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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 g€ force obtained equals the force commanded within the
be used for each configuration of testing machine and Sp€C§peC|f|ed 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 i§nY 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 OPeration. 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 consid-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 3-2-17 instrumentation n—the electronics used with a
dynamometer force and the indicated force. transducer providi_ng excitation for the transdgcer, 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 t€sting 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 accuracy.
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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 atgoyrces 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

?OSt'g]eat'Sgeicﬁglrerggr(‘)nnm'gguii?]f?r{ﬁ;igglyéggrzs ggoc(ﬁ?;treifest 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?‘“on 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

. . e : 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 comeese v e, ATY Operating frequency betwen hoss requences may
total span does not need to be between thoseptwo levels, but can I&e Vermed. 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 machine’s data acquisition
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equipment. When present and required for acceptable dynamic accuradyequency. Adjust the machine controls so that the dynamom-
follow the manufacturer’s instructions for this adjustment before perform-gter indicated force endlevels during dynamic operation corre-
ing any fatigue test or dynamic verification. After adjustment, verify thatspond to the maximum and minimum endlevels obtained
the dynamic force compensation has had no effect on the static calibratiog,[atically as measured by the dynamometer. Wait for the system
6.2.2 Verification Method-Do steps 6.2.2.1 through 6.2.2.3 to stabilize before proceeding to the next step.

for each combination of machine configuration defined in Note 11—Where a real time output of the force transducer indicated

6.1.1.1. Do steps 6.2.2.6 through 6.2.2.7 for each Combinatiol%rce is not available, the dynamometer indicated forces will be compared

_Of machine configuration, endlevels, and test frequency defined the testing machine’s force command for the purpose of a dynamic
in6.1.1. force verification.

6.2.2.1 Install the dynameter in the system to be verified. g 5 5 7 after stability has been achieved, record a minimum
6222 anneqt the strain gage bridge of the de‘amomet%f 50 simultaneous force transducer indicated force and dyna-
to the associated instrumentation. Connect the verification daﬁometer indicated force peaks and the associated 50 force

acquisition equipment to the dynamometer conditioned force onqqycer indicated force and dynamometer indicated force
output and the force transducer conditioned force output. Tur(}alleys

power on to all devices and allow sufficient time for the

dynamometer and associated instrumentation to stabilize. Note 12—Simultaneous in this context does not mean at the exact
same instant in time. Rather, it means within the same test cycle.

Note 9—Where a separate verification system is used to perform theifferences in phase shift and noise conditions on the two signals make it
data acquisition of the force transducer conditioned force output, then thextremely unlikely that both peaks or both valleys, or both of each will
test machine’s data acquisition and peak picking elements must bgccur at exactly the same point in time.
separately verified. Conversely, where the test machine’s data acquisition Note 13—Dynamic Correction Factors: If a dynamic correction factor
system is used to perform the data acquisition of the dynamometeis to be applied to the force cell output, it must be applied at this point. The
conditioned force output that portion of the test machine’s data acquisitionalysis done as in6.3 must be done on the corrected data (that is, correct
system must first be verified as in 5.2. the data first, then check the correction process by performing the error

6.2.2.3 Report the machine configuration in the final report,analySiS)'

as in Section 10. 6.3 Analyze Test Data-Analyze all data according to the
6.2.2.4 Exercise the dynamometer three times to the maxinstructions in Section 8.
mum endlevel plus 5 % of the test span being verified, return 6.4 Document Test ResutsGenerate a report, detailing the
to zero force and zero the dynamometer indicated force and tHystem fatigue testing capabilities (see Section 10).
force transducer indicated force outputs. . o
6.2.2.5 Using the Set-The-Force method defined in Pracl- Time Interval Between Verifications
tices E 4, load the dynamometer to the maximum endlevel and 7.1 Periodic verification is required to ensure constant
calibrate the dynamometer indicated force to the force trangeerformance of the fatigue testing system.
ducer indicated force. Scale the dynamometer output to units 7.2 Whenever there is a reason to doubt the accuracy of the
appropriate for performing the test. Although not necessary, itesults, the fatigue testing system shall be verified immediately
may be convenient to use the same scaling as on the tesithout regard to the time interval since the last verification.
machine. 7.2.1 Examples for reverification are a new test specimen
6.2.2.6 Using the Set-The-Force method defined in Pracsonfiguration, changing fixtures, changing the mounting of the
tices E 4, calibrate the dynamometer indicated force to thénachine, or physically moving the system. Use of Annex Al is
force transducer indicated force at the six discrete points and ifecommended in cases of specimen and grip changes to

