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FOREWORD

The current horsepower ratings for precision power transmission roller chains, to ANSI B29.1,
were first published in 1961. The low-speed portion of those ratings was derived from axial

i) A -

Lok des dot b RS I | +la 1 - yan Yanl) - A e

tatigtre—rating—data—provided—by—the—member—compantes—ofthe—Ametican—Chain—Assoctation
(then the ASCME). Each company determined a chain’s fatigue rating a different way, but these
differences were not critical because the horsepower ratings were set at a very conservative level:

In 1982, ISO began work on a motorcycle chain standard that included dynamic (fatigue)
strength requirements. Furthermore, ISO decided that the development of these dynamic stréngth
requirements for the motorcycle chain standard would set a precedent for including dyhamic
strength requirements in other chain standards.

During the review of the proposed motorcycle chain standard, this committee/found that
several different test procedures and analysis methods were in use that could prodfice significantly
different fatigue strength results for the same chain test sample. It seemed ob¥vious that a uniform
testing and analysis procedure was needed, so the committee initiated Work on this Standard.
That edition of ASME B29.26M was approved by the American National Standards Institute on
December 9, 1996.

The 2001 revision of B29.26 incorporated several improvements{ A)conformance test was added
to evaluate a chain’s conformance to dynamic strength requifements in related B29 product
standards. The number of tests in a staircase was revised to.require more tests for four or five
level staircases. An appendix was added to describe the use of a Probit analysis for setting step
size, and an appendix was added to give a method for-adjusting a chain’s fatigue strength from
a short test specimen (five pitches) to a longer drive chain (100 pitches).

This revision incorporates new specimen drawings and a revised section on step size to cover
the testing of multiple strand roller and leaf chains. It also corrects two editorial errors from the
2001 edition.

Suggestions for improvement of this Standard are welcome. They should be sent to the Secretary,
B29 Committee, The American Society~of Mechanical Engineers, Two Park Avenue, New York,
NY 10016-5990.

This revision was approved as an American National Standard on October 3, 2013.

iv
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CORRESPONDENCE WITH THE B29 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the
consensus of concerned interests. As such, users of this Standard may interact with the Committee

by requesting interpretations, proposing revisions, and attending Committee meetings. Corre=
spondence should be addressed to:

Secretary, B29 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to~incorporate changes
that appear necessary or desirable, as demonstrated by the experience gained from the application
of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should be
as specific as possible, citing the paragraph number(s), the préposed wording, and a detailed
description of the reasons for the proposal, including any, pertinent documentation.

Proposing a Case. Cases may be issued for the purpose‘of providing alternative rules when
justified, to permit early implementation of an approyéd fevision when the need is urgent, or to
provide rules not covered by existing provisions. Casés are effective immediately upon ASME
approval and shall be posted on the ASME Commnittee Web page.

Requests for Cases shall provide a Statementof Need and Background Information. The request
should identify the Standard, the paragraph) figure or table number(s), and be written as a
Question and Reply in the same format aslexisting Cases. Requests for Cases should also indicate
the applicable edition(s) of the Standatd-to which the proposed Case applies.

Interpretations. Upon request, the'B29 Committee will render an interpretation of any require-
ment of the Standard. Interpretdtions can only be rendered in response to a written request sent
to the Secretary of the B29 Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.

Edition: Cite the applicable edition of the Standard for which the interpretation is
being requested.

Question; Phrase the question as a request for an interpretation of a specific requirement

suitable for general understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings that are necessary to explain the question; however, they should
not contain proprietary names or information

Requests that are not in this format may be rewritten in the appropriate format by the Committee
prior to being answered, which may inadvertently change the intent of the original request.

ASME procedures provide for reconsideration of any interpretation when or if additional
information that might affect an interpretation is available. Further, persons aggrieved by an
interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The B29 Standards Committee regularly holds meetings that
are open to the public. Persons wishing to attend any meeting should contact the Secretary of
the B29 Standards Committee.

"o
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ASME B29.26-2013

FATIGUE TESTING
POWER TRANSMISSION ROLLER CHAIN

1 BSCOPE

Tlhis Standard covers fatigue testing, in axial tension,
of ppwer transmission roller chains in ASME B29.1 and
ASME B29.100 and nonstandard variants of those chains.

2 PURPOSE

Tlhe purpose of this Standard is to provide a uniform,
religble method of determining the fatigue strength of
power transmission roller chains so that equivalent and
comparable results can be obtained from axial fatigue
testing at different laboratories.

3 PEFINITIONS AND NOMENCLATURE

amplitude, load (F,): one-half the difference between the
maximum load and the minimum load, measured in
pouhds force (newtons).

cyclds (N): the number of load cycles, at a single load,
applied to a specimen chain at a particular time in
the fest.

cyclgs to failure (Nj): the number of load cycles sustained
by the specimen chain at the time of failtte.

cyclds to failure, average (N,): the calculated mean number
of cycles to failure, at a single lead, for a test series.

cyclds to failure, minimum (N,z): the calculated minimum
nunjber of cycles to failure;yat a single load, for a test
serigs, with 0.977 probability of survival based on a log-
norrnal distribution. “Also known as endurance limit.

endyrance (N,): theypredetermined number of cycles at
whig¢h a test willkbe discontinued without failure of the
spedimen cliain.

