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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
establish i ttee: i iZatiorTs; d
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with:{the
Internatignal Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted py the technical committees are circulated to the member bodies for voting:\Publication as gn
Internatignal Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In exceplional circumstances, when a technical committee has collected data-of a different kind from thpat
which is hormally published as an International Standard (“state of the art’, for.example), it may decide by|a
simple mpjority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informatiye in nature and does not have to be reviewed until the data <t provides are considered to be no
longer valid or useful.

Attention|is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISP shall not be held responsible for identifying any or albsuch patent rights.

ISO/TR 10771-2 was prepared by Technical Committee ISO/TC 131, Fluid power systems, Subcommittee
SC 8, Prqgduct testing.

ISO/TR 10771 consists of the following parts, undér.the general title Hydraulic fluid power — Fatigue pressule
testing ofl metal pressure-containing envelopes;

—  Part|1: Test method

— PartP: Rating methods

iv © 1SO 2008 — All rights reserved
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled under pressure within a closed circuit. It
is important for the manufacturer and user of hydraulic components to have information on their global
reliability because of the importance of the fatigue failure mode and the relationship with their functional safety
amd-service tife This part of 1S©—t077tprovides amethodfor fatigue=testingimorderto-verify theTpting of a
pressure-containing envelope.

During operation, components in a system can be subjected to loads that arise from:
—1 internal pressure;
— external forces;

- inertia and gravitational effects;

—1 impact or shock;
— temperature changes or gradients.

The nature of these loads can vary from a single statichapplication to continuously varying amplitudes,
rgpetitive loadings and even shocks. It is important to knowhow well a component can withstand thgse loads,
byt this part of ISO 10771 addresses only the loads duédo internal pressure.

There are several International Standards already in existence for pressure rating of individual components
(g.g. for determining maximum allowable rated pressure) and this part of ISO 10771 is not intended fo replace
tHem. Instead, a method of fatigue verification, is provided.

This part of ISO 10771 describes a universal verification test to give credibility to the many in-house and other
nlethods of determining the pressure rating of the components. Credibility is based upon the fundamental
nature of metal fatigue with its statistical treatment and a mathematical theory of statistical varification.
Nevertheless, it is necessary t6:have design knowledge of the component and its representative spegimens to
nlaximize accuracy of the verification method. The use of this test method can reduce the risk of fatigue failure
fgr a hydraulic component regardless of sample size.

In order to rate companents in accordance with this part of ISO 10771, it is necessary to propose a|rating for
tHe component,¢Select test specimens and select a test pressure. A fatigue test is then congucted in
agcordance with-1SO 10771-1. If the test is successful, the proposed rating is verified for the family of
cpmponents.reépresented by the sample.

This part-of 1ISO 10771 is based on ANSI/(NFPA) T 2.6.1, a standard which was developed and has been
u >ed ln the Unlted States for over 25 years and has been adopted for use in Japan as JSME S006-1985. If
ined, this

part of ISO 10771 might be re-drafted as an Internat|onal Standard in the future.

It should be noted that the test factors in Annex A are based on material data obtained from sources
originating in the USA. One of the objectives in issuing this part of ISO 10771 is to obtain material data from
other countries. The test factors are based only on the material properties and not on any tolerances of the
elements in the pressure-containing envelope.

Annex C describes a possible method for accelerating testing. The example shows how material property data
can be used to determine an acceleration factor and shows that they have to be carefully chosen. Another
objective of this part of ISO 10771 is to seek additional data as described in Annex C. Contributors are asked
to submit any available data to the secretary of ISO TC 131/SC 8.
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Hydraulic fluid power — Fatigue pressure testing of metal
pressure-containing envelopes —

Part 2:

Rating methods

—

Scope

—

his part of ISO 10771 specifies a test method for fatigue rating of the pressure-containing envi
pmponents used in hydraulic fluid power systems, as tested under steady jnternal cyclic pressure
ccordance with ISO 10771-1.

[V e]

This part of ISO 10771 is only applicable to components whose failure mode is the fatigue of any ¢
He pressure-containing envelope, and that:

—

—+ are manufactured from metals;

—1 are operated at temperatures that exclude creep anddow-temperature embrittlement;
—t are only subjected to pressure-induced stresses;

—t are not subjected to loss of strength due tocorrosion or other chemical action;

— caninclude gaskets, seals and otherinon-metallic components; however, these are not consider
the pressure-containing envelope:being tested (see note 3 of 5.5 of ISO 10771-1:2002).

This part of ISO 10771 does not.apply to piping as defined in ISO 4413 (i.e. connectors, hose, tubing

NOTE See I1SO 19879, 1SO.6803 and 1SO 6605 for methods of fatigue testing of tube connectors, hoseg
semblies.

V]

his part of ISO 10Z7%1-establishes a general rating method that can be applied to many hydraulic fl
bmponents. In addition, EN 14359 has been developed for accumulators.

Q -

2| Normative references

Thefollowing referenced documents are indispensable for the application of this document. H

blopes of
loads in

lement in

pd part of

pipe).

and hose

lid power

or dated

£ | +lo P H H P | L | alata sl £ 4l ot 4 P H £ Ll
r ITCTTTTUTS, UMy 01T TUTHUTT LITCU T appPiicsS. T U UlTfuatlCUu TTICITTILCS, UTT 1alCst TUTtiuUIT U UaTrc1

document (including any amendments) applies.

ISO 5598, Fluid power systems and components — Vocabulary

ferenced

ISO 10771-1:2002, Hydraulic fluid power— Fatigue pressure testing of metal pressure-containing

envelopes — Part 1: Test method

© 1SO 2008 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598, I1SO 10771-1 and the
following apply.

3.1

rated fatigue pressure

PR

maximum pressure that a component pressure-containing envelope, selected at random, has been verified to
sustain for the rated cycle life without failure, with a known probability

3.2
assurange level
probability that the fatigue strength of a randomly selected test specimen exceeds its rated fatigue pressure

3.3
verification level
probability that the fatigue strength of a randomly selected test specimen is not less than its cyclic test
pressure

3.4
coefficiept of variation
kO
standard |deviation of the fatigue strength distribution of a material at a given fatigue life, divided by its mean

NOTE Adapted from ISO 3534-1:2006 [1].

3.5
variability factor
Ky
ratio of cyclic test pressure to rated fatigue pressure

3.6
element
part of a component; for example, tie rods on a cylinder, end caps on a valve, bolts on a pump housing

4 Seleéction of material factors

4.1  Select a coefficient of variation, k,, for each type of material in the pressure-containing envelope. The f,
factor shpuld be obtainedcfrom fatigue tests on coupons for the particular temper of material used in the
pressure{containing envelope. The fatigue test method used to obtain this data should be in accordance with
a recogniized national of International Standard.

4.2 Aslan alterhative to testing the specific material, coefficients described in Annex A can be used for the
k,, factor.

5 Determination of cyclic test pressure

5.1 Select an assurance level for the fatigue pressure rating. A nominal value is 90 %.
5.2 Select a verification level for the fatigue pressure rating. A nominal value is 90 %.
NOTE See Annex D for a tutorial that describes these terms.

5.3 Select a number of component specimens to be tested, then determine the number of element
specimens that will be tested in the components.

NOTE The verification is independent of sample size because the test pressure compensates for different quantities.