the order, defined below: minimize the effort required to verify dynamic accuracy.
Maximum endlevel — 5 % of span 7.3 Even in cases of constant use with the same configura-
Maximum endlevel tion, verification at intervals of 6 months or less is recom-
Maximum endlevel + 5 % of span mended. With intermittent use, reverify every 12 months.

Minimum endlevel + 5 % of span )
Minimum endlevel 8. Data Reduction

Minimum endlevel — 5 % of span 8.1 Dynamic errors are computed using the raw data ob-

This provides a verified force range accounting for hysteresigained in Section 6. For each nominal frequency range tested,
at the minimum endlevel and compensating for a poorlyestablish the calibration between the dynamometer and the
controlled machine. Record the force transducer indicatefbrce transducer under static conditions as given in 8.1.1-8.1.4.
force and the dynamometer indicated force. When statiEvaluate errors introduced as functions of frequency as shown
calibration is performed according to Practices E 4, the repeain 8.1.4.
ability of the error associated with the maximum force of the 8.1.1 Calculate the difference between maximum and mini-
dynamometer shall not exceetl 0.25 % of the maximum mum endlevels under “static” conditions using the following
force applied by the testing machine. formula:

Note 10—Assure that the value calibrated is within the machine’s Static Span= Maximum Static — Minimum Static @
current static verification range according to Practices E 4. 8.1.2 Calculate the allowable endlevel error in force trans-

Set the machine controls to operate in the same manner &icer indicated force units using the following formula:
the actual test. Cycle the test machine at the desired test Allowable Endlevel Error= + 1.0 %X Static Span 2)
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8.1.3 If a dynamic error graph will be used, plot the been conducted, as much of the report as possible should be
allowable endlevel errors as two parallel lines on the graphgompleted in advance of the test. This will help prevent use of

referencing the example in Annex A3. Plot as % span. equipment that is not calibrated or that has been improperly
8.1.4 For all 50 cycles at each frequency perform theadjusted. The report shall contain the following information:
following: 10.1.1 Measurement Equipment Descriptieitinclude suf-

8.1.4.1 Calculate the difference between force transducdicient information to reassemble the test hardware. It is
corrected force valley and dynamometer indicated force vallessumed that the manufacturer's name, model number, and

using the following formula: serial number are sufficient to obtain complete documentation
Valley Endlevel Error= Force Transducer Corrected of a particular piece of equipment. Where it is not, provide
Force Valley— Dynamometer Indicated Force Valley (3) additional documentation. A critical part of the description will

8.1.4.2 Calculate the difference between force transducet€ the specimen grip/fixturing used.

corrected force peak and dynamometer indicated force peak 10-1.1.1Fatigue Testing Machine-Report the manufactur-
using the following formula: er's name and model number and the serial number.

