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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 1SQO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanflards
adopted by fthe technical committees are circulated to the member bodies for voting’-Publication gs an
International|Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15654 (vas prepared by Technical Committee ISO/TC 100, Chains and chain wheels for power

transmission

and conveyors.
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INTERNATIONAL STANDARD ISO 15654:2004(E)

Fatigue test method for transmission precision roller chains

1 Scope

This |nternational Standard specifies an axial force fatigue test method for transmission roller; chJins, the tests
being of the fluctuating tension type, carried out at room temperature in air, with the force. applied along the
longifudinal axis of the chain. It also specifies procedures for statistically analyzing the.test results and gives
formats and elements for presenting the results of fatigue tests and analyses.

2 ormative references
The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 06, Short-pitch transmission precision roller and bush  chains, attachments and assdciated chain
sprogkets

ISO 10190, Motor cycle chains — Characteristics and test methods

© 1SO 2004 - All rights reserved 1
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3 Symbols

See Table 1 and Figure 1.

Table 1 — Symbols

Symbol Description Unit
d Step size — interval between adjacent force levels in a staircase test [see Equation (5)] N
Fhax | Maximum force — maximum value of force in the cycle N
Fin | Minjmum force — minimum value of force in the cycle N
F, Megn force — half the sum of the maximum and minimum forces in the force cycle [see Equation (1)] N
F, For¢e amplitude — half the difference between the maximum force and minimum force [see Equation (2)]|| N
Fy Megn fatigue strength — test force, corrected to zero minimum force, at which there is a 50~% probability || N

of failure at endurance [see Equation (6)]

Fy Fatipue limit — test force, corrected to zero minimum force, at which there is(a-calculated 0,135 % | N
probability of failure at 107 force cycles — approximates the force below which a\chain may endure an
inddgfinite number of force cycles [see Equation (8)]

F Tes} force — maximum force, corrected to zero minimum force, at whichatest is run [see Equation (3)] N
F, Minfmum UTS — minimum tensile strength of chain as specified in IS© 606 or ISO 10190 N
N Number of cycles, at a given alternating force, applied to a specimen chain at a particular time in the test || —
Ng | Endurance — predetermined number of cycles at which a test will be discontinued without failure of the ||

spegimen chain

n Number of test data points included in the analysis —

Chgin pitch mm

S|

Stapdard deviation of the staircase test data\{see Equation (7)] N

2 © ISO 2004 - All rights reserved
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Figure 1 — Typical force cycle

4 Principle

Testg are made. o transmission chains to determine fatigue properties of chain plates such as [those shown
on a F—N diagram or to verify conformance to dynamic strength requirements in ISO 606 and ISO| 10190.

5 Apparatus
5.1 Testing machine

The size of the testing machine shall be selected so that the maximum force on the test specimen is > 10 %
of the maximum capacity of the machine. Tests shall be conducted on a machine capable of applying a
sinusoidal fluctuating force to the test specimen in axial tension.

The test frequency shall be chosen so as not to induce a damaging temperature increase in the test specimen.
The machine shall be calibrated periodically in order to maintain suitable accuracy and should be calibrated to

within +2 % of its maximum capacity. A force-monitoring system could be mounted in series with the test
specimen to ensure that the force cycle is maintained throughout the test.

© 1SO 2004 - All rights reserved 3
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The testing machine shall also have

a)
b) adevice
c) adevice

a counter to record the number of force cycles,

to stop the machine when the chain fails, and

to prevent the machine from restarting after an emergency stop due to power failure, etc.

5.2 Test fixtures

The test fixtures shall be capable of transmitting an axial force to the test piece without inducing a subsidiary

force caused

The universd
Examples of

Universal fi
articulation
of the chain
NOTE Th

When testing
only specific
6 Tests

6.1 At lead

by the fixtures. Universal type fixtures shall be used for fatigue testing of transmission chain

| fixtures shall be designed according to the chain dimensions specified in the separate-stan
the structure of the fixtures are shown in Figure 2.

xalE:reS shall permit free movement on both sides of the chain centreline in both‘the normal pla

nder test.
e test specimens all illustrate five free pitches.

chain on sheaves, the chain shall be restrained from moving around the sheaves to ensur
pitches of the chain are tested.

becimens

t five free pitches of chain shall be used as_a-fatigue test specimen, except for chain pitch

50,8 mm where a minimum of three free pitches are acceptable.

Free pitches

6.2 Thete
completed. T

7 Testp

7.1 Testf

7.1.1  Minin

The minimur

are those chain pitches that do not coftact the fixtures.

5t specimens shall be unused, undamaged chains on which all phases of manufacture have
he final lubricant type is discretionary.

rocedure

orces

hum force

n foree for the test shall be at least 1 % but not more than 5 % of the minimum tensile str

S.

Hards.

ne of

d in the transverse plane. The hole in the fixture shall be a size equal to.the*bush hole diafneter

b that

over

been

ength

given for the

thjm"r chain in I1ISO 606 or ISO 10190

7.1.2 Maximum force

The maximum force for the test shall be determined in accordance with 7.2 for a conformity test or in
accordance with 7.3 for a staircase test.

© ISO 2004 - All rights reserved
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Figure.2>— Examples of test specimens mounted in universal fixtures

7.1.3| Test force

For gnalyses of fatigue test data, maximum forces shall be corrected to zero minimum force. A test force is
obtained’ by correcting the maximum force to zero minimum force by means of the Johnson-Goodman
method [Equation (3)]. The Johnson—Goodman relationship is illustrated by Figure 3, where F;, is 0,05 x F,,
and F5x is 0,3 x F;, and the resulting F} is 0,263 2 x F,.

Fu(Fmax — Fmin) (3)

Fe=—%""F
u — f'min

© 1SO 2004 - All rights reserved 5
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7.1.4 Forc¢ application

A longituding
according to
endurance o

7.2 Confd

| tensile force shall’be applied, sinusoidally varying between the minimum test force deterr
7.1.1 and the-maximum test force determined according to 7.1.2. The test shall contin

Fmin

20 40 60 80

Figure 3— Johnson—-Goodman diagram

until the specimen fails, whichever is sooner.

rmity, test

100 X

nined
e to

7.21

Purpose

The purpose of this test is to determine whether or not a chain meets the dynamic strength requirements
given for it in ISO 606 or ISO 10190.

