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8.1 Fatigue Failure
Most structural assemblies are subjected

to fluctuating or repetitive stresses of

sufficient magnitude for sufficient
number of times, although the
maximum value of this applied

fluctuating stress may be considerably
less than the static tensile strength of the

material.

Such condition of dynamic loading
produces a permanent damage to the
material that leads to failure after a

considerable period of service.

This progressive failure of the material
at a stress much lower than that required
to cause fracture on a single application

of load is called a fatigue failure.

Hence, fatigue can be defined as the
phenomenon leading to a progressive
fracture under fluctuating or repeated
stresses having a maximum value less
than the static tensile strength of the

material.

8.1 YcranocTHoe pa3pylieHue

bonpmMHCTBO KOHCTPYKTUBHBIX Y3JIOB

MMoABCPTraroTCA OUKINYCCKHUM
HaIIPpAKCHUAM OHpGI[GJICHHOﬁ
BCIIMUMHBI B TCUCHHUC HCKOTOPOI'O
BPCMCHU, X0TA MaKCHUMAaJIbHOC
3Ha4YCHHUC IMPUITOKCHHOI'O
MUKIIMYCCKOI'0  HAIIPSIKCHHUC  MOKCT

OBITh 3HAYUTEJIIBHO MEHBIIE TMpejelia
MIPOYHOCTH MaTepHraia Ha pacTsIKEHUE.

[TonoOHOE TMHAMUYECKOE HArpyKEHUE

IPUBOIUT K HEOOpaTUMOMY
pa3pyLICHUIO Marepuana, 4TO
TIPUBOIUT K OTKa3zy nocie

3HAYUTEILHOTO CPOKA IKCILTyaTaIlHH.
Takoe mocnenoBaTensHOE pa3pylIcHUE
MaTepuaia

pu HaIPSIKECHUH,

3HAa4YUTCIBHO MCHBIICM, 4cM TO,

KOTOpoe TpeOyeTcsi, 4ToObl BbI3BATH
paspylieHue

npu OJIHOKPaTHOM

MPUJIOKEHUN HArpy3KH, Ha3bIBACTCA
YCTaJIOCTHBIM HAIPSIAKEHUEM.

CrnenoBaresibHO, yCTaJlOCTh  MOXHO
omnpenenuTh Kak 3P¢heKT, MPUBOIAIIECES
K TMOCJIEOBATEIbHOMY pPa3pylICHUIO
Npyd  HUKIMYECKUX  HANPSOKCHUSX,
HMEIOITYI0 MaKCUMAJIbHYIO BEIUYUHY

MEHBIIEH npeaeny MIPOYHOCTH

MaTcpuraja Ha PaCTsKCHHC.




Fatigue is encountered in a large
number of components, such as aircraft
wings, springs, rubber tires, rotating and
reciprocating parts in vehicles, turbines,
other

pumps, compressors and all

machines, which are subjected to
vibration or repeated loading during

service.

It has been estimated that 80—90% of all
mechanical failures in service are due to

fatigue.

It is to be noted that for fatigue failure
to occur, the maximum stress of a time-
varying applied stress cycle must be a
tensile stress, i.e. if the maximum stress
the

compressive in nature, fatigue failure

of applied stress cycle is

would not occur.

A fatigue fracture occurs all of a sudden
without an appreciable amount of gross
plastic deformation during service life

and appears to be brittle.

Ycranocte BCTpedaeTcsi BO MHOTMX

ACTAIAX, TAKUX KAaK KPbLIbS CaAaMOJICTOB,

IIPY’KUHBI, PE3UHOBBIC  IIOKPBILIKH,
BpallaIoIIecs U BO3BpaTHO-
[IOCTYyTIATEIbHbIC JeTanu
TPAHCIOPTHBIX  CPEACTB, TYpPOHHBI,

HACOChI, KOMIIPECCOPBHl U BCE APYrue

MCXaHU3MBbI, KOTOPBLIC IIOABCPIarOTCsA

BI/I6p alnun 500041 MHOT'OKPAaTHbIM

Harpy3kaMm B IIpOLOCCCC JOKCILTyaTaluu.

bruto mojcunTtaHo, 4ro B mpouecce

AKCILTyaTaluu 80-90% BCEX

MCXaHWMYCCKUX HCITOJIAJJ0K ITPOUCXOIAT
H3-3a YCTAJIOCTH.

CJIGI[YGT OTMCTHTD, qTo JJIsA

BO3HHKHOBCHUA YCTaAJIOCTHOTO

pa3pylieHus MaKCUMaJIbHOE

HaIIPpSAKCHUC HU3MCHAIOIICTOC BO

BpCMCHHU OUKJIa IMPUIIOKCHHBIX

HArpy3oK JOJKEH MMETh

pacTiaruBaroniec Harpy>KC€HHUC, TO C€CTb

YCTAJIOCTHOE paspylieHue HE
MPOU30UJIET, €CIU  MAaKCUMAaJbHOE
HaNpsDKEHWE  [MKJIA  MPHIOKEHHBIX
HANPSOKEHUM  HOCUT — CHOKUMAFOIIHAMN
XapakTep.

YcTamocTHoe pa3pylIEHUE TPOUCXOIUT

BHE3amHO 0e3 3aMeTHO  OOJIbIION

IJIACTUYECKON nedopmaliui B TCUCHHE




A fatigue fracture can usually be
identified by the

appearance of distinct fracture surface

characteristic

markings.
A fatigue failure is initiated from a
minute crack.

Most cracks originate at the point of

stress  concentration  caused by
geometrical discontinuities, such as
notches, sharp corners, fillets, holes,
screw threads and keyways, or at the
point of stress concentration arising
from surface roughness and
metallurgical  stress  raisers like

blowholes or porosity, inclusions and

decarburization.

In a fluctuating stress cycle, when the

applied cyclic stress reaches the
maximum value in tension this minute
crack opens up, and when the applied
stress diminishes to the minimum value

this crack tends to close down.

DKCIUTyaTallul U Ka)eTCsl MPOUCXOIAUT
XpYyIIKOE pa3pyllEHUE.

VYcranoctHoe paspylieHHME  OOBIYHO
MO>KHO OINPEIEIUTh 10 XAPAKTEPHOMY
BHEIIHEMY BHJy OTYETJIMBBIX OTMETHH
Ha OBEPXHOCTH pa3pyLICHUS.
YcTranocTHoe paspylieHUE HAaYMHAETCS
C MEIbYauIIend TPEIIUHBI.

bonbpmMHCTBO TPCIINMH BO3HHUKAKOT B

TOYKC KOHICHTpAIWHU HaHpH)KeHHﬁ,

BBI3BAaHHOM TCOMETPUUECKUMH
HEOJHOPOJIHOCTSIMU,  TaKUMHU  Kak
3a3yOpuHa, OCTpbIe YIJibl, TajTelHu,
OTBEPCTHS, BHUHTOBBIE pe3bOBI W
IITIOHOYHBIE TMa3bl, WX B TOYKE
KOHIICHTpAITU! HaIPsHKCHUH,

BO3HHMKAIOIIUX M3-32 I[IEPOXOBATOCTH
MOBEPXHOCTH U  METAJUIYpPrHYECKUX
KOHLIEHTPAaTOPOB HAIPSKEHUS, TaKUX
KaK PaKkOBHHBl WJIM TIOPUCTOCT,
BKJIFOUEHUS U 00€3yTIIepOKUBAHUE.

B nukie koneOmromerocst HanpsHKEHuUs,

KOIZla  NPUJIOKEHHOE  IMKINYECKOE
HarpyxeHue JIOCTUTaeT
MaKCUMaJbHOI'O 3HAYEHHUS npu
paCTSKEHUH, aTa MeJbyaiias
TpelIMHA OTKpPBIBAECTCS, MW  KOraa
MIPUIOKEHHOE HarpyxeHue
YMEHBIIAETCS 10  MUHUMAJIbHOIO




This creates a rubbing action on the

surface along which the crack
propagates through the section up to a
limiting distance.

