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Standard Practice for
Verification of Constant Amplitude Dynamic Forces in an
Axial Fatigue Testing System !

This standard is issued under the fixed designation E 467; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.5 This practice addresses the accuracy of the testing
1.1 This practice covers procedures for the dynamic verifimachine’s indicated forces as compared to a dynamometer's
cation of cyclic force amplitude measurement accuracy durindgndicated dynamic forces. For the purposes of this verification
constant amplitude testing in an axial fatigue testing system. 1€ dynamometer's indicated dynamic forces will be consid-
is based on the premise that force verification can be done witfred the true forces. Phase lag between dynamometer and force

the use of a strain gaged elastic element. Use of this practidéansducer indicated forces is not within the scope of this

gives assurance that the accuracies of dynamic force readingactice. _ _
from the test machine, at the time of the test, after any user 1.6 The results of either the Annex Al calculation or the full

applied correction factors, fall within the limits recommended€Xperimental verification must be reported per Section 10 of

in Section 9. It does not address static accuracy which mudbis standard. _

1.2 Verification is specific to a particular test machineMachine’s control accuracy. It does not provide assurance that

configuration and specimen. This standard is recommended € force obtained equals the force commanded within the
be used for each configuration of testing machine and Sped‘;pemfled accuracy. The correlation being verified is between

machine force readings in order to meet the accuracy recon§Pecimen as measured by a dynamometer.
mended in Section 9, the verification is also specific to the 1.8 This practice provides no assurance that the shape of the
correction process used. Finally, if the correction process ig§ctual waveform conforms to the intended waveform within

triggered and/or performed by a person, then the verification {§nYy Specified tolerance.

specific to that individual as well. 1.9 Thls s'Fanda_rd is principally focqs_ed at_ room temperature
1.3 It is recognized that performance of a full verification OP€ration. Itis believed there are additional issues that must be

for each configuration of testing machine and specimen Cor@ddressed when testmg_ at high temperatures. At the pres.ent

figuration could be prohibitively time consuming and/or ex-time this standard practice must be viewed as only a partial

pensive. Annex Al provides methods for estimating the dy-Solution for high temperature testing.

namic accuracy impact of test machine and specimelﬁ Referenced Documents

configuration changes that may occur between full verifica-—

tions. Where test machine dynamic accuracy is influenced by a 2-1 ASTM Standards: o _
person, estimating the dynamic accuracy impact of all indi- E 4 Practices for Force Verification of Testing Machihes

viduals involved in the correction process is recommended. E 6 Terminology Relating to Methods of Mechanical Test-

. . R 2
This standard practice foes not specify how that assessment "9

will be done due to the strong dependence on owner/operators E 1823 Standard Definitions of Terms Relating to Fatigue
of the test machine. and Fracture Mechanics Testfg

1.4 This practice is intended to be used periodically. Con- E 1942 Guide for Evaluating Data Acquisition Systems
sistent results between verifications is expected. Failure to Used in Cyclic Fatigue Mechanics Testing
obtain consistent results between verifications using the same2:2 Military Standards:
machine configuration implies uncertain accuracy for dynamic 1312-B Fastener Test MethGds

tests performed during that time period. 2.3 ANSI Standard: , _
Z540-1-1994 Calibration Laboratories and Measuring and

Test Equipment—General Requireménts
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2.4 NCSL Standard: specimen or component, which applies repeated force cycles of
Publication 940830/1600 NCSL Glossary of Metrology— the same span, frequency, waveshape, mean level, and endlev-
Related Terns els.
3.2.14 force commangdh—the desired force to be applied to
3. Terminology the specimen or dynamometer by the testing machine.

3.1 Terminology used in this practice is in accordance with 3-2-15force transducer n—the test machine transducer
Terminology E 1823. Definitions provided herein are consig-Which indicates the applied force by means of an electrical

ered either unfamiliar or not included in Terminology E 1823.voltage which can be measured. _ _
3.2 Definitions: 3.2.15.1 Discussior—Typically the electrical voltage in-

3.2.1 accuracy n—for the purpose of this practic shall ~ Créases linearly with applied force. The Testing System may
be defined as the the degree of agreement between ti€ this voltage for control. _
indicated dynamic force (from the testing machine, after any 3.2.16 indicated force n—the forc'e value provided by the
necessary corrections have been applied) and dynamic dyni@rce transducer or dynamometer's readout (for example, a
mometer force (from the dynamometer instrumentation). Th&Umeric or graphical output for reading by a human including
expected accuracy is defined in Section 9.1. a peak picking capability); these values are typically obtained

3.2.2 amplitude n—one-half the peak-to-peak measurementT™om @ digital volt meter (DVM), or files generated by a
of the cyclic waveform. computerized data acquisition.

