RECOMMENDED GUIDELINES FOR FATIGUE
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SAE Recommended Practice

Report of Nonmetallic Materials Committee approved January 1978.

1. Scope—The purpose of this document is to review factors that influence
the behavior of elastomers under conditions of dynamic stress and to provide
guidance concerning laboratory procedures for defining and specifying the
fatigue characteristics of elastomeric materials and fabricated elastomeric

components.

2. Introduction—These guidelines describe:
2.1 The manner in which elastomeric materials and components undergo

changes due to stresses
culminate in failure,
2.2 Factors to be co

or strains in a fatigue environment that ultimately

nsidered in selecting from available test methods or in

developing a test method to meet specific requirements.

2.3 A set of definitions and terminology to allow interchange of informa-
tion on a common basij.

2.4 Important condiderations in the evaluation and reporting of test

information.
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5.2 Temperature Changes—Because elastomers are viscoelastic mater-
als, it is necessary to know the temperature of the specimen and its tempera-
ture history prior to testing, Temperature influences all the failure definitions
previously mentioned. One common situation concerns periodic evaluation of
some physical property during fatigue testing. The specimen will heat up
during testing due to internal heat generation. Consequently, when the peri-
odic test is run, the specimen must be allowed to cool down or the initial
property must be run at this elgvated temperature. This is especially impor-
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H failure criteria:

re of the specimenyie., total separation in tensile

or metal-to-metal‘contact between opposing mount-
or compression\specimens.
arance of vistble cracks of a specified size or growth of

a crack, or rupture to a
before the start of the {
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1 of change in physlcal propertles such as hardness,
Qi

414 A spcmﬁed change in dlsplacement due to creep, set or abrasive wear.
4.1.5 Chemical changes as evidenced by porosity.
4,1.6 Failure to function as intended.

4.2 Since different failure criteria will rank various elastomers differently,

it is important that the definition of failure has relevance to the type of failure
that occurs in the intended application. If an elastomer material is replaced in
service by another having a tendency to fail in a different manner, fatigue test
criteria used in quality control may have to be changed to assure applicability.

5. Specimen History—Prior to fatigue testing it is important to know if the
component has experienced any mechanical preflexing or temperature
changes and to know the timing of these influences. This is necessary for
consistency in comparing test results.

5.1 Mechanical Preflexing—It is well known that elastomers undergoing
load deflection tests will progressively soften for the first 3-10 cycles until a
steady state condition is reached. Depending on the elastomer, this change
ranges from about 3-15%. It is also known that most of the stiffness on the first
cycle can be regained if a period of about 8 h or more elapses between load
deflection tests. Consequently, if some specific change in spring rate of the
specimen is the failure definition, preflexing influences must be considered to

tant when running low ambient temperature tegts.

Another influence is the temperature historysA specimen stored in a very
cold or hot atmosphere prior to testing-influences the first cycle data in
mechanical preflexing as well as the time-to wait before regaining the first
cycle data after preflexing.

5.3 Aging—Oil assembled components sucH as silentblocs require suffi-
cient time for the elastomer to absorb the assemply oil. One week is recom-
mended. Oven aging for 3 H.at~70°C is sometirhes used as a substitute for
natural aging.

6. Test Parameters

6.1 Mechanical,

6.1.1 Direction of°\deformation.

6.1.2 Types-ofdeformation.,

A. Static:

1. Applying a specified constant load.

2. Applying a fixed displacement.

3. Loading to a specified initial displacement

4> Displacing until a specified initial load is
placement.

B. Dynamic.

1. Applying a specified dynamic load.

2. Applying a specified dynamic displacement.

3. Dynamically loading to a specified initial dijplacement and maintaining
the load.

4. Dynamically displacing until a specified inifial dynamic load is reached
and fixing this displacement.

6.1.3 Magnitude of load or displacement (see|Section 9.2).

6.1.4 Frequency of dynamic deformation.

6.1.5 Dynamic load or deflection waveform, ije.: Sinusoidal, square wave,
continuous or intermittent; positive, negative, or positive to negative reversal.

6.1.6 Compensation for specimen changes during test such as adjusting
displacement to maintain a specified load as specimen stress relaxation or
wear takes place.

6.1.7 In applying load(s) or deflection(s) the fgllowing shall be considered:
Constant load application will favor hard specinjens and penalize soft speci-
mens. Fixed displacement will favor soft specimens, especially those having
high set, and penalize hard specimens.

