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Strain Controlled Thermomechanical Fatigue Testing
This standard is issued under the fixed designation E 2368; 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 E 112 Test Method for Young’s Modulus, Tangent Modulus,

1.1 This practice covers the determination of thermome- _and Chord Modulus
chanical fatigue (TMF) properties of materials under uniaxially E 220 Method for Calibration of Thermocouples by Com-
loaded strain-controlled conditions. A “thermomechanical” _Parison Techniques _
fatigue cycle is here defined as a condition where uniform E 467 Practice for Verification of Constant Amplitude Dy-
temperature and strain fields over the specimen gage section Namic Loads or Displacements in an Axial Load Fatigue
are simultaneously varied and independently contrall&dis Testing System _ , _
practice is intended to address TMF testing performed in E 606 Practice for Strain Controlled Fatigue Testing
support of such activities as materials research and develop- E 739 Practice for Statistical Analysis of Linear or Linear-
ment, mechanical design, process and quality control, product _ized Stress-Life (S-N) and Strain-Life-N) Fatigue Data
performance, and failure analysis. While this practice is spe- E 1012 Practice for Verification of Specimens Alignment
cific to strain-controlled testing, many sections will provide ~_Under Tensile Loading _
useful information for force-controlled or stress-controlled E 1823 Terminology Relating to Fatigue and Fracture Test-
TMF testing. ing

1.2 This practice allows for any maximum and minimum 3. Terminology
values of temperature and mechanical strain, and temperature- . . . . ) .
mechanical strain phasing, with the restriction being that such 3-1 The definitions in this practice are in accordance with
parameters remain cyclically constant throughout the duratiof€finitions given in Terminology E 1823 unless otherwise
of the test. No restrictions are placed on environmental factorstted. L
such as pressure, humidity, environmental medium, and others, 3-2 Additional definitions are as follows: _
provided that they are controlled throughout the test, do not 3-2-1 stress,g—stress is defined herein to be the engineer-
cause loss of or change in specimen dimensions in time, arl@9 Stress, which is the ratio of forc®, to specimen original
are detailed in the data report. cross sectional ared

1.3 The use of this practice is limited to specimens and does o =PIA )
not cover testing of full-scale components, structures, or The greaa, is that measured in an unloaded condition at
consumer products. room temperature. See 7.2 for temperature state implications.

3.2.2 coefficient of thermal expansiomy—the fractional
change in free expansion strain for a unit change in tempera-
2.1 ASTM Standards? _ _ _ ture, as measured on the test specimen.

E 3 Methods of Preparation of Metallographic Specimens 3 5 3 total strain,e,—the strain component measured on the

E 4 Practices for Force Verification of Testing Machines  (ast specimen, and is the sum of the thermal strain and the
E 83 Practice for Verification and Classification of Exten- yechanical strain.

2. Referenced Documents

someters , 3.2.4 thermal strain, e;—the strain component resulting
E 111 Test Method for Young's Modulus, Tangent Modulus,from a change in temperature under free expansion conditions
and Chord Modulus (as measured on the test specimen).
€nh =0 AT (2)

* This practice is under the jurisdiction of ASTM Committee EO8 on Fatigue and  3.2.5 mechanical strainem—the strain component resulting

Fracture .and is the' direct responsibi!ity of Subcommittee E08.05 on Cyclicwhen the free expansion thermal strain (as measured on the test
Deformation and Fatigue Crack Formation. . . .

Current edition approved May 1, 2004. Published June 2004. specimen) is subtracted from the total strain.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM
Standards/olume information, refer to the standard’s Document Summary page on
the ASTM website.

