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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

In pneumatic fluid power systems, power is transmitted and controlled through a gas under pressure
within a circuit. Pneumatic fluid power systems are composed of components and are an integral part
of various types of machines and equipment. Efficient and economical production requires highly
reliable machines and equipment.

It is necessary that machine producers know the reliability of the components that make up their
machine’s pneumatic fluid power system. Knowing the reliability characteristic of the component,
which can be determined from laboratory testing, the producers can model the system and make

dec

The

a)
b)

c)

Eac

identify possible failure modes and eliminate them or reduce thejt effect on reliability. When
available, in-house laboratory reliability tests are run{and initial reliability can be determined.

are
Rel
lifef
are

Spe
ISO

sions on service intervals, spare parts inventory and areas for future improvements.
re are three primary levels in the determination of component reliability:
preliminary design analysis: finite element analysis (FEA), failure mode and effect analyj

laboratory testing and reliability modelling: physics of failure, reliability predi
production evaluation;

collection of field data: maintenance reports, warranty analysis.

h level has its application during the life of a component. A preliminary design analysis

ability testing is often continued into the initial production run and throughout the
ime as a continuing evaluation of the component. Collection of field data is possible whe
operating and data on their failures are availablex

cific component test procedures and excldsions are provided in ISO 19973-2, IS
19973-4 and ISO 19973-5.

is (FMEA);

Ction, pre-

s useful to
prototypes

production
n products

) 19973-3,
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Pneumatic fluid power — Assessment of component

re

liability by testing —

Part 1:
General procedures

1
Thi

of pneumatic fluid power components and the methods of reporting. These procedures are ir

of t
Thi

NO'I
inte]

Thd
3-5

deal with them is given in Annex F.

2

Thd
and
und

ISO
inp
ISO

ISO
usin

ISO

ISO
Cyli

Scope

5 part of ISO 19973 provides general procedures, the calculation method for assessing th¢

he kinds of components and of their design.

b reliability
dependent

E Because the service life of any component is subject to variatigns, a statistical evaluatio
Fpretation of the test results.

methods specified in this part of SO 19973 apply to the first failure without repairs (see
, but exclude outliers; however, because outliers can bé-highly significant, information alj

Normative references

following referenced documents, in whole*or in part, are normatively referenced in this

ated references, the latest edition of the referenced document (including any amendmen

3534-1, Statistics — Vocabulary’and symbols — Part 1: General statistical terms and
robability

5598, Fluid power systeins and components — Vocabulary

6358 (all parts), Paeumatic fluid power — Determination of flow-rate characteristics of g
g compressible fluids

10099, Pneuntatic fluid power — Cylinders — Final examination and acceptance criteria

19973:3y/Pneumatic fluid power — Assessment of component reliability by testing
nderswith piston

5 part of ISO 19973 also provides general test conditions and a meth¢d)for data evaluatiol[u.
assists the

[EC 60300-
out how to

document

are indispensable for its application:>For dated references, only the edition cited applies. For

[s) applies.

ferms used

omponents

— Part 3:

ISO

80000-1, Quantities and units — Part 1: General

IEC 60050-191, International Electrotechnical Vocabulary, chapter 191: Dependability and quality of service

IEC 61649, Goodness-of-fit tests, confidence intervals and lower confidence limits for Weibull distributed data

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 5598 and

IEC
3.1

60050-191 and the following apply.

catastrophic failure
failure of an item that results in its complete inability to perform all required functions

© ISO 2015 - All rights reserved
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3.2

confidence coefficient
confidence level
value (1 - a) of the probability associated with a confidence interval or a statistical coverage interval

Note 1 to entry: See also 3.6.

Note 2 to entry: See ISO 3534-1 for notes related to this term and definition.

3.3

confidence limit

either of t
confidence

€ HMITS, 11 or 13, of the two-stded confidence Imtervat, or the Hmit, 1, of the one-s
interval

Note 1 to enftry: See ISO 3534-1 for notes related to this term and definition.

3.4
failure

terminatio.[l

Note 1 to e
considered

of the ability of an item to perform a required function

try: In the ISO 19973 (all parts), the reaching of a threshold level for statistical calculation is
h statistical failure (see Annex A).

[SOURCE: I[EC 60050-191]

3.5
one-sided
T

interval es
parameter,
p(T = 0) or

confidence interval

timator for a parameter, 6, comprised of the intexval from the smallest possible value of
0, up to T or the interval from T up to the largest possible value of @, where the probab
p(T < 0) is at least equal to (1 - a), where (1< a) is a fixed number, positive and less thar

Note 1 to enftry: See ISO 3534-1 for notes related to this:term and definition.

3.6

relevant failure

failure tha
reliability |

should be included in interpreting test or operational results or in calculating the value
performance measure

[SOURCE: IEC 60050-191]

3.7
reliability
probability

that an itemcan perform a required function under given conditions for a given time inte

[SOURCE: I[EC 60050+191]

3.8

sample

ded

hlso

the
lity

of a

rval

one or more test units taken from a population and intended to provide information on the population

Note 1 to entry: A sample can serve as a basis for a decision on the population or on the process that produced it.

39

sample size
number of test units in the sample

Note 1 to entry: In a multi-stage sample, the sample size is the total number of test units at the conclusion of the
final stage of sampling.

© ISO 2015 - All rights reserved
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3.10

three-point moving average

3PMA

arithmetic average of three consecutive measured component’s test data

3.11

threshold level

value of a performance characteristic (for example, leakage, shifting pressure, stroke time, etc.) against
which the component’s test data is compared

Note 1 to entry: This is an arbitrary value defined by the experts as the critical value for performance
comlparisons, but is not necessarily indicative of a component failure.

4 (Symbols and units of measurement

4.1| The symbols used in this part of ISO 19973 are given in Table 1.

Table 1 — Symbol list

Symbola Definition

B1o Expected time at which 10 % of the population is predictéd to fail (10 % of the lifetime
distribution)

(Blo)9s % |B1o life at the one-sided 95 % confidence level

n Scale parameter (characteristic life) of the Weibull distribution

F(t) Probability of failure, expressed in percent

B Shape parameter (slope) of the Weibull distribution

R(t) Reliability of a component at time ¢t ; -F(t)

t Life time expressed in time, cycles;-or distance

a  |Other symbols can be used in other docnments and software.