2 © 1SO 2008 — All rights reserved
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5.4 Determine the variability factor, Ky, for each element in the component using Table 1 and the procedure
described in the example given in Annex B. Use the largest K\, factor so obtained, for the calculations

described in the example.
5.5 Propose a rated fatigue pressure for the pressure-containing envelope of the component.

5.6 Calculate the cyclic test pressure, Pq, using Equation (1):

PCT :KVXPRF (1)
where
Ky, is the variability factor;
PgE is the rated fatigue pressure of the component pressure-containing envelope,
Table 1 — Variability factor, K\, (at a verification levelof 90 %)
Assurance No. of Material coefficient of variation, kob
level specimens
na 0 |0,02|0,04]0,06|0,08|0,10]0,12|0,144,0,16|0,18|0,20|0,22|0,24 | 0,26 | 0,28 | 0,30
1 1,0011,09(1,20(1,32(1,46(1,63(1,83|2/08(2,38(2,77(329( — [ — | — [ | —
2 1,00(1,08(1,16(1,26 (1,38 (1,52(1,6811,88(2,13(245(287( — | — | — [ | —
99,9 % 3 1,00(1,07(1,15(1,23 (1,34 (1,4641,61(1,78(2,01(2,29(2,66 (3,18 — | — [ |— | —
4 1,001,006 (1,13 (1,22 (1,31 1,42(1,56(1,72(1,93(2,19(2,54 (3,02 — | — [ — | —
5 1,0011,06(1,13(1,20(1291(1,40(1,53(1,68(1,87(2,12(2,44(289 — | — [ |— | —
1 1,00|1,08 (1,16 (1,2641,35(1,47(1,60(1,75(1,92(2,12(2,35(2,63 (2,96 — | |— [ —
2 1,001,06 | 1,12.9,20 (1,28 (1,37 (1,47 (1,58 (1,72 (1,87 (2,05(2,26 (2,52 (2,85 |— | —
99 % 3 1,001,051, (1,17 1,24 |1,32(1,40|1,50(1,62|1,75|1,90(2,09]2,31|2,59(2,94| —
4 1,004.65(1,10(1,15(1,21 (1,28 1,36 (1,45(1,55(1,67(1,81(1,98(2,18|2,43(23,74 (3,16
5 1,00 |)1,04(1,09(1,14(1,20(1,26(1,33|1,41(1,51(1,62(1,75(1,90(2,08 |2,31(2,60 |2,98
1 100 (1,05(1,11(1,17(1,23[1,29(1,36(1,44(1,52|1,60|1,69|1,79(1,89|2,00|3,12|2,25
2 1,00(1,04 (1,07 (1,11(1,16(1,20(1,25(1,30(1,35(1,41(1,47(1,54(1,61(1,69(1,77 (1,86
90 % 3 1,00(1,03(1,06(1,09(1,12(1,16(1,19(1,23 (1,28 (1,32(1,37(1,42(1,48|1,54(1,60( 1,67
4 1,00(1,02(1,05(1,07(1,10(1,13|1,16(1,19(1,23(1,26(1,30(1,34(1,39(1,44(1,49(1,55
5 1,00(1,02(1,04(1,06(1,08(1,11(1,13(1,16(1,19(1,22(1,25(1,29(1,33 (1,37 (1,41 (1,46

8] CTest twice the number of specimens if a 99 % verification level is chosen.

b

Use an interpolation of k, values between those tabulated here, or calculate K, from Equation (D.14) in Annex D.

6 Conduct of fatigue test

6.1 Determine the number of cycles, between 1 x 10°% and 1 x 107, for which the component will be rated.

6.2 Subject the test specimens to a fatigue pressure test in accordance with ISO 10771-1 for the number of

cycles determined in 6.1, using the Pt calculated from Equation (1).

© 1SO 2008 — All rights reserved
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6.3 The fatigue pressure test is successful if all of the element specimens selected in 5.3 do not fail as
described in ISO 10771-1:2002, Clause 8.

7 Rating by similarity

It is permitted to extend a verified Pgg to other components of similar shape if it can be shown that differences
between those components and the components tested do not result in any reduction of their fatigue strength
capabilities. Examples of this are components that have smaller ports or different axial lengths but are
otherwise_identical in geometry to the component tested

8 Rati|ng declaration

The Prg proposed in 5.5 will be verified if the requirements of 6.3 are met. A code should bé, applied to the
component to declare its rating as:

Pgrr T Pgrr (in megapascals)/assurance level/verification level/K\, in the test/numbet/of test cycles

EXAMPLE The rated fatigue pressure (12,5 MPa) of a component’s pressure-containing envelope that was tested jat
an assurahce level of 99 %, a verification level of 90 %, a K\, of 1,36 for 2 x 106 cycles; would be declared as:

Pre 12,5 MPa/ 99 %/ 90 %/ 1,36/ 2 x 106 cycles

9 Identification statement (reference to this part of ISO 10771)

Use the following statement in test reports, catalogues and sales literature when complying with this part pf
ISO 10771:

“Method [for fatigue pressure rating conforms t6.J4SO TR 10771-2:2008, Hydraulic fluid power — Fatigge
pressure |testing of metal pressure-containing envelopes — Part 2: Rating methods”.

4 © 1SO 2008 — All rights reserved
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Annex A
(informative)

Material factor database

At Vatues of coeffictentof variation, #,, forcommoniy used metals

Thble A.1 tabulates data calculated from the sources listed in the bibliography.

Table A.1 — Values of coefficient of variation, k,, for commonly used metals

Metal ky
Alloy, low 0,14
Carbon, plain 0,08
Steel Nickel 0,10
Stainless 0,09
Tool 0,10
Iron 0,14
Aluminium (except unalloyed) 0,13
Unalloyed aluminium 0,23
Cobalt 0,13
Nonferrous Copper 0,09
Magnesium 0,17
Monel) 0,27
Titanium 0,12

A.2 Procedures tsed to establish values of coefficient of variation, %, for the metals
isted in Table ‘A1

Al2.1  Values-of k, were calculated from fatigue test data on test coupons that were published in the
gferences(cited in the bibliography. The types of data taken from these references were one of the fgllowing:

—

a) Means, u, and standard deviations, ¢, of normal distributions;

b parameters ot VWeibull distributions;

c) raw data points on S-N curves. From these data, individual coefficients of variation, k,, were calculated at
108 cycles for:

1) normal distributions; k, equals the standard deviation divided by the mean;

1) This is an example of a suitable product available commercially. This information is given for the convenience of users
of this document and does not constitute an endorsement by ISO of this product.

© 1SO 2008 — All rights reserved 5
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2) Weibull distributions; k, were calculated from a formula given in Reference [12]. The formula includes
a gamma function, the value of which was selected as a constant at 0,89 because its variations were

3)

generally less than + 2 % in the range of interest (a few data points went to a difference of + 4 %);

S-N curves; the references had either included limit bands (assumed to be two sigma from the mean)

or actual standard deviation points. These were then used to calculate k, in the same manner as
normal distribution.

a

A.2.2 The resulting k, values (shown as individual values in Table A.2 to Table A.13) include a mix of
notched and unnotched specimens, several different tempers, plus different methods of testing (e.g. axial,

rotating

segregate¢ these data. It is reasoned that the components to be tested will have a variety of tempers\af

notches,

statistically at a conservative value.