€m = €& ~ €n (©)
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3.2.6 elastic strain, e,—the strain component resulting 5.2 Gripping Fixtures—Any fixture, such as those specified
when the stress is divided by the temperature-dependeim Practice E 606, is acceptable provided it meets the alignment
Young's Modulus (in accordance with Test Method E 111). criteria specified in Practice E 606, and the specimen fails
€y = o/E(T) 4 within the uniform gage section. Specimens with threaded ends

typically tend to require more effort than those with smooth
shank ends to meet the alignment criteria; for this reason,
Ymooth shank specimens are preferred over specimens with
€in = €m ~ €el (5)  threaded ends. Fixtures used for gripping specimens shall be
3.2.8 strain ratio, R—the ratio of minimum mechanical made from a material that can withstand prolonged usage,

strain to the maximum mechanical strain in a strain cycle. particularly at high temperatures. The design of the fixtures
Re = €, /e ®) largely depends upon the design of the specimen. Typically, a
mi max

. ) combination of hydraulically-actuated collet grips and smooth
3.2.9 mechanical straln/temperature true phase angle,_shank specimens provide good alignment and high lateral

¢—for the purpose of assessing phasing accuracy, this istifiness.

defined as the waveform shift (expressed in degrees) betweensg 3 Force TransduceeThe force transducer shall be placed

the maximum temperature response as measured on the sp&fi-series with the load train and shall comply with the
men and the maximum mechanical strain response. For rEfeépecifications in Practices E 4 and E 467.

ence purpose, the anglé is considered positive if the 5 4 pytensometers-Axial deformation in the gage section
temperature response maximum leads the mechanical straiff ihe specimen should be measured with an extensometer. The
response maximum by 180° or less, otherwise the phase angl&ensometers (including optical extensometers, using an ap-

is considered to be negative. s _ propriate calibration procedure) should qualify as Class B-2 or
3.2.10in-phase TMF(4 = 0°)—a cycle where the maxi- peter in accordance with Practice E 83.

mum value of temperature and the maximum value of me- g 5 Transducer Calibration-All transducers shall be cali-

chanical strain occur at the same time (see Fig. 1a). brated in accordance with the recommendations of the respec-
3.2.11 out-of-phase (anti-phase) TMEb = 180°)—a cycle (e manufacturers. Calibration of each transducer shall be
where the maximum value of temperature leads the maximumceaple to the National Institute of Standards and Technology
value of mechanical strain by a time value equdf4the cycle (NTIS).
period (see Fig. 1b). 5.6 Heating Device-Specimen heating can be accom-
plished by various techniques including induction, direct resis-
o ) ) tance, radiant, or forced air heating. In all such cases, active
4.1 In the utilization of structural materials in elevated specimen cooling (for example, forced air) can be used to

temperature environments, components that are susceptible fghieve desired cooling rates provided that the temperature
fatigue damage may experience some fornsiafultaneously |gjateq specifications in 7.4 are satisfied.

varying thermal and mechanical forces throughout a given

cycle. These conditions are often of critical concern because Note 1—If induction is used, it is advisable to select a generator with
ey combine temperaure dependert and cydle deperdeh{STET0] SR b o e o e (o1 et
(fatigue) damag_e me.ChamsmS with Vf’ﬂymg severity relating t(fo the bulk, that is dependent on RF generator frequency) on the specimen
the phase relationship between cyclic temperature and cycliging heating.

mechanical strain. Such effects can be found to influence the )

evolution of microstructure, micromechanisms of degradation, -7 Temperature Measurement Systeifhe specimen tem-
and a variety of other phenomenological processes that ultRerature shall be measured using thermocouples in contact with
mately affect cyclic life. The strain-controlled thermomechani-the specimen surface in conjunction with an appropriate
cal fatigue test is often used to investigate the effects ofémperature indicating device or non-contacting sensors that
simultaneously varying thermal and mechanical loadings undet'® adjusted for emisivity changes by comparison to a refer-
idealized conditions, where cyclic theoretically uniform tem-€nce such as thermocouples.

perature and strain fields are externally imposed and controlled Nore 2—Direct contact between the thermocouple and the specimen is

3.2.7 inelastic strain, ¢;,—the strain component resulting
when the elastic strain is subtracted from the mechanical strai

4. Significance and Use

throughout the gage section of the specimen. implied and shall be achieved without affecting the test results (for
example, test data for a specimen when initiation occurred at the point of
5. Test Apparatus contact of the thermocouple shall be omitted from consideration). Com-

5.1 Testing Machine-All tests shall be performed in a test monly used methods of the thermocouple attachment are: resistance spot
: welding (outside the gage section), fixing by binding or pressure.