10.1.1.2 Testing Machine Force TransdueeiReport the

Peak Endlevel Erroe= Force Transducer Corrected Force Peak manufacturer's name and model number, and the serial num-

— Dynamometer Indicated Force Peak 4) ]
8.1.4.3 Identify the maximum endlevel errors for both the 10 1.1.3 For each item of transducer instrumentation (both
peak and valley endlevels. test machine and dynamometer), report the manufacturer’s

Note 14—Static Correction Factors: Both the peak and valley endlevename and model number, serial number, and the calibration
errors need to be corrected for the dynamometer static calibration errodate.
obtained in 6.2.2.6 of this practice. _ _ 10.1.2 Dynamometer Descriptierinclude sufficient infor-
Note 15—Dynamic Correction Factors: If a dynamic correction factor jstion to recreate the dynamometer, if required. The informa-

is to be applied to the force cell data, it must be applied to the raw data: . .
reduction specified in Section 6. This may require the user to initially do?lon can be directly attached in the report, or may refer to a

a limited verification test to define the expected correction factors. Ther?omr(?"ed piece of documentation Wh.'Ch In turn adequat_ely
the user must perform a full verification test to assure the correctioleéscribes the dynamometer. The most |m_port§m characteristics
factors chosen and process to apply them are appropriate. of the dynamometer are those that affect its stiffness and mass.

8.1.4.4 Report the values computed in 8.1.4.3 on the findrrovide at least the following:
report. Express as a percentage of the span of the cycle which10-1.2.1 Dimensional dgscnpﬂon,
had the maximum peak or valley error. Report these spans also.10.1.2.2 Dyanometer stiffness, and

8.1.4.5 If a dynamic error graph will be used, plot the values 10.1.2.3 Gaging information.

computed in 8.1.4.3 on the graph. (See 6.1.2 of this practice). 10.1.3 Machine Settings-Include information pertaining to
how the testing machine was configured when the test was

9. Accuracy conducted. For machine setting information that varies with

9.1 This practice recommends the following error tolerancegach test result, a tabular format is recommended with indi-

expressed as the percentage of the span for that cycle: vidual settings listed for the following for each set of test
results:.

Maximum Dynamic Endlevel ErrgiPeak or Valley = = 1.0 % .
(5) 10.1.3.1 Crosshead/baseplate positions,

¢ 10.1.3.2 Vibration isolation configuration,

10.1.3.3 Additional column restraints,

10.1.3.4 Feedback conditioner settings, including but not
10. Report limited to: filter selected, transducer excitation, and transducer

10.1 The primary objective of the report is to document all9ain.
'nform"’.‘t'on necessary to demqpstrate ,the tgstlng machine’s NoTe 16—Items specified in 10.1.3.4, must match the settings reported
dynamic accuracy for a specific configuration. All factors on the static calibration certificate for the transducer under test.
which affect the accuracy of the reported data must be
included. A separate report shall be generated for each verifi-
cation test and may be attached to the applicable certificate ¢
given in Practices E 4 as an addendum indicating allowable 10-1.4.1 Waveform shape, .
frequencies of operation. A sample report is included as Annex 10.1.4.2 Force settings, including: maximum endlevel and
A3. A new verification is required for each machine configu-minimum endlevel, or, mean force setting and span, and
ration. This section addresses the report requirements for a 10.1.4.3 Frequency settings.
complete verification. Annex Al provides a method for esti- 10.1.5 Data and calculation of static error obtained from the
mating measurement errors associated with changes in t#&X point dynamometer calibration to the system being verified.
principal test system parameters (that is, specimen stiffness, 10.1.6 Test Results-At each frequency/span pair there will
grip weight, crosshead height, and frequency) for inclusion irbe four pieces of data. They are:
the report. Since dynamic accuracy is specimen dependent, a1l0.1.6.1 The maximum endlevel(s) errors, and
verification statement must be included in any test report. 10.1.6.2 The average test span for both the test machine and
Although the test results can not be entered before the test hdgnamometer.

9.1.1 This tolerance is to be specified on the verification tes
report.

10.1.4 Test Parameters-Some test parameters are only
eded once per series. Report the following:
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10.1.7 Dynamic Verification Error Graph-The graphical was performed according to the latest version of E 467. It
presentation of the error versus frequency data also shall kestablished the force transducer corrected force errors due to

included with the report if required. dynamic operation to be less than1.0 % of span at any force
10.1.8 Date test _per_fqrmed. _ transducer indicated force endlevel within the tested range of
10.1.9 Initials of individual conducting the test. spans and frequencies. Correlation between the test machine

~10.1.10 Include the following type of note on the certificate,force command and the force transducer indicated force was
filling in the % region according to the actual test criteria, andpgt evaluated.

referring to Section 9 for the preferred percentage. Verification

ANNEXES
(Mandatory Information)

Al. ESTIMATE OF SYSTEM INERTIAL ERRORS

Al.1 Conditions of Use displacement between the force transducer and the specimen.