4.2| Units of measurement are.in accordance with ISO 80000-1.

5 [Concept of reliability

For|the purposes ofhis part of ISO 19973, reliability is the probability that a component dog¢s not have
a relevant failure, for a specified interval of time, number of cycles or distance when it operjates under
statled conditigns.

A rglevantfailure occurs when

— |ecomponent data, determined using the three-points moving average (3PMA), exceeds g threshold

1 1L 4+ £3 Ry L 10 22
ICVICT IUL U1ICT TIT ST UITTIT LDCC LU.LJ, Ul

— acomponent experiences a catastrophic failure (burst, fatigue or functional failure, etc.).

Threshold levels of the components covered by ISO 19973 (all parts) are specified in the component-
specific parts of this International Standard.

This probability can be determined by analysing the results of a series of tests and describing the
population failure by statistical methods. There are many different statistical distributions that
describe the population of failures that result from testing.

It is also possible to verify the minimum life of a component by the one-sided confidence estimation at a
specified reliability level. Examples are given in Annex E.

© IS0 2015 - All rights reserved 3
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6 Strategies for conducting testing

6.1 Assumptions

The reliability of pneumatic components in an application depends on many environmental factors,
including pressure, temperature, dew point and contamination level of the compressed air, externally
imposed loads, duty cycle, etc. Any prediction of the reliability of an individual component, therefore,
shall take all of these environmental factors into consideration.

This part of ISO 19973 is based on a prescribed level of stress, test conditions and duty cycle that

reflects the

conditions
a user can

In particul
stress leve
for test me

6.2 Test

Two other
designed t
affect the 1
during the
parameter

6.3 Test

Proper tes
reliability
defined if g

7 Statis

The result
methods is
This meth
Examples

NOTE

8 Test ¢onditions

]LJCDt judscxucut Uf itb dCVC}U}JCl ) tU I Cl)l CDCllt ty Piba} illdubtl icll LUllditiUllD. It a}ou illL}L
that provide consistency in the test method. Thus, the results can be used as a reference
hpply to judge against any other set of conditions.

hr applications, the requirements of this part of ISO 19973 may be modified to suit a spe
, test condition or duty cycle. However, such testing shall follow all of the othertrequiremg
thods and data analysis specified in this part of ISO 19973.

stand and measurement of parameters

mportant factors are the test stand and measurement of parameters. The test stand shal
b operate reliably within the planned environmental conditions. Its configuration shall
esults of the test being run on the component. Evaluationyand maintenance of the test st
reliability test program is critical. The accuracy of parameter measurement and contr
values shall be within the specified tolerances to ensure accurate and repeatable test res

planning

[ planning is essential in order to produceresults that accurately predict the compong
inder specified conditions. The goals,and objectives of the test program shall be cle
supplier and user agree to apply 1SQ19973 (all parts).

tical analysis

ng test data shall be evaluated for assessing the reliability. One of the most commonly y
the Weibull analysis heeause of its versatility in modelling various statistical distributi

f applying Weibulhanalysis are given in the Annex C and Annex D.

ommercial sgftware can be helpful for this purpose.

des
that

Fific
bnts

1 be
not
and
I of
Its.

nt'’s
hrly

sed
bns.

bd shall be used for‘the analysis of the test data to ensure comparability of the restlts.

that

8.1 Testiag

relates to the component tested, including the test parameters that are measured and threshold levels
specified for each test parameter.

8.2 Norepairs are permitted on the test units during the reliability test.

8.3 Unless otherwise specified in the relevant part of ISO 19973 that relates to the component being
tested, or when agreed between the user and supplier, all tests shall be carried out under the conditions
specified in Table 2.

© ISO 2015 - All rights reserved
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Table 2 — General test conditions

:2015(E)

Parameter

Value

Test pressure

630 kPa + 30 kPa (6,3 bar + 0,3 bar)

Ambient temperature

23°Cx10°C

Temperature of the medium 23°C+10°C
Filtration: nominal filtration rating 5pum
Dryer: maximum inlet or test pressure dew point2 +7 °C

Lub rication

None.

a  |Testing at dew points of less than -20 °C could result in shorter lifetimes.

8.4| Temperature changes due to thermodynamic processes while pressurizing anddepress
units should be considered during the setup and initial running period of the first‘day. If the tg
chapge of the test unit’s body exceeds +20 °C during the initial running period the test frequg
be 4djusted. Later adjustments of the test frequencies are not permitted.

8.5| During the endurance test, test units shall be operated continuqusly, and the measuriry
for recording data shall be determined taking into account the expetience and judgement of]
conducting the test. A measuring interval of one week is recommeénded.

8.6| Except for cylinders, the volume at outlet ports depends on the component’s sonic cond
as determined in accordance with ISO 6358 (all parts). The volumes shall meet or exceed th

valyes given in Table 3.

NOTE During testing, the volumes at the outletiports can become hot. It is necessary to t|

profect personnel.

Table 3 — Minimum volume at the otuitlet ports, based on component’s sonic condu|
Sonic conductance Minimum volume
C at the outlet ports
dm3/(s*kPa)(ANR) cm3
0< 0,004 2
0,004 <(C<0,04 10
0,04<C<0,12 25
0,12<(C<0,2 50
0,2<C<04 100
c>04 200

9 Sample si1ze and selection criteria

9.1 The samples shall be representative of the population and shall be selected randomly.

9.2 The minimum sample size shall be seven test units.

irizing test
mperature
ncy should

g intervals

the people

uctance, C,

e minimum

hke care to

ctance

NOTE It is important that the sample has at least seven test units in order that the first data point on the
Weibull graph is below the 10 % cumulative-failure point. This allows a more accurate projection of the lower
confidence limit lines to intersect the 10 % cumulative-failure point and determine a B1g life.

9.3 For a product series with the same design principle, it is not necessary to test all types or sizes.
However, the test program shall include the type with the most critical conditions, for example, highest

stress caused by velocity or load.