7.2.2 Endu

rance

Endurance shall be 3 x 108 cycles.

7.2.3 Minimum test force

The minimum force for the test shall be set in accordance with 7.1.1.

© ISO 2004 - All rights reserved
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7.2.4 Maximum test force

The maximum test force shall be determined using Equation (4):

_FtFu"'[Fmin(Fu'Ft)J

max —
FU

7.2.5 Number of tests

Three specimens shall be tested.

(4)

7.2.6] Acceptance

All sgecimens shall survive to endurance without failure.
7.3 | Staircase test

7.3.1] Purpose

The purpose of this test is to determine the fatigue limit of the subjecthain.

7.3.2| Description

For the purposes of this International Standard, a stairgase test is one in which specimen
sequentially at predetermined, equally spaced, force levels. The first specimen is tested at

ly greater than the estimated mean fatigue strength of the chain. If the first specimen runs

(runstout), the next specimen is tested at the next higher predetermined force level. If the first s
endurance, the next specimen is tested at‘the next lower predetermined force level. Fo
subsg¢quent tests are determined in a like mannef, and the testing continues until the required nu
are cpmpleted.

7.3.3| Endurance
Endurance shall be 107 cycleswhen testing for fatigue limit.

7.3.4] Rules for conducting a staircase test

The {est shall begin‘with a response reversal, then a run-out followed by a failure, or a failure f

S are tested
h force level
o endurance
becimen fails
ce levels for
mber of tests

ollowed by a

detemqmine the mean with 90 % confidence. It shall have the minimum number of data points in accordance
with Table'2 to detect a difference in the mean of approximately one-half step size.
Table 2 — Required sample sizes
Confidence 3-step staircase 4-step staircase 5-step staircase

90 % 6 11 16

95 % 10 15 20
The highest force level in a staircase shall contain only failures.
The lowest force level in a staircase shall contain only run-outs.
Intermediate force levels in a staircase shall contain both failures and run-outs.
© 1SO 2004 - All rights reserved 7
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7.3.5 Determining step size

7.3.5.1  Using survival test with Probit analysis

See Annex A. The step size shall be determined in accordance with A.5.

7.3.5.2 Using combined test method (CTM)

See Annex B. The step size shall be determined in accordance with B.3.4.3 [see Equation (B.10)].

7.3.5.3 Us

Extensive te
(N), is set ac|

d=~14p

8 Staircase test data analysis

8.1 Data
The data for

An additiona
test (see 7.3

8.2 Plotti

It is customary to tabulate and plot the data asca staircase test progresses to ensure that the rule

constructing
shown in Tal

sing-empirical method

5ting has shown that reliable results can be obtained when the step size, expressed in~ne
cording to Equation (5):

1,5

p staircase test analysis shall be gathered in accordance with 7.3.

test point at the end of a staircase test can be determined by the rules for conducting a stai
. This additional test point, sometimes called a “phantom” point, shall be included in the ana

ng staircase data

a staircase are followed. An example“of such a data plot (3 levels and 95 % confidence le
le 3.

Table 3= Staircase data plot — Example

vtons

()

fcase
ysis.

s for
el) is

Test forcp Invalid tests Valid tests

Fy+2d

X

Fo+d

£y

F—d

(o] run-out

failure

#  phantom point
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8.3 Statistical calculations

8.3.1 Mean fatigue strength: 0,50 probability of survival

The mean fatigue strength shall be calculated using Equation (6).

n
ZFti
_ i

Fy (6)
n
wherfg 77 15 the total number of vaitd tests I the staifcase catcuiations.
8.3.2| Standard deviations
The gtandard deviations of the staircase data shall be calculated using Equation (7).
0,5
2
ZF ti
= | L Fy )
n
8.3.3| Fatigue limit: 0,99865 probability of survival
The fatigue limit shall be calculated using Equation (8).
Fd ZFb—3S+d (8)
9 Report of test results
9.1 | Test chain information
The griginator shall provide to the user

a) e brand name or-o6ther identifying name or mark of the test chain,
b) e 1SO number ‘or manufacturer’s number and the pitch of the test chain, and

c) e lengthlin free pitches of the test specimens.

9.2 | Test'equipment and procedures

9.2.1 Test equipment

The originator shall provide to the user

a) the brand name and type of testing machine,

b) the maximum rated capacity of the test machine,

c) the number of machines used if more than one,

d) the method of dynamic force verification and monitoring, and

e) the method of calibration and the most recent date calibrated.

© 1SO 2004 - All rights reserved 9
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9.2.2 Test procedures

The originator shall provide to the user

a)
b)

c)

the type

of test; conformity or staircase,

the number of cycles to endurance, and

any ambient conditions that could affect the test results.

9.3 Test results for conformity and staircase tests

The originatd

a)
b)
c)
d)
e)

f)

For a stairca

10

identification of the test specimen,

the test

the max

the test

the force

the num

the reas

a brief s

the mac

the mea

the minimum fatigue strength, or\fatigue limit.

r shall provide a table of test results to the user, which shall include

sequence, the order in which the specimens were run,
mum and minimum force for each test,
orce, corrected to zero minimum force, for each test,
cycling frequency,
ber of cycles at which each test was terminated,
bn each test was terminated and, if a failure, the component of the chain that failed,
immary of the post-test examination, if any, and
nine used for each test, if more than one machine was used.
5e test, the originator shall also pravide the user with

h fatigue strength, F, and

© ISO 2004 - All rights reserved
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Annex A
(informative)

Survival test with abridged Probit analysis

A.1 Principle

The purpose of this test is determine the mean fatigue limit and its standard deviation. A sumfival test with
abridged Probit analysis may also be used to determine the step size for future staircase testing ¢f the subject
chain model.