failyre (X)s separation, or significant elongation at
redyced-load, of the specimen chain resulting from

to zero minor load, measured in pounds ferce (rlewtons).
If endurance is not 10, note the numbier of logd cycles
at endurance.

fatigue strength, minimum (F,): the)test load, corprected to
zero minor load, at which there/is a calculategl 0.135%
probability of failure at anvenddrance less than 107, mea-
sured in pounds force_(héwtons). Note the nyimber of
load cycles at endurance.

load, major (Fpay):¢h€ maximum value of load ir] the load
cycle, measured(in pounds force (newtons).

load, mean (Fy,): one-half the sum of the maxinhum and
minimufyldads in the load cycle, measured i} pounds
force (newtons).

load, minor (Fp;y,): the minimum value of load in| the load
¢ycle, measured in pounds force (newtons).

load, test (F,): the major load, corrected to zefo minor
load, at which a test series was run, measured i pounds
force (newtons).

run-out (O): the specimen chain runs to endurapce with-
out failure. The letter O is used to designate 4 run-out
when plotting test data.

staircase test: in this Standard, a method of testing for
roller chain fatigue strength in which the specimens are
tested at predetermined equally spaced load lejels. The
tests then are arranged such that if the prevjious test
fails before endurance, the next test is at the n¢xt lower
load level, and if the previous test survives to ejdurance
(runs-out), the next test is at the next higher 1dad level.
The resulting data plot resembles a staircase.

step (d): the difference between two adjacent fest load
levels in a staircase fatigue test, measured ir] pounds
force (newtons).

tensile strength, chain, minimum (F,): the minimjum load

fatigtie fracture of a INK plate (normal) OF a pin (Uncom-
mon) before endurance. The letter X is used to designate
a failure when plotting test data.

fatigue limit (F;): the test load, corrected to zero minor
load, at which there is a calculated 0.135% probability
of failure at 10 load cycles, measured in pounds force
(newtons). This approximates the load below which a
chain may endure an infinite number of load cycles.

fatigue strength, average (Fp): the calculated average
fatigue strength of a test lot, at 107 load cycles, corrected

at which unused, undamaged chains may be expected
to fail when subjected to a single tensile load application,
measured in pounds force (newtons).

4 REFERENCES

The following is a list of publications referenced in this
Standard. Unless otherwise specified, the standard(s)
referenced shall be the most recent issue at the time of
order placement.
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ASME B29.1, Precision Power Transmission Roller
Chains, Attachments, and Sprockets

ASME B29.100, Double-Pitch Roller
Attachments, and Sprockets

ASME B29.24, Roller Load Chains for Overhead Hoists

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York,
NY 10016- 5990 Order Department: 22 Law Drive, P.O.

Chains,

467, Practice for Verification of Constant
Ampllitude Dynamic Forces in an Axial Fatigue
Testing Machine

Publishdr: American Society for Testing and Materials
(ASTNI International), 100 Barr Harbor Drive, P.O.
Box CJ00, West Conshohocken, PA 19428-2959
(wwwjastm.org)

5 TESTING EQUIPMENT
5.1 Tesling Machine Type and Size

5.1.1( Machine Type. The tests may be conducted
on any pne of the following types of fatigue testing
machines: mechanical (eccentric crank, rotating mass,
resonanf spring, etc.), electromechanical, magnetic,
hydraulic, or electrohydraulic.

5.1.2| Machine Size. The size of the testing machie
shall be|such that the maximum test load on thetest
chain shpll be equal to or greater than 10% of/the maxi-
mum capacity of the machine.

5.2 Loafl Application

5.2.1| Load Form. The load shallbe in axial tension
throughgut the test.

The miachine shall apply, 4 meéan load; then cyclically
vary the|axial tension load,\approximately sinusoidally
with time, above andbelow the mean load between
predetermined minerahd major loads; and then repeat
(see Fig.|1).

5.2.2) Loading Frequency. The loading frequency
shall noffindice a damaging temperature rise in the test

5.3.2 Load Verification

(a) The action of the test machine shall be analyzed to
ensure that the desired form and magnitude of loading is
applied.

(b) A load-monitoring system should be mounted in
series with the specimen to ensure that the load cycle
is maintained throughout the test.

(c) The varymg load, determlned by suitable dynam1c
es to
eing
vith

wrthm 2% of the operatmg range of the machme H
used. Loads should be verified in accordance
ASTM E467.

5.4 Additional Machine Requirements

The testing machine shall have
(a) a counter to record the siumber of load cyclds
(b) a device to stop the machine when the chain|fails
(c) a device to preventZthe machine from restafting
after an emergency stop due to power failure, etc.

5.5 Test Fixtures

5.5.1 FleXibility. Test fixtures shall permit|free
movement\of the test chain in both the normal glane
of artieulation and in the plane perpendicular to [that.
Typical test fixture arrangements are shown in Figs. 2
through 5.

5.5.2 Axial Loading. The load should be apjplied
along the chain’s centerline. Avoid misalignment cafised
by twist or lateral displacement of the fixtures.

5.5.3 Connection. When terminal clevises are ysed,
the size of the hole in the fixture that attaches tq the
chain should be equal to the size of the bushing |hole
in the chain. When endless specimens are testedl on
sprockets or sheaves, the chain shall be restrained from
moving about the sheaves to ensure that only the spgcific
sections of the chain are tested.

