AT oA 1 e

e —-

PG

SAE TITLEXVOL¥L *+ WM 8357340 00451tk 1 mm R

RECOMMENDEb GUIDELINES FOR FATIGUE
TESTING OF ELASTOMERIC MATERIALS AND
COMPONENTS—SAE J1183 FEB85 '

11.27

’SA'.E Recommended Practice

Report of the Nonmetallic Materials Cominittee, approved. January 1978, reaffirmed without change February 1985,

1. Scope—The purpose of this document is to review factors that influ-
ence 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. fabri-
cated elastomeric components. -
2. Introduction—These guidelines describe: .

2.1 The manner in which elastomeric materials and componenla un-
dergo changes due to stresses or strains in a tdugue environment that
ultimately culminate in failure.

2.2 Factors to be considered in selecting from available test methods
or in developing a test method to meet specific requirements_

tomer, this change ranges from about 8-15%. 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 défléction tests. Consequently, if some
specific_change in spring rate of the specimen is the failure definition,
preflexing influences must be considered to ¢stablish the-initial stiffness,
For shock type applications, the first cycle data might be the basis. For
steady state vibration applications, the third-(or. more) cycle data might
be required.- For preflexing to be effective, the load: or deflection must
be at least that at which: the-stiffness is to be determined.

5.2 Temperature Changes—Bccause e¢lastomers are viscoelastic ma-
terials it is necessarytoknow-the lermpergture of the: specimen-and its

2.3 - A set of defigitions and termmology to allow initerchange of infor- -

mation on a common basis.
2.4 Important cpnsiderations in the evaluauon and reporting ot test
information,
3. Elastomeric Behguior—An elastomer is a viscoelastic ma[eriaL It acts
as though it were compposed of an elastic component and a viscous compo-
nent. The elastic component:controls stress versus strain -behavior. Be-
cause of an elastomer’s visco-elastic nature; the dynamic response and
mechanical behavior| are dependent-upon stress or strain history, rate
of loading, frequency and amplitude of strain, and specimen temperature:
The viscous compénent determines internal energy loss, or hysteresis.
The lost energy is donverted into heat and. since elastomers are poor
heat conductors, thi{ can result in-a considerable temperature rise. -
In addition to beinjg viscoelastic, clastomers have a lower elastic modu-
lus and lower strength- than most metals and plastics. Although softer

and weaker than stryctural metals and plastics, elastomers are like these

materials from an efergy per unit volume standpoint. For elastomers,
metals, and plastics, Ja power form of a fatigue correlation exists:
Nwe =G
Where: Ne= cycles ¢ failure
W = energy input (~% stress X strain)
b and G = copstants for specific materials

The application of|this fatigue law to elastomers is discussedn Appcn-

dix A. References I} 4, 7, 8, and 9 listed in the Bibliography of this
document provide cdmprehensive information: on generalelastomeric be-
havior. . S
4. Failure Criteria}—Failure should be defined ‘in. $dch a manner that

it can be accurately [detected and the time of its occurrence accurately
determined. Since different types of elastomericcomponents may fail in
different ways; it is necessary that the definition of failure and the means
used to detect it apply equally well to-all inaterials scheduled for evalua-
tion. '
4.1 Commonly
4.1.1 Complete r
specimens, bond fa
mounting surfaces i

sed failure criteria:
ture of thesspecimen, i.e.; total sepdrduon in tensde
ure, or_metal-to-metal contact between opposing
bushirigs, o compression specimens.

4.1.2 Time until appeardude of visihle cracks of a specified size or
growlh of a crack, qrrupture to a specified point. A cut may be used
to initiate the crack before the start of the test,

4.13 A spcuhed level of change in physical properties such as hdrdness )

spring rate, spring rate under dynamic conditions, or damping.

4.1.4 A specified change in displacement due to creep, set, or abrasive
wear.,

4.1.5 Chemical changes as evidepced by porosily.‘

4.1.6 Failure to function as mLe?{ded

4.2 Since different failure crit¢ria will rank various elastomers differ-
ently, it is important that the definition of failure be relevant 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 chdnged
to assure applicability.

- 5. Specimen History—Prior to fdhgue tcslmg it is important to- know
if the component has experienced any mechanical prefiexing or tempera-
ture changes and to know the timing of thesg influences: This is necessary
for consistency in comparing test-results.