© ISO 2015 - All rights reserved
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10 End of test

10.1 Minimum number of failures required

The minimum number of test units that are required to fail (e.g. reach a threshold level) is described in

Table 4. Th

NOTE

is number does not include suspensions, which are not considered failures.

wider confidence interval and a shorter (B1¢)95 o, life at the lower confidence limit.

It is desirable to achieve at least 10 failures in accordance with IEC 61649. Fewer failures result in a

ble4—Mimimmum mumber of faitures forevatuatiomof thechraracteristic tife

Sample size

7 10 |>10

Minimum n

umbers of failures 7 |70 % of the sample size

10.2 Tern]

A test unit
First, dete
shown in /
shall have

10.3 Tern]

The termination life shall be the last time at which the three*point moving average did not exg

the thresh
terminatio|
suitable m

10.4 Susy

Testing on

suspensior
a unit

a unit

Suspensior
therefore b

10.5 Cent

If the test

h life is desired, performance of a test unit can be monitored with limit switches or of

nination time of a test unit

shall be terminated from testing when its life reaches the first failure)calculated as follg

Annex A). When the three-point moving average exceeds the threshold value, the test
reached a first failure and shall be terminated from testing.

nination life

pld, or the time preceding a catastrophic failufe: If a more precise determination of

bans to detect failures.

ended test unit

an individual test unit may be stopped before a relevant failure occurs. This is known
. Some examples of suspensionis include

Wwhich has been disassembled for inspection, or
which has been accidentally crushed.

s have an inflience on the result of calculating the statistical parameters and shc
e considered;See Annex D.

sored test

is-stopped after the minimum number of failures specified in Table 4 is reached but

WS:

'mine a three-point moving average of the test data on a continfious basis (an example is

Init

eed
the
her

AS a

uld

the

oes

remaining

test units are still operating, the test shall be considered censored. If the censored test d

not include any suspensions, the method specified in Annex C should be used to calculate the statistical
parameters. If the censored test includes one or more suspensions, the method specified in Annex D
should be used to calculate the statistical parameters.

11 Evaluation of reliability characteristics from the test data

11.1 To improve the interpretation of the calculation results, the failure mode shall be specified and

recorded.
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11.2 The Maximum Likelihood Estimation or Median Rank Regression shall be used to determine
the best fit of the Weibull curve to the test data, and the Fisher Matrix shall be used to determine the
confidence bounds.

11.3 Calculations shall be made from the test data to determine the following:

— characteristic life, : relative location of the straight line in the Weibull plot relative to the x-axis
(time or scale parameter);

— Weibull shape parameter, f: slope of the straight line in the Weibull plot.

114 Calculate the B1g life at the best fit line (see Figure 1, key b).

NOTE See Annex D for information on how to deal with censored data with suspensions.

11.p Calculate the confidence limit of the (B1g)gs o, life at the lower 95, %, confidence] level (see
Figlire 1, key a).

© IS0 2015 - All rights reserved 7
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50,0 // |
"' 4 i.l.'
s lr 1
/ vl
S 19 11
‘/ -
3 a /' b A ,'.
NI ! I
Ny L 14 |,
10,0  — —
% 7/t HEN|
4 I I L] T
¢ // I : I
5,0 - }
4 / : 1 |
L / | ; I
'I‘ I :' i
— /1A |
""’ / I l:: 5 I
1,0 s / | H h > X
1.00E+6 10.0E+6 100E+6
Key
X number of cycles to failure, t a  (B10)os o life at the lower, one-sided 9p %
confidence level.
Y probabljlity of failure, expressed as a percentage b Bqg life.
1 bestfitfline, determined by the Maximum ¢ Characteristic life, n.
Likelihgod Estimation
2 lower cpnfidence limit at 95 %, obtained by Fisher Matrix
3 10 % fdilure probability line
4 63,2 %lfailure probability line
5 upper donfidence limit at5.%
NOTE ommercial s¢ftware can be useful in constructing the graphs.
Fjgure 1= Example of how a Bj¢ life value is determined from a Weibull curve

12 Test report
The test report shall include at least the following data:
number of the relevant part of ISO 19973, including the component-specific part number (for

a)
example, ISO 19973-2 for valves);

b) date of the test report;

c) component description (manufacturer, type designation, series number);
d) sample size;
e) testconditions (test pressure, temperature, air quality, frequency, load, etc.);

8 © IS0 2015 - All rights reserved
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f) threshold levels;

g) type of failure for each test unit;

h) Bjg life at the median rank, and confidence limit of (B1g)9s o life at one-sided 95 % confidence level;
i) characteristic life, n, and shape parameter, f3;

j)  number of failures considered and test interval used;

k) method used to calculate the Weibull data (for example, maximum-likelihood, median rank
regression Fisher Matrix);

1) |Weibull plot;

m) |other remarks, as necessary.

13|Identification statement (reference to this part of ISO 19973)

It isjrecommended that manufacturers use the following statement in testireports, catalogugs and sales
literature when electing to comply with this part of ISO 19973:

“Geperal procedures for assessing pneumatic component reliability-by testing performed in accordance
with ISO 19973-1, Pneumatic fluid power — Assessment of component reliability by testingl — Part 1:
General procedures.”

© IS0 2015 - All rights reserved 9
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A.1 Cha

Annex A
(normative)

Determination of the termination life

acteristics of the failure nrocess comnonents
SHEEERS T ES G REe1=2s SGEESS

The failure
exceeded, |
below the
examinatig
failure whd

In order tg
determine

A.2 Thr

The three-

D
ST prT

I PO Ity

process is extremely nonlinear. There are many observations where a failure threshol
but continued testing often results in a test unit recovering from failure, its data goes &
threshold. This phenomenon is a type of “self-repair” that is often explained from phys
ns. Then again, some failure modes hardly change; and at other times there is catastro
re a unitis not functional. There is also a lot of noise in the measured values-ofthe failure m

accommodate these variations, the procedures described in thiscannex shall be use
the life at which a first failure occurs.
pe-point moving average

point moving average (hereafter referred to as 3PMA).is the mean of the values from t}

d is
ack
ical
bhic
bde.