6 TEST CHAINS

6.1 Condition

Test chains shall be unused, undamaged chains on
which all phases of manufacture have been complé¢ted.

specimeft. Loading frequencies of up to 200 Hz usually
are satisfactory.

5.3 Load Calibration and Verification

5.3.1 Machine Calibration. The testing machine
shall be calibrated periodically to maintain suitable
accuracy of load application. The machine should be
calibrated to within +2% of its maximum capacity. The
machine should be calibrated in accordance with
ASTM E4.

Chain Tubrication 1s discretionary. Test chains should be
preloaded to the maximum major load expected to be
applied in the test.

6.2 Length

Each test chain shall be at least five free pitches in
length. Free pitches are those that do not contact the
fixtures. Failures in links that contact the fixtures shall
be disregarded. All test chains for a given test series
shall be the same length.
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Fig. 1 Typical Load Cycle
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Fig. 2 Typical-Single-Strand Roller Chain Fatigue Test Specimens and Fixtures
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Fig. 3 Typical Double-Strand Roller Chain Fatigue Test Specimens and Fixtures
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Fig. 5 Typical Fatigue Test Fixtures for Endless Chain Tested on Sprockets or Sheaves

7 TEST LOADS
7.1 [Minor Load

Tlhe minor load shall be at least 1% of the minimum
ultihate tensile strength for the subject chain listed in
ASMIE B29.1 or B29.100. The minor load should be set
as Igqw, within the recommended operating range, as the
testing machine can consistently maintain. A minor load
of 1Yo to 5% of the minimum ultimate tensile strength
for fhe subject chain normally is acceptable.

7.2 |Major Load

Tlhe major load shall be set at a level that cortesponds
to the test load (corrected to zero minor load) required
by ASME B29.1 or by the type of test deseribed in this
Starfdard.

7.3 |Test Load, Corrected to Zero Minor Load

Tlhe major load shall be cérrected to zero minor load
to optain a representatiye\test load. The test load, cor-
rect¢d to zero minor 10ad, shall be calculated by the
Johrfson-Goodmarystraight-line method [see eq. (1) and
Fig. [6].

Fu(Fmax - Fmin)

Ft - Pu - Fmin (1)

8.1.4 Major Load.-” The major load shall be deter-
mined by eq. (2).

Fmax — FtFu + [Fn;n(Fu — Ft)] (2)
u

8.1.5 Test Procedure. Three specimens|shall be
tested.
An axial tensile load shall be applied, varyinglapproxi-
mately sinusoidally between the minor load defermined
by para. 8.1.3 and the major load determfined by
para. 8.1.4. The test shall continue to endurance or until
the specimen fails, whichever is sooner.

8.1.6 Acceptance. All specimens shall s{rvive to
endurance without failure.

8.2 Finite Life Test

8.2.1 Purpose. A finite life test is to determine the
relationship between the load and cycles to failure at
numbers of cycles less than the inflection poir‘[t.

8.2.2 Inflection Point. The inflection point is that
point at which the cycles to failure begin to|increase
rapidly with a small decrease in force. It is near 10° cycles
for roller chain.

8.2.3 Load Levels. There shall be at least fwo load
levels, but not more than four load levels, in a finite
life test.

8 TESTING PROCEDURES
8.1 Conformance Test

8.1.1 Purpose. A conformance test is to determine
if a chain meets the dynamic strength requirements
listed for it in ASME B29.1.

8.1.2 Endurance. Endurance shall be 3 x 10° cycles.

8.1.3 Minor Load. The minor load shall be set in
accordance with para. 7.1 of this Standard.

The maximum test Ioad should not exceed 60% of the
minimum tensile strength listed in ASME B29.1.

The minimum test force shall be sufficient to produce
all failures before endurance. The minimum test force
should be sufficient to produce all failures before
10° cycles.

The interval between adjacent force levels should be
equal.

8.2.4 Number of Tests. A minimum of 14 specimens
shall be tested. An equal number of tests shall be tested
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Fig. 6 Johnson-Goodman Diagram
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at each force level. Recommended numbers of tests at
each forde level are seven specimens at each of two force
levels, five specimens at each of three force levels, and
four spefimens at each of four force levels.

8.3 Staircase Test

8.3.1| Purpose. A staircase test is to determine the
fatigue ljmit or the high-cycle fatigue strength.

8.3.2| Description. In this Standard, astaircase test
is one inf which specimens are tested at'predetermined,
equally $paced, load levels or steps. The tests then are
arranged, according to the rules in para. 8.3.7, such that
if the previous test fails beforé endurance, the next test
is at the|next lower load level) and if the previous test
survives| to endurance (x{ins-out), the next test is at the
next higher load level~Joad levels, or steps, for subse-
quent tests are determined in a like manner, and the
testing dontinues until the required number of tests are
completed.

0
0 10 20 30 50 60 70 80 90 100
I Minor Load, % of F,
Fmin

If this method is chosen, the survival test and Pfobit
analysis shall be conducted as described in
Nonmandatory Appendix A.

(b) If sufficient test data are not available for a suryival
test, step size, before correcting to zero minor load, may
be set empirically by egs. (3a) and (3b).