A.2 (Description
The $urvival test is a procedure in which groups of chain specimens are tested at different forcg levels such
that the central force level contains approximately 50 % failures, the highest force level contains 90 % to 95 %
failurgs, and the lowest force level contains 5 % to 10 % failures.
The Probit analysis is used to estimate the mean fatigue limit and<standard deviation of the testefd population.

The $tep size is then set equal to between 67 % and 150.%\of the standard deviation for futpre staircase
testing of the subject chain model.

A.3 [Test procedure

A.3.1 Test specimens

Prepare at least fifty, and preferably a._hundred, test specimens in accordance with Clause 6] with all test
specimens from the same production batch.

Provide additional test specimens-for preliminary or invalid tests.

A.3.2 Endurance

Set gndurance at 10" ¢ycles.

A3.

Use five_force levels in the survival tes e (very close
to tha-mean)tw . g e mean falls

Ensure that the interval between adjacent force levels is uniform.

The central force level may be selected by means of a brief (five or six tests) staircase test.

A.3.4 Testing

Allocate test specimens to each level according to Table A.1 or Table A.2 in order to make the precision at
each force level comparable. At least five specimens at each level, and fifty specimens in total, are required
for acceptable accuracy.

© 1SO 2004 — Al rights reserved 1
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Table A.1 — Allocation of test specimens for five force levels

Expected run-out Relative group size
%
25t0 75 1,0
150 20 or 80 to 85 1,5
10 or 90 2,0
50r95 3,0
20r98 5,0

Table A.2 — Allocation of test specimens for four force levels

Expected run-out
%

Relative group size

20 to 80

1,0

5t0 10 or 90 to 95

2,5

Test each specimen until it fails or reaches endurance.
— Central force level: approximately 50 % failures.
— Highest force level: at least one run-out.

— Lowest force level: at least one failure.

A.4 Analysis procedure

A.4.1 Geng¢ral

A Probit analysis is a complex technique-for calculating an optimum line through the survival data points psing
a least-squafes analysis to weight-each data point according to its distance from the optimum line| This
abridged method calculates a regression line through a single survival point on each force level. The abr|dged
method has proven to be quite-adequate for the purposes of this International Standard.

A.4.2 Distributions

Visually che¢k the distributions of survival (cycles to failure) and force by means of a probability plof and
confirm that the.distribution of cycles to failure at the central and each higher force level is log-normal and that
of survival agréss the force levels is normal.

As the Probit analysis assumes normal distributions, if either distribution is obviously not normal (or log-
normal), do not attempt the analysis.

A.4.3 Standard deviation

Estimate the standard deviation of the survival test data, S, which is also the slope of the regression line, using
Equation (A.1).

|n|_ZXY—ZXZY|
‘nLZXZ—(EX)Z‘

(A1)

12 © 1SO 2004 — All rights reserved
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where

n_

is the number of force levels in the test;

X is survival, in standard normal transform units, Z;

Y s the test force, in newtons (N).

A.4.4 Mean fatigue limit

Estim

ate the mean fatigue limit of the survival test data, Y,. which is also the Y-intercept (of for

ce with 50 %

survi

A.5
Set t
shou
A.6

A su
obtai

al), using Equation (A.2).

3V 483X
n

0

Step size

ne step size for subsequent staircase testing at 67 % to 150 % of the standard deviation.
d be set nearly equal to 100 % of the standard deviation.

Example

rvival test was conducted with specimens of 16A-chain tested at six force levels. All
ned at the highest force level and all run-outs were obtained at the lowest force level. Survi

the r¢maining four force levels are shown in Table A.3.

A tab
exanm

Table A.3 — Test results

Force level ng Failures Run-outs
kN
19,45 25 23 2
17,60 10 6 4
15,75 10 4 6
13,90 25 1 24

le usually is created for the survival test data and preliminary calculations. Table A.4 was cr|
ple.

(A.2)

[he step size

ailures were
al data from

bated for this

Table A.4 — Survival test data and Probit analysis

© 1SO 2004 - All rights reserved

n | X Survival VA Force, F X Y X2 Y2 (XY)
% kN
25 | 1 96,00 1,751 13,90 1,751 13,90 3,0660 193,2 24,34
10 | 4 60,00 0,253 15,75 0,253 15,75 0,0640 248,1 3,98
10| 6 40,00 -0,253 17,60 -0,253 17,60 0,0640 309,8 -4,45
25 | 23 8,00 -1,405 19,45 -1,405 19,45 1,9740 378,3 -27,33
Total 0,346 66,70 5,168 1129,3 -3,46

13
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From this data, the calculated standard deviation was

o _[4(-3:46) - (0,346 x 66,70)| _

3 =1,796 kN
| 4x5168-0,3462 |
and the mean fatigue limit
|6670+ (1,796 x 0,346
=16,83 kN
o 4 |
The results df this analysis are plotted in Figure A.1.
Y
)2 NG
~N
\.
\\
N\NO
\\
N
18 N
X
N~
\\
S
\\
~N
14 N
X
~N
\\
~N
——10
X | -3 <2 -1 0 1 2 3 X
Key
X survival probability;. standard normal transform units, Z
Y force, F, +

Figure A.1 — Probit analysis

14 © 1SO 2004 — All rights reserved
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Annex B
(informative)

Combined test method

Purpose

singl
subjg

B.2

Num
F-N
R=9
teste
stairg
levels
F-N
devig
the s

B.3

B.3.]

test series. The CTM also may be used to determine the step size for future staircase
ct chain model.

Description

pers of test specimens in the CTM are determined by the different probabilities of survival, R
ine. The 14 F—N test method for determining R = 90 %, and the 24 F-N test method for
5 %, are described here. The 14 F—N test method is a procedUre in which eight chain sf

The iurpose of this test is to determine the slope of the F—N line and the fatigue limit of a particu,ar chainin a

esting of the

of the mean
determining
ecimens are

 at four force levels in the finite life range, and five speciméens plus one phantom data are tested in a

ase. The 24 F—N test method is a procedure in which fourteen chain specimens are tested

in the finite life range, and nine specimens plus one phantom data are tested in a staircas
ine and the standard deviation of fatigue life are determined by statistical calculation. T
tion of force in a staircase is derived from the standard deviation of fatigue life in a finite life
ep size for the staircase test.