Hence, this rubbing region of the
fracture surface becomes smooth and
flat indicating the absence of gross
plastic deformation and resembling

macroscopically to brittle fracture.

When the crack becomes sufficiently
long so that the remaining cross-section
of the member is no longer capable of
carrying the applied load, the member
fails in a ductile manner creating a

rough dull fibrous region.

The growth of the crack captures a large
part of the total life of the specimen
prior to its failure due to fatigue.

It is to be noted that the critical
(limiting) crack length at which fracture
occurs increases with decreasing stress

levels.

3Ha4eHUsA, OTa  TPEIIMHA  HMEET
TEHJICHIIUIO 3aKPBIThCS.

IIpy o>TOM co3maercs TpeHuUe Ha
MMOBEPXHOCTH, IO KOTOPOW TpEeIIUHA
paclpoCTpaHsieTcs IO CEYEHHUIO Ha
IIPEAEIBHOE PACCTOSIHUE.
CrnenoBaTenbHO, 3Ta TpyHIascs 001acTh
IIOBEPXHOCTH  M3JIOMA  CTaHOBUTCA
JIAJAKOW Y TIJIOCKOM, YTO YKa3bIBAET HA
OTCYTCTBHE OOJBIION MMIACTUYECKOM
nedbopMaui M MaKpOCKOMUYECKU
HAIlOMUHAET XPYIIKOE pa3pyLICHUE.
Kornma

TpCIIrHAa CTaHOBHUTCA

JIOCTATOYHO  JUIMHHOM, TaK  4YTO

OCTaBIICCCA ITOIICPCYHOC CCUCHUC

3IIEMEHTA 00JIBIIIE HE MOXKET

BBIJICP/KUBATH MIPUJIOKECHHY IO
HArpy3Ky, 3JIEMEHT BBIXOIAUT U3 CTPOs
n3-3a

MJIACTUYECKOTO  pa3pyLIeHUs,

co3faBasi IIEPOXOBATyI0, MaTOBYIO,
BOJIOKHUCTYIO 00JIaCTh.

PocT TpemnuHb 3aXBaThIBaeT OOJBIIYIO
4acTh OOIIEro Cpoka CiyXObl oOpasma
710 €T0 pa3pyIICHHS M3-3a YCTAIOCTH.
Crnemyer OTMETUTBH, YTO KPUTHYECKAS
(npenenpHas) JUIMHA TPEUIUHBI, TIPH
KOTOPOH TPOMCXOAWT pa3pylIcHHE,
YBEITUYHMBAETCS  C  yMCHBIICHUEM

YPOBHS HAIIPSIKEHU .




On a macroscopic scale, the fracture
surface consisting of a rough dull
fibrous region and a flat smooth region
lies usually at right angles to the applied

principal tensile stress.

In many cases, particularly when the
member fails after a long period of time,
the visible examination of smooth
region of the fracture surface will often
reveal a series of concentric ring of non-
uniform colour, which is known in the
literature as ‘beach markings’ and/or

‘clamshell markings’.

The centre of curvature of these curved
markings is the point of initiation of the
fracture from which theses marks
progress inward.

The distances between these markings
correspond to different periods of crack
growth and do not represent individual
load excursions, i.e. they are not a
measure of crack extension per fatigue

cycle.

B makpockonmdeckom  Macmitabe
MMOBEPXHOCTh Pa3pylICHUS, COCTOSIIAS
n3 HIEPOXOBATOH, MaTOBOM,
BOJIOKHHCTOM O00JIaCTM M  INIOCKOM
rIagKou o0J1acTH, OOBIYHO JIEXKHUT
MEPIEHIUKYJISIPHO K MPUIOKEHHOMY
OCHOBHOMY pacTsAruBaroemMy
HaIpPsHKEHUIO.

Bo MHorux ciayyasix, 0COOEHHO Koraa
AJIEMEHT BBIXOJUT U3 CTPOSL TOCIHE
JUTATEIILHOTO nepuoga  BPEMEHH,
BU3YAJIbHOE HCCJICOBAHUE TJIAKOU

o0acTn IMOBCPXHOCTHU H3JIOMA YaCTO

0OHapyKHUBaIOT CEpHIO
KOHIEHTPUYECKUX KOJIeLl
HEOJHOPOJAHOTO  I[BETa,  KOTOpBIE

U3BECTHBI B JINTEPATYPE KaK «CIIEABI OT
TUISKa» U / WU «CTIEABl OT PAKOBUHBDY.
[leHTp KpUBHU3HBI ATUX H3OTHYTHIX
OTMETOK SIBJIICTCSI TOUYKOM 3apOXKIACHUS
TPELIMHBI, OT KOTOPOW 3TH OTMETKH
MIPOJIBUTAIOTCS] BHYTPb.

PaccTostHuss MeXay dTUMH OTMETKaMH
COOTBETCTBYIOT PAa3JIMYHBIM IEPUOJAM
pocTta TpemuH W

HC  OTpaxxaroT

VHJMBUAYAJIbHbIC OTKJIOHEHUS
Harpy3KH, T.€. OHH HE SBJIIIOTCS MEPO
pacImpeHus 3a

TPEIIUHBI UK

yCTaJIOCTH.




Rather growing crack advances only
microscopic distances on each cycle and
the spacing Dbetween consecutive
‘beach’ marks correspond to thousands
or even tens of thousands of fatigue

cycles.

For example, crack extension occurs
during the working period of an aircraft
or a machine and crack growth stops
during the non-operational period of
that aircraft or machine, and during
these alternate crack growth and
dormant periods, areas on the fracture
surface are corroded and/or oxidized by
varying amounts.

This results in the formation of a series
of concentric ring of non-uniform
colour (beach marks) on the fracture
surface. The flat smooth region with
‘beach’

corresponds to the slow fatigue crack

characteristic markings

growth while the rough dull fibrous
section is the fast-fracture region.

A rough measure of the magnitude of

material’s tensile strength and/or the

Tounee

pacTymas TpeuHa

MIPOJIBUTACTCS TOJIBKO Ha
MUKPOCKOITMYECKUE PACCTOSHUSA TPHU
KKJIOM IIMKJIE, a PACCTOSHUE MEXTY
MOCJIE0OBATENbHBIMA "TUISHKHBIMA"
OTMETKAMHU COOTBETCTBYET ThICAYaM

Wik HJaxe ACCATKaM TbhICAY TaKHUX

LIUKJIOB.
Hanpumep, yBennueHue  TpEIIUHBI
MPOUCXOJUT BO BpeMsi pabodero

nepuoga camMoJICTa HWJIW MallWHBI, a

YBCINYCHUC pocCTa

TPEIIVHBI
IpeKpamaercss B MEPUOJE MPOCTOA
camoJieTa WM MaIlIuHbBI, ¥ TIOBEPXHOCTh
U3JIOMa  TMOJBEpraercss  Koppo3uei
W/WJIA OKUCIICHUIO B PA3HOU CTENIEHH BO
BpEMsI 3TUX YEpenyIOIINXCs IEPUOIOB.
OTO NMPUBOAUT K OOpa30BaHUIO CEPUU
KOHIICHTPUICCKUX KOJIeI]

HEOJHOPOJHOTO  IBeTa  (TUISIKHBIX
CIIEIOB) Ha TMOBEPXHOCTU M3JIOMA.
[Imockas ri1aaKas o0acTe c
XapaKTEPHBIMA OTMETHHAMHU «Oeperay
COOTBETCTBYET MEIJIEHHOMY PpOCTY
YCTaJOCTHOM TPELIUMHBI, TOrAa Kak
IEPOXOBATBIA  MAaTOBO-BOJIOKHUCTBIN
YYaCTOK SIBJIIETCS 00JAaCThIO OBICTPOTrO
pa3pylLICHUS.