3.2.3 cal factor n—the conversion factor between the 3-2-17instrumentation n—the electronics used with a
dynamometer force and the indicated force. transducer providi_ng excitation for the transdqcer, con(_jitioning
3.2.4 conditioned forcen—the high level voltage or digital ©f the measured signal, and readout of that signal; typically the
data available from the dynamometer or force transducer§onditioned signal is a voltage and the readout is a numerical
signal conditioning instrumentation; it is frequently of value diSPlay or printout. ,
during dynamic verification as it can be more conveniently 3-2-18 peak n—the maximum endlevel of a cycle.
monitored by stand alone measurement instrumentation. 3.2.19 peak pickingn—the process of determining the peak
3.2.5 corrected forcen—the force obtained after applying a ©F Valley of a cyclic waveform.
dynamic correction factor to the force transducer’s indicated 3-2-20 repeatability n—the closeness of agreement among

force. repeated measurements of the dynamic forces under the same
3.2.6 data acquisition equipment—the equipment used to  conditions. ,
convert a conditioned force to an indicated force. 3.2.21 span n—the absolute value of the peak minus the

3.2.7 dynamic dynamometer forcea—the maximum an Valley for a cyclic waveform. _ _ _
dminimum forces produced in the dynamometer during a 3-2-22 transducer n—a measuring device which has an
portion of a dynamic test. output signal proportional to the engineering quantity being
3.2.8 dynamic errors n—errors in the force transducer's measured. , ,
corrected force output that occur due to dynamic operation 3-2-23 true force n—the actual force applied to the speci-
(with specimen bending errors intentionally corrected out). Men or dynamometer.
3.2.9 dynamic indicated forces—the maximum and mini-  3-2-24 valley, n—the minimum endlevel of a cycle.
mum forces reported by the test machine during a portion of 3 significance and Use
dynamic test. These values are typically obtained using an’ 9 . )
oscilloscope, peak-valley meter, or files generated by comput- 4-1 Itis well understood how to measure the forces applied
erized data acquisition. to a specimen under static conditions. Practices E 4 details the
3.2.10 dynamometemn—an elastic calibration device used required process for verifying the static force measurement
to indicate the forces applied by a fatigue testing system duringapabilities of testing machines. During dynamic operation
dynamic operation. A strain gaged specimen is often used diwever, additional errors may manifest themselves in a
the dynamometer. Suitable transducer instrumentation is ald§sting machine. Further verification is necessary to confirm
required to provide accurate readings over the intended frdhe dynamic force measurement capabilities of testing ma-
quency and force range. (Refer to Practice E 467, Annex A2 foghines.
detailed information about the dynamometer and instrumenta- Nore 1—The static machine verification accomplished by Practices E 4

tion.) simply establishes the reference. Indicated forces measured from the force
3.2.11 dynamometer forgen—the force value provided by cell are compared to the dynamometer conditioned forces statically for
the dynamometer’s readout. confirmation and then dynamically for dynamic verification of the fatigue

3.2.12 endleveln—either a maximum or minimum level for testing system’s force output. , _
a cyclic waveform Note 2—The dynamic accuracy of the force cell’s output will not

> fati . f h f thi always meet the accuracy requirement of this standard without correction.
3.2.13fatigue testing systerm—for the purpose of this Dynamic correction to the force cell output can be applied provided that

practicg a device for applying repeated force cycles to averification is performed after the correction has been applied.

Note 3—Overall test accuracy is a combination of measurement
accuracy and control accuracy. This practice does not address control
accuracy. It is up to the test operator to utilize appropriate measurement

5 Available from American National Standards Institute, 11 Wr%4sgt., 13" tools to confirm that the desired forces indicated forces meet the desired
Floor, New York, NY 10036. forces within an acceptable degree of accur@.ocu ments
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4.2 Dynamic errors are primarily span dependent, not leveE 4 is not required. It is only necessary to statically calibrate
dependent. That is, the error for a particular force endlevethe dynamometer indicated forces to the force transducer
during dynamic operation is dependent on the immediatelyndicated forces at the force levels corresponding to the desired
preceding force endlevel. Larger spans imply larger absolutdynamic force endlevels. It is this relationship that will be
errors for the same force endlevel. verified under dynamic conditions to assure acceptable levels

4.3 Due to the many test machine factors that influencef additional errors due to dynamic operation. Details of the
dynamic force accuracy, verification is recommended for evergtatic calibration of the dynamometer are included in Section 6
new combination of potential error producing factors. Primaryas an integral part of the practice.
factors are specimen design, machine configuration, test fre-
guency, and loading span. Clearly, performing a full verifica-6. Procedure—Full Verification
tlonbflor ea(;:h Con.flgura.?ont!s Of.te? 'ITpraCttlcal' Totaddress this Note 6—The objective of a full verification is to show that the force
probiem, . ynamic verification 1S a_ ,en ',n WO parts. transducer corrected force accuracy is within an acceptable range when all

4.3.1 First, one or more full verifications are performed atsgyrces of dynamic error have been taken into account.
least annually. The main body of this practice describes that - . , .