1 to

ree

consecutive measuring intervals, as illustrated in Figure Adrand calculated in accordance With
Formula (4.1):
B I I I | I I I
| | 3PMA1 | | | | |
B .
| | 3PMA3 | | | |
| | | | | | [
a { | | | | |
: ; ; I 3PMA3 : : 3PMA;
| { | | | | | i
| | | | | |
| | | [ | [ [ |
- | | { l | | { | | |
| | | | | | | |
b{ MVy MV MV3 MVy MVs MV; MViiq MV o
| | | | | | | |
| | | | | / | | |
/) >
Key
a  three-ppints nieving average
b  measured.data
i numbe F ofthe mnacnring interval
t life time expressed in time, cycles or distance
MV measured value
Figure A.1 — Calculation rules for three-points moving average
MV. + MV, . + MV,
3
10 © IS0 2015 - All rights reserved
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A.3 Termination life

Because interval data is recorded during a test, the three-point moving average is based on the data
recorded corresponding to the cycle count at the time of inspection.

The termination time shall be the cycle count where the three-points moving average of the observed
data exceeds the threshold level. The termination life shall be the last time at which the three-points
moving average did not exceed the threshold level.

A.4 Examples

A.4.1 Shifting pressure of a valve

Tabje A.1 shows measured data from the immediate shifting pressure in a valve\test. Adcording to
the|manufacturer’s catalogue, the minimum working pressure rating is 0,25 ‘MPa. This yalue then,
is the threshold level for immediate shifting. The light-shaded cells in thetable indicatq when the
megsurements, at a recorded cycle count, exceeded a threshold level. The,tepmination timég, using the
thr¢e-points moving average, is indicated in the dark-sh 11 illion

Thys, the termination life needed for plotting a Weibull curve is 54 million cycles (in accorflance with
10.3).

Tahle A.1 — Recorded data of the immediate shifting pressure of a valve, and its calculjted 3PMA

t MV 3PMA t My 3PMA t MV 3PMA
10° cycles | [MPa] [MPa] 10° cycles |\[MPa] | [MPa] 10° cycles | [MPa] | [MPa]
2 0,16 - 22 0,18 0,19 42 0,20 0,21
4 0,18 - 24 0,17 0,18 44 0,22 0,21
6 0,28 0,21 26 0,18 0,18 46 0,24 0,22
8 0,20 0,22 28 0,16 0,17 48 0,22 0,23
10 0,16 0,21 30 0,20 0,18 50 0,27 0,24
12 0,18 018 32 0,21 0,19 52 0,24 0,24
14 0,15 0,16 34 0,23 0,21 54 0,23 0,25
16 0,16 0,16 36 0,19 0,21 56 0,30 0,26
18 0,20 0,17 38 0,20 0,21 58 0,29 0,27
20 0,19 0,18 40 0,22 0,20 60 0,32 0,30

Figiire A.25s"a graph of the recorded data and the three-points moving average from Table A.1.

© IS0 2015 - All rights reserved 11
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Key
3PMA thr¢e-points moving average
p imrhediate shifting pressure
MV megsured value
t life time cycles by 106
T-LIFE termnination life
TL thre¢shold level
FigurelA.2 — Immediate shifting pressureof a valve with comparison of measured data
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hkage of a cylinder

hows measured leakage data from a 40 mm bore cylinder test. According to ISO 1997
099, the threshold level for leakage of this bore size is 12 dm3/h (ANR). The light-sha
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Cycles.
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Table A.2 — Recorded data of the leakage of a cylinder, and its calculated 3PMA

t MV 3PMA t MV 3PMA t MV 3PMA
10° cycles | [dm’/h] | [dm®/h]| 10° cycles | [dm®/h]| [dm’/h]| 10°cycles | [dm®/h]| [dm®/h]

1 1,00 - 11 1,40 5,20 21 2,00 1,83

2 14,00 - 12 2,00 5,47 22 3,20 2,27

3 1,50 5,50 13 2,10 1,83 23 4,10 3,10

4 1,80 5,77 14 1,80 1,97 24 5,60 4,30

5 1,00 1,43 5 1,90 1,93 25 7,20 5,63

6 2,00 1,60 16 2,00 1,90 26 9,00 7,27

7 1,60 1,53 17 1,50 1,80 27 12,40 0,53

8 1,40 1,67 18 1,80 1,77 28 _ 1510 2,17

9 1,20 1,40 19 1,90 1,73 29 |, -18,00 5,17

10 13,00 5,20 20 1,60 1,77 30 20,00 7,70

Figiire A.3 is a graph of the recorded data and the three-points moying average from Table A.2.

L

dm3/h

20,00 T

TL 12,00
10,00 +

16,00 -
14,00 +

£ B

1
of

8,00

-
e
I

6,00

4,00
2,00

three-points moving average

I f
%

3 :

[N
o

30

life time cycles by 106

Key

3PMA

L leakage rate
MV measured value
t

T-LIFE termination life
TL threshold level

Figure A.3 — Leakage from a cylinder — Comparison of measured data points and the 3PMA
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Annex B
(informative)

Determination of threshold values for leakage rates

B.1 General

The threshpld values listed in the tables in [SO 19973-2 through ISO 19973-5 were determined aecording
to the method described in this Annex. This method allows a systematic determination of threshold
values for pneumatic components. The formulae in this Annex do not describe physical correlationfs or
physical lavs but are used only for the calculation of the threshold values.

B.2 Synibols

The symbdls listed in Table B.1 are used in this Annex.

Table B.1 — Symbol list

Symbola Description SI unit
AL Cylinder bore size mm
C Sonic conductance dm3/(s-kPa)(ANR)
Subscript for critical values, e.g. for thresholdor size —
S Component size
. ] ] ) ] millimetres raised
Representative dimensions or performance data, such as piston diameter or| tq the nth power
nominal diameter.
K Leakage level coefficient dm3/h (ANR]
mm"
m Threshold class (superscript)
Groups of pneumatic components can be allocated to different threshold _
levels by using @threshold class factor. This can be necessary to concern
different quality classes or design principles.
n Slope index-(superscript)
The physical correlation between leakage and its cause is described by the
slopeindex. The value of nis limitedton=1orn= 2.
For linear correlations, such as diameter of a piston or length of a sealing -
device, the slope index1sn = 1.
For squared correlations, such as area of orifices or related energy, the slope
index isn = 2.
Dabs Absolute test pressure MPa
q Threshold value dm3/h (ANR)

a  QOther symbols can be used in other documents.