[TpubnuxeHnHass BeIUYMHA MPOYHOCTH
W/A

Marepuaia Ha pPacTsDKCHHE




maximum applied cyclic stress may be
obtained from the relative areas of the

slow- and fast-fracture regions.

For example, the fast-fracture region
increases with the maximum applied
cyclic stress at a given tensile strength,
and the region corresponding to the
slow crack growth increases with the
material’s tensile strength for a constant

maximum applied cyclic stress.

Often microcracks form on separate
planes, and subsequently, they link to
create a vertical step on the fracture

surface.

This junction surface between adjacent

crack origins is called ratchet line.

So, in addition to the set of horizontal
beach markings, a second set of vertical
ratchet line markings may be observed
on the fracture surface. Once the initial

cracks originated at adjacent regions

MaKCHUMaJIbHOI'O IMPHUIIOKCHHOTI'O

IUKIMYECKOTO HANpPSDKEHUS  MOXKET
OBITH TMOJy4YeHA W3 TPHUOIU3UTEITHHBIX
Iom@anae oobJacteil MEQIEHHOI0 |

OBICTPOTO pa3pylICHUS.

Hampumep, 00J1acTh OBICTPOrO
pa3pyIeHus yBEITMYHBACTCS C
MaKCHUMaJIbHBIM MPUIIOKEHHBIM
MUKIMYECKUM  HampsDKeHHEM  MPHU

JaHHOM NPOYHOCTH HAa paACTSDKEHHE, a
00J1acTh, COOTBETCTBYIOIIAS
MEJIEHHOMY pocty

YBCINMYNBACTCA C IMPCACIIOM ITPOYHOCTHU

TPEUIUHBI,

Marepuansa Ha  PACTSDKEHHE  IIpH
IOCTOSTHHOM MaKCUMaJIbHOM
MPUIOKEHHOM LHUKJIAYECKOM
HaIPSHKEHUU.

YacTo MUKpPOTpEIUHBI 00pa3yroTCs Ha

OTACIBHBIX IINTIOCKOCTAX, n

BIIOCJICACTBHUH OHH COCIUHAIOTCA,

o0Opa3ysi BEpTUKaJbHYIO CTYIEHbKY Ha
MOBEPXHOCTHU U3JI0OMA.

DOTa TOBEPXHOCTh CTBIKA  MEXIY

COCCIHUMMU HCTOKaMH TPCIIUH

HA3bIBACTCS JIMHUEH TPEIIOTKHU.
Takum o0Opa3om, B JONOJHEHHE K
Ha0Opy TOPHU3OHTAIBHBIX Pa3METOK

IU2Ka, Ha IIOBCPXHOCTH  TPCIIHMH

MOXHO HaOJIoAaTh BTOpPOM HAOOP

BEPTUKAJIbHBIX Pa3METOK TPEIIOTKOM.




have joined together, the ratchet line
disappears.

Hence, the neighboring areas where
cracks had originated separately are

connected by the ratchet lines.

In general, the greater the applied

stress and/or the severity of a design-
Imposed stress concentration, as in the
case of a fillet of smaller radius, the
more will be the number of crack
nucleation sites and associated ratchet

lines.

Diagram in Fig. 8.1 shows several
patterns of typical fracture surface
appearance in fatigue for low and high
levels of applied stress and stress

concentration.

Any one of these patterns may be
exhibited on the fracture surface
depending on the magnitude of applied
of crack

stress and the number

nucleation sites.

If possible, the stress concentration
must be avoided and the level of stress
applied on the component should be

maintained to a minimum.

CrnenoBaTelbHO, COCEAHHE YYaCTKH,
rle  BO3HUKIM  TPEIIMHBI,  TIO
OTAENBHOCTH COCMHSIOTCS

TPCIIOTOYHBIMHU JIMHHUSAMU.

B oOmem ciydae, dYem Oouiblie

MPWIOKEHHOE  HANpPSDKCHWE — W/WIIH
CTEMEHU KOHUEHTpPAlUU HaNPSKEHUU,
KaKk B CIy4yae TajTelId MEHBIIEro
paguyca, TeM  OoJblie  OyaeT
KOJIMYECTBO MECT 3apOKACHUS TPEIIUH
U CBSI3aHHBIX C HHUMHU TPEHIOTOYHBIX
JIMHUM.

Cxema Ha pucyHke 8.1. mokasbpIBaer
HECKOJIBKO Pa3sHOBUIHOCTEN
TUMUYHOTO TOSABJIEHUSI YCTaJIOCTHOTO
pa3pylIeHUs TOBEPXHOCTH MPU Pa3HbIX
CTEIEHSIX MPUIOKEHHBIX HAIPSKEHUM

Y KOHLUECHTPALMU HANPSKCHUH.

B 3aBUCUMOCTHU BCINYHHBI
IMPHUIIOKCHHOT'O HaIpsAKCHUSA u
KOJIM4YCCTBA MECCT 06p330BaHI/I$I

TPEUTMHBI Ha JIFOOOW U3 ITUX MOJACNEH
MOXET TMPOSIBUTHCS TOBEPXHOCTHAS
TpeuruHa.

[To BO3MOXKHOCTH cleayeT u30erarhb
KOHLIEHTpALUU HaNpsHKEHUN 51

noaACPKNBATb MUHUMAaJIbHBIN YPOBCHb

Harpy3Ku Ha KOMIIOHCHT.




In fact, only one crack nucleation site
finally causes total fatigue failure in

most services.

The size of this fatigue crack at the point
of final failure is related to the fracture
toughness of the material and the
applied stress level (which becomes
fracture stress at the point of fracture)
through (9.65), given in Chap. 9.

8.2 Stress Cycles

Since majority of the fatigue failures
occurs without an appreciable amount
of gross plastic deformation during
service life, so the difference between
the original and the instantaneous cross-
sectional area is insignificant and the
engineering stress, S =, the true stress,

0.

Hence, fatigue stresses will be described
by the term o subsequently in this
chapter, although initial cross-sectional
areas of the members are mostly used to

determine the stresses.

DaKTUYECKU, €CIU TOJIBKO B OJIHOM
MECTe 3apoXKIaeTcsi TpellrHa, TO B
KOHEUYHOM UTOI'€ MPUBOJUT K MOJTHOMY
YCTaJIOCTHOMY pa3pylIeHUIO B
OOJBIIMHCTBE CIIy4YaeB IKCILTyaTaIUH.
Pa3zmep 3TOM yCTamoOCTHOW TPENIMHBI B
TOYKE OKOHYATEJIBHOTO pa3pylICHUsS
CBSI3aH C BSIBKOCTBIO  pa3pylLICHUS
Marepualia U ypOBHEM MPHUIOKEHHOTO
(koTopoe

HaIIPAKCHUA CTaHOBHUTCA

HaIPSDKEHUEM pa3pylIeHHs] B TOYKE
pa3pylLIieHMs) BBIpAXKEHHO (hopmMyon
(9.65) npuBeaeHHOTrO B riase 9.

8.2 lluknuueckre HanpsHKEHUS.
[TockonbKy OOJIBILIMHCTBO
YCTAJIOCTHBIX pa3pyLICHHAN
MPOUCXOIUT 0€3 3aMeTHO OOJBIION
IIaCTUYECKON eopMaliuu B T€UEHUE
DKCIUTyaTallMk, TO pa3sHULA MEXIY
HayaJbHOM M MIHOBEHHOHU IUIOLIAJBIO
IIONIEPEYHOr0 CEYEHNs HE3HAUNTEIIbHA,
" pacueTHoe HaMpsHKEHUE S
OpUOIU3UTENIBHO PaBEH HCTUHHOMY
HaIpPSKEHUIO, 0.