5.1 Mechanical Preflexing—It is well known that elastomers under-
going load deflection tests will progressively soften for the.first. 3-10
cycles until a-steady-state condition is reached. Depending on the elas-

. 1. Applying a spe(lﬁcd dynamiic load.

temperature history prior to testing, Témperature influences all of the
failure definitions previously mentioned \Otle common situation concerns
periodic evaluation of some physical'\ptoperty during fatigue testing. The
specimen will heat up during testing due{to internal heat generatioi.
Consequently, when the periodic test is run, the specimen must be allowed -
to cool down or the initial property must bq run at this elevated tempera-
ture. This is Lspecnally lmporlant when runijing low ambient temperature
tests. : : ’
Another influence lis the temperature higtory. A specimen stored in a
very cold or hot atmosphere prior to tcjmg influences the first cyce

" data in mechanical preflexing as well as theftime to wait before regaining

the first cycle’data after preflexing. : - : :
5.3 Aging—Oil assembled componen{s such’ as silentblocs require
sufficienCitinie “for the elastomer-to absorl] the assembly oil, One week
is recommended. Qven aging for 3 h at J0°C is sometimes used as a
substitute for natural aging. : o
6., "Test Paramelers
6.1 Mechanical. =
6.1.1 Direction of deformation.
- 6.1.2 Types-of deformation. - -
- A, Static. |
- 1. Applying a spécified conslant load
-2, -Applying a fixed displacement. o
3. Loading to a specified initial displacenjent and maintaining the load.
4. Displacing until a specified. initial logd.is reached and fixing this
displacement. - :
B. Dynamic.

2. Applying a specified dynamic displacegment, . - .
3. Dynamically loading to a specified initijil displacement and maintain-
ing the load. o : . :
4. Dynamically. displacing until a specffied initial -dynamic load is
reached and-fixing this displacement. -
6.1.3 Magnitude of load or displacemeny (sece pardgraph 9:2),
6.1.4-Frequency of dynamic deformatior}.~ ~
6.1.5. Dynd’mic load- or deflection waveform, ie.: Sinusoidal, square
wave, continuous or mtermlucm positive, npgative, or positive to negative
reversal.- S -
©6.1.6 Compensatlon for specimen changgs during test such as adjusting
isplac intain zifi ad hs specimen stress relaxation

or wear takes place.
6.1.7_In applying load(s) or d(.ﬂectlon(s) the followmg shall be consid-
ered: Constant load application will- favor hard specimens -and penalize

- soft specimens, Fixed displacement will favor:soft specnnms especially

those-having high set, and penalize hard specimens,. - .
6:1.8 Methods 3-and 4 (paragraph 6.1.2 (A) and: (B)) have advantages
over | and 2'in that they tend to minimize differences due to hardness
and are, therefore, useful for material comparisons, but they represent
conditions rarely-found in elastomeric component apphcauons
6.2 Application of Parameters
6.2.1. Methods of applying’ static and’ dynamic deformation-inust be
studied. carefully to ensure that-only the intended parameter is applicd
to the specimen, 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 thcse undesirable cffects can be reduced Lo an d(.C(.pldbl(. 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 displace-
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ment, direct specimen deflection measurement is recommended rather
than that of a test machine component attached to the specimen. In mea-
suring loads, a load measuring device located between the specimen and
the loading mechanism is recommended.

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 restraing, and if significantly different, can dramatically
influence test results even though the measured parameters are identical.

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 mo-
tions 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
affords 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.

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 temperdture
without adding significantly to- test time,
6.4 Other Parameters

6.4.1 OzoNE CONCENTRATION—Some elastomers are inherently ozone
resistant so that ozone has little effect on their fatigue life. Other elasto-
mers 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 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 concentrationt should be measured and re-
ported in test conditions. ASTM D 1149, Standard Method of Test for
Accelerated Ozone Cracking of Vulcanized Rubber® describes ozone
concentration measurement.