6.1.8 Methods 3 and 4 (Section 6.1.2 (A) and [(B)) have advantages over 1
and 2 in that they tend to mmlmlze differencgs due to hardness and are,

¢ 0 hdy represent conditions rarely

and maintaining the load.
reached. and fixing this dis-

found in elastomcnc component apphcatlons
6.2 Application of Parameters

6.2.1 Methods of applying static and dynamic deformation must be studied
carefully to ensure that only the intended parameter is applied to the speci-
men. Most methods have inherent characteristics resulting from mass, friction,
geometry, compliance, misalignment, and nonlinearity which may affect the
parameter being applied. Through design, many of these undesirable effects
can be reduced to an acceptable level.

6.2.2 Proper instrumentation is a good aid to accuracy in that error can be
seen in the parameter measurement and, if recognized as such, and the source
of error identified, be corrected. In measuring displacement, direct specimen
deflection measurement is recommended rather than that of a test machine
component attached to the specimen. In measuring loads, a load measuring
device located between the specimen and the loading mechanism is recom-
mended.

6.2.3 Instrumentation alone is not assurance of equivalent data between
machines of different design used to run the same test. Machine geometry can
affect specimen restraint, and if significantly different, can dramatically influ-
ence test results even though the measured parameters are identical,
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6.2.4 In many tests, the specimen will roll, shift, bulge or otherwise react
when the major parameters are applied. These reactions are often of high
force magnitude. Improper attempts to completely restrict motions of this
type often cause bending and friction in machine components which may
adversely affect test repeatability.

6.2.5 It is recommended that the influencing machine geometry that af-
fords the best compromise of the following be chosen:

6.2.5.1 Restrains specimen similar to the intended application.

6.2.5.2 Has no inherent adverse effect on test repeatability.

6.2.5.3 Has minimum effect on data as a result of wear, changes in
friction, minor misadjustment, or other slight loss of precision,

6.2.6 Test fixtures, poorly designed or improperly specified, may constitute
a test variable. The following should be considered in the specifying of test
fixtures:

6.2.6.1 Fixture stiffness.
6.2.6.2 Cleanliness and finish of surfaces in contact with specimen,
6.2.6.3 Heat sink effects.

6.2.7 To assure that a test can be duplicated at a future date, the following

specimens with a high ratio of exposed surface to mass. Ozone crack rate

increases with stress level and temperature,

It is desirable to avoid uncontrolled and excessive ozone concentrations as
can be found in close proximity to electrical discharges or some motors. In
critical situations, ozone concentration should be measured and reported in
test conditions, ASTM D 1149, Standard Method of Test for Accelerated
Ozone Cracking of Vulcanized Rubber® -escribes ozone concentration

measurement.

The antiozonants used in many elastomer compositions must migrate to the

surface of the specimen before they become fully

effective, Testing of recently

molded specimens should not be conducted before protective agents have
migrated to the surface. Usually, 24 h is the minimum time for migration.

6.4.2 Oximarion—The reaction of oxygen (oxidation) with many elasto-
mers can initiate crack formation as well as result in hardening or softening.

At temperatures higher than room temperature,

the effect of oxygen is accel-

erated. Elastomers may be protected by chemicals introduced during mixing
or by coatings, However, protection is seldom complete. Test specimens
should not be stored for long time periods at elevated temperatures unless. this

information should be jeeorded:
6.2,7.1 Test parandeters used.
6.2.7.2 Load and/¢r deflection versus time photographs or charts.
6.2.7.3 Detailed agd dimensioned sketches of the influencing machine
components and their Jocation.
6.2.7.4 Prints of fixtures used.
6.2,7.5 Test setup jprocedure.
6.2,7.6 Data obtaiped.
6.3 Part Temperafure
6.3.1 ImporTANCE OF PART TEMPERATURE—Elastomers are functional over a
rather narrow temperatfire range compared to other materials such as metals.
Further, each compounfl of a given elastomer has its own temperature range
where it is functional, Within that functional range will lie a band of temper-
atures at which maximym fatigue life is obtained. It is not unusual for fatigue
life to change by a factgr of two or more over a 20°C change in temperature
near the boundaries of that band. Therefore, select a temperature that is
representative of servicq conditions, and control part temperature during the
test.
6.3.2 Dermition orF RarT TEMPERATURE—Since rubber is a poor heat con-
ductor, thick parts will] usually have large temperature gradients. Measure-
ments should, thereforef be made by placing the temperature sensing element
as close to the area of hqat generation as possible. The location chosen and the
type of temperature megsurement should be carefully defined and consistently
adhered to.
6.3.3 Part Temprrature CoNTROL—Part temperature is a function of
ambient temperature, Wysteresis of the specimen, energy inputsand external
friction.
Ambient temperaturd control is necessary. First, it is recommnended that the
part and associated fixtliring be allowed to reach equilibrium with the envi-
ronment before starting|the test. Guidelines for achieving this are given in the
Appendix to SAE J104519 for elevated temperature testing. For elevated
temperature testing, it s suggested that the part beé enclosed in an air circu-
lating heat chamber. Al moderate temperatures, circulation of air over the
specimen is commonly fised to control part\temperature. It should be recog-
nized, however, that i some situatiéps~this may lower specimen surface
temperature but have b relatively small effect on temperature within the
specimen. Air cooling ekaggerates-the heat sink effect of fixturing in contact
with the specimen so ¢are mdst be taken to assure consistency in fixture
contact area, shape, and massyI cases where correlation between test facili-
ties is necessary, air cooliig'may be undesirable as another source of variabil-