. . . 6.1 Designing the TestPrepare a matrix of configurations,
procedure. This provides the most accurate estimate of d){- . : .
. o . est frequencies, and loading spans which address the follow-
namic errors, as it will account for electronic as well as.

> ing issues:
acceleration induced sources of error. . ) . .
4.3.2 The second part, described in Annex AL, is a simpli- 6.1.1 Machine Configurations-ldeally, the machine should

) e . - be configured exactly as it will be used for material testing
fied verification procedure. It provides a simplified method of. . . 7 L .
.including grips or fixturing, or both. Where it is not practical to

fosuLneat'ﬂfeﬁcﬁglrer?g%nm'gguii?]f?r{ﬁ:{iggly;;:r'f ggoc(?hdz;reiggest all expected configurations, test the configuration(s) with
specimen/arin/crosshead heiaht cghan es) 9 the largest expected acceleration errors. In this case, Annex Al
P grp 9 ges). must be used to verify additional test set-ups. It is recom-

4.4 Dynamic Ve”f'c?‘“"” of the fatigue system is reCOM" hended that at least two machine configurations be verified,
mended over the entire range of force and frequency over

which the planned fatigue test series is to be performeqand that the ability to detect acceleration errors against the true

. . . : errors measured with the full verifications be tested.
Endlevels are limited to the machine’s verified static force as . . . .
6.1.2 Test FrequenciesWhere the testing machine will

defined by the current static force verification when tested in . i
. . only be used at a few discrete frequencies, perform the
accordance with Practices E 4.

verification at those frequencies. Where the machine will be
Note 4—There is uncertainty as to whether or not the vibration in aused at a variety of frequencies, the minimum and maximum
frame will be different when operating in compression as opposed tdrequencies must be verified using the full verification proce-
e s o i i compeese o Ere. AT Operating frequency betwee hose requences may
total span does not need to be between thoseptwo levels, but can I&e Venﬁed. usm.g .Annex Al. A dynamic .error graph m.ay prove
performed as two tests. useful for identifying sources of dynamic errors and is recom-
Note 5—Primary electronic characteristics affecting dynamic measuremended though not required. See Annex A3 for an example.
ment accuracy are noise and bandwidth. Excessive noise is generally the6.1.3 Loading Spans-A recommended test would be with
dominant effect at the minimum test frequency. Insufficient bandwidththe machine configured for minimum motion and another
induced errors are generally most significant at the maximum tes{yould be with the machine configured for maximum motion.
frequency. Also, due to the uncertainty of differences in machine vibration
5. Apparatus when operating in tension as opposed to compression, it is
5.1 Dynamometer ConstructienA dynamometer is re- recommended that loading spans be applied in each region
quired. The strongly preferred dynamometer is an actua‘f"here_ thg machine be operated and throug_h zero force if the
specimen, suitably strain gaged to provide a signal whef@chine is to be operated under that condition.
loaded axially. Where a strain gaged specimen is not practical, Note 7—In some tests, for example, a fatigue crack growth determi-
an alternative dynamometer must be made. Annex A2 providesation, the specimen stiffness may vary significantly during the test. To
more detailed instructions on the preparation of a typicakimulate this situation, a range of specimens with differing notch or crack
dynamometer. depths may be needed.
5.2 Dynamometer InstrumentatieADynamometer instru- 6.2 Conducting the Test
mentation is also required. The overall accuracy of the dyna- 6.2.1 Preliminary:.
mometer and the associated instrumentation shall contribute 6.2.1.1 Assemble the test machine in the configuration to be
less than 25 % of the total error of the dynamic measurementsted.
being made. Refer to Annex A2 for guidance on suitable 6.2.1.2 Ensure that the force transducer indicated force
instrumentation for both the dynamometer and the machinaccuracy has been statically verified meeting the requirements
being verified. Calibration of the dynamometer instrumentatiorof Practices E 4.
must be current and traceable to the National institute of _ o .
Standards and Technology (NIST) or some other reCOgnizeﬁlONOTE 8—Some testing machines include a dynamic force compensa-
n feature which is adjusted to correct the force transducer indicated

national standards organization. _ force for effects due to acceleration of the mass of the force transducer
5.3 Dynamometer Static CalibratierAn absolute calibra- element and associated grips. This feature may be applied in the
tion of the dynamometer as tested in accordance with Practicesnsducer instrumentation or in the test B@GEI rrertistion
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