For single-strand chains:

d = 400P'5, 1b (3a)
For multiple-strand chains:
d = 0.7n,400P*, 1b (3b)

where
ny, = number of strands, and 7, is 2 or more

8.3.3 Endurance. Endurance shall be 107 cycles 8.3.5 Selecting the Initial Major Load. The inpitial
when teswmmr—mmmmmmm@red

cycles or greater when testing for high-cycle fatigue
strength.

8.3.4 Step Size

(a) The step size may be determined from a survival
test and abridged Probit analysis. First, a survival test
is conducted for the subject chain model. Then, the mean
fatigue limit and standard deviation are determined by
an abridged Probit analysis. Finally, the step size is set
nearly equal to the population standard deviation.

major load two steps higher than the historical average
fatigue strength. If testing history is not available, the
initial test may be run at the preferred major load nearest
to 32% of the chain’s minimum ultimate tensile strength
listed in ASME B29.1.

Preferred major loads are equal to the minor load,
plus the step size times an integer [eq. (4)].

Fmax = Fmin + (d?’ls) (4)
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Table 1 Required Number of Data Points

The slope of the line is

Confidence Three-Step Four-Step Five-Step _ o _ _
on Mean Staircase Staircase Staircase mp = 2 FiLogNi - 2F2LogN; ()
nE(Fy) - (SFy)
95% 10 15 20
And the X-intercept, or number of cycles, at zero
force is
where o ;
n ok 1 1 £ oot Ne — exp [ELOgN’ szFh—l (7)
- 1L ll.cél dl TTUIIipvTCL Ul DLCFD \Y T 1IU L nf J

.3.6 Required Number of Tests. A staircase test
shall have the minimum number of tests shown in
Table 1.

.3.7 Rules for Conducting Staircase Tests

(a)) A staircase test shall begin with a response
reversal — a run-out followed by a failure or a failure
follqwed by a run-out.

(b) A staircase test shall have at least three steps but
shoyld not have more than five steps.
(c) The highest step in a staircase shall contain all
failyres.
(d) The lowest step in a staircase shall contain all
run-outs.
(e} Intermediate steps in a staircase shall contain both
failgres and run-outs.

9 ANALYZING FATIGUE TESTING DATA
9.1 |Analyzing Finite Life Test Data

9.1.1 Data. The data for a finite life analysis shall
be ghthered in accordance with para. 8.2 of thisStandard.

9.1.2 Statistical Distributions. The distribution of
fatigue life, at a given force level, is.Well described by
a log normal distribution. The distribution of force, at
a giyen fatigue life (number of-cycles), is adequately
desdribed by either a normal\or log normal distribution.
Eithpr a normal or log nermal distribution of force may
be chosen for analysis!

9.1.3 Determining Force — Life (F-N) Lines

9.1.3.1 /General Relationships. The relationship
between the force, or the logarithm of force, and the
logalrithfia-of fatigue life is essentially linear between 10*
and|10%<Cycles. The relationship of fatigue life at any

(b) If a log-normal distribution of force’is cicl)sen for
analysis, the mean regression line shall be estifnated by
means of eqgs. (8) through (10).

The relationship betweenJméan fatigue life N and
applied force F,, between/10*and 10° cycles, ip

N = exppl[LogNy + myrLog,] 8)
The slope of the line is

)" ne2(LofF;LogN;) — 2LogF;2LogN;
n3(LogFy)? — (SLogF,)*

©)

MLF

And the X-intercept, or number of cycles, atlone unit
force is

ELOgN,' - mLFELogFt,} (10)

Nl = eXp10|: nf

9.1.3.3 Minimum Regression Line

(a) If anormal distribution of force is chosen|for anal-

ysis, the minimum regression line shall be estiated by

means of egs. (11) and (12).

The standard deviation of the logarithm of fatigue life
from the mean line, between 10* and 10° cycldgs, is

SLogN? - LogNgSLogN; — m3(LogN|F,;) 1%
SLogN = g — >

(11
And the relationship between minimum fatigue life

Nmin and applied force F,, between 10* and 10° cycles,
with 0.97725 probability of survival is

Nupin = expio[LogNg — 251 ooy + mipF] (12)

applied torce within the stated lIimits may be estimated
by a regression analysis.

9.1.3.2 Mean Regression Line
(a) If a normal distribution of force is chosen for anal-
ysis, the mean regression line shall be estimated by
means of egs. (5) through (7).
The relationship between mean fatigue life N and
applied force F,, between 10* and 10° cycles, is

N = expio[LogNy + mgF)] 5)

(b) If a log normal distribution of force is chosen for
analysis, the minimum regression line shall be estimated
by means of egs. (13) and (14).

The standard deviation of the logarithm of fatigue life
from the mean line, between 10* and 10° cycles, is

SLogN? — LogNySLogN; — mLpE(LogNiLogFﬁ)] 03

SLogN = |: g — >

(13)
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Fig. 7 Staircase Data Plot
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O = run-out
X = failure
# = phantom point

And the relationship between minimum fatigue life
Nmin and applied force F,, between 10* and 10° cycles,
with 0.9Y725 probability of survival is

Nimin = expio[LogNy — 25y gy + myrLogF,] (14)

9.2 Analyzing Staircase Test Data

9.2.1| Calculate Test Loads (Correct Major Loads to
Zero M:I|0r Load). All test loads in the staircase shall
be calcullated (major loads shall be corrected to zero
minor lopd) in accordance with para. 7.3 of this Standard
before beginning the analysis.