14 © IS0 2015 - All rights reserved
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B.3 Principle of modelling threshold values for leakage rates

B.3.1 The threshold value, g, expressed in dm3/h (ANR), can be calculated by using Formulae (B.1) and

(B.2):
— ifS=S,
q=K-S"

— ifthe threshold value for a small component (helow a critical size) can be limited to a ce

thatis, if S <S_:

q=q.=K-S!

In Hoth cases, K is determined using Formula (B.3):

K =0,06-p,,_-10"

(B.1)

tain value,

(B.2)

(B.3)

B.3j2 Figure B.1 shows a graph that illustrates threshold values and the influences of different parameters.

lgq A ”:2/

e

/.
7 a
5

n=1

2L

dc

Key
n |slope indexjexamples for n = 1 and n = 2 are shown in the graph
Sc |critical component size
qc |critical'threshold value

a  |Ihfluence of leakage level, K, and threshold class m [see also Formula (B.3)].

Figure B.1 — Graph illustrating threshold values and influences of parameters
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B.4 Leakage-rate threshold values for valves

B.4.1 The leakage-rate threshold for values listed in ISO 19973-2 and ISO 19973-5 were calculated
using the following conditions:

a) Componentsize, S, was related to the valve’s sonic conductance using Formula (B.4):

S=45,9.4C (B.4)

NOTE The factor 45,9 was chosen to meet threshold values that are based on experiences of the experts
of the Technical Committee ISO/TC 131, Working Group WG 4.
b) The crftical component size, S, for all types of valves was set to:

S.=459-10,01 (B.5)

c) The following threshold classes, m, were defined:

—

1) clgss 1.0, to be used for non-return valves and other components from-{SO 19973-5;
2) clgss 1.5, to be used for valves with soft sealing (ISO 19973-2);
3) clgss 2.0, to be used for valves with metal-to-metal sealing (SO 19973-2);

d) The slgpe index, n, was set to equal to 1, because the leakage of a valve is related to the length of{the
internal sealing devices;

e) An abgolute test pressure, paps, of 0,73 MPa was used.

B.4.2 Using Formulae (B.1), (B.2), (B.3), (B.4) and (B:5), the threshold levels can be calculated according
to Formulag (B.6) and (B.7).

g=2,010™-\/C (B.6)
q.=0,2-10™ (B.7)

The resultg are shown in Figure B.2.

B.4.3 The leakage rate_threshold values in ISO 19973-2 and ISO 19973-5 are in accordance with
Figure B.2 [rounded.vatues). For easy application, the threshold values are subdivided into 11 ranggs of
the sonic cpnductanee.

16 © IS0 2015 - All rights reserved
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X SAanic r‘r\nr]nr‘i‘anr‘n’ f" nvpvnccnr‘ in Am?ll(c LrDa){AI\TD)

Y leakage rate, g, expressed in dm3/h (ANR)

1 threshold level for class 1.0 (non-return valves and other components, described in ISO 19973-5)

2 threshold level for class 1.5 (valves with soft sealing; ISO 19973-2)

3 threshold level for class 1.5 (regulators; ISO 19973-4; to be tested at absolute test pressure 0,9 MPa)
4  threshold level for class 2.0 (valves with metal-to-metal sealing; ISO 19973-2)

Figure B.2 — Leakage-rate threshold values for valves and regulators
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B.5 Leakage-rate threshold values for cylinders

B.5.1 The leakage-rate threshold for values listed in ISO 19973-3, were calculated using the
following conditions:

a) Componentsize, S, was related to the cylinder’s bore size using Formula (B.4):

S=AL (B.8)

b) The critical component size, S, for all types of cylinders was set to S¢ = 16 mm;

c) One thireshold class, m = 1,0, is defined for cylinders;

d) The slgpe index, n, was set to equal to 1, because the leakage of a cylinder is related to thedength of
the internal sealing devices;

e) An abgolute test pressure, paps, of 0,73 MPa was used.

B.5.2 Using Formulae (B.1), (B.2), (B.3) and (B.8), the threshold level can be.calculated according to
Formulae (|B.9) and (B.10):

q=0,044-10" - AL (B9)

-

g. =6,0dm’ /h (ANR) (B10)
The result$ are shown in Figure B.3.

B.5.3 The leakage rate threshold values in ISO 19973-3 are in accordance with Figure B.3 (rounded
values). For easy application, the threshold values:are related to six intervals of cylinder bore sizes.
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Figure B.3 — Leakage-rate threshold values for cylinders
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B.6 Leakage-rate threshold values for regulators

B.6.1 The leakage-rate threshold for values listed in ISO 19973-4 were calculated using the
following conditions:

a) component size, S, was related to the regulator’s sonic conductance using Formula (B.4);

b) the critical component size, S, for all types of regulators was set to Formula (B.5);

c) one threshold class, m = 1,5, is defined for regulators;

d) the slope index, n, was set to equal to 1, because the leakage of a regulator is related to the length of

g Formulae (B.1), (B.2), (B.3), (B.4) and (B.5), the threshold level can be calgulated accordling

(Bl11)

(B|12)

e leakage rate threshold values in ISO 19973-4"are in accordance with Figure B.2 (rounded
" easy application, the threshold values are subdivided into 11 ranges of the sonic conductapce.

the internal sealing devices;
e) an absplute test pressure, paps, of 0,90 MPa was used.
B.6.2 Usi
to Formulag (B.11) and (B.12).
q=2,48-10m .Jc
q.=0,248- 10"
The result§ are shown in Figure B.2.
B.6.3 Th
values). Fo
20
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Annex C
(informative)

Calculation procedures for censored data without suspensions

C.1

Con
fail
ast
fun
obs

For
sho
exp|
con

If th
thrg
for

sider a test run on a sample of seven test units of a component, and parametersrelat
ire modes (1, 2, 3) are measured during a reliability test. Raw data from each parameter
he test progresses. When a failure has occurred (either by no longer being able to perform|

brved in satisfactory condition is recorded as the termination life.

the example shown in Table C.1, test unit number 5 experiences a mode 1 failure at the
ivn. The data for other test units are likewise determined from theyobservations when
eriences any failure mode for the first time. These are shown as‘shaded cells in Table C.1
cluded when the minimum number of test units specified in Table 3 fails, in this case, fivg

e manufacturer desires to know more information aboufany test unit that has failed byj
bshold level, testing on that unit may continue. However,further data, such as observed af
estunit 2 and 5 and 41,8 x 106 cycles for test unit 1, shall not be considered in the reliabili

Table C.1 — Example of test unit cycle counts and failure modes

bd to three
s collected
arequired

Ction, or by exceeding the threshold level in a 3PMA), the cycle count at which-the test upit was last

Cycle count
a test unit
The testis
test units.

reaching a
36,6 x 106
'y analysis.