t-anecessary—and-controtied—part-of-the—test—re

6.4.3 DeLrTERIOUS FLUIDS AND GASES—No ela
and gases, Oils, oil vapor, and solvents can)sey
elastomers. Water, steam, coolants, acjds;(and a
can reduce specimen fatigue life. The€atmosphe
men should be free of deleterious fluids and gasq
and controlled part of the test.requirement,

7. Property Measurement+=Since” the proper

uirement,

tomer is resistant to all fluids
iously degrade non-resistant
kalies in fluid or vapor form
e surrounding the test speci-
s unless they are a necessary

ies of different elastomeric

specimens in a fatigue ehwvirenment change differently, it is desirable to
measure as many of thesé.changes as possible. Tlhe instrumentation required

will depend on the nature and purpose of the teg
would call for mor€ detailed data than a qual
however, the in§trumentation must be adequat

t, i.e., a materials evaluation
ty control test. In all cases,
to observe both:

7.1 Chafigés corresponding to those that adyersely affect performance in

the intendeéd’ application and which, therefore,
7.2.Changes which can affect the severity of}
failure, or affect the mode of failure, thereby giv

qualify as criteria for failure.
the test, obscure the point of
ng misleading results, Stress

relaxation, set, and excessive heat buildup due to accelerated test conditions

areléxamples of such changes.
Table A shows changes that can be anticipated

and examples of the types of

instrumentation that can be used to detect them.

8. Test Apparatus—This document is intended
elastomeric component fatigue testing apparatus
able testers are:

8.1 Chrysler “Diving Board”.
8.2 De Mattia Flexing Machine (ASTM T
8.3 E. I. duPont Flexing Machine (ASTM

8.4 Firestone Flexometer (ASTM D 623).4P

8.5 Goodrich Flezometer (ASTM D 623).4
8.6 Monsanto Flex to Failure Tester.®®
8.7 Roelig Machine
8.8 Ross Flexing Machine (ASTM D 1052
8.9 St. Joe Flexometer,
8.10 Sonntag Low Frequency Fatigue Test
Other applicable test machines may be prf
structed to evaluate a specific component,
9. Degree of Test Acceleration

to apply to all elastomer and
Typical commercially avail-

430 and D 813),018
D 430).10

=23

19

ng Machine.
bprietary or especially con-

9.1 Elastomeric material and component fatigue tests are accelerated to

various degrees depending on the type and/or p
fall into one of the following categories:

hrpose of the test. Most tests

Ol

ity,

The heating due to the combination of hysteresis and energy input should
not cause the part to exceed the desired test temperature. High hysteresis
elastomers will experience a relatively high temperature rise above ambient as
compared to low hysteresis elastomers when tested under high frequency
and/or amplitude. This sometimes makes it necessary to adjust test conditions
when elastomers of different hysteresis levels are tested. In most cases, it is
desirable to design the test in such a way that a significant portion of the
testing takes place after the part temperature has stabilized.

Sometimes elastomer hysteresis is falsely blamed for high specimen temper-
ature when the source of heat is actually friction due to slip between elastomer
and metal components and/or test fixtures, When this is the case, and the
elastomer has low hysteresis, reducing the test amplitude and/or load and
increasing frequency will sometimes reduce temperature without adding
significantly to test time.