system with tension-compression loading capability and veri-
fied in accordance with Practices E4 and E 467. The test 5.7.1 Calibration of the temperature measurement system
system (test frame and associated fixtures) shall be in complshall be in accordance with Method E 220.

ance with the bending strain criteria specified in Practices 5.8 Data Acquisition SystemA computerized system ca-

E 606, E 1012, and E 467. The test system shall be able tpable of carrying out the task of collecting and processing
independently control both temperature and total strain. Iforce, extension, temperature, and cycle count data digitally is
addition it shall be capable of adding the measured thermakcommended. Sampling frequency of data points shall be
strain to the desired mechanical strain to obtain the total straisufficient to ensure correct definition of the hysteresis loop
needed for the independent control. especially in the regions of reversals. Different data collection
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(b) Out-of-phase TMF test (¢=130)

FIG. 1 Schematics of Mechanical Strain and Temperature for In- and Out-of-Phase TMF Tests

strategies will affect the number of data points psfcle 5.9.2 A strip-chart recorder for several time-dependent pa-
needed, however, typically 200 points per cycle are requiredrameters: force, extension and temperature,

5.9 Alternatively, an analog system capable of measuring 5.9.3 A peak detector per signal, and
the same data may be used and would include: 5.9.4 A cycle counter.

5.9.1 An X-Y-Y recorder used to record force, extension, Nore 3—The recorders may be replaced with storage devices capable
and temperature hysteresis loops, of reproducing the recorded signals either in photographic or analog form.



A8y E 2368 — 04
“afl

These devices are necessary when the rate of recorded signals is greateNote 5—Because of the complexity of defining a gage length on the
than the maximum slew-rate of the recorder. They allow permanenspecimen due to the thermal expansion/contraction, it is recommended
records to be reproduced subsequently at a lower rate. that the gauge length be fixed to the room temperature dimension.

7.3 Specimen LoadingThe specimen should be loaded
] ) ) ) ) into the test machine without subjecting it to any damaging
(6.1 Specimen Design Consideratiera\ll specimen de-  forces. (Forces shall not exceed the elastic limit during
signs shall be restricted to those featuring uniform axial 9aggstallation.) Care shall be taken not to scratch the external

sections, as these specimen designs offer a reasonable cQBpq internal in the case of a tube) gage section surface while
tinuum volume for testing. Tubular specimens are preferred t?nounting contact-type extensometers.

solid specimen designs because they will tend to facilitate 7 4 Temperature

thermal cycling due to lower material mass and will reduce the 7 4 1 The temperature command cycle (maximums, mini-
potential for unwanted radial temperature gradients duringn ms and rates) is to remain constant throughout the duration
thermal cycling (see 7.4.5). B _ of the test, unless the aim of the program is to examine the

6.2 Specimen GeometrySpecific geometries of tubular effect of this parameter on the behavior of the material.

specimens will vary depending upon materials and testing 7 4.2 Through out the duration of the test, the tempera-
needs. One of the more critical dimensions is wall thicknessyre(s) indicated by the control sensor: for example, thermo-
which should be large enough to avoid instabilities dur'ngcouple(s) shall not vary by more than 2°K from the initial

cyclic loading and thin enough to maintain a uniform temperayajye(s) at any given instant in time within the cycle.
ture across the specimen wall. For polycrystalline materials, at _ ) _
least 10 to 20 grains should be present through the thickness offNoTe 6—Currently, there is no standardized method for the dynamic
the wall to preserve isotropy. In order to determine the grairfa“brat'on of temperature measurement devices. Thg_refore, for practlca_l
. . . rposes, all temperature related requirements specified under non-static
§|ze of the mate”f"ll metallographic samples should be pr_epa,r{@nditions assume that the temperature measuring system is calibrated
in accordance with Methods E 3 and the average grain SiZgnder static conditions. Further, it is assumed that the temperature
should be measured according to Test Method E 112. Repreéneasurement system being used is sufficiently responsive so as to
sentative examples of tubular specimens, which have beeatcurately indicate the specimen temperature under the dynamic condi-

successfully used in TMF testing, are included in Fig. 2.tions selected for the thermomechanical cycle.