Termination life Failure mode*l Failure mode 2 Failure mode 3
from 3PMA (leakage - seal A) (leakage - seal B) (shifting pressure)

N
12,8 x 106 Test un@mber 5 — —

23,5x10° Test unit number 1 —

32,2x10° — Test unit number 2 —

33,6 x10° Test unit number 2 Test unit number 5 —

41,8x10° Test unit number 3 — Test unit number 1

43,9 x 10¢ — — —

44,9 x10¢ — — Test unit number 6

44,9x 106 Testing ended — test unit numbers 4 and 7 removed from test

uc X d. 14 d d
counts for test units that were continuously monitored.

OTE \(The example illustrates how test units can reach several threshold levels if they continue to be tested beyond t
irst failure mode. The shaded cells indicate which test units experienced a failure mode for the first time. Note also that

n qld nor exne cnce clnodae Dd A pnsSored . a A nad_ O pne e 0 exXample DO crmination-

ne

cle

C.2

C.2.

Calculation procedures

1 In this example, the Weibull parameters are then determined from a Maximum

Likelihood

Estimation, using the termination life for each test unit (an example of the Median Rank Regression
method is shown in D.3.1). Results are graphed on a Weibull plot, as shown in Figure C.1. The failure
points use the cycle count data in Table C.1, and the plot line and Weibull parameters are based on the
Maximum Likelihood Estimation. The confidence limit is based on a Fisher Matrix calculation.
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ults forthe median conditions are:

b

(B10)o9s o, life at the lower, one-sided 9
confidence level = 9,98 x 106 cycles.

B1 life.

Characteristic life = 43,0 x 106.

re C.1 — Wéeibull plot for Maximum Likelihood Estimation (data from Table C.1)

b %

b) slope: f=2,63.

22

teristic life: = 43,0 x 106 cycles;
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C.2.3 Calculate the Bjg life at the best fit line from the two-parameter Weibull equation, with

F(B10) = 0,1, using Formula (C.1) as follows:
F(Byp)=1-e ~(B1o/n)”

2,63
011 _e—(810/43,0x106)

Rlclife' 18 3x108cvcles

C.244 From the Weibull plot, the (B1¢)95 9, life at the 95 % confidence level is equal té 9,98 x

© ISO 2015 - All rights reserved
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Annex D
(informative)

Calculation procedures for censored data with suspensions

D.1 Gen

ral

This examj]
others con
acceptable
for inspect
and shall b
continued

D.2 Exal

Consider a
and 3) are
progresses
or by exce
satisfactor

See Table |
recorded f
shown in t
unit numb
shown. Acq
to fail in on

finue to be tested. Reasons for such removal shall not be related to the objective.'of-th
reasons include equipment failures, external damage (e.g. fire, falling object, ete.), rem
ion or any other reason. Any unit that is removed shall not be returned to the'test prog
e classified as a suspension. See C.1 for an explanation on how failed test/units may ye
bn test for supplementary manufacturers’ information.

mple test setup and test results

test run on a sample of 12 test units and parameters related to three failure modes
measured during a reliability test. Raw data from each{parameter are collected as the
. When a failure has occurred (either by no longer being.able to perform a required funct
bding the threshold in a 3PMA), the cycle count at which the test unit was last observe
iy condition is recorded as the termination life.

D.1 for an example of the data collected during such a test. The data for the test units
‘om the observations when a unit fails by _any failure mode for the first time; these data
he shaded cells in Table D.1, along withhdata from suspended test units. For example,
br 5 reaches a threshold level for a mode 3 failure (shifting pressure) at the last cycle cc
ording to Table 4, it is necessary for-at least 70 % of the sample size (that is, nine test uf
der for the test to be considered\complete.

ble illustrates a case in which some test units are removed from testing prior to failure) v}
e

ile
est;
val
fam
t be

1, 2
test
ion,
d in

are
are
test
unt
its)
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Table D.1 — Example of test-unit cycle counts and failure modes
for a sample that contains suspended test units

Termination life

Failure mode 1

Failure mode 2

Failure mode 3

tq

from 3PMA (leakage - seal A) (leakage - seal B) (shifting pressure)
3,2x 106 — — Test unit number 5
6,2 x 106 — Test unit number 12 —
12,5x 106 — Test unit number 1 —
15,0 x 106 Test unit number 4 removed from test for detailed inspection
18,0 x 106 Test unit number 9 — —
24,2 x 106 — — Test unilxé'u%ber 2
33,6 x10° Test unit number 2 Test unit number 8
35,0x 106 Test unit number 10 removed from test due to test equipment failure
40,8 x 106 — — '\ \I‘est unit number 3
44,1 x109° Test unit number 11 Test unit number 9 —
559x 106 Test unit number 6 — Test unit number 1
55,9x10° Testing ended — test unitfaumber 7 still operating

NOTE  The example illustrates how test units can reach several threshold levels if they continue to be tested beyond their

ist failure mode. The shaded cells indicate which test units experienced afailure mode for the first time. Note also thatfone
st unit did not experience a failure mode and was censored at the end- of the test. This example shows termination-cyycle
unts for test units that were continuously monitored.