9.2.2| Plot Staircase Test Data

(a) St3ircase test data should be plotted as shown in
Fig. 7 tq ensure that the rules for generating a valid
staircase| are followed.

(b) Add a “phantom” data point priox.to-the first test
data ppint in accordance with_para. B-1 in
Nonmarfdatory Appendix B.

(c) Add a “phantom” data point following the final
test data point in accordance with para. B-2 in
Nonmarfdatory Appendix ‘B,

9.2.3| Calculate Mean Fatigue Strength. The mean,
or average, fatiguesstrength shall be calculated by

eq. (15).

_3R

1

F, (15)

9.2.5 Calculate Fatigue Limit or Minimum Fatfigue
Strength. The minimumdatigue strength shall be cqlcu-
lated by eq. (17).

FE=F-35+d 17)

See Nonmandatory Appendix C for informatioh on
adding d inveq. (17).
The term fatigue limit, F;, applies only for endurpnce
at 104¢eycles.

9.2.6 Extrapolating Minimum Fatigue Strength to
107 Cycles

(a) 1f endurance is set between 3 X 10° and 107 cy{cles,
the results may be extrapolated to 107 cycles. The repults
may be extrapolated along the slope of the Load-Cycles
line between 3 X 10° cycles and 107 cycles. That dlope
shall be determined by staircase tests at 3 X 10° cy{cles,
107 cycles, and a minimum of one intermediate
endurance.

(b) When extrapolated results are presented| the
endurance at which the test was run shall be shown with
the note that the results were extrapolated to 107 cylcles.

(c) One comprehensive study shows that the repults
may be extrapolated from 3 x 10° cycles to 107 cfcles
along a Log Load-Log Cycles slope of —0.036.

10 PRESENTATION OF TEST RESULTS
10.1 Test Chain Information

where
ns = total number of tests in staircase, including fail-
ures, run-outs, and phantom points

9.2.4 Calculate Standard Deviation. The sample
standard deviation, S, shall be calculated by eq. (16).

2 2
o Qﬂ_fﬂ 6
N N

10.1.1 Identification. The originator shall provide

to the user

(a) the name of the manufacturer of the test chain

(b) the ANSI or ISO number of the test chain, if
applicable

(c) the pitch of the test chain

(d) abrief description of the test chain, if it is a variant
of a standard chain

(e) the length, in free pitches, of the test specimens
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10.1.2 Mechanical Properties.
should provide to the user

(a) the results of tensile tests on specimens from the
same lot as the fatigue test chains

(b) the results of pin and bushing press-out-force tests
on specimens from the same lot as the fatigue test chains

(c) the results of any other tests on the chain, subas-
semblies, or individual parts, e.g., part hardness and
link plate tensile tests

The originator

(d) the minimum fatigue life, calculated by egs. (6)
and (7)

10.3.3 Tabular Presentation of Test Results. The
originator should provide a table of test results to the
user. When a table of results is presented, it shall include

(a) identification of the test specimen
(b) the test sequence and order in which the speci-
mens were run

(d) the findings of any visual examinations on the
chaih or component parts

10.2 Test Equipment and Procedures

1D.2.1 Test Equipment. The originator shall provide
to the user

(a) the manufacturer and type of testing machine

(b the rated capacity of the test machine

(c) the number of machines used, if more than one
(d) the method of dynamic load verification and
morjitoring

1D.2.2 TestProcedures. The originator shall provide
to the user

(a) the type of test: a staircase test to determine fatigue
stremgth or an endurance test to determine fatigue life
(b} the purpose of the test, e.g., to determine fatigue
stremgth of production chain, evaluate proposed alterna-
tive|designs or processes, or verify the effect of a design
or process change

(c) the number of cycles to endurance, if it\is.a stair-
case| test

(d) the cyclic loading frequency, load cycles per
minfite

(e} any ambient or test conditiorsthat could add non-
random variation to the test results

10.3 Test Results

1p.3.1 Final Results\of Staircase Tests. The origina-
tor ghall provide tocthe user

(a) the number-of specimens tested.

(b) the avierage fatigue strength, corrected to zero
minpr load,\calculated by eq. (15).

(c} the-minimum fatigue strength, or fatigue limit,

(c) the major and minor load used in each fest

(d) the number of cycles at which each fest was
terminated

(e) the reason each test was termihated and)if it was
a failure, the component of the chaini that fail¢d

(f) a brief summary of the(post-test examimation, if
any was done

(g) the loading frequengy; if it varies from gpecimen
to specimen

(h) the machine used for each test, if more fhan one
machine was used

10.3.4 (Graphical Presentation of Test Regults. If
sufficiefit test data are generated, and the user so
requests; the originator should present the tegt results
in graphical form. The most common graphical method
of Presenting fatigue test data is the Woehler fHiagram,
or F-N plot. The dependent variable, fatigue life jn cycles,
is plotted on the abscissa, a logarithmic scale. The inde-
pendent variable, test load in pounds force or hewtons,
is plotted on the ordinate, an arithmetic or logarithmic
scale. For roller chain test data, a logarithmic|ordinate
scale should be used.