A.2.3 Tlherefore, the values given in Table A.1 were derived by assuming that all k, data for a particular
metal grqup are part of a normal distribution, and a value that is greater than 90 % of this distribution was
.|This ensures that the selection is substantially conservative. However, this part of ISO 10771 alloy

the use df a more accurate k, value, which is representative of the specific alloy and temper of the elemenfs

selected

being tedted, if sufficient testing is performed to obtain those data, as described-in 4.1. This approach w
likely yi%d a value that would be more advantageous for a particular application, but less than th
conservalive values presented in Table A.1.

A24

strength

table, if applicable.

eam). However, only those tested at room temperature were used. No attempt was made

50 an application of these published data to components can only be justified if the data are'\treate

Histribution at 108 cycles, but some data are at the endurance limit and these are identified in eaq

Table A.2 — Summary of % 'calculations for iron

[fable A.2 to Table A.13 describe all of the k, calculations.made from the data obtained from
Reference [10], Reference [11], and Reference [13] to Reference [17]».Most of the data are based on th

(0
d
d

S

ill
e

Type Reference Number of distributions kg values @

Armco1)

[11] 1 0,0220

Pearlitic

. a- a. ) a. a.
grey) [15];[17] 8 0,0402; 0,0423; 0,0442; 0,0652; 0,1267; 0,1462;

0,1372
Ferritic (nalleable) [15];[17] 7 0,055%; 0,0596; 0,0649; 0,065%; 0,0752; 0,109
a- a- a. a. a. a.
Nodular (15) 10 0,0292; 0,0402; 0,0492; 0,0652; 0,086%; 0,0942;

0,095%; 0,098%; 0,1732; 0,1852

Fe; 5,5 % Mo; 2,5 %
Cr; 0,5 %|C

[13] 2 0,0286; 0,0477

above

Summary| of all data

(ko) 90 % = 0,1335; (u = 0,0771; & = 0,0440)

(SLOSKTRTY] 28 Conclusion: &, value selected = 0,14

a Datalfrom reference [15] are at endurance limit.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=cc78d5a85dbbb7ee210ca1eb3a49849f

ISO/TR 10771-2:

Table A.3 — Summary of &, calculations for aluminium

2008(E)

Alloy Reference Number of distributions k, values @
Duraluminum) [13] 1 0,0720
356 [15] 2 0,038; 0,042
355 [14] 1 0,0766
1100 [14] 2 0,1742; 0,2377
U,077; 0,0400; U,0527; U,0534; U,0547; 0,0556;
2014 [14];[185] 13 0,0702; 0,0732; 0,1152; 0,1164; 0,421%; 0,1386;
0,1400
0,026; 0,0498; 0,0542; 0,0561;-0,0613; 0,0708;
2024 [14];[15] 14 0,0717; 0,0765; 0,0825; 010974; 0,1039; 0,1190;
0,1404; 0,1840
2025 [14] 3 0,0347; 0,0549; 0,094%
2026 [14] 2 0,0507; 0,0834
2219 [14] 2 0,0701; 0,0705
§052 [14] 2 0,0845; 0,0914
§056 [14] 1 0,0947
5086 [14] 1 0,0640
H154 [14] 1 0,0662
8456 [14];[15] 2 0,012; 0,0708
g061 [14];[185] 4 0,018; 0,027; 0,0478; 0,087
7039 [14] 1 0,1405
1075 [14]:[15] 8 8?gg6%%510557 0,059; 0,0615; 0,0689 0,0906;
7076 [10] 2 0,0413%; 0,05932
7079 [14] 3 0,0560; 0,0942; 0,1486
178 [14] 2 0,0484; 0,0881
R303 [14] 1 0,0434
g Mg Al [14] 2 0,0934; 0,1302
71,5 Zn 2,5 Mg Al [14] 1 0,0570
S:gr:sg\/lec})f all [13];[14]:[15]:[10] 71 (k,) 90 % = 0,1390; 1= 0,0811; o= 0,04%2
(ko) 90 % = 0,1288; 1= 0,0775; c = 0,0400
Rénmove the . Conclusion: sclalec.t kg = 0,13 for| alloyed
1100 data atomimTom;
select k, = 0,23 for unalloyed
aluminium
@  Data from reference [10] are at endurance limit.
© 1SO 2008 — All rights reserved 7
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Table A.4 — Summary of i, calculations for low alloy steels
(containing silicon at less than 1 % and 1 or more of the following: nickel - less than 4 %;
chrome - less than 2 %; molybdenum - less than 0,5 %)

Number of a
Alloy Reference distributions k,values
2340 [13] 6 0,0190; 0,0296; 0,0311; 0,0374; 0,0622 0,0696
3140 [13] 4 0,0145; 0,0283; 0,0435; 0,0919
4140 [13] 2 0,0650; 0,1102
4330 [10] 6 0,0313; 0,0372; 0,0498; 0,0644; 0,1063; 0,1129
0,0525; 0,0819; 0,1023; 0,1037; 0,1219; 041285;
4340 [13] 14 0,1301; 0,1335; 0,1428; 0,1438; 0,1476;0,1484;
0,1600; 0,2035
4340 [11] 4 0,0253; 0,0301; 0,0321; 0,0627
0,0497; 0,0509; 0,0607; 0,0608;0,0640; 0,0795;
4340 (101 10 0,0822; 0,0833; 0,0880; 0,0966
0,0759; 0,0837; 0,0878;)0,0895; 0,1025; 0,1055;
4350 [10] 8 0,1209; 0,1213
AMS 572) [13] 3 0,0341; 0,0385;0;1002
0/ = . .
Summany of all data U , (ko) 90 %=0;1348; u=0,0812; 0=0,0418
a Conglusion: k, value selected = 0,14

@  Data from reference [10] are at endurance limit.

Table A.5 — Summary-of &, calculations for cobalt

above

Metalfand alloy Reference Number.of distributions k, values
Stellite 311) [14] 3 0,0771; 0,1202; 0,1472
S-816 (AMS5765) [13];[14] 4 0,0448; 0,0456; 0,0730; 0,0777
S-816 (AMS5534) [13] 1 0,0646
Summary of all data (131441 8 (k,) 90 % = 0,1269; 1= 0,0813; o= 0,0355

Conclusion: k, value selected = 0,13

© 1SO 2008 — All rights reserved
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Table A.6 — Summary of &, calculations for copper

Number of a
Metal and alloy Reference distributions k,values

100 % Cu [14] 2 0,0522; 0,0804
70/30 Brass [14] 2 0,0153; 0,0735
Cu-7,3 Al BRNZ [14] 2 0,0496; 0,1037
Al Ni BRNZ [10] 1 0,09382

eryllium [10] 1 0,07404
Gopper casting allovs [16] 8 0,0153; 0,0173; 0,0181; 0,0185; 0,0200,)0,0211;
roPP g alloy 0,0234; 0,0514
$ummary of all data ' ' (k,) 90 % = 0,0853; 1= 0,0455; &= 0,0311
] [14];[16];[10] 16 )
gbove Conclusion: k, value seleeted = 0,09
g Data from reference [10] are at endurance limit.