D.3

D.3
the
sho

regl

Calculation procedures

1 In this example, Weibull parameters are then determined from a Median Rank Regreg
termination life for each test.unit (an example of the Maximum Likelihood Estimation

sion, using
method is

wn in C.2.1). Results are graphed on a Weibull plot as shown in Figure D.1. The failure points use the

cycle count data in Table D.1) and the plot line and Weibull parameters are based on the mledian rank
ression. The confidence)limit is based on a Fisher Matrix calculation.
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Figure|D.1 — Weibull'plot for Median Rank Regression that contains suspended test units
(data from Table D.1)
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D.3.2 Results for the median conditions are:

a)
b)

characteristic life: n = 41,7 x 106 cycles;

slope: f=1,1.

D.3.3 Calculate the Bjpg life at the best fit line from the two-parameter Weibull equation, with
F(B10) = 0,1, using Formula (C.1) as follows:

2/ X
01_ e

D.3

By life 5,39x10° cycles.

4 From the Weibull plot, (B10)95 9, life at the 95 % confidence level is equal to 1,94 x 10p cycles.
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Annex E
(informative)

Verification of minimum life at a specified reliability and one-
sided confidence level

E.1 Objective

Itis desireql to conduct a test to verify that a product has a certain minimum life at a specified.reliab]lity
and one-sifled confidence level. Such a test does not generate a failure distribution; it anly proves that
a distributjon might exist that is greater than the one used for the verification. The-advantage of this
method is that the testing time is shorter than that specified in Clauses 9, 10 and 1K

E.2 Assumption

The reliabflity distribution is Weibull and its slope is known, either from historical data, engineefing
judgementfor a combination of both. The life at a given reliability value and one-sided confidence levgl is
declared and a test is conducted to verify that the declaration is trué.

E.3 Procedure

The testis fonducted in accordance with the relevant patts of ISO 19973, following the same proceduyres
as for a stajndard reliability test. A test duration is calculated and none of the test units may fail dufing
the condudt of the test. An alternate procedure is.also available that allows one failure, but it requjires
longer testling time. If the test is successful, théproduct has at least the life at the reliability value pnd
one-sided ¢onfidence level declared. It is alsé-possible that the life can be longer.

E.4 Synibols
Table E.1 — Symbol list
Symbol Definition
t Test duration for testing without failures
tp Minimum life at the declared reliability value and confidence level
n Number of test units tested
Shape parameter (slope) of the Weibull distribution
B; Expected time at which i % of the population fails
R(t),also1-p Declared reliability of a component at the time ¢
p Probability of an individual unit failing the test
T4 Declared one-sided confidence interval
E.5 Problem

E.5.1 Definition of problem and development of equations

E.5.1.1 Develop an equation to calculate the duration of a test that verifies the minimum life of a
component at a declared reliability value and one-sided confidence level, using a given Weibull slope.
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E.5.1.2 There are only two possibilities for the test to verify the declaration statement: either it
succeeds or it fails. Thus, a binomial equation can characterize the test outcome, where the probability of
test success, p(y), is as given in Formula (E.1):

p)=Cp”q" ) (E.1)
where
|
cno_ (E.2)
Y yl(n-y)!

E.5]1.3 In this case, p(y) is the probability that from a group of n test units, y test units fail before the
end| of the test. Because the objective is for all test units to pass, y is set equal to 0 and the terms in
Forpnula (E.1) reduce to those given in Formulae (E.3) to (E.6):

ch=1 (E.3)
p? =1 (E4)
g=1-p (E-5)
p(0)=(1-p)" (E.6)

E.5/1.4 The probability, p, of an individual unit failing before the end of the test is gs given in
Forpnula (E.7):

p=1-R(t) (E.7)

where R(t) is the reliability of the test/units.

E.5]1.5 The overall probability; p(0), of the test succeeding is as given in Formula (E.8):

p(0)=(1-T4) (E.8)
Formulae (E.9) and(E.10) can be derived by substitution into Formula (E.8):

(1-T4) =0 p)" ={1-[1-R(6) ]} =R(t)" (E9)

I6R(t)=1In(1-T,) (E.10)

It

E.5.1.6 The cumulative reliability, R(t), can be expressed in terms of the Weibull equation, as given in
Formulae (E.11) to (E.13):

R(t)=e \" (E.11)
P

InR(t)= —[—j (E.12)
n
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[—1nR(t)]% :% (E.13)

For a particular value at tp, Formulae (E.11) to (E.13) take on the form of Formulae (E.14) to (E.16),
respectively:

_ thﬂ
Rit,)=e \" (E.14)
L P
lnR(tp):—[?pJ (El15)
1 tp
[-InR(g,)]# - (El16)

E.5.1.7 Tpking the ratio of Formulae (E.13) and (E.16) results in Formula (E.17):

1

t | IRE) |B (E|17)
t, | WfR(t,)

Substituting Formula (E.10) yields Formula (E.18):

1
fn[1-1,]| "
t=t, +r— (E}18)
InR(t,)
1
Ih(1-Ty) |#
t=t, 1h@=Tq) (E{19)
1 lnR(tp)
1
A B
t=t, (-1-) (EJ20)
where
In(1-T,
A n(@-Ty) (Ef21)
InR(t,)
E.5.1.8 I Rf{tp) = 1 - p;, where p; is the proportion of test units failing at level i (for example, B1¢ is{the
o —_—

apply to many circumstances.
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Figure E.1 — A values for various B; at various declared one-sided confidence leve¢ls, Tq

E.5|2 Example problem

For|how long is it necessary to test; 10 pneumatic cylinders to demonstrate that they represent a
population with a (B19)95 o life of 10 000 km at a one-sided 95 % confidence level, if a similar{design has
a Weibull slope of 2,0?

Using Formula (E.20):

1
2

1
b=t [217 —10%km| 2823 12 _ 16860 km
Pl p 10

E.q Specific application

E.6{1DDefinition of problem and development of equations

Consider the case for (B1g)9s o, life at a one-sided 95 % confidence level. Rearrange Formula (E.20) and
designate the resulting ratio as the test life ratio, L, as given in Formula (E.22):

1
t n

p
where t = tp-L.