Roller chain fatigue test results are acceptablly repre-
sented by two straight lines. One is a horizdqntal line
extending from the fatigue strength at 107 ¢ycles to
10° cycles or a nearly horizontal line extending|from the
fatigue strength at 10" cycles to 10° cycles at a slope
determined by the procedure described in pIa. 9.2.6.
The other is a regression line calculated from fatigue
life testing data according to para. 9.1.

The failures, [X], from fatigue life tests shall bg plotted
on the test load level at the number of cycles pt which
failure occurred. Likewise, the failures, X, from|staircase
tests shall be plotted on the test load level at th¢ number
of cycles at which failure occurred. The run-outs, ®, from

betod-tozero-minorload-caleulated by—ags (A6)and
correeted-to-zer minorload-calenlated-by-eqs—(16)-and

(17). The term fatigue limit shall only be used when
endurance is set at 107 cycles.

10.3.2 Final Results of Endurance Tests. The origi-
nator shall provide to the user

(a) the number of specimens tested

(b) the test load at which the series was tested

(c) the average fatigue life, calculated by eq. (5)

staircase tests shall be P]nH‘DH on-the test load level at

the predetermined number of cycles for endurance, with
an arrow extending to the right. When there are multiple
run-outs at the same load level, the number of run-outs
shall be noted just to the right of the arrowhead. All
test data points shall be plotted on graphs with the
regression lines representing fatigue life and strength.
An example of graphical presentation of fatigue testing
data is shown in Fig. 8.
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Fig. 8 Typical Fatigue Test Data Plot
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NONMANDATORY APPENDIX A
SURVIVAL METHOD WITH ABRIDGED PROBIT ANALYSIS

A-1 PURPOSE T - or Five
. . . o Load Levels
Alsurvival test, with a Probit analysis, is the most
accyrate method of determining the mean fatigue limit Expected Percent Relative
and [its standard deviation. It may also be used to deter- Run-Outs proup Size
ming the step 'size for future staircase testing of a specific 25 to 75 1.0
model of chain. 15 to 20 or 80 to 85 1.5
10 or 90 2.0
5o0r 95 3.0
A-2| DESCRIPTION 2 or 98 50

Tlhe survival test is a procedure in which groups of
chaih specimens are tested at different load levels such
that|the central load level contains approximately 50%
failyres, the highest load level contains 90% to 95% fail-
ures, and the lowest load level contains 5% to 10% fail-
urest An abridged Probit analysis is used to estimate
the mean fatigue limit and standard deviation of the
test¢d population. The step size is then set nearly equal
to the standard deviation for future staircase testing of
the gubject chain model.

A-3| TEST PROCEDURE

Test Specimens

A-3.

PvI:apare at least 50, and preferably 100, test specimens
in a¢cordance with section 6. All testispecimens should
be ffom the same production lot.

Aflditional test specimens should-be provided for pre-
limipary or invalid tests.

A-3.2 Endurance

Ejidurance shall be:sétat 107 cycles.

A-3.B Load Levels

There shotld be five load levels in the survival test:
one giving-approximately 50% failures before endurance
(ver close to the mean), two load levels above that, and
twolbglow. There mav be only four load levels if the

Table A-2. ) Allocation of Test Specimens fpr Four
Load Levels

Expected Percent Relative
Run-Outs Group Size
20 to 80 1.0
5 to 10 or 90 to 95 2.5

at each force level comparable. At least five specimens
at each level, and 50 specimens in total, are required for
acceptable accuracy.
Each specimen shall be tested until it fails of reaches
endurance.
The central force level should have approxims
failures.
The highest force level shall have at least ong run-out.
The lowest force level shall have at least ong failure.

tely 50%

A-4 ANALYSIS PROCEDURE
A-4.1 General

A Probit analysis is a complex technique for|calculat-
ing an optimum line through the survival dafa points
using a least-squares analysis to weight each dhta point

mean falls approximately midway between two force
levels.

The interval between adjacent load levels shall be
uniform.

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

A-3.4 Testing

Test specimens shall be allocated to each level
according to Table A-1 or Table A-2 to make the precision

11

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 abridged
method has proven to be quite adequate for the purposes
in this Standard.

A-4.2 Distributions

The distributions of survival (cycles to failure) and
load should be visually checked by means of a probabil-
ity plot.
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Table A-3 Survival Test Data and Probit Analysis

N 0 | % Survival Z Load X Y X? \& xv)
0 99.87% 3.000 | 2708 . . 0.0000 .. 0

25 | 24 96.00% 1.751 | 3125 1.751 3125 | 3.0649 9,765,625 5,471
10 6 60.00% 0.253 | 3542 0.253 3542 | 0.0642 | 12,545,764 897
10 4 40.00% | -0.253 | 3958 | -0.253 3958 | 0.0642 | 15,665,764 | —1,003
25 2 8.00% | —1.405 | 4375 | -1.405 4375 | 1.9742 | 19,140,625 | —6,147
0.14% | -3.000 | 4792 0.0000 0
T{\T‘A‘LC n.o_/r.( 1(,!\{\!\ :.150 El,lll,:_,:_,o ’0’1

The d
each hig
The d
should H
As thd
if eithel

stribution of cycles to failure at the central and
her load level should be log-normal.
istribution of survival across the load levels
e normal.
Probit analysis assumes normal distributions,
distribution is obviously not normal (or

log-nornpal), the analysis should not be attempted.