Further general guidance regarding specific geometric details 7 4.3 The maximum allowable axial temperature gradient

can be gained from the uniform gage section specimen desigRger the gage section at any given instant in time within the
presented in E 606. Solid specimen designs such as thoggcle shall be the greater of:

presented in Practice E 606 are also permitted. However, care

6. Specimens

i : : + 1% X T °K )
shall be taken to ensure that radial temperature gradients during ’
thermal cycling are not excessive; see 7.4.4 and associated or
note. + 3K

6.3 Specimen Fabricatier-The procedure used for ma-  whereT,,,, is the maximum cyclic temperature given in °K
chining solid and tubular specimens shall meet all the specifignd measured under dynamic conditions.
cations documented in Appendix X3 of Practice E 606. In ) ) ) ) )
addition, the bore of the tubular Specimen should be honed to Note 7—It is advisable to also examine and restrict the dynamic

inhibit fatique crack nucleation from machinina anomalies ontemperature gradients existing through the thickness of the sample (that is,
9 g radial gradients) within the axial gage section. Such gradients are of

the inner surface of the specimen. particular concern when rapid temperature rates are used. This gradient
should be measured by attaching thermocouples to inside and outside
7. Test Procedure surfaces at the same axial location. When using solid specimens, a

. verification sample should be drilled out, removing as little material as
7.1 Laboratory Environmert-All tests should be per- possible so as to enable a thermocouple to be mounted internally. The

formed under a well-controlled laboratory environment. If 4agients should be restricted to those specified for the axial gage section.
testing is performed in air, uniform ambient temperature

conditions should be maintained throughout the duration of the /-4-4 The axial temperature gradient should be measured
test. Relative humidity may be measured in accordance witRnd adjusted under dynamic, thermal cycling conditions with
E 337 unless it has already been determined to have little or i€ SPecimen at zero force prior to the commencement of

effect on thermomechanical fatigue life. If an effect is presenttn€rmomechanical loading. The thermal cycle to be used
relative humidity should be controlled. In either situation it dUring éxamination and refinement of the gage section gradient
should be carefully monitored and reported. should be identical to that used for the thermomechanical

cycle.

Note 4—|t. iS. strongly recommen_ded that the relatively humidity is y745 One measure of the accuracy and uniformity of the
controlled_wnhln the laboratory enV|ronmer_1t because of its potential toCyC”C temperature control can be associated with the amount
affect strain gage based extensometry devices. of hysteresis in the resulting, response when the specimen is

7.2 Measurement of Test Specimen Dimensiefike diam-  maintained at zero force. ldeally, no hysteresis should exist.
eter(s) of the gage section (or width and thickness for the casEhee,, hysteresis existing at any given temperature point in the
of a rectangular cross section) should be measured in at leasgcle under zero force conditions shall be no greater than 5 %
three different locations to an accuracy of 0.0125 mm (0.000%f the thermal,,,4. induced.
in.) or better. 7.5 Mechanical Strain
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Cylindrical smooth shank TMF tube, Ref. 3.

Note—All dimensions in mm.
FIG. 2 Samples of Thin-Walled Tubular Specimens for TMF Testing.

7.5.1 The mechanical strain cycle shape shall remain corthe cycle. The desired value is established by the difference

stant throughout the duration of the test. between the total strain and the compensating thermal strain.
7.5.2 The mechanical straie,(), as calculated by: Both the mechanical strain and the temperature should remain
€n= € — € 8)  cyclically constant and synchronized throughout the duration

shall not deviate from the desired value by more than 2 % on the test. No cum.ulatlve error 'S_ permitted.
the mechanical strain range, at any given instant in time within 7.6 Thermal Strain Compensation
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7.6.1 To achieve a desired mechanical strain component, the 7.7 Temperature/Mechanical Strain Phasing
temperature induced thermal expansion strain should be ac-7.7.1 The temperature value used in assessing the
tively compensated during the test. temperature/mechanical strain phasing shall be the feedback