Test procedure

Test specimens

Prep

re at least 13 test specimens* for the 14 F—N test method, or 23 test specimens for the

methpd, in accordance with Cladse 6, with all test specimens from the same production b3
additjonal test specimens for-preliminary or invalid tests.

B.3.2 Endurance

For the staircase-portion of the test, set endurance at 107 cycles. If endurance is set between

107

cles, extrapolate the results to 107 cycles by the method given in Annex G.

B.3.3 Force levels

at four force
e. The mean
'he standard
Fange, and is

24 F—N test
tch. Provide

3 x 108 and

For the finite life portion of the test, establish four test force levels (F,, Fg, F, and Fp) in accordance with

B.3.4

A

For the staircase portion of the test, an initial test force level, F';, may be set at the force of two steps plus the
force where the mean F—N line intersects 108 cycles, with additional test force levels in increments of the step

size.

© IS0

2004 — All rights reserved
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B.3.4 Testi

B.3.4.1

ng

Preliminary tests

Test one specimen at the lowest force level (Fp) in the finite life portion. If the measured fatigue life departs
significantly from the 5 x 10° cycles, test an additional specimen at an adjusted force level. When the resulting
fatigue life is near 5 x 10° cycles, use that force level as (Fp)- Then test one specimen at the highest force
level (F,) in the finite life portion, with this highest force level set at no more than 60 % of the minimum tensile
strength in ISO 606 or ISO 10190. Calculate the other test force values using Equations (B.1) to (B.3).

_Fa-

Fp

A

Fg = F)
Fc =Fj

B.3.4.2 Fir

For the 14 F
each force le
four specimg
equation for
using Equati

B.3.4.3 Staircase tests

The step siz
by Equation

B
-A
-2A

ite life tests

-N test method, complete the finite life portion of the test by testing,'a total of two specime
vels. For the 24 F—N test method, complete the finite life portion of the test by testing a tg
ns at force levels F and Fg, and three specimens at forge\levels F and Fp. Determin
the F—N line using Equations (B.4) to (B.8). Calculate the standard deviation of logarithm
bn (B.9). Derive the standard deviation of force using Equation (B.10).

b for the staircase test should be equal to thecalculated standard deviation of force deterr
(B.10). Conduct a six-test staircase test (five valid test points plus one phantom point) fq

(B.1)

(B.2)

(B.3)

ns at
tal of
e the
c life

nined
r the

14 F—N test method, or a ten-test staircase test (nine valid test points plus one phantom point) for the 24 F—N
test method, fin accordance with 7.3.
B.4 Analysis procedure
B.4.1 Finite life portion
In the CTM, [fatigue life is plottéd on a logarithmic scale and force is plotted on a linear scale. The F—N\ line,
standard deyiation of logarithmic life, and standard deviation of force are determined from Equations (B4) to
(B.10).
The regressipn equations for the F—N line are
IgN = dls BF, (B.4)
G =IgN - BF (B.5)
nf _ _
(Fu - Ft) (1gv; - igN)
B == (B-6)

16

nf

(Fti —Ft)z

i=1
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IgN =— > IgN; (B.7)
i

_ 1 &

Fy=—>Fy (B.8)
i

where the number of tests, n;, are 8 for the 14 F—N test method, and 14 for the 24 F—N test method.

The estimated standard deviation of logarithmic life is

B.4.2 Staircase portion

The ¢stimated standard deviation of force is

The gstimated mean fatigue strength, F,, is

wher

B.5

gy = JL i[lgN,- ~(a+ ﬁFtl»)T (B.9)

=25

e = o (B.10)

1
g

1S

Fo =— D Fy (B.11)
ng =

e the number of tests, ng, are 6 for the 44" F—N method, and 10 for the 24 F—N method.

R-F—-N curve

The mean R-F-N curve, atR=50 % probability of survival, is defined by Equation (B.4) for the fipite life area,

and iy Equation (B.11) far-endurance at the staircase test area.

Using data collected by the 14 F—N test method, the R—F-N curve, at R =90 % probability df survival, is

defin
The

bd by Equation (B.12) for the finite life area, and Equation (B.13) for endurance at the staircase test area.
alue of ¢4s,1,28.

Using data’collected by the 24 F—N test method, the R—F-N curve, at R =95 % probability df survival, is

defin
The

bd” by Equation (B.12) for the finite life area, and Equation (B.13) for endurance at the staircgse test area.

[l £ H 4 o4
aluc Ul (1 o 1,05,

For either case, extrapolate the fatigue limit to 107 cycles using the method given in Annex G, link this point
with the point at endurance, and extend that line to connect to a line at the finite life area.

IgN = + BFy - g6y (B.12)
Fog0 O 0,95 = Fp _ﬁ&lgN (B.13)
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B.6 Sample test report and graph

18

Fatigue test report

Report No.: 1001 Page 1 0of 2 Report date:  2003-07-31
Chain:
Brand: Number: Pitch: Specimen length: | Other:
ABC Chain 16A 25,4 mm |5P,ILEE
Mechanical properties:
Not takdn
Test:
Type: Endurance: Temperature: Other:
Combingd (24 F-N) |3 x 106 cycles Approx. 20°C Moderate humidity
Machine:
Brand: Type: No. used: |[Calibration date: | Force verification and monitoring:
XYZ Servo-hydraulic 1 2000-07-12 Periodic;strain-gauge bar
Date Test No. | Frequency | £, Frin F; | Cycles, N | Failure Remarks
Hz kN kN kN
03-06-0p 001 13 33,3 1,80 32,55 | 7,055E4 IP
03-06-0p 002 13 249 1,80 23,87 | 2:381E5 IP
03-06-0p 003 13 30,5 1,80 29,6674,%1,104E5 IP
03-06-0p 004 13 30,5 1,80 29,66 | 8,980E4 IP
03-06-0p 005 13 249 1,80 23,87 | 2,510E5 IP
03-06-0p 006 13 27,7 1,80 26,77 | 2,236E5 IP
03-06-0) 007 13 33,3 1,80 32,55 | 9,895E4 IP
03-06-0f 008 13 249 1,80 23,87 | 2,885E5 IP
03-06-0B 009 13 33,3 1,80 32,55 | 6,891E4 IP
03-06-0B 010 18 33,3 1,80 32,55 | 6,036E4 IP
03-06-0B 011 13 30,5 1,80 29,66 | 9,309E4 IP
03-06-0B 012 13 30,5 1,80 29,66 | 1,242E5 IP
03-06-0p 043 13 27,7 1,80 26,77 | 1,905E5 IP
03-06-0p 014 13 27,7 1,80 26,77 | 2,379E5 IP