For this application, A = 28,43, from which the life ratios in Table E.2 can be determined.
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Table E.2 — Values of life ratios for various Weibull slopes and number of test units tested

Life ratios

L
Number of units tested Weibull slope

n B

1,0 1,5 2,0 3,0
2 14,2 5,87 3,77 2,42
3 9,48 4,48 3,08 2,12
4 7,11 3,70 2,67 1,92
5 5,69 3,19 2,38 1,78
6 4,74 2,82 2,18 1,68
7 4,06 2,55 2,02 1,60
8 3,55 2,33 1,89 1,53
9 3,16 2,15 1,78 1,47
10 2,84 2,01 1,69 1,42

E.6.2 Example problem

How long if it necessary to test seven pneumatic cylinders in order{to"demonstrate that they repre
a populatign with a (B10)9s5 o, life of 10 000 km at a 95 % one-sided confidence level, if a similar de

has a Weibjll slope of 2,0?

Using ForrIula (E.22) and the values for L from Table E.2:

t=tp-L =10 000 (2,02) =20 200 km
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Annex F
(informative)

Dealing with outliers in test data

General
Fenera:

Sonmetimes a data point is suspect of being an outlier, not belonging to the populationh ¢
the[test. Reasons for the suspicion can include doubt about the accuracy of its collection, t

bllected in
bmporarily

inappropriate conditions during the test, human error, or some other anomaly that is not repeated.

There are literally hundreds of methods developed to analyse outliers and mdny of these ar¢ described

in [$0 16269-4. The user is encouraged to review these and apply them because they are a c
mefhods developed by the experts in this field.

Befpre claiming that a data point is an outlier, examination for reasons should be made as t

an
At 1
wit

F.2

F.2.1 The method described in this annex may*be used as an alternative to any other m

bas

Thi

bllection of

b why such

nusual value has been recorded. This often leads to corrective@ctions, which are alwayg beneficial.
he least, a reason for obtaining the unusual value may be.justification for declaring if an outlier

hout any analytical exercise.

Principle of the method used in this Amnex

ethod. It is

bd on the principle that a data point is declared an outlier if its squared residual, plotted in] a separate
Weibull distribution, is located in the 5 %-.{ail of the probability density function (pdf) of that Weibull.

b is illustrated in Figure E.1.

Weibull pdf with 0<f<1, =1, and f>1

a) Residuals measured in y-axis b) Squared residuals plotted as a Weibull

Figure F.1 — Illustration of the principle described in this annex

F.2.2 The distribution of the squared residual Weibull can vary, depending on the data.
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F.2.3 Those data points located in the 5 % tail may be excluded from a revised analysis of the raw test
data but should be reported as outliers.

F.3 Description of the calculation method

F3.1 Organize the raw failure life test data into a table sorted by ascending life, as shown in the first
three columns of Table E1. Include the suspected outliers but do not include any suspension. Enter
values of the median ranks in the median rank plot position column. Values of X and Y are the locus of
data points in the Weibull plot of the basic test data as shown in Figure E1, a).

Table F.1 — Raw failure life test data to be used to calculate outliers

Test unit Order Cycles at Median MLE value | Residual Residual Tail
number number failure rank plot Squared
position
X y y’ r K2 %
1
2
3

F.3.2 Calculate the unreliability value (y) of the Weibull curve.atéeach failure life of the test dath as
shown in Fjgure E1, a), as described in Formula (F.1) and enter themin the MLE value column of Table E.1.

x—0
n

y =1|-e F.1)

x  isthe failure life;

n is the characteristic life;

B is the Weibull slope;

6 isthe minimum life (for a three-parameter type).

The values|of , f and § ase.ebtained from the Weibull plot of the raw data using the Maximum Likelihpod
Estimate (MLE) methodfor obtaining the Weibull regression line.

NOTE epending on the software used, values of n may have to be adjusted if the Weibull plot is a thjree-
parameter fypex

F3.3 Determine the residual, r, for each entry as shown in Figure F.1, a) and described by Formula (F.2):

r=y-y (F.2)

where
y isthe median rank plot position;
y' is the MLE value.

Enter the values in the residual column of Table F.1, then square these values and enter the results in
the r2 column of the same table.
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F3.4 Using the squared residual values as an independent variable, plot a Weibull curve using the MLE
method, and determine the parameters (7, B, §)sr- This establishes the distribution of the squared residuals.

F.3.5 Using these Weibull parameters, calculate the probability tail value remaining for each squared
residual using Formula (F.3), and list the result in the tail column in Table E1 as a percentage:

_[M]ﬂ
Probability tail value (Tail)=1-F (xsr ) =e \

sr (F.3)
wh¢re the subscript sr refers to data from the squared residual distribution.
F3.p Any test unit whose tail value that is 5 % or less may be considered to be an ourtlies. Its failure
life may be discounted in the raw data and the Weibull replotted without the outlier»Howevgr, the final
repprt should describe any discounted outlier.
F.4| Example problem
F.4.1 Consider the example data in the first three columns of Table'F.2:
Table F.2 — Data considered in example problem
1 2 3 4 5 6 7 8
Test unit Order Cycles at Median MLE Residual Squared Tail
number number failure Rank plot value residual
position
X Y y' r r2 %
5 1 48 658 0,067 0,185 -0,118 0,01390 48,8
9 2 51841 0,162 0,267 -0,105 0,01106 55,4
3 3 56 120 0,259 0,409 -0,150 0,02237 34,0
1 4 56241 0,355 0,413 -0,058 0,00336 80,8
7 5 56 864 0,452 0,436 +0,016 0,00025 97,7
2 6 57177 0,548 0,448 +0,100 0,01000 58,2
4 7 57 361 0,645 0,455 +0.190 0,03611 19,8
6 8 59 688 0,741 0,546 +0,195 0,03805 18,3
8 9 59 800 0,838 0,550 +0,288 0,08273 3,7
10 10 79 057 0,933 0,994 -0,061 0,00368 79,4
F.4.2~2) A Weibull plot of the data in the third column using the Maximum Likelihood Estimatjon method

for the regression analysis is shown in Figure E2. This is a two-parameter Weibull curve that gives the
following results:

— 1 (characteristic life) = 61 860 cycles;
— [ (slope) = 6,61;

— § (minimum life) = 0 cycles.
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