Torma, B 1aHHOW IUIaBe YCTaJOCTHbIE
HaIpspKeHUs: 0y1eM ONKUChIBATH Yepe3 O
HECMOTpsI HAa TO, 4YTO HaydajbHbIC

QJICMCHTHI Iiomaau IIOIICPCUYHOI'O
CCUYCHUA B OCHOBHOM HCIOJB3YIOTCA

IUJISL OTIPEAETICHUS HAIIPSIKECHUH.




In fatigue, a fluctuating stress cycle is
composed of two components, a steady
Or mean stress, aom, and an alternating or

variable stress or stress amplitude, o..

Prior to proceeding for discussion on the
general types of fluctuating stresses that
can cause fatigue, let us first define the
terms and symbols associated with a

fluctuating stress cycle:

Maximum stress, omax, IS the highest

algebraic value of stress in a cycle.

Minimum stress, omin, IS the lowest

algebraic value of stress in a cycle.

Mean or steady stress, om, is the
algebraic mean of the maximum and

minimum stresses in a cycle.

The oscillating stress is superimposed
on it.

Stress amplitude or alternating stress,
0a 1S the amplitude of superimposed

oscillating stress and given by one-half

[Ipu ycramoctn 1HKA KoneOaHUM

HaIIPpsAKCHUA COCTOHUT n3

JIBYX

napaMeTpOB: CpeIHEeTo 17001

ITIOCTOAHHOTI'O HaIIPpAKCHUA Om 141

3HaKONEepEMEHHOE 170071
3HAKONOCTOSIHHOE ~HANPSKEHUE WIH
aAMILTUTY/AA HATIPSOKCHUS O,

[Ipexxne yeM mepedTH K OOCYXACHUIO
KOJIEOJTIOIIINX CSA

001X THUIIOB

HaIpsKEHUH, KOTOpBIE MOTYT

BBI3BIBAThH YCTAJIOCTh, JABAWTE CHAYaJIa

onpcacinM TCPMHUHBI W  CHMBOJILBI,

CBS3aHHBIE C ITMKIOM KOJeOaHUS
HaIPSHKCHUS:

MakcuManbHOE  HANpPSKEHUE,  Omax,
SIBIISICTCS HAWBBICIIIHM
anreOpanyecKuM 3HAYCHUEM

HaIpsHKEHUS B IUKIIE.
MuHuManbHOE HANPSHKEHUE, Omin,
HanMEHbIIIEe anreOpanyeckoe

SHAYCHUC HAITPSAKCHUA B LIUKIIC.

CpenHee wunu TOCTOSIHHOE, GOm, -
cpeaHee anreOpanveckoe 3HauYCHHE
MaKCUMaJbHOTO W  MHHUMAJIbHOTO
HaNpsHKEHUU B LUKJIE.

Ha HEro HaKJIaJ1pIBacTCs
KoJiebaTebHOE HANpsHKEHHE.
AmMmityaa HaTPSHKCHUS WIIH
MEPEMEHHOE HaNpsHKEHUE, Ga, — OTO
aMIUTUTY /1A HAJI0KEHHOTO




of the algebraic difference between the
maximum and minimum stresses in a

cycle.

Range of stress, oy, is the algebraic
difference between the maximum and

minimum stresses in a cycle.

Stress ratio, R, is the ratio of the
minimum to the maximum stress in a

cycle.

Amplitude ratio, A, is the ratio of the
stress amplitude to the mean stress in a

cycle.

Hence, the maximum and minimum
stress can be expressed in terms of the
mean stress and the alternating stress as

follows.

Typical time-varying fluctuating stress
cycles in fatigue are illustrated in Fig.
8.2.

It may be noted that the tensile stress
will be considered as positive and the

compressive stress as negative.

K0JIe0aTENbHOTO HANpsHKEHUS, paBHAs

IIOJIOBUHC aJIFe6paI/III€CKOﬁ Pa3HOCTH

MEXTY MaKCUMaJTbHBIM u
MUHUMAJIGHBIM ~ HampsiKEHUSIMA B
LUKIIE.

Jnamnazon HaNpsHKEHHUS, Or, -
anredpanueckasi  pasHUIA  MEXIY
MaKCUMaJIbHBIM H  MHUHUMAJbHBIM
HaIPSHKCHUSIMU B ITUKIIC.
Koaddurment ACUMMETPUH, R,

ABJIACTCA OTHOIICHHUEM MHWHHMAJIBHOI'O

A0 MAKCHUMAJIBHOI'O HAIIPSKCHUA B

LUKIIE.
AMIIIATYAHBIA ~ KO3(ppuuUEeHT, A,
OpeJCTaBIsieT  cOOOW  OTHOILIEHUE

aMIUTATYAbl HANPSDKEHUS K CPEIHEMY
HaIIpsSDKEHUS B LIUKIIE.
CrnenoBaTellbHO, MaKCUMaJIbHOE H

MHWHHUMAJIBHOC  HAIIPSKCHUC  MOKHO

BBIPA3UTh Yepe3 CpeHee HaNpsHKEHHE
u IEPEMEHHOE HaIpsHKCHUE
CJIEAYIOIIUM 00pa3oMm.

TunuuHele,

N3MCHAIOIIUCCS BO

BPEMEHHU, LHUKIbl  KOJEOJIOIIErocs

HaNpsKCHUS IIPU YCTAJIOCTH ITOKA3aHbI

Ha puc. 8.2.

MO0KHO OTMETHUTB, UTO PACTATUBAIOILIECE
HAIPSDKEHUE Oyner CUUTATHCSA
[IOJIOKUTEIIBHBIM, @  CKUMAIOLIEee

HAIIPSAKCHUC - OTPHULIATCIIbHBIM.




The simplest type of repeated stress
cycle is a completely reversed stress
cycle or a purely alternating stress cycle
of sinusoidal form like that shown in
Fig. 8.2a.

This is an ideal condition which is
produced by an R.R. Moore rotating-

beam fatigue testing machine.

In service, a rotating axle operating at

constant speed without overloads
approaches this condition where the
bending stresses vary in a completely

reversed stress cycle pattern.

Fatigue testing machines, specimens
and their preparation, test procedure and
technique are described from page 6 to
65 in the reference (ASTM STP 1949).

If a cantilever flexure beam, as shown in
Fig. 8.3a, undergoes same amount of
deformation alternatively on either side
of its equilibrium configuration, the
variation of flexural stress will be like

that shown in Fig. 8.2a.

[IpocTemmM TUIIOM MOBTOPSIOLIETOCA

OUKIIa HaIIPsSOKCHUA SABJIACTCS

ITOJTHOCTBIO oOpaTHBI LUKJI
HAIpsDKEHUST WIM YHUCTO IEPEMEHHBIN
LUK HAaNpsHKeHWs CHHYCOUJAJIbHOM

dbopmbl, N300paKeHHBIN Ha puc. 8.2a.

DTO wuJeadbHbIE YCIOBHUS, KOTOpPBIC
oOecreynBaer YCTaHOBKA,
m3oo0perenHas R.R.  Moore, mis
WCIBITAaHUH Ha yCTaJOCTh c
BpalllaloIieiics 0aakou.

B IIpOLIECCE AKCIUTyaTaluu

Bpamaromasacsa OcCb, pa60Ta}0H1aﬂ C

MOCTOSTHHOM CKOPOCTBIO 0e3

Meperpy3okK, MpuOIuKaeTcs K TaKoMy
n3rudaroIme

COCTOSIHHUIO, Kormaa

HaIIPAKCHUA U3MCHAIOTCA B IIOJIHOCTBIO

oOpareHHOH cxeme ITUKJIa
HaIpsKEHUM.
Mamuael I8 UCHBITaHMS —— Ha

yCTaJ0CTh, 00pa3ilbl U UX MOATOTOBKA,
MpoIeIypa UCHBITAHUA W TEXHOJIOTHSI
OMMCaHbI Ha CTp. 6-65 B cpaBOYHUKE
(ASTM STP 1949).