6.4 Other Parameters

6.4.1 OzoNE CoNcENTRATION—Some elastomers are inherently ozone resist-
ant so that ozone has little effect on their fatigue life. Other elastomers are not
ozone resistant and must be chemically protected to prevent ozone cracking in
stressed areas. Ozone cracking results in shortened flex life, particularly so for

1T P T et
ST LNGINEERING LVATUATION LESTS— LIIC D

to rank and/or optimize material or componen

rpose of evaluation testing is
t design performance under

test conditions simulating the intended application as closely as practical.

9.1.2 Quarrry Test—The purpose of quality testing is to measure the
fatigue life of a specimen against a standard that is based on tests run on
known quality specimens. The test conditions used may or may not simulate
the type or direction of deformation found in the intended application, and

are usually highly accelerated.

9.1.3 ComparisoN Tests—This type of test is performed to compare fatigue

performance of materials or components.

The initial comparison testing or screening may be performed under accel-
erated quality test conditions and final evaluation under conditions simulat-

ing the intended application.
9,2 Effects of Acceleration—Acceleration

can introduce obvious or

subtle factors that affect the test by changing the point of failure initiation,
final location of failure, propagation, and the major cause of failure. This can
be very misleading when materials for end use are chosen based on the results

of such a test.

Table B describes examples of acceleration methods and possible effects

they may have on the test and/or specimen.
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TABLE A

Change in Specimen

Method of Observation

Notes

Abrasive wear.

Amplitude of vibration
under fixed force input,

Bond failure (to metal
or fabric),

Cracks or tearing-
initiation and rate of
growth,

Deflection (mid-point)
or drift,

Weight change.

LVDT®, velocity fransducer
{integrated), accelerometer
(Integrated twice), leaf spring
with strain gauge, optical
methods, or micro switches,

Visual,

Visual and optical. May also be
inferred from changes in deflec-
tion, damping or elastic rate.

May be dry or tacky depending on
polymer type and formulation.

If not fixed or controlled, amplitude
usually increases during test due to the
combined effect of temp. rise, chemical
degradation, tearing, abrasion, efc. In
some configurations amplitude can
decrease due to overall movement rela-
tive to constraints,

Type and percentage of failure may be
indicated using terminology of
ASTM D429,

Possibility of internal failure must be
considered with thick specimens, in
which case sectioning is required.

LYDT2, leaf spring with strain
gauge or micrometer head (if

Distortion,

Dynamic properties-
elastic rate and
viscous damping.

Force——static and
dynamic in displacement
controlled test equipment.

is different than member

applying oscillating load) optical

methods, micro-switches,

Visual,

Analysis of force and amplitude
signals (magnitude and phase

angle).

Load cell—strain gauge or

piezoelectric type,

If constant force is maintained by a dead
weight or servo system, deflection usually

member mamftaining Xed foad ncreases due 1o cﬁanges T The male Ql,

tearing, abrasion, etc. Temperaturérise
may result in decreased or incrédsed
deflection.

Buckling, bending, etc. gan lead to
typical failure modes.

Increases or decreases in either propefty
can oceur due td themical changes or
changes in physical’dimensions due to| set.

Load cell must be placed so as to avdid
the effects af the weight of surroundigg
machine elements and extraneous inedtial
forces,

Property Undergoing Change

Instrumentation

Notes

Permanent set.

Porosity (internal),

Temperature.

Direct measurement after a
specified period of recovery,

Visual examination of sectioned

specimen, comparison with
standard specimens,

Thermocouple, thermistor
in, on or adjacent to test

specimen. Infrared pyrometer

for surface temperature,

Method of measurement must be care
fully defined. Usually not applicable t
badly cracked or degraded specimens

Indicative of chemical degradation dug
to internal heat build-up.

Sample temperature is normally non-
uniform throughout the part due to thg
internal viscosity and poor heat transfpr
characteristics of elastomers,

Linear variable differential transformer.

TABLE B

Method of Acceleration

Possible Effects on Test & Specimen

Increase frequency of dynamic load or displacement.

ng

ng

Fease static load or displacement,

Feuse )dynamic load or displacement.

Increase or decrease in cycles to failure.

Failure by splitting and tearing (tensile failure) ratheq than by
abrasive wear or fatigue cracking.

Increased bulge area (compression).
Decreased cross-sectional area {tension),
Increased creep or slip.

More data scatter {hardness sensitivity).
Decrease in cycles to failure,

Increase ambient temperature,

TAcrease in femp. due fo hysieresis.

increase in temp. due to slip between specimen and fixturing.
Decrease in modulus,

Tensile failure rather than abrasive wear or fatigue cracking.
Increase bulge area (compression).