Table A.7 — Summary of & calculations for magnesium

[Metal and alloy Reference Number of distributions k, values
AZ31A [14] 1 00331
AZ31B [14] 1 0,0714
AZB61A [14] 3 0,0854; 0,1705; 0,1735
AZB0A-F [14] 1 0,0457
AZ81 [14] 2 0,0458; 0,0761
4K60A [14] 1 0,1053
2,5 Al Mg [14] 3 0,1152; 0,1444; 0,1702
Jummary of all (4] 19 (k,) 90 % = 0,1694; 1= 0,1031; o= 0,0517
data above Conclusion: k, value selected = 0,17

Table A.8 — Summary of  calculations for plain carbon steel

Group and alloy Reference Number of distributions k, values
1045 [13] 3 0,0273; 0,0581; 0,0682
1050 [11] 1 0,0171
I (,I\ )GC (30_01'\7’){\ 1t faWaV.Eolvd laWalaV.
) SOT O, =, USZT, U — U, Uz
gutmmsry of all [13]:[11] 4
ata above Conclusion: k, value selected = 0,08

© 1SO 2008 — All rights reserved 9
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Table A.9 — Summary of i, calculations for stainless steel

Metal and alloy Reference Number of distributions k, values
321 [13] 3 0,0439; 0,0606; 0,0755
A-286 [13] 2 0,0958; 0,1303
347 [13] 4 0,0302; 0,0491; 0,0802; 0,1162

Multimet N-1551)

[13]

0,0163; 0,0180; 0,0230; 0,0313; 0,0313; 0,0315;

14 0,0325; 0,0367; 0,0381; 0,0407; 0,0427; 0,0544,

0,0547; 00,0574

PH 15-7 [13] 2 0,0676; 0,0936
17-7 PH [13] 4 0,0135; 0,0145; 0,0168; 0,0505;
403 [13] 2 0,0160; 0,0381

Summary|of all data
above

[13]

31

(k) 90 % = 0,0868; 1= 0,0484;, 5= 0,0300

Conclusion: k, value selécted = 0,09

Table A.10 — Summary of i, calculations for tool steel

Metal gnd alloy Reference Number of distributions k, values?®
Tricent!) [10] 3 0,03502;0,04832; 0,05132
Ferrovac]) [10] 1 0,09092
H-23 [10] 1 0,06482
M-10 [13]:[10] 6 0,0672; 0,07042; 0,0707; 0,07142; 0,1032;
0,1087
0,0400; 0,0546; 0,0572; 0,1178; 0,0258;
D (6AC) [13] 4 0.0266
0,0307; 0,0325; 0,0399; 0,0444; 0,0544;
H-11 [13] 19 0,0555; 0,0633; 0,0635; 0,0690; 0,0726;
0,0760; 0,0766; 0,0798; 0,0843; 0,0923;
0,1195; 0,1219
Thermold|J ) [13] 2 0,0251; 0,0724
Timken 16-25-67) [13] 1 0,0231
o/ _ . — . —
Summany of all data _ (k) 90 % = 0,0999; 1= 0,0649; o= 10,0273
bove [13];[10] 37 -
a Conclusion: k, value selected = 0,10

a Datalfrom reference [10] are at endurance limit.

10
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Table A.11 — Summary of i, calculations for titanium

Alloy Reference Number of distributions k,values
Ti-140 (AMS 493) [13] 1 0,0956
0,0385; 0,0480; 0,0514; 0,0514; 0,0556; 0,0557;
Ti-6Al-4V [13];[14] 13 0,0616; 0,0741; 0,0792; 0,0841; 0,0882; 0,1086;
0,1226

TiABS5 (4] ) 8%;5; 8:(1)2%, 0,0637; 0,0794; 0,0837; 0,1003;
Ti-75A [14] 6 0,0298; 0,0380; 0,0413; 0,0508; 0,0621} 0,0626
Ti-150A [14] 2 0,0707; 0,0882

1i-0,2 (0,) [14] 3 0,0422; 0,0461; 0,0906

Ti-0,2C [14] 1 0,0691

Ti-4Al-3Mo-1V [14] 5 0,0961; 0,0979; 0,1338; 0,1450; 0,2041
Ti-5A1-2,55n-0,07(N,) [14] 2 0,0581; 0,0697

Ti-5A1-2,55n-0,2(0,) [14] 1 0.07760

Ti-6Al [14] 4 0,0442; 0,0472; 0,0480; 0,0821

dummary of all data sl " (£;) 90 % = 0,1203 ; 1= 0,0754; o= 0,0850
gbove Conclusion: k, value selected = 0,12

Table A.12 — Summary of &, calculations for nickel steel (nickel content at least 40 %
Alloy Reference Number of distributions k,values

GMR-235 [13] 1 0,0301

Udimet 5001) [13] 1 0,0642

Hastelloy C1) [14] 1 0,0753

Hasteloy R235 4] 2 0,0592; 0,1166

et oo T oo

Ihconel 7181) [14] 3 0,0705; 0,0933; 0,0952

Waspaloy!) [14] 1 0,0714

Ef&gg% £ [14] 3 0,0336; 0,0741; 0,0876

d MoWaspaloy?) [14] 2 0,0327; 0,0741

Surmary-ofal-data T = (k,) 90 % =0,1003; = 0,0690; o= 0,044
above Conclusion: k, value selected = 0,10
© IS0 2008 — Al rights reserved 1
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Table A.13 — Summary of i, calculations for Monel

Alloy Reference Number of distributions k,value
0,2643
Monel [14] 1
Conclusion: k, value selected = 0,27
12 © ISO 2008 — All rights reserved
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Annex B
(normative)

Calculation of variability factor K

1—Generat

Ahnex B provides an example of how to calculate variability factor Kj,.

B.2 Method
Consider a simple pressure-containing envelope consisting of a cylindrical tuhe.with a square head on each
efnd, held together by tie rods and nuts in each of the square’s four corners (see Figure B.1).
1 2 3 4
[ra Z 2
- | V4 ’) )
| % 1
| A
- B a

Kpy
1| square head
2| cylinder tube
3| tierod
4| tierod nuts

Figure B.1 — Pressure-containing envelope

The test operator has chosen an assurance level of 90 % and a verification level of 99 %. Information needed
tq obtainky,values from Table 1 is shown in Table B.1.

Table B1 — Other information needed to calculate X,

Number of actual Number of

Element Material kg . specimens chosen K,
test specimens

from Table 1
Cylinder tube Aluminium 0,13 2 1 1,40
End head Magnesium 0,17 4 2 1,38
Tie rod Steel 0,08 8 4 1,10
Tie rod nut Steel 0,08 16 See example 1,05

© 1SO 2008 — All rights reserved 13
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The value of Ky, for the last row in Table B.1 is calculated as described in the example that follows.
Equation (D.6) in Annex D is used, and is shown here as Equation (B.1).

1+k Z
v = 0l 4 (B.1)
1-koZoy
EXAMPLE The value of K, for the tie rod nut was calculated as:

For an assurance level of 90 %, tail area 4, = 0,10; then, Z, = 1,282.

For g verification level of 99 %, tail area 44 = 0,01, n = 16.
(44 +|44) = 44" =(0,01)"16 = 0,7499, and Z, = - 0,674

y = (0.08)(0.674) _ 4 54 hich is rounded to 1,05
1-(0,08)(1,282)
NOTE 1 Z, =0 at (4, + 4,) = 0,5 and is negative above 0,5.

In the case described above, the highest value of Ky, for any of the elements-s 1,40, therefore, this is the
valug of Ky, that is used to calculate the Pqt.

NOTIE 2 The highest K, value does not always correspond to the highestk value.

NOTE 3 When a verification level of 99 % is chosen, the number of.test specimens is always an even number.