The antiozonants. used in many elastomer compositions must migrate
to the surface of the specimen before they become fully effective. Testing

6.2.6 Test fixtures, poorly designed or improperly specified, may con-

of recently molded specimens should not be ¢onducted before protective
24 h is the minimum time

stitute a test variable,
of test fixtures:
6.2.6.1 Fixture st
6.2.6.2 Cleanline:
6.2.6.9 Heat sink
6.2.7 To assurc tha

The following should be considered in the specifying

finess.
s and finish of surfaces in contact with specimen.
cffects.
a test can be duplicated at a future date, the follow-

ing information shoulfl be recorded;

6.2.7.1 Test para
6.2.7.2 Load and
6.2.7.8 Detailed
chine components an
6.2.7.4 Prints of
6.2.7.5 Test sctu
6.2.7.6 .Data obta

meters used. .

or deflection versus time photographs or charts
nd dimensioned sketches of the mﬂuencmg ma-
their location.

ixtures used.

procedure.

ned.

6.3 Part Temperature

6.3.1 IMPORTANCE {
over a rather narrow
such as metals, Furtl
own lemperature rang
will lie a band of temp
It is not unusual for
over a 20°C change
Therefore, select a te
tions, and control par|

6.3.2 DEFINITION OF
conductor, thick parts
surements should, the

clement as close to the

chosen and the type

F PART TEMPERATURE—Elastomers are funcuondl
temperature range compared to other materials
er, cach compound of a given elastomer has its
b where it is functional. Within that functional range
eratures at which maximum fatigue life is obtained:
atigue life o change by a factor of two or more

in temperature near the boundaries of that band.

mperature that is representative of service)condi-
temperature during the test.

PART TEMPERATURE—Since rubbet Gs)a poor heat
will usually have large temperature gradients. Mea-
cfore, be made by placing the temperature sensing
area of heat generation asypossible. The location
b temperature measurement should be carefully

defined and consistenfly adhered to.

6.3.3 PArT TEMPER/
ambient temperature,
nal friction.

" Ambient temperatu
that the part and ass
with the environment
this are given in the A
testing. For elevated

pysteresis of the specimen, energy input; and exter-

e control is~tiecessary, First, it is recommended
ciated fixtieing be allowed to'reach equilibrium
beforesstarting the test. Guidelines for achieving
bpendig to SAE J108519) for elevated temperature
empdrature testing, ‘it is suggested- that the part

be enclosed in an air ci

Feculating heat chamber, At moderate temperatures,

TURF. CONTROL—Part tunpemturc is a function of

agents have migrated to the surface. Usually
for migration,

6.4.2 OxipaTioN—The reaction of/oxygen
tomers can initiate crack formation'aswell as r
ing. At temperatures higher than room tempgq
is accelerated. Elastomers may-beprotected b
ing mixing or by coatings. ‘However, protecti
specimens should not be stored for long time
tures unless this is anecessary and controlled

6.4.3 DELETERIOUS, FLUIDS AND GasEs—N|
all fluids and gases? Oils, oil vapor, and sol
non-resistant~¢lastomers. ‘Water,” steam, ¢oo|
fluid or vapor/form can reduce specimen f
surrounditig the test specimen should be fr4
gases unless they are a necessary and contro
ment,

7., Property Measurement—Since the propey
specimens in a fatigue environment change
measure as many of these changes as possib
quired will depend on the nature and purpos
evaluation would call for more detailed data
In all cases, however, the instrumentation mj
both:

7.1 Changes corresponding to those t}
mance in the intended application and which,
for failure.

7.2 Changes which can affect the sever
point of failure, or affect the mode of failure
results. Stress relaxation, set, and excessive 1
ated test conditions are examples of such ch

Table A shows-changes that can-be antici
types of instrumentation that can be used to

8. Test Apparatus—This document is intend

(oxidation) with many elas-
Esult in hardening or soften-
rature, the effect of oxygen
y chemicals introduced dur-
n is seldom complete. Test
beriods at elevated tempera-
part of the test requirement,
0 elastomer is-resistant to
ents can seriously degrade
ants, acids, and alkalies in
tigue life. The atmosphere
¢ of deleterious fluids and
led part of the test require-

ties of different elastomeric
lifferently, it is desirable to
e. The instrumentation re-
of the test, i.e., 2 materials
than a quality control test.
st be adequate to observe

at adversely affect perfor-
therefore, qualify as criteria

ty of the test, obscure the
thereby giving misleading

cat buildup due to acceler-
nges. .

pated and examples of the

detect them.

ed to apply to all elastomer

and elastomeric component fatigue tes[mg apparatus, Typical commer-

cially available testers are:
8.1 Chrysler “Diving Board.”