Decreased cross-sectional area (tension),

More data scatter (hardness sensitivity),

Increased heat generation per unit time.

Change from mechanical to chemical failure,

Change in load or displacement waveform,

Change in dynamic response of specimen,

Increase or decrease in cycles to failure,

Increased specimen temperature,

Decrease in modulus,

Change in cycles to failure,

Change in dynamic response of specimen,

Change in mode of failure,

12.31
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10. Experiment Design—A. designed experiment can obtain more informa-
tion for less material and process cost than can be obtained by traditional
methods. References 12, 13, and 14 listed in the Bibliography of this docu-
ment cover experiment design in detail.

11. Reporting Data—Reporting test results in a clear, concise manner is
every bit as important as assuring that the test conducted was valid and
accurate. Also, hardware is often disassembled after a test is completed; the
test report is needed to assure that the information of interest is not lost.

Following is a suggested outline of the minimum information that should be
presented in a fatigue test report.

11.1 Summary—Present only the major important findings with some

background information so that the report’s contents can be rapidly digested

and analyzed.

11,2 Material Specification and Properties—The minimum information

presented should include the

designation and/or specification, form of prod-

uct, condition, chemical composition and note of any special treatment ap-~

plied.

Also, to be included, a presentation of the mechanical properties of the
material in the test component, designation of the test method used to procure
those properties and identification of the location from which the samples

were taken.

11.3 Component Dimen
test section details, grip secti
and geometry of any induce

11,4 Specimen Prepara
specimen during storage since
mechanical properties. Also d
specimens were stored and a

11.5 Information on Te
on the test machine, its fur
matic, etc.), frequency of loa
bration and load monitoring
pass the type of test (axial, tof
run out and the statistical t
accommodate expected or un
spell out the procedure for md
and precautions taken to ens
friction and eccentricity are
perature and humidity aver
applied should be reported.
deleterious substance preseng

To complete the section, p
each specimen and a descri
desirable.

11.6 Original Data—1It
the original data sheets and

tions—Present a drawing(s) or sketch(s) showing
n, orientation with respect to force application
notches.

ion—Report any observed deterioration of the
fabrication and changes in shape, dimensions or
esirable would be the environment in which the
hy protection applied.

t Procedures—Included should be information
ctional characteristics (electrohydraulic, pneu-
H application, forcing function, method of cali-
procedures. Further information would encom-
stonal, etc.), failure criteria, number of cycles to
chniques used to design the test program and
expected deviations. Also desirable would be to
unting the specimen in the machine, grip details
hire that unknown stresses induced by vibration,
hegligible. Ambient conditions to include tem-
age values and ranges together with controls
Special items of interest such as ozone level,
e, and so on, should also appear.

esentation of the reason for test termination for
btion of the failure and its location would he

s desirable in a test report to include ¢opies of
est logs if these are not excessively volurhinous.

Proper planning before hand tEs to the data to be recorded and the,method of

recording to include log shee
tion. All of the information e3
be obtained from this single
ning.

A primary item often overl
use of a remarks section in th
the log will often provide ex
unnoted, unnoticed, unexpla
the test personnel understang
tion that is of importance to

As a minimum, the log sh
should provide a chronologic

and other forms will allow controlled compila-
pected to be utilized in the project write-up will
source so sufficient time must be spent in plan-

boked is provision for and encouragement of the
log sheets. Orientation of the test technician to
blanation for egents, which otherwise would go
ned, or unkgown. Be certain in this regard that
the use of tiie’forms provided and the informa-
the test,

pets Wwould be the primary original data. These
I@ecord of the test and its typical and atypical

events. Intermittent reading

of load —deflections— temunerature—and other
4

Photographs of failures, together with an explanation, provide a permanent
record and valuable supplement to S-N, curves.