Ecnu xoHconbHAs Oanika, Kak oKa3aHa

Ha puc. 8.3a, MTONIEPEMEHHO

HUCIIBIThIBArOIIasd OJWHAKOBYIO

BenMUuHy jAedopManuu 1O 00e

CTOPOHBI OT CBO€W PABHOBECHOU

KoH(urypanuu, TO W3MEHEHUE




If, however, the same beam carries an
additional load or mass, say at its free
end, as shown Fig. 8.3b, and is
from its

deformed alternatively

equilibrium  configuration  without
overload to downward direction, then
the variation of flexural stress in the top
fibre of the beam with overload will be

like that shown in Fig. 8.2c.

Here, the mean stress is no longer zero
but has a positive value resulting from

the constant load of additional mass.

This mean stress is given by on= 0.=

Omax! 2.

Figure 8.2c shows a repeated stress
cycle varying from a maximum tensile
stress amax t0 @ minimum stress, omin=0,

having R=0.

Figure 8.2d shows a tension-tension
type of repeated stress cycle, where the
maximum, the minimum, the mean and
the

alternating—all  stresses—are

HanpspKEeHUs: U3ruda OyJeT TakuM, Kak
MOKa3zaHo Ha puc. 8.2 a.

Ho ecnum ta xe camas Oanka HMeEET
JOTIOJIHUTENBbHYIO HAarpy3Ky WM Maccy,
CKa)keM, Ha ee CBOOOJHOM KOHIIE, KaK
MoKa3aHo Ha puc. 8.3b, u monepeMeHHo
aepopMupyeTcsi OT CBOE paBHOBECHOM
KoHQuUrypanuu 0e3 Teperpy3ku B
HAIpaBJICHUU BHMU3,

TO H3MCHCHUC

HampspKeHUE  u3ruba B BEpPXHEM
BOJIOKHE OaJIkm C Harpy3koi Oyaer
TaKUM e, KaK IT0Ka3aHo Ha puc. 8.2c.
31ech cpeiHee HanpsiKeHHEe 0O0JIbIIe HE
PaBHO HYJIIO, 3 UMEET TOJIOKHUTEIIHLHOE
3HAUEHHUE B PE3yIbTaTe IMOCTOSHHOM
Harpy3Kd B BHJE JOTOJHUTEIHLHOU
MaccChl.
910 cpeaHee HaIpsHKEHHE
OTIPEIEISICTCS BBIPAKEHUEM: Om= Oa=
Omaxl2.

Ha puc. 8.2.c nokazaH noBTOpAOIIUNCA
[IUKJI HATIPSIKEHUS, U3MEHSIIOIIETOCS OT
MaKCUMaJIbHOTO PaCTATUBAIOIIIETO
HAIPSOKCHUS Omax 0 MHUHHUMAJIbHOTO
HaIpsHKEHUsI, KOTOpPO€ paBeH HYIIIO,
otcroaa ciegyet R=0.

Ha pucynke 8.2d mnokazan tun
MOBTOPSIOIIETOCS IUKJIA HAMPSKCHUS
«pacTsHKEHUE-PACTSHKCHHUE), rIie

MaKCHUMaJIbHOC 151 MHWHHMAJIBHOC,




positive, i.e. tensile, and R lies between
0and 1.

Figure 8.2b shows a partly reversed
tension—compression type of stress
cycle, where the maximum stress is
tensile and the minimum stress is

compressive but | omax| > | Gmin|.

This gives a mean stress oy >0, i.e.

tensile with R lying between —1 and 0.

The above-mentioned stress variations
of sinusoidal form are found to occur in
many and

rotating reciprocating

machine parts.

However, there are many examples
where fatigue loading may involve
complicated stress cycle in which the

variation of stress is far from regular.

Figure 8.2e shows this kind of an
irregular or random stress cycle which
may be encountered in an aircraft wing
subjected to periodic unpredictable

overloads due to storm.

MUHUMAJbHOE, CPEHEE U MEPEMEHHOE
- BCE HANpPSDKEHUS — TMOJIOKUTEIbHBIE,
T.€. pacTaruBaronme, a kod3hduireHt
acuMMeTpuu HaxoauTces mexay O u 1.

Ha puc. 8.2.b wyactuyHo mokazaH
OoOpaTHBIA THIT MHKJIA HANPSDKCHHUS —
MaKCHUMaJIbHOE

CXKXaTusd, Trac

HalpsDKEHUE  —  pacTsDKeHHWe,  a
MHUHHMAJIbHOE — C)KaTHE,

HO | O'max|>| O'minl-

Orcroma  crmenyer  4TO  CpedHee
HarpspkeHue am >0, T.e. KoaduimeHT
ACUMMETPUH PACTSOKCHUE JICKUT B
npenenax ot -1 go 0.
BrimeynomMsHy Thie BapUaIvu
HaIPSHKCHUST CUHYCOUIATBLHON (POPMBI
BO

O0OHApYKUBAIOTCS MHOTHX

BpAIllAIOIIMUXCSI U COBEPIIAIOIINE
BO3BPATHO-TIOCTYMATEJIbHOE JBUKEHUE
JETAJISIX MAaIIKH.

OnHako ecTh MHOTO MPUMEPOB, KOTJa
MOKET

YCTAJIOCTHOE  HArpy»eHue

BKJIIOYATh CIIOKHBIN LUKIJI
HaIMpspKeHU, B KOTOPOM H3MEHEHHE
HaIpsHKEHUS JAJIEKO HE PEryJIsipHOE.

Ha puc. 8.2¢e mnokazan »>TOT BUJA

HEPETyJISIPHOTO WUJIU CIIyYaitHOTO LMKJIa

HANPSKECHNUH, KOTOpBIE MOTYT
BO3HUKHYTh B  KpbUIE  CaMoJIeTa,
MOJIBEPTaAOIIEMCS MIEPUOINYECKUM




The random stress variation may also

occur in machines  operating
intermittently due to occurrence of
of  variable

natural vibrations

amplitudes during starting and stopping.

This kind of irregular stress cycle must
be reduced to a simpler form in order to

use in design for fatigue.

The usual procedure is to split the actual
stress cycle into many sets of simple

sinusoidal variations.

In each set, the number of oscillations
should be the same as that of actual
oscillations with nearly the same stress

amplitude and mean stress.

In this manner, the actual complicated
loading spectrum is transformed into an
equivalent simplified spectrum of
sinusoidal form which can be used in

analysis.

HEIPEICKa3yeMbIM TEeperpy3KkaM u3-3a
ITOpMa.

CrnydailHO€ H3MEHEHUE HaNpsKEHUS
MOXKET  TaKXe  IPOUCXOJIUTh B
MalllMHaX, paboTarIue ¢ nepedosmu,
W3-32 BO3HUKHOBEHHS COOCTBEHHBIX
KoJIeOaHMI IepeMEeHHOM aMIUTUTY b BO
BpeMs ITyCKa U OCTAaHOBKH.

OTOT BHJ  HEPETYJSIPHOTO  IUKJIA
HaIpPsHKEHUN JOJKEH ObITh COKpaIleH
1o 6osiee mpocToi (OPMBI, YTOOBI €ro
MO>KHO OBLIIO UCTOJB30BATh B pacueTax
Ha yCTaJIOCTh.

OOBIYHO, TpOIEAypa COCTOUT B TOM,
qT0OBl Pa30UTh KOHKPETHBIH ITHUKII
HaIpsDKEHUST HA MHOKECTBO HAOOpPOB
MPOCTHIX CUHYCOUJIAIbHBIX BapUAIIUA.
B  kaxaom Habope  KOJWYECTBO
KOJICOAHUN HOMHKHO OBITH TaKUM JKE,
Kak U

KOJIMYCCTBO PCaJIbHBIX

KOJeOaHUl C MOYTH Takoh  Ke
aMIUTUTYJI0OM HANpsSOKEHUS W CPEeIHUM
HaIPSKEHUEM.