430 and D 81308},

8.2 De Mattia Flexing Machine (ASTM 1
8.3 E. I. duPont Flexing Machine (AST

D 43016,

8.4 Firestone Flexometer (ASTM D 623{16)),

circulation of air over the specimen is commonly used to- control part
temperature, It should be recognized, however, that in some situations
this may lower specimen surface temperature but have a relatively small
eftect on, temperature within the specimen. Air cooling exaggerates the
heat sink effect of hx(mmg in contact with the specimen so care must
be taken to assure consistency in fixture contact area, shape, and mass.
In cases where correlation between test facilities is necessary, air cooling
may be undesirable as another source of variability.

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 neces-
sary 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 placc after the part tempera-
ture has stabilized.

Sometimes clastomer hysteresis is falsely blamed for high specimeén
temperature when the source of heat is actually friction due to slip between

8.5 Goodrich Flexometer (ASTM D 623418)).

8.6 Monsanto Flex to Failure Tester® @,

8.7 Roelig Machine.

8.8 Ross Flexing Machine (ASTM D 105218)),

8.9 St. Joe Flexometer.

8.10 Sonntag Low Frequency Fatigue Testing Machine.

Other applicable test machines may ‘be proprietary or espeudlly con-
structed to evaluate a specific component.

9. ‘Degree of Test Acceleration

9.1 Elastomeric material and component fatigue tests are accelerated
to various degrees depending on the type and/or purpose of the test,
Most tests fall into one of the following categories:

9.1.1 ENGINEERING EvALUATION TEsSTS—The purpose of evaluation test-
ing is to rank and/or optimize miterial or component design performance
under test conditions simulating the intended application as closely as
practical.

9.1.2 Quarrty TestT—The purpose of quality testing is to measure the
fatiguc life of a specimen against a standard that is based on tests run
on known quality specimens. The test conditions uséd may or may not
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Change in Spacimen

Method of Observation

Notes

Abrasive wear.

Amplitude of vibration under
fixed force input.

Bond failure (to metal or fabric).

Cracks or tedring—initiation and
rate of growth.

Deflection {mid-point) or drift.

© Weight change.

LVbT‘, velocity transducer (inte-

grated), accelerometer (inte--
grated twice), leaf spring. with

sirain gauge, opfical methods, or

micro swnches

Visual.

Visual aﬁdgopiical. May also be .

inferred from changes in.deflec-
tion, damping; or elastic rate.
LVDT®, leaf spring with strain
gauge or mlcrometer head (if

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. Ih-some configura-

tions, amplitude ‘can decrease due to over-
all movement relative to constraints. -

Type and percentage of failure may be

indicated using Iermmology of ASTM
D429. .

Possibility of internal failure must be con-
sidered’ with thick specnmens, in which case
sectioning Is required,

If constant force is

intained by a dead

- weight or servo system, deflection usually

g-fixedHoodHs
different than member applying
oscillating load) optical meihods,

frereasesduetochomges in the material,

tearing, abrasion, @kc. Temperuiure rise

Distortiph,

Dynom E properties—elastic rate
and visfous damping.

Force—{static and dynamic in dis-
placement controlled test equip-
ment.

" micro-switches.
Visual,

’ ,Ar"\ulysis- of force and amplitude
“signals (magnitude and phase an-

gle).

load .cell—sirain gauge or
piezoelectric. type.

may result in decreaséHl or increased deﬂec-

tion.

Buckling, béndiﬁg’, etc] can lead to typical

failure modes;

Increase$or decreases]in either property
cap occur due to chenfical changes

- - ot changes in physicdl
to set.

I|dimensions due

toad cell must be placed so as-to avoid

the effects of the wei

ght of surrounding

mdchine elements und extraneous inertial

forces:

Property Undergoing Change

Instrumentation

“ Nofes

Permangnt set,

Porosity (internal).

Tempetpture,

Direct measurement after a spéci-
fied period of recovery.