7.6.2 The temperature cycle used to establish the thermégctual) value measured in the gage section of the specimen
strain compensation and assess the subsequent accuracy of @ing thermal cycling, and not the command value which is
technique employed shall be that which exists once th&ften controlled outside of the gage section, and may lead the
specimen and immediate environment have achieved a state Sponse.

dynamic temperature equilibrium during thermal cycling. This 7.7.2 The mechanical strain response value used in assess-
is generally achieved in 3 to 4 cycles. ing the temperature/mechanical strain phasing shall be as

7.6.3 Several methods can be employed to compensate fg¢fined in 3.2.5, and used in 7.5.
the induced thermal strains. These methods may vary depend-/-7-3 Throughout the duration of the test, the error between
ing upon specific testing equipment, control hardware andhe temperature/mechanlcal strain phasing shall not exceed the
control software. These measured thermal strains can be fittdunds established by:
to a representative function or functions- it may be necessary to ¢ £5° 9)
employ one for the heating phase and one for the cooling \hered is the desired phase shift for the test. No cumulative
phase, dependent on the level of thermal hysteresis. Twgror is permitted.
commonly employed methods are presented in 7.6.3.1 and 7.7 4 The temperature/mechanical strain phase shift phasing
7.6.3.2. shall be assessed prior to initiating the thermomechanical
7.6.3.1 Time-based CompensatiefThe thermal strain fatigue test. This assessment is evaluated under zero force and
component can be compensated by recording the free expagynamic temperature equilibrium conditions.
sion thermal strains (specimen at zero force) as a function of 7.8 Command WaveformsThe waveforms shall remain
cycle time prior to test initiation. The temperature cycle usedepeatable throughout the test program unless the test objective
shall be identical to that used for the subsequent thermomes to examine the effects of waveform type.

chanical fatigue test. These recorded values can be recalled at . _ - . ,
Note 10—Iltis often desired to maintain a constant cyclic period for the

the app'.’Op”ate Corres.,pondlng times within the cycle to prOVId%eries of tests within a single test and test program. In so doing, changes
the strain compensation values. in the imposed mechanical strain range will necessarily cause a change in

7.6.3.2 Temperature-based Compensatielihe thermal mechanical strain rate. Discretion should be used when comparing TMF
strain component can be compensated by recording the fraies within a single test program where the test-to-test mechanical strain
expansion thermal strains (specimen at zero force) as %&t€s vary by more than a factor of 5.

function of specimen temperature prior to test initiation. The 7.9 Start of Test—All tests shall begin in the same direction
temperature cycle used shall be identical to that used for thgf injtial mechanical straining, tensile or compressive, unless
subsequent thermomechanical fatigue test. These values cang@ purpose of the study is to examine initial loading effects.
fit to an appropriately representative function or functions 7.9.1 Preliminary MeasurementsDepending on the needs
(typically, one for the heating portion of the cycle and one forpf the study, the elastic modulus, as a function of temperature,
the cooling) where temperature is the independent variablemay be measured. This is covered in Appendix X1.
The function(s) can then be used to calculate the compensation7.9.2 commencement of TME Loadirgdhe specimen
strain for any measured temperature during the thermomeshall be thermally cycled until a state of dynamic temperature
chanical fatigue test. equilibrium is reached. Once this has occurred the thermal

Note 8—It is generally not sufficiently accurate to take the free strain shall be recorded and used for compensation accordi_ng
expansion thermal strain range, divide it into equal time- or temperaturel©® 7-6.3.1 or 7.6.3.2. The recorded temperature compensation
based increments, and use this constant increment for subsequent coffiould be checked by running the specimen in strain control at
pensation calculations. This approach does not sufficiently account for Zero mechanical strain and monitoring force (see section
nonlinear thermal expansion)(and further does not account for potential 7.6.4). The mechanical component of the TMF loading should
temperatL_Jre I_ags _experienced during revgrsals._ The method describedfiRen pe started at the temperature/time point in the cycle when
7.6.3.2 will minimize damage to the specimen, if a temperature problerqE = 0. In the case where the TMF cycle does not have a point
develops during the test. mo . .