14 © 1SO 2008 — All rights reserved
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Annex C
(informative)

Proposal for an acceleration factor

1—Generat

is proposed that a product can be rated for 107 cycles, but tested for only 108 cycles if it is tested a
pressure.

—

material data for a fatigue strength distribution at both the 106 and 107 livesiare available,
cceleration factor can be determined. This acceleration factor would be a simple_ratjo of the fatigue

L QO =

Jise the stress level in the test samples.

—
).

Diata at the characteristic life are often available for Weibull distributions; and ratios of the cha
sfrengths between those two levels can be used to calculate the acceleration factor. Likewise, dg
mledian life are often available for Normal distributions, and ratios of(the median strengths between
Igvels can be used for the acceleration factor.

br example, an AlISI 4140 steel with a Weibull distributionat 108 cycles has a characteristic fatigue

530 MPa; and the distribution at 107 cycles has a characteristic fatigue strength of 486 MPa. Th
ese fatigue strengths is 1.09. Therefore, the test pressure would be raised by this factor if a 107 cy
as desired with a 108 cycle test. This factor would be in addition to any other factors imposed o
essure.

T S0

pnsiderable judgment would be required jin proposing a pressure rating when using acceleratio
bcause the probabilities of failure during the test are greater.

I2@)

(@]

.2 Extrapolating data to.107 cycles

The number of fatigue strength’ distributions available at 107 cycles is not very abundant. Therefore,
d extrapolate data to 10% cycles is proposed if data are available at three lower levels, but spaced v
slich as 104, 10% and 408cycles.

—

Cpnsider an S-N<urve as shown in Figure C.1:

[ a higher

then an
strength

105 cycles, to that at 107 cycles. The acceleration factor would be applied to the test pressure in order to

racteristic
ta at the
hose two

strength
e ratio of
cle rating
n the test

h factors,

A method
ell apart,

© 1SO 2008 — All rights reserved
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Y A

Xy

10* 10° 108 107

Key
X life, expressed in number of cycles

Y applied stress from testing; and material strength from failures

1 S=CN~P+E, where Sis strength, N is life in cycles; C, D and E are coefficients

Figure C.1 — S-N curve

At each level of life, there is a fatigue strength distributien. A constant probability curve joins each point of the
fatigue sfrength from each of the distributions, and~is suggested to have an equation of the form shown jn

Equation|(C.1).

S=qNDP+E (C.1

Since Equation (C.1) has three unknewn coefficients, it is theoretically possible to determine them from thrge
sets of dqta points. Therefore let these’data points be the pairs:

SUN| @104 SN, @105 S3N; @108

Then, knpwing the coefficients, the corresponding value of S can be projected to N = 107 cycles. This valle
can then pe used to determine the acceleration factor discussed in the previous section.

To begin) re-arrange Equation (C.1) as:

S-EyY»CNPandIn(S-E)=InC-DInN (C.p)

Inserting data points into Equation (C.2) gives:
In(S4—E) =InC - D In N4
IN(So—E) =InC-D In N,

IN(S3—E) =InC - D In N3

16 © 1SO 2008 — All rights reserved
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Subtracting:

IN(S4— E) — In(Sy—E) =D In N, — D In Ny = D(In Ny — In Ny)
Similarly:

In (S4— E) —In (S3-E) =D In N3 — D In Ny = D(In N3 — In N4)

Dividing Equation (C.3) by Equation (C.4):

IN(Sy—E)-In(Sy—E) D(INNy—-InN;) InN,-InN, _c
In(S1-E)-In(S3-E) D(InN3z-InN;) InN3-InNy

1

—

is observed that the right-hand side of Equation (C.5) is a constant.

Q

ontinuing from Equation (C.5):

In(S1—E)—In(Sy —E)=C4In(S1—E)-CyIn(S3 - E)

1
in| 1= =Cqln S17E g S12E
Sy—E Sy E Sy E

uating the logs of both sides, and expanding using the binomial theorem to 3 terms gives Equation

m

S1—E_[S1—E

e s{-eist e+ oG nsi TR 4
S,—E S3—E] B

sS1 - cysl g %q(q ~)s{ P2,

—

is observed that the coefficients of the binemial can be replaced by constants:

C4-1 1 C1-2 C4-1 1 C1-2
C2:C1S1(1 ) C3:EC1(C1—1)S1(1 ) C4:C1S§1 ) C5:§C1(C1—1)S1(1 )

Py

esulting in Equation (C.8):

Sy—E  S{'=CoE+C3E?
Sp—E  §§TYCLE +CsE?

Q

ross multiplying and expanding Equation (C.8):

(51-B)(55" - Cab + CsE?) = (52~ E) 51 - CoF + C3E?)

(C.3)

(C.4)

(C.5)

(C.6)

(C.7).

(C.7)

(C.8)

S1S§1 = S4C4E + S1CsE% = SSVE + C4E? — CgE® = 5871 = S,CoE + SyC3E? — S{VE + CoE? — C3E3

Combining terms results in a cubic equation:

(Ca~C5)E® +[(Cy ~ C3) +(S4Cs —S5C3) | E2 + (52c2 = 54C4+8C1 - 51 )E + (S1S3C1 — 5,581 ) -

© 1SO 2008 — All rights reserved
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Dividing by the first coefficient gives Equation (C.9):

(S1S3C1 —stf1)

C C
(C4 = Co +81C5 —S5C3) 22 (Szcz —81C4 + Sy —531)

3
E° + + E+ =0 (C.9)
(C3-Cs) (C3-Cs) (C3-Cs)
Substituting for the coefficients:
c c @ c
CA_C7+S1CR_S’)C°.) (S2C2_S1C4+S1 ! _S31) (S1S31 —S2S1 1)
p= q= 7=
(C3-Cs) (C3-Cs) (C3-Cs)

This results in the classic textbook cubic Equation (C.10):

E3 +|pE2 + gE+7r=0 (C.1D)
which can be solved with software (also available on the Internet['8l). There, are three roots fo
Equation|(C.10), and one of them should be selected for continued use. This choice js made by examining the
values of| the three roots and selecting the one that is a real number, and less than, the value of S; (it mignht

even be Megative). It can also be necessary to try more than one root and examine-the results.

Returning
S=d

Inserting

to Equation (C.1), and substituting the chosen value of E:
ND+Eand(S-E)=CcN-D

data points and dividing gives:

Sy
So

which can be solved for D:

E]: Ny > =(ﬂJ and In[—S1 EJz—Dln[ﬁJ
- F CNE N2 S2 -E N2

Si—E J
In S F&
__\»2 -D (c.am
Ny
In| —
Ny
Finally, stibstituting known'values into Equation (C.1) again gives:
Sq—|E = cNyP-and
igﬁ =C (C.1R)
Ny
Thus, all three coefficients for Equation (C.1) are now known, and one of the fatigue strength values
(characteristic or mean) at 107 cycles can be determined using Equation (C.13):
S4=CN;P+E (C.13)