Takum 00pa3oM, peanbHbIN CIIOXHBIN
CHEeKTp Harpy3ok mnpeoOpa3yercs B
DKBUBAJICHTHBIM YIPOILIECHHBIA CIEKTP
CUHYCOUJATBHOU  (QOpPMBI, KOTOPBIN

MOJKHO HCIIOJIB30BATh B aHAJIN3C.




The nature of stress variations is usually
designated by either of the following
two ways:

(1) A statement of the numerical value
of the maximum stress, omax, together

with the stress ratio, R.

(2) A statement of the numerical value
of the mean stress, o, together with the
stress amplitude, o..

The kind of stresses in a fatigue stress
cycle may be tension, compression or
shear, which may be caused by axial,
flexural, shearing or torsional loading or

by combinations of them.

So, for complete definition of a stress
condition, the kind of stress must also be
stated in addition to designating the

degree of stress variation.

Three basic factors that are related to the
stress cycle are essential for fatigue

failure to occur. These are:

(1)A sufficiently high value of the
maximum tensile stress, omax, IN the

applied stress cycle,

XapakTep  BapualMi  HAIPSIKEHUs

OOBIYHO  ONpEAEICTCS OJHUM U3
CJIEAYIOIIUX JIBYX CIIOCOOOB:

(1) CBeneHue O YMCIICEHHOM 3HAYCHUU
MaKCHMAJIbHOTO

HaIIPSIKCHUA,  Omax,

BMECTE c KodpureHTOM
aCUMMETPUEN HANpsDKEHUM, R.

(2) CBeneHue 0 YMCICHHOM 3HAYEHUU
CPEIHEro HAmNpsHKEHUs, Gm, BMECTE C
aMIUTUTY A0 HANPSIKEHUS Ga.
HanpspokeHusiMu B IIUKIIE YCTAIOCTHBIX
HaIpPsHKEHUI MOTYT OBITh pacTsKEHHE,
CXKaTUE WJIU CHBUT, KOTOPHIE MOTYT

OBITh BBI3BAHBEI OCEBOM, M3THOHOM,

CABUTAIOIIEH WM  CKpPyYMBAIOUICH
Harpy3Koi WM uX KOMOMHALIMEH.
Takum [IOJIHOTO

obpazom, s

ONPENECICHUS HANPSKEHHOTO
COCTOSIHUSI HEOOXOJIUMO YyKa3aTb BH]
HaNpsDKEHWsT B JIONOJIHEHUE K

00O3HAUYEHUIO CTEINEHH W3MEHEHUS
HaIPSHKCHUS.

Tpu ocHOBHBIX (DaKTOpa, CBSA3AHHBIX C
BaYKHBI

IMUKIJIIOM  HaIIPsKCHUS, JJIA

BO3HMKHOBEHUS YCTaJIOCTHOTO
paspyuieHus. Takue Kak:

(1) HdocTaToyHO BBICOKOE 3HAYECHHE
MaKCUMaJbHOI'O PaCTATUBAIOLLETO

HaIIpsKCHUS, Omaxs B OUKIIC

MIPUJIOKECHHBIX HANIPSKECHUM,




(2) A high stress amplitude, g, in the

applied stress cycle,

(3) A sufficiently large number of

oscillations in the applied stress cycle.

In addition to the above factors, fatigue
failure is influenced by many other
variables, such as stress concentration,
residual

stresses, overstressing,

temperature, corrosion and

metallurgical structure.

The relationship between each of these
factors and fatigue will be discussed
subsequently.

8.3 Standard Fatigue Test

Many different kinds of fatigue testing
machines developed so far (the ASTM
Manual on Fatigue Testing refers to
more than thirty) may be classified with
respect to the type of applied load and
the way of its application.

The basic types of loading used in the
laboratory fatigue tests are rotating

(2) Bolcokas ammuMTyga HanpsHKEHHH,

Oa, B ITUKJIC TPUIIOKEHHOTO
HaIPsHKCHUS,
(3) HocTtaTouyHO 0OJIBIIOE KOJUYECTBO

KoJicOaHUH B IMUKJIC IIPHUIIOKCHHBIX

HaIpsKCHUM.
[ToMmMMO  MEpeYHCIEHHBIX  BBILIE
(bakTopoB, Ha YCTaJIOCTHOE

paspyllI€HUE BIUAKOT MHOTHE JPYyTHE

IICPCMCHHBIC, TAKHNC KaK KOHIICHTPpAIIHUA

HANPSKECHUH, OCTAaTOYHbIE
HaIpsKEHUs, IIEpEeHANPSIKEHUE,
TemIeparypa, KOppO3ust 51

MEeTaJTyprudeckasi CTpyKTypa.

Bzaumocss3b MCIKAY KaXXIbIM M3 3THUX

(GakTOpOoB U yCTaJOCThIO  OyJner
00CYKIaThCsI TIO3XKE.
8.3 CraHgapTHblE UCIBITAHHUS Ha

yCTaJIOoCTh.
B mHacrosimee Bpems pa3paboTaHo
MHOXECTBO Pa3IUYHBIX MAIUH IS
VICIIBITAHMS

Ha yCTaJIO0CTh

(PyxoBonctBo ASTM 110 uctibITaHus Ha

yCTaJIOCTh  YyIOMHUHAET Oonee Yem
TPUALIATH ) MOTYT OBITh
KJIaCCU(UILIMPOBAHBI o THUITY

MPUIOKEHHOW HAarpy3Kd U MO CHOCO0Y
ee MPUIIOKEHHH.
OCHOBHBIMHU

BUJIAMH  Harpy>KeEHUs,

NPUMEHSEMBIMU TIpH  JTAOOPATOPHBIX




bending, reversed-flexure bending,
tension—tension or tension—
compression type of axial loading

(push—pull type of loading), torsion and

combinations of them.

Specimens are loaded by applying
either a constant maximum load or

moment or a constant maximum

displacement or strain.

In constant-load machines, although the
specimen is subjected to a fixed cycle of
loading throughout the experiment, its
deflection usually increases as it

becomes weaker.

In constant-displacement machines, a
fixed alternating deflection is imposed
on the specimen and the resulting stress

may change as fatigue progresses.

When fatigue tests are conducted with a
fixed cycle of load or stress limits, it is

called a stress-controlled fatigue.

HCHBbITAHUAX HA YCTAJIOCTb, ABJIAKOTCA

BpaliaTCIbHOC I/I3FH6aHI/I€, O6paTHO€

U3ru0aHne, pacTsHKCHHE-PACTSDKCHUE
WIH  pacTsDKeHHe—C)KaThe, OCeBOe
Harpy>keHue  (IBYXTaKTHBIM  THM
Harpy>KCHWs), Kpy4YeHHEe MW  HX
KOMOMHAIIUH.

OO0pa3sisl HarpyXaroTcs 60

ITIOCTOSTHHOM MAaKCUMAJIbBHOW HArpy3KOu
WIM MOMEHTOM, JIMOO TOCTOSIHHBIM
MaKCUMaJlbHbIM  CMEIICHHEM  WIH
nedopMaruei.

B mammHax ¢ mOCTOSSHHOW Harpy3Kou
OOBIYHO poruo oOpasia
YBEJIMUUBAETCS MO Mepe ociiadiieHus,
XOTs OH IIOJABEPracTCs
(UKCUPOBAaHHOMY LIMKIIy HArpyXeHHs

Ha IIPOTAKCHUU BCCTO SKCIICPUMCHTA.

B MaIlIHHaX C MOCTOSTHHBIM
nepemMenieHueM Ha oOpaserl
HAKJIa/IbIBACTCS (buKCHpOBaHHOE
nepeMeHHOe OTKJIOHCHHE, u

pE3yJIbTUPYIOIIEE HANPSKEHUE MOXKET

W3MEHSIThCS o Mepe
MIPOrPECCUPOBAHUS YCTAIOCTH.
Korma wucnelTanuss Ha  yCTaloOCTh

IIPOBOJATCS C OINPEAEIICHHBIM YHCIIOM
LUKJIOM IPENENIbHBIX HAarpy30K WA
HaIPsHKEHNUH,

9TO Ha3bIBACTCA




It is a high-cycle fatigue (often simply
termed as fatigue) because fatigue
failure takes place at high numbers of
stress cycles, usually more than 10*

cycles.