of €,,= 0 (for example, cycles withiR > 0), the mechanical

7.6.4 The accuracy of the thermal strain compensatiomomponent of loading should be gradually ramped to its
routine should be checked prior to the initiation of the minimum absolute value such that this value is reached at the
thermomechanical fatigue test by subjecting the specimen tappropriate temperature in the thermal cycle; at this point, the
thermal cycling in a strain controlled mode with zero mechaniproperly phased TMF cycle is immediately commenced. For
cal strain. Here, the thermal strain compensation method willarge total strain amplitude tests, the mechanical component of
be used (exclusively) to actively compensate for the inducedtrain may be increased to its final amplitude over multiple
thermal expansion strain of the specimen. cycles to prevent overshoot. Such a gradual increase may also

be required for materials that exhibit a serrated yieldin
Note 9—Subsequent to achieving dynamic temperature equilibriu q y 9

during thermal cycling, the absolute value of the forces induced at a:;phenomeno_n. . .
given instant in time should be experimentally insignificant in comparison 7.10 Monltorlng the Tes{_The §peC|men temperature and
to the anticipated maximum (tensile or compressive) force for thetotal strain shall be monitored during the course of the test. The

thermomechanical fatigue test. mechanical strain shall be maintained to the criteria set forth in
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7.5, and the specimen temperature condition shall be main- 8.2 Aim of the Study-The test report should include full
tained to the criteria set forth in 7.4.3. information on the aim of the study, indicating the specific

7.11 Failure Criteria: objectives.

7.11.1 Specimen SeparatienTotal separation or fracture of ~ 8.3 Material—All available material details should be re-
the Specimen into two parts at some location within thepOFtEd. This should include the standardized pI'OdUCt deS|gna-
uniform gage section. Total separation of the specimen outsidéon, the material composition in weight percent, material state

the gage section shall be reported, but not as a specimeé¥ test initiation (annealing, heat-treatments, etc),
separation failure. microstructures/grain sizes and hardness.

7.11.2 Tensile Force Drop-With this method, the specimen 8.4 Specimer-Provide a drawing of the specimen design
is considered to have failed when there is some specifiedlong with details of the preparation procedures.
amount (typically between 5 and 50 %) of force drop from the 8.5 Description of Equipment
previously recorded peak force. 8.5.1 Loading train details including force cell type and
7.11.3 Microcracking—A surface replication technique can capacity, specimen fixtures and method of gripping.
be used for determining failure of the specimen. In this method, 8.5.2 Testing machine, including frame capacity, actuator
the fatigue test shall be interrupted at predetermined cycligype and capacity, and controller type.
intervals to replicate the surface of the specimen with acetyl g 5 3 Test control and data collection system including all

cellulose film. The film is subsequently examined for surfaceyigital and analog controllers, recorders and data recording
connected cracks and failure is defined by the size of the 'argeébuipment.

crack observed (typically betvyeen 0..1 or 1.0 mm). 854 Heating and cooling systems details.
7.12 End of Test-The test is terminated when the condi- 8.5.5 Thermocounle tvpe and specific confiauration

tions for the selected end of test criterion are fulfiled. The ~ uple typ o sp ,” 'guration.

specimen-heating device shall be switched off as soon as the8-5-6 Extensometer details including type, gage length,

test terminates in order to limit the corrosion/oxidation of the®Perating range and resolution.

specimen and cracked surfaces with a view to carrying out post 8.6 Description of Testing Environment—Test Methodoiogy

mortem examinations. If the failure criterion is other than 8.6.1 Details describing the approach used for thermal strain

specimen separation, every effort shall be taken to ensure thabmpensation and verification of the accuracy of the approach.

the specimen will not be over-loaded during the test termina- g.6.2 Details describing the approach used for maintaining
tion. accurate temperature/mechanical strain phasing and verifica-

Note 11—It is recommended that post mortem examinations (metallo-tlon of the accuracy of the approach.

graphic and fractographic analysis) be conducted on the failed specimens. 8.6.3 Details describing the approach to temperature control
These will provide insight into various failure mechanics and also serve tand monitoring.
make known any unusual phenomena that might stand to invalidate the g 5 4 Details describing the approach to commencement of
test results. the TMF loadings.