A1.1.1 The body of Practice E 467 describes in detail théJsing the maximum acceleration indicated, along with the
testing necessary to do a full verification of a test machine'dixturing weight, calculate the force error as:
dynamic force measurement capability. Due to its relative Fi=Wlg-a (AL.1)
complexity, and the need to do a dynamic verification each
time specimen stiffness/grip weight/crosshead height and frewhere:
quency are changed, this annex was created. This annefl = the inertial force,
provides a method for estimating the force measurement error the \{\{e|tght ?f the :ner:!al masg,,
resulting from acceleration of any mass between the specime ?hr:\?nir't? glamz'cs(;ea?:?ellg?étﬁ)nn
gage section and the force transducer sensing element. As long '
as inertial errors are the dominant source of dynamic error thig1 5 Computation of Error: Displacement Method
method provides a reasonable verification of dynamic accu-

o : Al1.5.1 For purely sinusoidal motion of the force transducer
racy. In cases of significant electronic effects use of Annex A1 . . ;
an alternative method is to measure the displacement of the

will be non-conservative. Users must consider this possibility, )
. force transducer and calculate an error. This may be calculated
when using Annex Al. by:

Al.2 General

Al.2.1 Force measuring devices in materials testing sys-
tems are most often calibrated statically by comparison towhere:
transfer standards traceable to the National Institute for StanM = the inertial mass,
dards and Technology (NIST). Systems used in axial fatiguef the operating frequency, Hz,
testing are designed to operate dynamically as well as statiX = the inértial mass displacement, and
cally, and, under certain conditions, the static calibration may® = the inertial mass acceleration.
be inadequate or in error for some domains of dynamic testing. Nore A1.1—The inertial massM) or the inertial weight () must
This Annex provides a method for estimating that error. If theinclude everything between the sensing element of the force transducer
estimated force error is greater than 0.5 % of the loading spa@nd the specimen. If the exact location of the force transducer element is
then the error must be quantified by experimental verificatiory"known, then the entire force transducer mass or weight should be used.
as described in the main part of Practices E 467. A1.5.1.1 S| Units—If the inertial massNl) is in kilograms,
the inertial force Fi) is in Newtons, and the displacemeix (
is in millimeters, then

Fi=Ma=-M(@2 7 )X (A1.2)

Al1.3 Source of Error

Al1.3.1 The main source of indicated force error in a typical _ )
test machine axial load train consisting of a specimen, gripping Fi = —(0.0393 Mf°X (AL.3)
devices, adapters, force transducer, and a dynamic actuator will A1.5.1.2 English Units—If the inertial mass ) and the
be generated from acceleration of the mass between the foraeertial force Fi) are in pounds and the displacemex} {s in
transducer sensing element and the specimen. In the caseibthes, then
constant amplitude sinusoidal fatigue testing, there will be a

e . . Fi = (-0.102 Mf 2X (A1.4)
consequential finite displacement of this mass. This creates an . ) o o )
inertial loading component which will be indicated by the The essential variable in this equation is the displacement of

machine but not experienced by the specimen. the inertial mass. , ,
_ A1.5.1.3 One method of measuring the displacement of the
Al.4 Computation of Error: Accelerometer Method inertial mass would require a measuring microscope, a pen-

Al.4.1 The preferred method of computing error is to attacHight source, and some 400 or 320 grit emery cloth. Attach the
an accelerometer to the fixturing at the position of maximumemery cloth to the fixturing at the position of maximum
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