Visual examination of gectioned
specimen, compunsqn with sfon-
dard specimens: - :

‘Thermocouple, thermistor in, on,
or adjacent(fo, test specimen: In-
frared pyrometer for surface tem-
_ perature.

Method of measuremeht must be carefully
defined. Usually not applicable to badly

‘cracked or degraded
Indicative of chemical

internal heat build-up.

ypecimens,

degradation due to

-Sdample temperature if normally non-

uniform throughout th

ternal viscosity and pg
acteristics of elastomérs,

part due to the in-

or heat transfer char-

@ Linear variable differential transformer.

TABLE B

Method. of Acceleration

Pci'ssjble'Effec_Is on Test

ind Specimen

Increqse static load or displacefent.

Incregse-dynamic load or displacement.

Increase or decredse .in cycles to failure.

Failure by splitting and tearing (tens)l

abrasive wear or fatigue cracking.

Increased bulge area (cqmpresswn).

. lncreased creep .or slip,

‘Decreased cross-sectional area (tensfon).”

More. data scatter (hardnéss -sensitivity).

Decrease in cycles to failyre.

Increase frequency of dynamic load or- displacement.

Increase. ambient temperature.

Increase in temp. due fo hysteresis.

Increase in temp. due to slip befween specimen and fixturing:

Decrease in modulus.

Tensile failure rather than ébmsive wear or fatigue cracking.

Increased bulge area. (compression).

le failure). rather than by

Decreased: cross-sectional area (tension).
More data ‘scatter (hardness sensitivity).

Increased heat generation per unit- fime.

- Change from mechanical to chemical failure.

Change in load or displacement waveform. -

- Change in dynamic resporise of specimen,
- Increase or decrease in cycles to failure.

Increased specimen !éﬁperdlure.
Decrease in modulus. . 7

Cﬁuﬂge in cycles to failure.

Change in dynamic response of specimen.
Change in made of failure, -
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charts providing 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 specimen identification, test sequence,
stresses applied, cycles to end of test, cause of termination, results of
post test examination, and identification of station and machine used

simulate the type or direction of deformation found in the intended appli-
cation, 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
accelerated quality test conditions and final evaluation under conditions
simulating 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,

10. Experiment Design—A designed experiment can obtain more infor-
mation for less material and process cost than can be obtained by tradi-
tional methods, References 12, 13, and 14 listed in the Bibliography of
this document cover experlmenl design in detall

11 Re[mrlmg Data— one
is every bit as importgnt as assuring tha[ the test conducted was valid
and accurate. Also, hafdware is often disassembled after a test is com-
pleted; the test report is needed to assure that the information of interest
is not lost, )

Following is a sugg
should be presented in

11.1 Summary—nP
some background infor
digested and analyzed.

11.2 Material Spe
mation presented shot
form of product, condit
treatment applied.

Also, to be included
of the material in the
used to procure those
which the samples wer

11.3 Component
showing test section de
application and geome

11,4 Specimen Pr
the specimen during st
mensions, or mechanic
ment in which the sped

11.5 Information
tion on the test machiy
pneumatic, ete.), frequg
of calibration, and lo
would encompass the
number of cycles to ruy
the test program and 4
Also desirable would
specimen in the machi
that unknown stresses
negligible. Ambient con
age values and ranges t

csted outline of the minimum information that
a fatigue test report,

resent only - the major 1mportam findings with
mation so that the report’s contents can be rapidly

cification and Properties—The minimum infor-
Id include the designation and/or specification,
ion, chemical composition, and note of any special

, is a prescntation of the mechanical propertiés
test component, designation of the test method

 taken.
Dimensions—Present a drawing(s) or sketch(s)
ails, grip section, orientation with respect to force
ry of any induced notches.
eparatlon—chorl any: observed deterioration of
prage since fabrication and changes in shape,\di-
| properties. Also desirable would be the environ-
imens were stored and any protection dapphied.
pn Test Procedures—Included shouldbe informa-
e, its functional characteristics (eleétrohydraulic,
ncy of load application, forcing(funiction, method
d monitoring procedures. Eurther information-
ype of test (axial, torsionalj\etc.), failure criteria,
out, and the statistical techiniques used to design
ccommodate expected ‘or/unexpected deviations.
¢ to spell out the procedure for mounting the
he, grip details and, precautions taken to ensure
nduced by vibration, friction, and eccentricity are
ditions to include temperature and humidity aver-
bgether with-controls applied should be reported.
Special items of interest such ds ezone level, deleterious substance pres-
ence, and so on, shouldl alse_dppear. '