12, Description of Terms—The following terms and definitions are applica~
ble to this document:

12.1 Aging—The irreversible change of material properties after expo-
sure to an environment for an interval of time.19

12.2 Ambient Temperature—The temperature of the environment sur-
rounding the test specimen.9

12,3 Compound—An intimate admixture of a polymer with all the
materials necessary for the finished article,1®

12.4 Compression—Reduction of dimension from an external force.

12.5 Creep—The time-dependent part of a strain resulting from stress.6

12.6 Elastomer—Macromolecular material that returns rapidly to ap- .
proximately the initial dimensions and shape after substantial deformation by
a weak stress and release of the stress.19

12.7 Equilibrium Temperature—Stable temperature at which heat loss
equals heat input.

12,8 Failure—When a material or component ceases to fulfill the design
specified responses essential to the successful operation as a sub unit of a
system. A rubber part may fail from tearing, cracking, rupture, hardening,
softening, heat or chemical degradation, creep, set,,or | combination thereof,

12.9 Fatigue—The process of progressive localized permanent structural
changes occurring in a material or componert-subje¢t to conditions which
produce fluctuating stresses and strains at-Somé poinft or points and which
may culminate in loss of load bearing ability, cracks or complete fracture after
a sufficient number of fluctuations.1?

12,10 Fatigue Life—The number-of eycles of stresy or strain of a specified
character that a given specimen, sustains before failure of a specified nature
occurs.t0

12.11 Frequency—The number of complete cy¢les, whole periods, of
forced vibrations per unit of time caused and maiptained by a periodic
excitation, usually sinasoidal. 19

12.12 Hysterests-<'The percent energy lost per deformation cycle.1®

12,13 Maxjmum’ Stress—S,, . ,—The stress having the highest algebraic
value in the stress\cycle, tensile stress being considered| positive, and compres-
sive stress negative. In this definition the nominal stfess is used most com-
monly. @

12.14) Mean Siress (or Steady Component of Stress)—S,—The alge-
braig ‘average of the maximum and minimum stressgs in one cycle, that is,

— Smnx + Smlu

S = ;

(11)

12.15 Minimum Stress—S,,;,—The stress having the lowest algebraic
value in the cycle, tensile stress being considered popitive and compressive
stress negative,1!

12.16 Modulus of Elasticity—Ratio of stress to ghe strain produced by
= _S_tr_e_.s_s_ property of material.18

Strain

12,17 Nominal Stress—S—The stress at a point
cross-section by simple elastic theory, without taking
on the stress produced by geometric discontinuities
fillets, etc.(tV

12.18 Permanent Set—The residual deformation|of a specimen or com-
ponent after removal of the external load.

12.19 Polymer—A macromolecular material foqmed by the chemical
combination of monomers having either the same or different chemical com-
position.1®

12.20 Preload—An external static load producing a strain in a test

spheclmen
™

that stress, E

calculated on the net
nto account the effect
uch as holes, grooves,

Preload—is—imposed—priorto—forced wibration testing, Preload is

3 I
important parameters as well as notes of interest should be input here. In

conjunction with the sheets, i

t is desirable to have strip or X-Y charts provid-

ing direct, intermittent read-out of the essential parameters to back up and/or
expand the information on the log sheets.

11.7 Presentation of Results—The most straightforward methods of
presenting fatigue data are the tabulation and S-N; curve. When used, the

tabular form should include
applied, cycles to end of test,

specimen identification, test sequence, stresses
cause of termination, results of post test exami-

nation and identification of station and machine used for each test.
On the S-N; curve, the dependent variable fatigue life (N} in cycles is

plotted on the abscissa, a logarithmic scale. The independent variable, maxi-
mum stress (S), is plotted on the ordinate and may be an arithmetic or
logarithmic scale. If the data curve is fitted by regression analysis the stress-life
relation equation and concomitant statistical measures of dispersion should be
presented.

As discussed in Appendix A, the straight line obtained by plotting strain
versus N; (number of cycles) on log-log paper may be a more usable form of
S-N; data representation.

usually expressed in pounds of load instead of inches of deflection.(1®

12.21 Resilience—The ratio of energy output to energy input in a rapid
(or instantaneous) full recovery of a deformed specimen.®'®

12.22 Resonant Frequency—The frequency at which maximum ampli-
tude occurs for a given input force in a forced vibration system,

12.23 8-N; Diagram—A plot of stress against the number of cycles to
failure, The stress can be S, .y, Sy, or S,. The diagram indicates the S-N,
relationship and a specified probability of survival. For N; a log scale is almost
always used. For S a log scale is used most often but a linear scale is sometimes
used.?

12.24 Shear—Force which causes two contiguous parts of the same body
to slide relative to each other in a direction parallel to their plane of con-
tact.(t?

12.25 Specimen Temperature—The temperature obtained by placing or
locating a temperature sensing device in or on the specimen. In most cases,
temperature gradients that develop within flexing rubber specimens make it
necessary to define the precise points and techniques used to measure temper-
ature.
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