Results ané-eenclusions:

a=7,07
p=-0,07

o gy = 0,081
oF (s)=1,188

The results of the staircase tests are plotted on the attached graph [see Figure B.1].

Signed:
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Fatigue test report
Report No.: 1001 Page 2 of 2 Report date:  2003-07-31
Chain:
Brand: Number: Pitch: Specimen length: |Other:
ABC Chain 16A 254 mm |5P,ILEE
Mechanical properties:
Not taken
Test:
Type: Endurance: Temperature: Other:
Combined (24 F-N) |3 x 106 cycles Approx. 20°C Moderate humidity:
| Machine:
IBrand: Type: No. used: [Calibration date: |Force verification and monitoring:
XYZ Servo-hydraulic 1 2000-07-12 Periodic) strain-gauge bar
Date Test No. | Frequency | F . Fiin F; | Cycles, N | Failure Remarks
Hz kN kN kN
03-06-12 015 13 19,6 1,80 18,40 | 8,471E5 P
03-06-13 016 13 18,4 1,80 17,16 {,~3,000E6 NF
03-06-16 017 13 19,6 1,80 18,400 5,581E5 P
03-06-19 018 13 18,4 1,80 17,16 | 1,240E6 P
03-06-20 019 13 17,2 1,80 15,92 | 3,000E6 NF
03-06-23 020 13 18,4 1,80 17,16 | 3,000E6 NF
03-06-26 021 13 19,6 1,80 18,40 | 8,124E5 P
03-06-27 022 13 184 1,80 17,16 | 3,000E6 NF
03-06-30 023 13 19,6 1,80 18,40 | 3,000E6 NF
024 20,8 1,80 19,64 Phantom paint
Results and conelusions:
£ Staircase Histogram

19,64 # # Fp = 17,78 kN

18,40 x x X O XXXO o = 1,188 kN

1716 o x o o 0X00 Fog5=15,83 kN (at 3 x 108 cycles)

15,92 o] o] F5=15,16 kN (at 107 cycles)
The results of the staircase tests are plotted on the attached graph [see Figure B.1].

Signed: John Smith
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N
force, kN

combined|cycles to failure
probability of survival

Figure B.1 — Sample CTM test results
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Annex C
(informative)

Justification for adding one step to fatigue limit in staircase analysis

CA

The

Introduction

staircase analyses in this International Standard utilize all test points, both failures and

calculated minimum fatigue strength (F, — 3S) is always less than the lowest test force:\By
respanses at the lowest test force must be run-outs. Consequently, the minimum fatigue str
0,135 % probability of failure, must be greater than the lowest test force in all cases.

C.2

Stair
each

Analysis

ases, having fifty to seventy-five tests, were constructed by combining several staircases
Means and standard deviations were calculated for all tests and failures only in ea

Calcylations for 10A, 16A, and 24A chains, are presented in Tables C.1 to C.4. A graph of
stairqase analysis for 16A chain is shown in Figure C.1.

Table C.1 — Analysis of 10A chain) four-step staircase data

n-outs. The
efinition, all
ngth, with a

ith ten tests
ch staircase.
the four-step

Force (N) X o n=75 d =925

8 81 0 Analysis of all\data points:

7 884 21 8 F,=7393 S =747 F, -35=5152
6 96 8 23 Analysis of failures only:

6 034 0 8 F,37 860 S =596 F,—35=6072
Tota 36 39 1,232S8 = 0,995d = Difference = 920

Table/)C.2 — Analysis of 16A chain, four-step staircase data

Forcp (N) o n=75 d=1855

21315 9 0 Analysis of all data points:

19 460 24 9 F, =18 620 S=1521 F,—35=14 057
17 605 7 22 Analysis of failures only:

15 7%0 0 7 F, =19 563 S=1214 F,—35=15921
Tota 37—38 +:2265=1,005+=Difference=4-864

Table C.3 — Analysis of 16A chain, three-step staircase data

Force (N) X o n =150 d=1855

21 315 9 0 Analysis of all data points:

19 460 16 9 F,=19203 S=1286 F,—-35=15345
17 605 0 16 Analysis of failures only:

Total 25 25 F,=20128 S =890 F,—-35=17 458

1,643S = 1,1394 = Difference = 2113
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Table C.4 — Analysis of 24A chain, five-step staircase data

Force (N) X o n=75 d=3240
39 350 5 0 Analysis of all data points:
36 110 14 5 F,=32610 S=3540 Fy,—35=21990
32870 11 13 Analysis of failures only:
29 630 9 10 F, =34 113 S§=3167 F,—-35=24612
26 390 0 8 0,741S = 0,8094 = Difference = 2622
Total 39 36
Y
24 000
e
—
~—~
x>9<x>o<xﬁx/x X
P é
20 000 P el
/eobofoooocm«lﬁmm
// /
— /
,‘/ >
—T  X000¢OCTTIIITTTED
- ~
-~
-~
//-/ /
16 000 }9/00 Q00
12 000
X - -2 -1 0 1 2 30N

Key
X failure probability, standard normal transform units, Z
Y force, F, N
o run-outs
x failures

distribution, all data

--------- distribution, failures only

22

Figure C.1 — 16A chain fatigue analysis
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Analysis of 10A and 16A four-step staircases showed the calculated minimums for failures were 0,99 and 1,00
steps and 1,23 and 1,22 standard deviations higher than the calculated minimums for all tests. Analysis of a
16A three-step staircase showed that the calculated minimum for failures was 1,14 steps and 1,64 standard
deviations higher than the calculated minimum for all tests. Analysis of the 24A five-step staircase showed
that the calculated minimum for failures was 0,81 of a step and 0,74 of a standard deviation higher than the
calculated minimum for all tests.