18
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Weibull fatigue strength distributions for five materials (both smooth and notched specimens) were found for
cycle lives at 104, 105, 108 and 107 cycles. The equations in Clause C.2 were used to calculate the fatigue
strengths at 107 cycles, and then compared to the published value at 107 cycles. From this, the acceleration

fgetors-were-calculated—Resulisare-summarized-inTable-C4anrdTable-C2-
Table C.1 — Smooth specimen examples
Material 4140 steel H11 steel 4340 steel Alloy steel 2024
Aluminium
Published at 10’ 485,5 MPa 673,1 MPa 620,7 MPa 1079;3'\MPa 186)2 MPa
o |Calculated at 10’ 487,2 MPa 684,0 MPa 609,3 MPa 1082,9 MPa 186{8 MPa
E Error +0,36 % +1,61 % -1,83 % +0,33 % —0J04 %
(2]
'S | Acceleration factor
S | published 1,09 1,12 1,13 1,08 1,22
@ .
5 Acceleration factor 1,09 1.10 1.15 1,08 1,21
calculated
Error -0,36 % -1,59 % +1,86 % -0,33 % -0{28 %
Table C.2 — Notched specimen examples
Material 4140 steel H11 steel 4340 steel Alloy steel 2D24
Aluminium
Published at 10’ 219,3 MPa 675,9 MPa 87,6 MPa 497,2 MPa 92,3 MPa
o Calculated at 10’ 219,7\MPa 677,4 MPa 80,6 MPa 503,1 MPa 92,2 MPa
E Error|  «40,17 % +0,22 % -1,83 % +1,17 % -0,19 %
(2]
s | Acceleration factor
S | published 1,18 1,16 1,81 1,05 1,41
@ .
5 Acceleration factor 1,18 1,16 1,97 1,04 141
calculated
Error -0,17 % -0,22 % +8,70 % -1,15 % +0,19 %
The snaterials used in this comparison were all with three-parameter Weibull distributions and [the data
spurces were Reference [13] and Reference [14].

C.3.2 Observations

The following observations were made.

a) The accuracy of projecting the characteristic and mean life to 107 cycles was very good for all the

© 1SO 2008 — All rights reserved

example materials, except the 4340 notched steel. However, data for this material are questionable
because the notched values for minimum life were very low, resulting in only one real root to its cubic
equation and that was larger than the minimum life at 108 cycles.
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b) The acceleration factor from projected life had good accuracy compared to the acceleration factor
calculated directly from published data.

c) There is a significant difference in the acceleration factor between smooth and notched specimens, for
some of the materials, for example:

1) the pressure increase would double for notched specimens over smooth ones in the 4140 steel. (For
example, if the test pressure for a 106 cycle test were 10 MPa 2), the smooth specimen data would
result in a 0,9 MPa increase in test pressure, to 10,9 MPa, for rating at 108 MPa. If notched data
were used, the increase would be 1,8 MPa, resulting in a test pressure of 11,8 MPa);

2) the pressure increase is about 33 % more for notched specimens than smooth ones in the H11 &teel
3) he pressure increase is actually less for notched specimens than smooth samples in the alloy steel

4) the acceleration factor is unreasonably high for notched specimens in aluminium and the 4340 steel,

C.3.3 Proposal

The examples justify the accuracy of the analysis technique, but selection of(material data for use in|a
standard [should be explored further. The sources cited for the data had some. guestionable values (as notgd
for the 4340 steel), but they had values from a Weibull distribution and not just endurance values. Thereforg,
new data|should be sought with Normal, Weibull, or other fatigue distribution data.

With enoligh data, a proposal could be made for a table of acceleration factors to be used in an Internationgl
Standard

2) 1 bar = 0,1 MPa = 0,1 N/mmZ2 = 105 N/mZ2.

20 © ISO 2008 — All rights reserved
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Annex D
(informative)

Basis of fatigue pressure rating? ©

T Basisof pressure rating
.1.1 Abstract

theoretical development of the NFPA verification method for fatigue pressure rating fluid power co
presented in Annex D. In addition, a method is shown for generating a fatigue Strength distrib
psired life point, using raw data from a fatigue test. Finally, examples are given for using the
pveloped and discussion offered for this technique.

.1.2 Introduction

uid power products are designed to operate in a pressurized condition, which necessitates some cl
anufacturer about pressure-containing ability. There are many standards which describe, in various
detail, just how a fluid power product might be designed for‘a given pressure rating. It has gener
und, however, that the ingenuity of designers tends to.outpace the rate at which design rule

slandardized. The philosophy of this part of ISO 10771, ‘on pressure rating has recognized this

ggests that manufacturers begin with their own methods for assigning a fatigue pressure rating. T
is part of ISO 10771, with its methods of determining material strength variability and usage of
ols to substantiate the proposed fatigue pressurg, rating. That this method employs fundamental

nds itself to a universal application for all fluid power products, if made and used within the limits of]
e. metal only, environment, temperature, etc:):

hnex D is an analytical development of the basis theory for verification. It is offered as an academ
b well as a guide for those wishing to calculate their own test factors.

his paper is divided into\three subject matters: Statistical Analysis Theory (Clause D.2), Fatigue D
ata (Clause D.3) and-a Data Calculation Example (Clause D.4). Clause D.2 assumes that fatigue
stribution data for-the material are available, and develops a verification theory. Clause D.3 desc
w data from a-fatigue test are transformed into the statistical distribution for use in the verification th

ause D.4 uses data extracted from several industry interlaboratory tests in a single examp
eoretical-results.

ponents
tion at a
methods

pim by its

degrees
ally been
5 can be
fact and
hen apply
statistical
concepts,
its scope

he purpose of this part of ISO 10771 then is to define a method by which the claimed pressure rating can be
verified on a fatigue basis.

c tutorial,

stribution
strength

ibes how

eory.

e of the

3)

©

Annex D is reproduced from the Proceedings of the 43rd National Conference on Fluid Power, Chicago, lllinois, USA,
October, 1988.
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D.2 Statistical analysis theory

D.2.1 Objective

Fatigue data necessary for this analysis are a statistical distribution of the material strength at some rated life,

as shown

in Figure D.1.

Y A

Key

X life, e
Y fatigu
1 strend
Sy rated
Ny rated
A areal

From the
purposes
this distri

One way|
distributiqg
sufficient
manner.

This part

specimer
assuranc

D.22 P

The ared

pressed in number of cycles

e strength

th distribution at rated fatigue life
strength

ife

nder curve above Sg

Figure D.1 — Fatigue strength at rated life

parameters of this distribution, it is possible to define some level near the lower end for ratin
The objective of verification, then, is to demonstrate by test that a population of products belongs
bution.

to make this demonstration is ‘to test several products to destruction. From the data, a samp
n curve can be made and sfatistically compared to the population distribution. If the sample size
y large, the results could-even be used as a new population and the rating obtained in a dire
hese are both accurate methods for verification, but costly.

of ISO 10771 prepeses a method of non-failure testing (verification testing), using a few sacrifici

s. By incorporating’ conservative principles, the verification process can be greatly simplified with 3
e of product integrity.

anned-conservatism

o

e
is
ct

below the population strength distribution curve, above the rated strength (4 in Figure D.

represen

S the probabifity of surviving Vg Cycles of operation at thie rated StremngtiT.

However, if a few specimens were tested at the rated strength and survived, they could not yield statistical
confidence about that rated strength. It would only suggest that the sample strength level was above the level
of testing conducted. A conservative test, however would be one conducted in the upper tail as depicted in

Figure D.

22

2.
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1 2
Key
1 rated load
2| testlevel

Figure D.2 — Conservative test level

Npw the survivors of such a test level would offer more confidence for some rated load located in the|left-hand
tdil.