7.13 Test Interruption Sequenedf a test is interrupted 8.6.5 Definition of failure.
then care shall be taken to ensure that upon restart there is N0g g g Deviations from recommended test procedures.
significant overshoot in temperature or axial force or mechani-

. 8.7 Test Conditions-All of the test variables, including,
cal strain.

mechanical strain limits, rates and waveform, temperature
Note 12—One approach is as follows: Prior to interrupting a strainlimits, rates and waveform, Re ratio, and temperature/
controlled TMF test, record the maximum and minimum forces of the finalmechanical strain phasing relationship.

3 cycles. After the test has been discontinued record several free thermal g g Specimen Alignment Results—Presentation of Results
cycles prior to cooling the specimen to room temperature and note the . . .
maximum and minimum strain values. The thermal strain range should not 8:8-1 Presentation of Single Test ResuHBresentation of

have changed but may have shifted due to gage section changes. Priorgigle test results shall include graphical plots (for a given
removing the extensometer, a room temperature strain value is recordedeycle) of force as a function of time, total extensometer output
zero force and its position marked on the specimen. After specimems a function of time, temperature as a function of time, thermal
inspection the extensometer is placed at the markings and manual_ytrains as a function of time, mechanical strain as a function of

adjusted to the same strain value as when removed. Thermal cycling fge * and mechanical strain as a function of stress and
initiated under zero force control and the thermal strains should match the

post shutdown strains previously recorded. Adjust the extensometer unﬁ?mperatur.e' A I'St_Of the following quam't'es shall qlsp be
the thermal strains are matched. Upon restart under strain control, tH@cluded with the single test results: maximum and minimum

forces recorded prior to shut down are matched. Some small amount ¢for a given cycle) of: force, total extensometer output, and
extensometer tare may be used to aid in matching the previous force levéemperature. This tabulation shall also include the cycle time

for the given cycle, the cycle number of the given cycle, and
8. Report the cyclic life of the test.

8.1 The list of information that follows is suggested for 8.8.2 Presentation of Results of Test Serid3resentation of
inclusion in any report. When publishing in the open literaturea test series shall include plots of maximum and minimum
include as much information as possible, independent of théorce as a function of either cycle number or, alternatively,
author’s purpose. cyclic life fraction, n/N..
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9. Data Reduction and Analysis 9.3 Analysis of Results

9.1 Preliminary Data—The elastic modulus, as measured as 9.3.1 Determination of TMF Life-The method used to
a function of temperature within the cycle(T) (see Appendix determine the failure life of each test shall be reported, in
X1) may optionally be plotted and tabulated for the test seriesaddition to the failure life.

9.2 Reduction of Recorded Data 9.3.2 Stress/Strain ~ and  Strain/Fatigue  Life

9.2.1 Determination of Stress-Mechanical Strain DatAs  Relationships-A plot of the cyclic life as a function of applied
a minimum, plots of the mechanical strain as a function of time,achanical strain range shall be generated.
(for a given cycle), and of stress as a function of mechanical
strain, shall be made.

APPENDIX
(Nonmandatory Information)

X1. MODULUS OF ELASTICITY DETERMINATION

X1.1 The temperature-dependent Young’s modulus as refmagnitude at the temperatures of interest. As a guideline,
erenced in Test Method E 111 should be measured and reaodulus values should be measured at minimum, mean and
corded at discrete temperatures over the full temperature rangeaximum temperatures of the thermal cycle oAd@tintervals
of the TMF cycle. If it is anticipated that the specimen is to bewhere the modulus change over tAd is no more than 5
loaded in compression as well as tension, then the modulysercent, whichever provides better resolution.
should be determined by elastically exercising through tension

and compression. X1.3 In addition, it is recommended that the room tem-

perature tension and compression modulus values be checked
X1.2 The number of measurements needed is related to thie order to verify (by comparison) that the extensometer is not
magnitude of the temperature range and the strain or stres$ipping and is working properly.
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