C.3 Conclusions

The following conclusions can be drawn from the foregoing.

a) The fatigue limit, with 99,865 % survival (0,135 % probability of failure), is one step greJater than the
minimum fatigue strength calculated from all tests.

b) The three-step and four-step staircase analyses support the first conclusion very. well.

c) The five-step staircase analysis does not support the first conclusion very well, probably bgcause of the
large variance.

d) The fatigue limit, with 99,865 % survival (0,135 % probability of failure), is one standard devjation greater
Ian the minimum fatigue strength calculated from all test points only when the standard deviation is
qual to the step size.
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Annex D
(informative)

Adding an additional “phantom” point at the end of staircase test

The rules for selecting the third and subsequent test force levels in a staircase dictate that the next test is to
be run at a one-step-higher force level if the test just completed was a run-out, and at a one-step-lower force
level if the test just completed was a failure. This permits the force level at which a test would be run after the
final actual tisst in a staircase to be determined. Consequently, one data point may be added to the staifcase
series, after {he final test point, even though a test at that point was not actually run.

The procedure is as follows: if the final test was a run-out, add a “phantom” point at one step higher test|load;
if the final tegt was a failure, add a phantom point at one step lower test load.

There is no Way of knowing if the phantom test would be a failure or a run-out, so only,ene ‘phantom poin{ after
the final test point can be determined.
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Annex E
(informative)

Reporting fatigue test results

E.1 General

This fnnex suggests ways of presenting the results of roller chain fatigue tests, and presents-both tabular and
graphical methods. Sample fatigue test report forms are presented and explained, and“sample graphical
methpds of presenting fatigue test results are given.

E.2 |Tabular presentation of results

This tlause presents a format for reporting (see also Annexes B, E and H)the' required data fron 9.1, 9.2 and
9.3, and gives a brief description of each item of information that may be entered in the approprjate space of
this fatigue test report, keyed to the (here) numbered spaces on the form (unnumbered spaceq not being in
need|of explanation).
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Fatigue test report
Report No.: Report date:
Chain:
Brand: Number: Pitch: Specimen length: | Other:
1 2 3 4 5
Mechanical properties: 6
Test:
Type: Endurance: Temperature: Other:
7 8 9 10
Machine:
Brand: Type: No. used: |Calibration date: |Force verification and monitoring:
11 12 13 14
Date Test No. | Frequency | £, Frin F; | Cycles, N | Failure Remarks
Hz kN kN kN
15 16 17 18 19 20 21 22 23
Results|and conclusions:
24
Signed:

brand name or other identifying name or mark of the tested chain
ISO number or manufacturer’'s number of the chain

nominal pitch of the chain

length of test specimens, in free pitches 2
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other characteristics of the test chain that might be helpful (production batch identity, experimental cha
or non-standard design features)

results of tensile tests, or bush and pin press out force tests

type of test; conformity, staircase, survival, combined method, or finite life

declared endurance, in number of cycles, for a conformity, staircase, survival, or combined method test
mean ambient temperature, or range of minimum and maximum temperatures, during test

other environmental conditions (high humidity, etc.) that might affect test results

brand name or other identifying name or mark of the testing machine

type (harmonic spring, servo-hydraulic, electro-magnetic, etc.) of testing machine

date on which the machine was last calibrated

in designation,

dfjnamometer and fransducer used to verify and monitor the test force ©

dpte the individual test was completed

sequence number of the test ©

frequency at which the fluctuating force was applied

aximum value of the fluctuating force (see Table 1)

inimum value of the fluctuating force (see Table 1)

gst force, corrected to zero minimum force (see Table 1)

Limber of cycles at which the test ended

bmponent that failed — inner plate (IP), outer plate (OP), Pin (PIN), or intermediate plate (ITP) @

Ny unique notes concerning the test, e.g. if a terminal connector link faileéd and was replaced during the
e noted.

r¢sults and conclusions ©

Q 5 T 3 3

o Q

Al note of inner link each end (ILEE) or outer link each end (QKEE) should also be given here.

There also should be a note as to whether the monitoring was periodic or continuous, and whether or|

feedbpck control.

c
d

e

flthe test ran-out, “No Failure” (NF) may be entered.

Fpr a conformity test, the information required by 9.3, and a statement of “Accepted” or “Not Accept

failurg, if possible; for a staircase test, the'‘information required by 9.3, and any supplemental information
helpfyl to the user; for a combined method test, the information required by Annex B, and any supplemen
that nuight be helpful to the user; for.afinite life method test, the information required by Annex H, and any
infornjation that might be helpful to-the’user.

E.3 |Graphical preséentation, suggested forms

E.3.1 General

If sufficient data/is generated, and the user so requests, the originator should present fatigue teg
graphical form. Usually, only a combined test, a finite life test, or a finite life test paired with a stai
the spmeé-batch of chain, generates data suitable for graphical presentation.

This may also be combined with machine reference number, if more than one testing machine was used.

test, it should

not there was

ed”, explaining
that might be
tal information
supplemental

t results in a
Fcase test on

E.3.2 Types of graph

The most common graphical methods of presenting fatigue test data are the F-Log N and Log F-Log N plots.
The dependent variable (fatigue life in cycles) is plotted on the abscissa, a logarithmic scale. The independent
variable (test force in kilonewtons), is plotted on the ordinate, an arithmetic or logarithmic scale.

E.3.3 F-Log N graph

In this presentation, force is assigned an arithmetic scale and life is assigned a logarithmic scale. A typical
F-Log N plot for a finite life test is shown in Annex H.