Sprviving a fatigue test in the upper tail, however, is very unlikely. But if an artificial shift of the d|stribution
lirve is made to a lower strength region, as shown in Figure D.3, then the test\level becomes relocated into a
lgft-hand tail where passing is more probable. The new curve is defined as\a‘rated strength distribution and
tHe rating level is correspondingly lowered.

[e]

Conservatism in such a rating scheme is now apparent:

a) the selected test level gives high probability (1 —44) that&urvivors are not representative of g strength
distribution lower than the new, shifted rated one;

b) the rating level gives high probability (1 — 4,) that product strength will exceed this rating level;

c] there is high probability (1 — 45) that the produgt is strong enough to pass the test. Using the taill areas so
described, the following terms are defined:

— (1 -4,)is the verification level;
— (1 - A4,) is the assurance level

— (1 - 453) is the test success level.

1
A

3
KFy
1~ rated sftrength distribufion
2 population strength distribution
3 rating level
4  testlevel
5 rated strength (Sg in Figure D.1.)

Figure D.3 — Shifted curve to a rated position
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An examination of Figure D.3 reveals that some relationship between the two distributions should be
established otherwise the shape of the rated strength distribution might be arbitrary. Therefore select
Equation (D.1):

IR _OP _p (©-1)
MR HP

where
k., is the coefficient of variation;

(o]

ug |s the median of the rated strength distribution;

up |s the median of the population strength distribution;
or |s the rated standard deviation;

op |s the population standard deviation.

The amount of shift between the two distributions will be examined later.

D.2.3 Number of test specimens

When random specimens are subjected to a verification test, they will either survive or fatigue before Ny
cycles. Jince there are only these two possibilities, a binomial distribution can be used to describe the
probability of success (achieving fatigue) in a set of specimens:

where
P(y :C;'pyq("_y) where C7 o (D.R)
yin=y)!
and:
P(y) |s the probability that from a group of #.specimens, y units will fatigue at or before Ny cycles;
p |s the probability of an individual specimen becoming fatigued at or before Ny cycles;
q |s the probability of an individual specimen surviving.
Since thg basis of this verification)test is that all specimens survive: y =0
Then:
C;) $1
p’ 1
q=1=p
and
P(0)=(1-p)" (D.3)

This means that the probability of no failures in a test group is related to the fatigue probability of a typical unit
and the number of units in the test group. Assuming the probability of fatigue is related to strength, and
Equation (D.3) is applied to the rated strength distribution of Figure D.3, then the area under this curve to the
left of the test level represents the proportion of units weaker than the imposed load and is the probability of
failure in a typical unit.
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p1 = 1-4, (the verification level)
For a random specimen, the probability of passing the verification test would be:

P0)=(1-py)" =(1=1+ )" = 44 (D.4)
which is the right-hand tail area of the rated strength distribution.

If the number of specimens is increased but the probability of passing the verification test is held constant:

P0)=(1-p,)" = 4 (D.5)

Pn =1—(A1)% (D.6)

rom this, it is observed that the probability of failure in an individual unit of multiple.specimens, p,, |s smaller
an p,. This means that the tail area, 44, has to be larger for multiple specimens than for a single spgcimen, if
He verification level value is maintained. Such a case can be depicted by returning the rated strength

= = 7

distribution curve back slightly towards the population curve, but maintaining.area, 45, constant, as[shown in
Flgure D.4.
_ Zjop
_ Zoor . ZioR o
Z40r o Z30p
1 — bl 2
A; A3 ? A
ln/

Prr Hr  PcrSrPrr Hp
Kpy
1| rated strength distribution
2| population strength distribution
Figure D.4 — Shifted curve for multiple specimens
where

Pcyis the cyclic test pressure for a multi-specimen test;

D istha rated test hrassure-for a sinale-snecimen:
FRT S tHE-3tEG18SHPHeSSUFe+oa-Shgie-Speciieh;

PR is the rated fatigue pressure;
Ay is the expanded tail area, 4,

VA

. is the number of standard deviations for a normal probability distribution.

Other factors are the same as previously defined.
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If the ove
P(0)
A=

1
p

rall probability for passing the verification test is held constant again, Equation (D.3) yields:
=(1-p)"

{1-[1-(41+ 44)1}"

Using th
determin

Note that
level. Thu

D.24 R

The degr
be now ju

FR 5

where
Fris
The degr

stress an
be evalua

IR S

=1+

From Equiation (D.1):

value of (44 + 44) In a normal probability distribution table, a corresponding value of Z, can lye
d which will be used in further calculations.

forN=1,4,=0, Z, = Z, (Z, # 0) and the area under the curve becomes (1 — 44), therverificatign
s, the verification level becomes a fixed parameter in the rating system.

ating selection level

ee to which the rated strength distribution is displaced from the population“strength distribution cgn
dged from a ratio:

SR _ Mp —Z20p _ tp(1=Z2ky) _Hp
PR ur—Z0r  R(1-Z2ks)  nR

(D.B)

the rating ratio.

pe of conservation thus introduced is similar to-the “safety factor” concept commonly used in stafic
alysis. The rating ratio is dependent upon a probability selected to pass the verification test and can
ted from an examination of Figure D.4.

+Z40p + Za0
,U_p:ﬂR 40R 30p (D.D)
HR MR

%
HR

o
ko -|ZP _%R
Hp MR
and from*Equation (D.9):
Ry o
HR
u
O'p = _pO-R = FRO'R
HR

26
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Substituting into Equation (D.10):

F
FR =1+ Z4k0 + Z3 RIR =1+ Z4k0 + Z3kOFR
HR

FR(1—Z3k0):1+Z4kO

_ 1+Z4k0

R™1-Zsk,

(D.11)

Fhctor Z5 is obtained from a normal probability distribution table, based upon the one-sided tail aréa;|45. From
Flgure D.4, it is seen that the complementary area represents the probability of passing the verification test.
Thus the degree of conservation introduced into this rating process can be measured from the pgrameters
chosen.

.2.5 Calculation of K|, factor

D
Ffom all of the factors now determined, a relationship can be calculated between Pt and Pgg. From
Flgure D.4:

PRF + ZzO'R + Z40'R = PCT (D12)
_Ter — ke
OR =—F———
Zz +Z4

Also from Figure D.4:

O)
Frr +220R=#R=k—R (D.13)
(0}

1
IRF :UR£k__22]
(]

P

1 RE__ o
7_22
kO

m

uating the two og expressions:

et —IRF S JIRF
Zy+Zgys 1

PCT 1= Zz +Z4
Por 1

T

—=Z5
o

PCT _ 1—k022 + kOZZ + koZ4
PRF 1—k022 1—k022

Por _VtkoZa _

= VA D.14
Pre 1-koZp ¥ ©149

Constant K|, is thus determined as the ratio between Po1 and Pgg. The K|, constant is a function of material
property k, plus a combination of sample size, verification level and assurance level.
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D.3 Fatigue distribution data

D.3.1 Objective

From Clause D.2, it is seen that the verification procedure requires a statistical distribution of fatigue strength
at some desired life. Clause D.3 describes how a distribution, as shown in Figure D.1 can be generated from
the raw data of a fatigue test.

It is important to point out that collecting the raw data is not a simple matter. It is important to follow careful
controls, as described by the rules of statistical experiments, in order to obtain samplings from a population.

D.3.2 Ggenerating a best fit curve

Consider

NOTE

Key
X life, e

Y applied stress from testing; and material strength from-failures, S

1 best fi

the raw data plotted on an S-N curve, as shown in Figure D.5

This is a linear plot, not logarithmic on either axis.