When fatigue tests are conducted with a
fixed cycle of elastic plus plastic strain
limits, it is called a strain-controlled
fatigue or a low-cycle fatigue because
fatigue failure takes place when the
number of cycles necessary to cause

fatigue failure, N<10® cycles.

Since majority of the fatigue failures in
service occurs at N>10* cycles, the
fatigue in the high-cycle region (stress-
controlled fatigue) has received an
engineering importance and our present

discussion is restricted to this.

YCTAJIOCTBIO, yIPaBIsIEMOU
HaIpPSKECHUEM.

DTO MHOTOIIMKJIIOBAs YCTAIOCTh (4acTo
Ha3blBaeMasi IPOCTO  YCTaJOCThIO),
MOTOMY YTO YCTaJIOCTHOE pa3pylIeHHUE
MPOUCXOIUT MPH OOJIBIIIOM KOJIMYECTBE

IIMKJIOB Harpy3ku, oObgHO Gosee 107

LIAKJIOB.

Korma  ycrasiocTHble  HCIHBITAHUA
IIPOBOJASATCSA C (UKCUPOBAHHBIM
LOUKJIOM  IIPEAENOB  yOPYron W
IIacTU4ecko  aedopManuu,  3TO
Ha3bIBACTCA YCTaJIOCTBIO C
yOopaBisieMblM  nedopmanuen  uUiam
MaJIOLIMKJIOBOU YCTaJIOCTBIO,

MOCKOJIBKY YCTaJOCTHOE pa3pylICHHUE

IMIPOHUCXOIUT, Koraa KOJIM4YCCTBO

IIUKJIOB, HEOOXOIUMBIX TSt

BO3HUKHOBEHHS YCTaJlOCTHOTO
paspymenus npu N <10° nuxios.
ITockosbKy OOJIBIIMHCTBO

YCTAJIOCTHBIX pa3pyLIECHAN pu
SKCILTyaTaluy IPOUCXOauT mpu N> 104

MUKJIax, yCTaJlOCTh B MHOFOHHKHOBOﬁ

obmacti  (yCTaJoCTh,  yIpaBisieMas
HaIpsHKEHUEM ) npuoOpena
MEXaHUYECKOC 3HAYCHHWE, W Halle
HACTOSIIIIEE oOcCyXJIeHne

OI'paHUYHBACTCS 3THUM.




The cyclic strain-controlled or low-
cycle fatigue will be considered

subsequently in Sect. 8.16.

One of the earliest investigations of
stress-controlled cyclic loading effects
on fatigue life was conducted by Wohler
(1860), who studied the fatigue failure

of the wheel axles of the railway cars.

Wohler designed the first ‘rotating
bending’ fatigue tester to determine the
fatigue strength of the railway axles

under alternating stress condition.

Among different types of fatigue testing
machines/methods used to analyse the
fatigue properties of materials, rotating
bending is the most widely used
standard method of testing, which is
used exclusively for applying constant-
stress amplitude with condition of zero

mean stress.

[uknnueckas yCTan0CTh c
KOHTpoOJupyeMoi nedopmarueit wim
MaJOLMKJIOBAasl  YCTaJloCThb  OyZAeT
paccMoTpeHa janee B pasnene 8.16.

OmHo W3 TEpBBIX  UCCIEOOBAaHUM
BIIMSIHUSL LUKJIUYECKOTO0 HArpy»XeHUs,
YIIPaBIIIEMOTO

HAIIPSAKCHUCM, Ha

YCTaJIOCTHYIO IIPOYHOCTH OBLIIO
npoBeneHo Benepom (1860), koTopsiii
U3y4all  yCTaJOCTHOE  pa3pyllIeHHUE
KOJIECHBIX OCel KEeNe3HOJOPOKHBIX
BaroHOB.

Benep pazpaboTan nepBoiil npubop asis
UCITBITAaHUS

Ha  yCTaJIOCTh C

BpaIllaloIIMMCS U3rOOM TUISt
ONPEJENIECHHUS] YCTAIOCTHON MPOYHOCTH
KEJIE3HOJOPOKHBIX OCEH B YCIOBHUAX
MIEPEMEHHOTO HANIPSIAKEHUS.

Cpenu pas3IuyHBIX THUIIOB MAIUH /

MCTOOOB AJIsA HCIIbITAHUM Ha YCTAJIOCTh,

UCIIOJIb3yEMBIX TUISL aHanu3a
YCTaJOCTHBIX CBOWCTB
MaTepUasoB, U3ruo npu

BpalIeHUU SBJSIETCS HanOoJee MUPOKO
VCIIOJIb3YE€MBIM CTaHIAPTHBIM METOAO0M
VCIBITAaHUW, KOTOPBIM HCIIOJIb3yETCs

HCKIIIOYUTCIBHO JIIsL IMPHUIIOKCHUSA

MOCTOSTHHOW aMIUTUTY bl HATIPSKEHUS C
YCJIOBHEM

HYJICBOTO CpEIHETo

HANPSKEHHUS.




The most popular standard rotating
bending machine is the R.R. Moore

rotating-beam fatigue testing machine.

Its popularity is due to its simplicity of
operation, inexpensiveness and the fact
that it produces a commonly observed

condition of stress.

Schematic diagram of this machine is
presented in Fig. 8.4, and a diagram of
rotating-beam fatigue test specimen in
the form of a simple beam used for this
machine is shown in Fig. 8.5 (Richards
1961).

The cross-section of specimen used for
this machine must always be circular so
that remains

its section modulus

constant as it rotates.

Fatigue specimens must have very
smooth surfaces and be carefully
prepared to avoid stress concentrations

and tensile residual stresses.

CaMblii NOMYJSPHBIA  CTaHAAPTHBIN

CTAHOK JyIi TUOKU C Bpallaromencs

Oankoi 3TO YCTaHOBKAa  JJisi

WCHBITAHUS Ha yCTaJIOCTh c
BpalaroIieics 6aakon, n300peTeHHBIM
RR Moore.

Ero

MONIYJIPHOCTDb 00BACHSICTCS

IIPOCTOTOU DKCIUTYaTaluH,
JCIICBU3HON W TeM (aKToM, YTO OH
BBI3BIBAET  OOBIYHO  HaOIIOZaeMOe
COCTOSIHUE HaIpsKEHUs/

[IpuHIMNIMATBHASA CXEMA ATOM MaIIUHBI
npeacraBieHa Ha puc.8.4, a cxema
oOpasia JJisi UCTIBITAHUI Ha YCTAJIOCTh
C Bpamaromelicss Oankoil B BHJE
NpocTOM OankH, HUCHOJIb3yeMOU I
ATOM MAIllMHBI, MOKa3aHa Ha puc.8.5

(Richards1961 r.).

[Tonepeunoe CEUYCHHE oOpasia,
UCITIOJIB3yEMOT0 B 3TOW MalllMHE, BCETAa
JOJKHO OBITh KPYTJIBIM, YTOOBI €ro
MOAYJIb YIPYTrOCTH OCTaBaJICs
IIOCTOSIHHBIM ITPU BPAILEHUH.

OO6pa3ipl Ha YCTAJIOCTh JIOJKHBI UMETh
OYEHb TJIAJKYI0 TMOBEPXHOCTh U OBITH
THIATENBHO  MOATOTOBJIEHBI, YTOOBI
n30exKaTh KOHIEHTPALMA HaNpsHKEHU
U OCTaTOYHBIX

HanpsDKEHUU  TIpU

pacCTsHKEHUM.



https://link.springer.com/chapter/10.1007/978-981-10-7209-3_8#CR54

the

specimen, a reduced section is formed

Between both grip ends of
by using a constant curvature from end
to end without the necessity of using
any fillet so that undesirable stress

concentrations are avoided.