To complete the sectjon; presentation of the reason for test termination
for each specimen and ription of the failure and its location would

broperties, and identification of the location from

for each test.
On the §-N¢ curve, the dependent variable
is plotted on the abscissa, a logarithmic scale.

fatigue life (Ng) in cycles
The independent variable,

maximum stress (S); is plotted on the ordinate and may be an arithmetic

or logarithmic scale. If .the data curve is fitte

the stress-life relation equation and concomit
dispersion should be presented.

As discussed in Appendix A, the straight line
versus Np (number of cycles) on log-log pap
form of $-N; data representation.

d by .regression analysis,
ant statistical measures of

obtained by plotting strain
er may be a more usable

Photogmphs of (allules togcther with an explanation, provide.a perma-

" 12. Description of Terms—-The following tert
cable to this document:
12.1 Aging—The irreversible changeof't
posure to an environment for an interval of ¢
12,2 Ambient Temperature—The temp
surrounding the test spécimen. 19
12.3 Compound—An intimate admixtur
materials necessary for thefinished article.®
- 12.4 Compression—Reduction of dimen
12.5 Creep—The\time-dependent part
stress. (16
12.6 Elastomer—Macromolecular materi

proximately the Initial dimensions-and shape afft

by a weak stress and release of the stress.(18)

12,7 Equilibrium Temperature—Stable
loss equals heat input.

12.8 Failure—When a material or comy
design specified responses essential to the su
unit of a system. A rubber part may fail from
hardening, softening, heat or chemical degradd
nation thereof. .

12.9 Fatigue—The process of progressivg
tural changes occurring in a material or comp
which produce fluctuating stresses and strair
and which may culminate in loss of load bearin
fracture after a sufficient number of fluctuatig

12.10 Fatigue Life—The number of cy(|
specified character that a given specimen susta
fied nature occurs.?

12.11 Frequency—The nuniber of comp
of forced vibrations per unit of time caused an
excitation, usually sinusoidal.19

12,12 Hysteresis—The percent cnergy lo

12.13 Maximum Stress—S.,—The stre
braic value in the stress cycle, tensile stress
and compressive stress negative. In this defin|
used most commonly.tt

12,14 Mean Stress (or Steady Compoy
algebraic average of the maximum and minir
that is

be desirable.

11.6 Original Data—It is desirable in a test report to include copies
of the original data sheets and test logs if these are not excessively volumi-
nous. Proper planning beforehand as to.the data to be recorded and
the method of recording to include log sheets and other forms will allow
controlled compilation. All of the information expected-to be utilized
in the project write-up will be obtained from this single source so sufficient
time must be spent in planning.

A primary item often overlooked is provision for and encouragenient
of the use of a remarks section in the log sheets. Orientation of the
test technician to the log will often provide explanation for events, which
otherwise would- go unnoted, unnoticed, unexplained, or unknown. Be
certain in this regard that the test personnel understand the use of the
forms provided and the information that is of importance to the test.

As a minimum, the log sheets would be the primary original data. These
should provide a chronological record of the test and its typical and atypi-
cal events, Intermittent readings of load, deflections, temperature, and
other important parameters as well as notes of interest should be input
here, In conjunction with the sheets, it is desirable to have strip or X-Y
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12.15 Minimum Stress—Smin—The stress having the lowest alge-
braic value in the cycle, tensile stress being considered positive and com-

pressive stress negative, (4

12.16 Modulus of Elasticity—Ratio of stress to the strain produced

Stress
Strain
12.17 Nominal Stress—S-—The stress at

by that stress. E =

property of material.

(18)

a point calculated on the

net cross-section by simple elastic theory, without taking into account

the effect on the stress produced by geomet
holes, grooves, fillets, etc.V

ric discontinuities such as

12.18 Permanent Set—The residual deformation of a specimen or

component after removal of the external load.

12.19 Polymer—A macromolecular mdterml formed by the chemical
combination of monomers having either the same or different chemical

composition.\18)
12.20 Preload—An external static load p
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