A-43 S

The st
which i
estimate

andard Deviation

andard deviation of the survival test data, S,
also the slope of the regression line, shall be
d by eq. (A-1).

_nEXY - 3XSY

S =S GXY (A-T)

humber of load levels in the test
survival, in Standard Normal Transfer Units, Z
fest load, 1b

A-4.4 Mean Fatigue Limit

The nf
which is
shall be

A-5 SI

The st
set to be

ean fatigue limit of the survival test.data, Y,
also the Y-intercept (of force with $0% survival),

estimated by eq. (A-2).

Yo:znnlslzx (A2)
EP SIZE
bp size for sibsequent staircase testing shall be

ween 67%:and 150% of the standard deviation.

The step size should be set nearly equal to the stan
deviation.

A-6 EXAMPLE

Hard

A survival test was conducted with 20 specimens of

#80 chain tested at each (ofysix load levels. All fai
were obtained at the highest force level, and all
outs were obtained cat* the lowest force level. Sur
data from the refpaining four load levels were

Load N Failures Run-Outs
4,375\b 25 23 2
3,958 1b 10 6 4
3542 1b 10 4 6
3,125 Ib 25 1 24

A table usually is created for the survival test
and preliminary calculations. Table A-3 was create
this example.

From this data, the calculated standard deviation

_[4(-782)] - (0346 x 15,000) )
S = = Ix 5168 - (03i67 = —t04and |-404]

and the mean fatigue limit was

15,000 + (404 X 0.346)

Yo 1

= 3785

The results of this analysis are plotted in Fig. Afl.

ures
run-
ival

data
1 for

was

= 404

12
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Fig. A-1 Probit Analysis
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NONMANDATORY APPENDIX B
ADDITIONAL “PHANTOM” DATA POINTS

[AIRCASE

ling to the rules for starting a staircase, the first
5 must be opposite in character: either a run-
failure or a failure and run-out. Consequently,
point may be added to the series, prior to the
data point, even though a test at that point was
hlly run. If the first test data point in the series
in-out, the immediately previous test would
n run at one load level step higher. If the first
point was a failure, the immediately previous
1ld have been run one load level step lower.
no way of knowing if the phantom test was a
r a run-out, so only one phantom point prior
st test can be determined.

THE STAIRCASE

According to the rules for selecting the third and
sequent test load levels in a staircase, the next test
be run at one step higher load if the test jtist comp
was a run-out and at one step lowerodd if the tes
completed was a failure. Consequiently, one data
may be added to the series,<aftet the final test p
even though a test at that«point was not actually
If the final test was a rum=put, the next test woul
run at one step higher test load. If the final test W
failure, the next test would be run at one step lowel
load. There is nodway of knowing if the phantom

sub-
is to
eted
just
oint
oint,
run.
d be
as a
test
test

would be a failure or a run-out, so only one phaptom

point after:the final test point can be determined.

14
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Tlhe method for staircase analysis in this Standard
es all test points, both failures and run-outs. By
hition, all responses at the lowest test force must be
outs. In practice, the calculated minimum fatigue
stregth (Fpean — 35S) always is less than the lowest test
. Consequently, the minimum fatigue strength, with
35% probability of failure, must be greater than the

utili
defi

run-

forc
a 0.1
lowg

C-2
E

isa

mat

st test force.

ADJUSTED MINIMUM

(tensive testing shows that the load at which there
D.135% probability of obtaining a failure is approxi-
bly one step higher than the load calculated by the

ASME B29.26-2013

NONMANDATORY APPENDIX C
ADDING ONE STEP TO THE MINIMUM FATIGUE STRENGTH

conventional statistical method. This is illustrated by

Fig. -1 #80 Chain Staircase Fatigue Test

Fig. C-1. The -3Z probability of failure for the
tion using all of the data is at 3,159 1b. That\s
the lowest load in the staircase (3,542°1b), wh
have all run-outs, so it is statistically) imposs
—-3Z probability of failure for the-distfibution u
the failures is at 3,578 1b. THe) difference of

almost exactly equal to the step size of 417 Ib
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distribu-
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jch must
ble. The
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distribution, all data
distribution, failures only
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NONMANDATORY APPENDIX D
ADJUSTING LABORATORY FATIGUE STRENGTH FOR
APPLICATIONS

D-1 INTRODUCTION

This Jtandard prescribes a method for determining
the fatigue limit of a sample of roller chains by means
of a stairicase test under specified laboratory conditions.
Some of [the conditions are a five-pitch specimen length,
all specimens from a single production batch, and a
single teh- to 20-test staircase. In actual applications, the
chain lefgth is usually between 50 and 250 pitches, the
chains ysed may be from several production batches,
and the [total production volume greatly exceeds that
represented by only ten to 20 tests. Additional analysis
methodq clearly are needed to evaluate the differences
between) specified laboratory conditions and actual
applicatfons.

