijivti);uacl) tées?treesﬁljtts

by the square root of the number of values averaged: X process mean
§=Sa\/n 1) 7.4 The total process variation is six times the process

_ standard deviation; that is, 6s. The producer’s process perfor-
where: i S mance index, Ppis calculated as follows:
S; = standard deviation of individual values
S, = standard deviation of averaged values Py = USL— LSL @)

- S divi 6s

n = number of individual values averaged.

6.8 For asymmetric two-sided specifications, each portionyhere:
of the specification range from the target to the limit must be USL = producer’s upper specification limit
calculated separately as if it were for a one-sided specificationLSL = producer’s lower specification limit

6.9 For one-sided specifications, only the Pphkdex is 7.5 The Ppkindex, when used with the Pjindex, reveals
applicable; however, if there is no target value because the gohbw well the production process was centered in the specifi-
is to be as low as possible (for example, impurities) or as higltation range. The minimum value of either (5) or (6) is used for
as possible (for example, strength), interpretation of the’ Ppkiwo-sided specifications. With one-sided specifications, either
index should not be used to permit intentional contamination of5) or (6) is used, as appropriate.
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Ppk’ = (USL—-X)/3 s (5) 8.1.1 A description of the product and the property being
or reported.
PPK = (X — LSL)/3s ) 8.1.2 Time period of production chosen for analysis.
8.1.3 Pp (for two-sided specifications only) and Ppik-
where: Xes

b de
X = mean value of process property for the period as ,
specified in 6.6. 8.1.4 Producer's USL, LSL, and target value.

7.6 If the process center is outside the specification limits, 8-1-5 Mean, standard deviation and number of test results.

negative values of Pplkwill result. 8.2 If a histogram was prepared, it may be included in the
7.7 A histogram prepared from the individual results will report.

increase understanding of the nature of the data distribution.

increase understanding of the nature of the data distribution9. Keywords

9.1 performance index; PpPpK; producer’s process per-

8. Report
P formance

8.1 The report shall include the following as a minimum:

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
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