=
P
Xy

pressed in number of cycles

t curve to the data

Figure D.5 — S+V curve with data points and bounds

Consider|that a best fit line passes,through the data, in the form:

S= TON’D + E, where N>N i
for valueg of N greater than'some minimum N.
This qualffication is-necessary to overcome the difficulty of large values of S satisfying the model equation gt
low valugs of N but\not representative of the actual fatigue strength. Thus, the range of applicability is limited
Now a linar proportionality exists between pressure, P, and stress, S, such that:

P=CNP+E (D.15)
let

(P-E)? = C2N~2D
and
In(P-E¥=2InC-2DInN (D.16)
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During the conduct of a fatigue test, the independent variable is actually the vertical axis Y (S or P). However,
if a linear regression analysis is applied with P as the independent variable, the variance of each data point
from the best fit line is parallel to the N axis. Those data points below the asymptotic portion of the best fit line
will then not make an intersection, resulting in an undefined variance. More likely, however, the best fit line will
become distorted from the results, pushing the asymptotic portion below the data points so that the
horizontally directed variance makes an intersection. This results in an untrue representation of the best fit line.

Therefore, an arbitrary choice is made to allow the N axis to become the independent variable, at least for the
purpose of obtaining a best fit line in the data field and also for values above the N minimum. Now the
variances are taken in a vertical direction, parallel to the Y (S or P) axis and will intersect the line in the region
of interest. But yet another difficulty has to be overcome in performing the regression analysis, Jf|Equation
(Ip.15) were not squared, the left-hand expression of Equation (D.16) would be In (P-E). Since| E is the
agymptotic limit of the curve, those data points below the curve would have values of P legs\than(E. When
used in a variance calculation, (P-E) would be zero or negative and the logarithm is undefined” Thergfore, the
squared function is chosen to overcome this difficulty.

Then, from Equation (D.16) let:
yEIN(P-Ef;x=InN;4=2InC;B=-2D
tHen

yE4+B, (D.17)

T

erforming a least squares technique:

k k
in Zyi
T= i

k k

= (D.18)

k 2
k [zxi]
S =2t ) (D.19)
P 2
iy
Sg, =D yE—~let (D.20)
1

)5

k
SSxy = zxiyi -
1

ere
k is the number of data points.

From these, the following parameters may be determined:

B= SSxy D:iz _SSxy
Ss 2 2

X

A=y -Bx c-eo2
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A measure of how well the data fit the resulting equation is judged from the coefficient of determination:

2
r2 _ (SSxy) (D.22)
(Ssx)(Ss)

Now the preceding analysis includes a parameter, E, which has not been calculated. Unless arbitrary values
are initially assumed, calculation of ¥; values cannot proceed. If arbitrary values are indeed assumed, the
effect will be observed in the value of r2. Therefore, the best assumption to make for £ would be one that
results in the maximum value of » 2 or:

2
d((j_rE_:o (D.2B)
from
2| Bsy)’
A (S )Ss,)26s0) -2 (Ssr)— S5 )2(Ss2) - (Ssy)— (S )2(Se)) 2 (S 70 5,)
d(r ):0: Sx/\PSy Sxy dE Sxy Sxy Sx dE Sy Sxy Sy dE x (D_21.)
dE (Ssx)*(Ss, )

Since Sg | is not a function of £, it is constant relative to £

dSg

and —3 =0
E

rearrangipg
254055, )( S5 )4 - (S510) = 5510 {585 1 (55,)

258} 1 (5513) = (S5 )~ (55 (D.25)

Evaluating the differentials individually (again noting that only y; is a function of E):

iE(ngy) d(jE {inyi ‘@} {Z(n%}-%@x )[Z jybiﬂ (D.2p)
and
( o) F 2 (Zkyi i ‘ _ HZ% %} _%(Zyi)[z%ﬂ (D.27)
Consider the equation for y; in two forms:
yi=In(P;— E)? yi=In(P;— E)?
=21In (P, - E) yi=2In (P, - E)
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;
Eyi:pi_E dy 2

Substituting the left-hand equation into the right-hand equation yields Equation (D.28):

1

dy; Vi
Fi_ g 2 (D.28)
dE

S Ubt;tutillg lIIID Idbl U)\PIUDDIUII IIII.U lI 1< I.WU UIIIUIGIILIGI I:l..{udllUllD (D 26) dlld } (D27) leiU‘D

1 1,
-~y _E}z

(SSxy er 2 +—(Zx,-) Ze

SF5s,)= |4 Tre +§<zyi) e

Z

pow these differentials are substituted back into Equation (D.25), yielding Equation (D.29):

1

N Vl

|:SSy:| X(er 2 )+—(Zx S e _

1 (D.29)
1 Vi
Vi 2
(S5 ] Ao 20 2 raTe 29
Substituting back other terms into Equation (D.29) yields Equation (D.30):
1 L
Z= [Ssy][i(Ze 2’ =P xe” }
(D.30)

1 1
—[ssxy]{wzez%)—zy,-ezyf]:o

m

uation (D.30)'now has to be evaluated with trials on E to find a value that results In Z = 0. That value of £ is
Hen used\in' the preceding least squares technique [Equation (D.17) to Equation (D.21)] to determine
hrametérs C and D. Those results then yield the highest possible value of » 2 to be obtained from the set of
hta.

—

[eRye]

It should be noted that division by S5, and Sg,, occurred in developing Equation (D.25), necessitating that their
values not be zero. This is impossible for Sg_ if there is more than one data point, and if they are not equal to
each other. If Sg,, were zero, then B = 0 and the best fit curve S-N would be constant, an obvious incongruity
to the facts. Thus, division by these factors is considered valid.

It is possible that more than one solution might occur for Equation (D.30), so those values of E have to be tried
for best fits and the results judged for acceptance.

After a value for E has been selected, constants B and A can be determined from the least squares technique;

then constants C and D are derived, which define the best fit curve (Equation D.15). Values of up and op at Ny
are then determined by translation as explained D.3.3.
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D.3.3 Translation of individual data points

A return to Figure D.5 shows the individual data points clustered about the best fit curve. Each of these data
points lies on an individual “probability” curve, proportional to the best fit describing a family of curves for all of
the data. Thus, the best fit curve represents a 50 % probability of the data and the other curves, likewise,
describe other probabilities.

This is shown in more detail in Figure D.6. A typical data point at P;, N, is on the individual probability curve
that intersects the Nk rated life at the “translated point” of the Pg; value.

Y A
1
Pni
P,
N S i
PR| \ ‘-\
3 .
Ni Ngr X
Key
X life, expressed in number of cycles
Y fatigu¢ pressure
1  arbitrgry data point
2 Dbestficurve P=CN P +E
3 translated point

Figure D.6 — Translation'of data points to rated life

The colletion of such translated points at Vg provides a statistical distribution of strength as shown. In fact,|a
strength fistribution exists at each value-oflife, including the one shown in Figure D.6 passing through the
data point. A relationship exists between-these distributions, at least in the mid-to-long life regimes, which jis
that their|coefficient of variation is_constant. Thus a proportionality can be written between the means, daja
points anf translated points as:

Ao | Pni
PR i
“p
Pri ¥ P _]
I I PN|
A
Pri= | YR=_*E (D.31)
D
L CNi— +E
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