© 1SO 2004 - All rights reserved
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(x) from finite life tests or staircase tests shall be plotted on the test force level at the number of
ch failure occurred. The run-outs (0) from staircase tests shall be plotted on the test force level at

the predetermined number of cycles for endurance. When there are multiple run-outs at the same force level,
the number of run-outs shall be noted just to the right of the symbol.

Transmission chain fatigue test results are acceptably represented by two-segment straight lines. One is a
horizontal, or a nearly horizontal, line extending from the fatigue strength at 107 cycles to the fatigue strength
at 108 cycles, at a slope determined by the procedure described in Annex G. The other is a regression line
extending from the fatigue strength at 108 cycles to the fatigue strength at approximately 104 cycles,
calculated from finite life test data as described in Annex H.

All test data

ealetlatad or canotrintAad rAanrAcoian BinAo

NNt o reonatentad
pOTTT TarcuTatC OO COoOTTotrattcT

E.3.4 Log |

In this prese

the sample fI

The failures

eng-with
F-Log N graph

tation, both force and life are assigned a logarithmic scale. A typical Log F-Log-Nplot is shown in

rm presented in E.4.

x) from finite life tests or staircase tests shall be plotted on the test force level at the number of

cycles at whi
the predeter

the number ¢f run-outs shall be noted just to the right of the symbol. The failGres (x) and run-outs (o) sh
plotted as shpwn in the graph in Figure E.1.

ch failure occurred. The run-outs (o) from staircase tests shall be plotted‘on the test force lejel at
ined number of cycles for endurance. When there are multiple run=outs at the same force |evel,
bl be

The slope of| the regression line, extending from the fatigue strength ‘at' 107 cycles to the fatigue strength at

106 cycles, i$ determined by the procedure described in Annex G.,The other regression line, extending

the fatigue s
described in

All test data

E.4 Sample test reports

A staircase test and a finite life test werexzconducted on one batch of “BCD Chain Company’s” numbe

chain. Resul
test are give
finite life test

NOTE A
that sample te

A conformity
of that test a

from
rength at 10% cycles to the fatigue strength at 104 ¢ycles, is calculated from finite life test dgta as

Annex H.

points shall be plotted on graphs along with calculated regression lines.

 16A
e life
bf the

s of the staircase test are presented in the following sample test report. Results of the fini
h in Annex H. The results-ef the sample staircase test are shown together with the results
from Annex H on the-graph of Figure E.1.

combined test was, eonducted on one batch of “ABC Chain” Company’s number 16A chain. The res|lts of

5t are presentedin/Annex B.

test was also conducted on a batch of “BCD Chain Company’s” number 16A chain. The rgsults
e givenin the sample test report concluding this annex.

28
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Fatigue test report
Report No.: 1002 Page 1 of 1 Report date:  2003-07-20
Chain:
Brand: Number: Pitch: Specimen length: Other:
BCD Chain 16A 25,4 mm |13P,ILEE
Mechanical properties:
Not taken
Test:
Tyde: Endurance: Temperature: Other:
Stajrcase 107 cycles Approx. 20°C Moderate humidity
Macghine:
Brand: Type: No. used: | Calibration date: Force verification gnd
XY¥ Mech., harmonic spring | 1 2000-07-29 onitoring:
Periodic, strain-gayge bar
Date Test No. | Frequency Frnax Fin F Cycles, N | Failure Rgmarks
Hz kN kN kN

03{06-12 001 31 17,35 2,224 15,75 4,771E6 IP
03{06-16 002 31 15,57 2,224 13,90 1,000E7 NF
03{06-20 003 31 17,35 2,224 15,75 1,000E7 NF
03{06-22 004 31 19,12 2,224 17,60 4,096E6 IP
03{06-26 005 31 17,35 2,224 15,75 8,480E6 IP
03{06-30 006 31 15,57 2,224 13,90 1,000E7 NF
03{07-10 007 31 17,35 2,224 15,75 1,000E7 NF
03{06-11 008 31 19,12 2,224 17,60 1,463E6 IP
03{06-17 009 31 17,35 2,224 15,75 1,000E7 NF
03{06-17 010 19,12 2,224 17,60 Pharjtom point
Results and conclusions:

F, Staircase Histogram

1260 X X #  xxi# F, =17,78 kN

15,75 X X o o XXXO o =1,188 kN

17,16 o o 00 Fy0.00865 = 13,90 kN = Fy, - 3F + d
The results of the staircase tests are plotted on the attached graph [see Figure E.1].

Signed: John Smith

© 1SO 2004 - All rights reserved
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Figure EJ1 — Graph of sample staircase test and finite life test for a 16A chain (Log F/Log N plqt)
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Fatigue test report

Report No.: 1003 Page 1 of 1 Report date:  2003-07-20
Chain:
Brand: Number: Pitch: Specimen length: | Other:
BCD Chain 16A 25,4 mm |5P,ILEE
Mechanical properties:
Not taken
Test:
Type: Endurance: Temperature: Other:
Conformity 3 x 108 cycles Approx. 20°C Moderate humidity
Machine:
Brand: Type: No. used: | Calibration date: |Force.verification and
XYZ Mech., harmonic spring 1 2003-01-29 menjtoring:
Periodic, strain-gauge bar
Date |TestNo.| Frequency Finax Fooin F, | Cycles, N | Failure Remarks
Hz kN kN kN

03-07-18 026 31 11,39 2,224 | 9,55 3,000E6 NF
03-07-20 027 31 11,39 2,224 19,55 | 3,000E6 NF
03-07-22 028 31 11,39 2,224 9,55 | 3,000E6 NF

Results and'eonclusions:

Aceepted

Qo : M Qe
olgriceu. _ JOIT oIt
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Annex F
(informative)

Establishing chain application fatigue ratings

F.1 Scope and general

This Internat
means of a
specimen ler
the chain len
production b

onal Standard prescribes procedures for determining the fatigue limit of transmission chai
staircase test under specified laboratory conditions. Some of the conditions are a-five
gth, all specimens from a single production batch and a ten-test staircase. In actual'applica
gth usually is between fifty and two-hundred-fifty pitches, the chains used may/be‘from se
htches, and the total production volume greatly exceeds that represented by onlysix or ten