D-2 S(OPE

This Nonmandatory Appendix presents methods for
adjustinlg three of the differences between a chain’s
fatigue limit under specific laboratory conditions arid
chain’s fatigue rating for a variety of applica-
ither this Standard nor this Nonmandadtory

that mayf be used to evaluate the efféctsof three specific
differendes between the fatigue limit obtained from labo-
ratory tgsting and a fatigue rating suitable for applica-
tions. Experience has shewn these methods to be
reasonafly reliable in evaluating the differences between
a five- t¢p 15-pitch specimen length and a much longer
drive chpin length, the-production quantity represented
by a ten-fest sample'and a much larger production quan-
tity, and|one production lot and many production lots.
Some other ‘factors should be considered, but methods
to evalfiate them are beyond the scope of this

It can be shown that, for X,y to be the medianof the
least of N values

AN = 050 D-1)
Similarly, for X_ssy to be the #3010f N values
AN = 0.99865 D-2)

In this case, N is the number of potential failure gites,
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 eachhend, and N = 200 for a 100-pitch qrive
chain. Calculated values of AN, for selected values f N,
are shownyin Table D-1 and Fig. D-1.

Then
XMN = XMl - Z(A, XM) SP D'3)

where
Sp = estimated standard deviation of popula-
tion when N =1

Xyn = median (mean) fatigue strength of a $am-
ple of chains, each with one inner|link

aperture

Xyn = median (mean) fatigue strength of a $am-
ple of chains, each with N inner [link

apertures

Z, xp = standard normal transform corresponding
to AN and X

and
Xasn = Xm1 — Za, -30) Sp D-4)

where
X 35y = minimum (-35) fatigue strength of a $am-

Nonmandatory Appendix. There also may be factors
that should be considered that are not mentioned in this
Nonmandatory Appendix.

D-3 METHODS
D-3.1 Chain Length

A method for evaluating the effect of difference
between test specimen length and drive chain length
follows.

1 V. | - 1 CIP T N 13 k
PlC Ul CIiallls, ©alll WILIT IV ITHICT 11n

apertures
Xy = median (mean) fatigue strength of a sam-
ple of chains, each with one inner link
aperture
Z, 305 = standard normal transform corresponding

to AN and X—3SN

The standard deviation of the population, Sp is esti-
mated by simultaneously solving the equations (D-3)
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Table D-1 Adjusted Probabilities (A") for Specimen Size (N)

-30

20 -1o

_XM

+lo

+20

+30

AN

AV z AY

z AV

AN

AV Z

AN

B~ N -

12

0.998650
0.999325
0.999662

-3.000
-3.205
-3.399

0.977250(-2.000{0.841345|-1
0.988560|-2.275|0.917248 | -1
0.994263(-2.528|0.957731 -1

.000
.387
725

0.500000| 0.000|0.158655| 1.000
0.707107 [ -0.545|0.398316| 0.258
0.840896 [ -0.998|0.631122 | -0.335

0.022750| 2.000
0.150831| 1.033
0.388370| 0.284

0.001350
0.036742
0.191682

0.999831
0.999887

-3.584
-3.689

0.997128[-2.762]0.978637 | -2
0.998084 |-2.892|0.985707 | -2

.026
.189

0.917004|-1.385]0.794432|-0.822
0.9438741-1.588|0.857771|-1.070

0.623193[-0.314
0.729595[-0.612

0.4378
0.5765

5
B1

3.000
1.790
0.872
0.157
-0.193

16
20
24
28
32

0.999916
0.999932
0.999944
0.999952
0.999958

-3.761
-3.816
-3.863
-3.900
-3.930

0.998563|-2.981(0.989261 | -2
0.998850|-3.048|0.991400| -2
0.999042(-3.103|0.992828 | -2
0.999178|-3.148|0.993849 | -2
0.999281(-3.187|0.994616 | -2

.299
.382
449
.503
.550

0.957603|-1.724|0.891309 | -1.234
0.965936 [ -1.824|0.912059 (-1.354
0.971532(-1.904|0.926159 [ -1.448
0.975549(-1.969|0.936364 | -1.525
0.978572(-2.025|0.944092 {-1.590

0.789426 | -0.804
0.827655[-0.945
0.854163 | 1,054
0.873616)v17144
0.888496,-1.219

0.6616
0.7186
0.7593
0.7897
0.8134

6
8
D9
b0
B5

-0.417
-0.579
-0.704
-0.806
-0.891

36
40
60
80
100

0.999962
0.999966
0.999977
0.999983
0.999986

-3.958
-3.986
-4.079
-4.144
-4.200

0.999361(-3.221{0.995213 | -2
0.999425(-3.251{0.995690 | -2
0.999617 [ -3.364|0.997125 | -2
0.999712|-3.443|0.997843 | -2
0.999770|-3.503|0.998274 | -2

591
627
762
.854
924

0.980930|-2.073|0.950146|-1.646
0.982821(-2.116|0.955018 [ -1.696
0.9885141-2.27410.969782 | -1.878
0.9913731-2.381|0.977250| -2.000
0.993092|-2.462|0.981758{~2:091

0900245 |-1.283
0.909755|-1.339
0.938894 [ -1.546
0.953811(-1.683
0.962875(-1.785

0.8323
0.8477
0.8957
0.9207

0.9360p

3

-0.963
-1.027
-1.258
-1.410
-1.523

120
140
160
200
240

0.999989
0.999990
0.999992
0.999993
0.999994

-4.238
-4.275
-4.303
-4.359
-4.396

0.999808 [ -3.551(0.998561 | -2
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| 5
3
| 7
2
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Fig. D<1")*Adjusted Probabilities (A") for Specimen Size (N)
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