Additional afalysis methods clearly are needed to evaluate the differences betweennspecified labo

conditions arf

This annex [
under specif

d actual applications.

resents possible methods for evaluating some of the differences bétween a chain’s fatigug
c laboratory conditions and that chain’s fatigue rating for a variety‘ef applications. Neither

this Internatipnal Standard as a whole prescribes a method for establishing.chain application fatigue ratin

Instead, this
differences
applications.
between a
represented
and many pf

annex describes some methods that may be used tolevaluate the effects of three sp
petween the fatigue limit obtained from laboratory testing and a fatigue rating suitab

ive-pitch specimen length and a much longer "drive chain length, the production qu
by a six-test or ten-test sample and a much larger'production quantity, and one production
pduction batches. Some other factors that should be considered are mentioned, but methg

evaluate then are beyond the scope of this annex. There also may be factors that should be considere

are not ment|

F.2 Methc

F.2.1 Chai

One method
follows.

It can be sho

AN =0,5

oned in this annex.

pds
h length

for evaluating the. effect of difference between test specimen length and drive chain |

wn that, for'F;,, to be the median of the least of N values:

0

Similarly, for

to-be-the

S3oof N valuas:
OHAEHHBS-

Ns by
Lpitch
fions,
veral
fests.
atory

limit
it nor
OS.

ecific
e for

Experience has shown these methods to be reaspfably reliable in evaluating the differgnces

antity
batch
ds to
i that

bngth

(F.1)

TS

L
TB(—35N)

AN = 0,998 65 (F.2)
For the purposes of this annex, N is the number of potential failure sites, or the number of inner plate
apertures, in the given chain. Thus, N =12 for a five-pitch test chain with an inner link at each end, and
N =200 for a one hundred-pitch drive chain. Calculated values of 4V, for selected values of N, are given in
Table F.1 and shown in Figure F.1.

Then

Fon = Fo1 = Z(4,r0) Sp (F-3)
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where
Fon is the median (mean) fatigue strength of a sample of chains, each with N inner link apertures;
Fp1 is the median (mean) fatigue strength of a sample of chains, each with one inner link aperture;
Z(4,Fb) is the standard normal transform corresponding to 4" and Fons
Sp is the estimated standard deviation of population when N = 1.
and
Fo3sn) = Fo1 =Z4,-30) 5P (F.4)

wherge

The 5
This

Final
apprd

Fo(-3sn) is the minimum (-35) fatigue strength of a sample of chains, each with N inner link

b1 is the median (mean) fatigue strength of a sample of chains, each with one inner li
(130 IS the standard normal transform corresponding to A¥-and Fp-3sny-

tandard deviation of the population (Sp) is estimated by, sitnultaneously solving Equations (R
Calculation is an approximation of Sp because the intervalbetween standard deviations is no

y, the mean and minimum fatigue limit of a chain of any length may be estimated by su
priate values for Fiq, Sp, Z4 ), and Z 4 _3:

apertures;

nk aperture;

.3) and (F.4).
uniform.
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Figure F.1 — Adjusted. probabilities (4") for specimen size (N)
Sample size
When establishing chain application fatigue ratings, the sample selected for staircase testig should be
ient to minimize statistieal error.
Sample representativeness
When establishing’.chain application fatigue ratings, the sample selected for staircase testing should be
sentative{of more than one production batch.
ircase test for establishing chain application fatigue ratings should contain at least thirty specimens,

A stg

equa

Iy-representing at least three different production batches.

F.3

Other factors

F.3.1 Statistical limits

The definition of fatigue limit states that there is a 0,135 % probability of failure at 107 cycles. The probability
of failure is small, but does exist. Either users should be warned of this possibility of fatigue failure, or the
chain producer should make additional compensation for it.
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F.3.2 Fatigue life

Limited testing shows there are some link plate fatigue failures beyond 107 cycles, which indicates that the
slope of the F-N line beyond 107 cycles may not be quite zero (or «). A chain still may fail no matter how
carefully selected and maintained. No clear directive can be given on this, but both users and producers
should be aware of this possibility of fatigue failure.

F.3.3 Wear

Testing indicates that chain and sprocket wear can reduce the fatigue strength and life of transmission chain.
Great variation virtually precludes the prediction of wear effects, but here again, both users and producers
should be aware of the possibility of fatigue failure.

F.3.4 Unidentified factors

Many other factors, not listed here, may affect the fatigue life of transmission chain. One common way tq treat
them is by clearly enumerating the drive conditions under which the ratings apply and exclude everything|else.

F.4 Sample calculations

In this example, each of the three production batches had low variation {33step staircases), but the means
differed by about two steps. The constructed thirty-test staircase appears‘as follows:

Test Staircase
force
N

19 450 X X

17 600 X o) o X X X X

15750 o) o] o o X X o) X X X X

13 900 o o] o] o X o X o)

12 050 o] o

Basic statisti¢s for this staircase are
— mean fafigue strength,-F,/= 15 688;
— standarq deviation, S = 1 880;

— minimum fatigue strength, F,_s¢ =10 048;

— fatigue limit: Fy 35+ d =11 898.

In this example, test chain length was 13 pitches, with inner link each end (N = 28). Adjustments for chain
length are as follows.

15688 = Fyy —1,9695p a) Fyq=15688 + 1,969 (1 963)

11898 = F,y -3,900Sp  b) Fp; =19553
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Subtracting b) from a) gives

3790 =1,9315p

1963 = Sp

ISO 15654:2004(E)

So, for a drive chain one hundred pitches long:

— mean fatigue strength, Fy5qq = 19 5563 — 2,701 (1 963) = 19 553 — 5 302 = 14 251,

8 557 = 10 998.

And, [for a drive chain one hundred twenty pitches long:

— mean fatigue strength, Fi5,q =19 563 — 2,761 (1 963) = 19 553 — 5 420 = 14 133;

— ninimum fatigue limit, Fi, 35049y = 19 553 — 4,396 (1 963) = 19 553 - 8 629.= 10 924.
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