The diameter of the specimen at the
centre of the reduced section will be the
minimum at which the specimen is

supposed to fracture.

Both ends of the specimen are rigidly
held between the ends of two shafts, and
thus, the specimen becomes part of a
long beam which is subjected to pure

bending.

The specimen is loaded through two ball

bearings on the shaft extensions
(equidistant from the centre of the span)
so that it can rotate freely around its
axis.

Equal loads on these two bearings are
applied by means of deadweights so that
loaded

bearings is subjected to a uniform

the specimen Dbetween the

bending moment and bending takes

place in a vertical plane.

YroObl u30eXaTh  HEXEIaTEIbHBIX
KOHLCHTPALMKA HAIPSHKEHUN, MEXIY
o0OMMM KOHIIaMHM 3axBara o0Opaslia

o6pa3yeTc;1 YMCHBIICHHOC CCUCHHUC C

WCIIOJIb30BaHUEM MIOCTOSTHHOM
KPUBU3HBI OT KOHIIAa K KOHIy 0e€3
HEO00XOMMOCTH WCIIOJIb30BaHUS
KaKOro-JIn0o CKpPyTJICHHUS.

Hunametp oOpasia B IIEHTPE
YMEHBIICHHOTO CeueHUs Oyzner
MUHUMAaJIBHBIM, pH KOTOPOM
IpeIoJiaraeTcs, 4TO oOpa3zery
pa3pyuInTCs.

O6a  koHIa oOpazia  KECTKO

YACPKUBAIOTCS MEXAY KOHIIAMH JIBYX
BaJIOB, M, TakuM 00pa3oM, oOpaszell

CTaHOBMTCS YacCThIO JIMHHON OaJIKH,

KOTOpasi ~ TOJBEpPraeTcss  YHUCTOMY
u3ruoy.
OOpazeny Harpykaercs 4epe3 JBa

IAPUKOBBIX MOJIIMIHUAKA HA KOHIAX
BaJia (Ha paBHOM PACCTOSIHUU OT LIEHTpa
MpoJieTa), TaK 4TO OH MOKET CBOOOTHO
BpallaTbCs BOKPYT CBOEU OCH.

PaBHbIE HAa OTHU

Harpy3Ku JIBa

IIOAIIHUITHHUKA MMPUKIAAbIBAIOTCA

MMoCpeACTBOM IMPOTHUBOBECOB, TAK YTO

oOpazely  MEXIy  Harpy>KeHHbIMH
MOIITUITHAKAMH MoJIBepraercs
JNEUCTBUIO PaBHOMEPHOT'O




To apply cycles of stress, a motor
directly connected to one of the shaft
extensions rotates the specimen at
speeds varying from 3000 to 10,000
rpm and the rotation continues until the

specimen fractures.

Since the topmost fibres of the specimen
are always in compression while the
bottom fibres are in tension, it is
obvious that a complete cycle of
reversed stress of sinusoidal form with
zero mean stress is produced at each
point on the surface of the specimen

during each revolution.

A counter is provided with this machine
for recording the number of revolutions,

I.e., stress cycles applied.

There is a switch or some device that
disengages the counter and stops the
testing machine automatically when the
specimen breaks.

This machine loaded with a simply

supported beam specimen can be used

W3ru0aroIero MOMEHTa, a H3Tuo
MIPOUCXOUT B BEPTUKAIBHOMN
IIOCKOCTH.

Jliist MIPUIIOKEHUS IUKJIAYECKOU

Harpy3KH JBUTATENb, HEOCPEACTBEHHO
CBSI3aHHBIN C OJIHUM U3 BBICTYIIOB BaJia,
Bpamaer oOpasel] co CKOPOCThIO OT
3000 mo 10 000 o6/muH, U BpaleHUE
MpOJOJKAETCA JI0 TeX Top, I[OoKa
oOpasell He CJIOMaeTcs.

[TockosibKy camMble BEpXHHE BOJIOKHA
oOpa3slla  Bcerjga  HaxXxoAsTCs B
COCTOSIHUU C)KaTHsl, @ HUJKHHE BOJIOKHA
- B PacTSKEHUM, OYEBUJIHO, YTO
MOJIHBIN LUKJI OOPaTHOTO HAMpPSHKEHUS
CUHYCOUJAIBHON (OPMBI C HYJIEBBIM
CPEIHUM HAIpPsSKEHUEM CO3[AaeTCsi B
KaXIOW TOYKE Ha IOBEPXHOCTH
oOpa31ia BO BpeMsl Kax0ro o6opoTa.
CueTyuK OCHAILIEH PTOM MAaIIWHON IJIsd
3amucd  4yucia  o0OpoTOB, T. €.
MPUJIOKEHHBIX ITUKJINYECKUX HArPy30K.
Ectpb IIEPEKIIF0YATEND, KOTOPBIU
OTKJIFOYAET CUETYUK U aBTOMATHYECKU
OCTaHAaBJIUBAET UCIIBITATENbHY IO
MaIllUHY, Korja oOpasel] JIOMaeTcsl.
Ota MallvHa, 3arpy’keHHasi o0pasiom
OaJIKM C TPOCTON OMOPOH, MOKET

HUCIIOJIB30BaTHCA JIIsL MMOJYy4YCHUA




to produce either unnotched or notched
test data.

For unnotched test data, the specimen
has to be smooth, whereas for notched
test data, a circumferential notch is
introduced in the gage section of

specimen to create stress concentration.

However, the limitations of the rotating
bending machine are that the test data
cannot be used in applications where
mean stresses are not zero and the
necessity to use a specimen of circular

cross-section.

Instead of a simply supported beam
specimen as described above, a
cantilever round specimen, for which
the loading condition is shown in Fig.
8.6, can also be used by one variant of
the rotating bending machine, which has

been shown schematically in Fig. 8.6b.

A gravity load is applied to the free end
of the cantilever specimen while it is

rotating.

JaHHBIX MCTIBITAaHUM 0€3 HaJpe3a WM C
HaJpe30M.

JUis maHHBIX MCHBITaHUA O€3 Hajapesa
oOpaser] JoJKEeH ObITh IJIaJKUM, TOrAa
KaK Ui JAHHBIX MCHBITAHHA C
HaJIpe30M B H3MEPUTEIBHONW YacTH
oOpa3na BBOJUTCS KpyroBOH Hajpes
TUISL CO3JIaHUs KOHIIEHTpaLuu
HaIpsKCHUM.

OnHako OrpaHWYEHHUs] BPALAOLIErOCs
rMOOYHOT0 CTAaHKA 3aKJIFOYAOTCS B TOM,
4TO VICTIBITAaHUU

JaHHBIC HCJIB341

HCIIOJB30BaTh B IIPHWIOKCHHAX, TAC
Cp€aHNC HAIIPsSKCHUA HC paBHbBI HYIIIO,
u HCO6XOIII/IMOCTI> HCIIOJIB30BaHU

oOpasua TOJIBKO KpYyTJIOTO
HIONIEPEYHOI'0 CEUCHMS.

Bmecto oOpasima Oanku ¢ mOpocToid

OMOpOM,  Kak  OMNUCAHO  BBHIIIE,
KOHCOJIbHBIN KpYTJIbII oOpaszerr,
YCIOBHSI ~ HArpyXeHUss  KOTOPOTO

MoKazaHbl Ha puc.8.6, TakkKe MOXKHO

HCIIOJIB30BaTb B OAHOM  BApHAHTC

BpalllaloIieiics THOOYHON MaIlIUHBI,
CXEeMAaTUYHO MOKa3aHHOM Ha puc.8.6D.
K cB0OOMHOMY KOHITy KOHCOJIBHOTO
oOpa3lia BO BpeMs €ro BpalleHus
MpUjIaracTcs rpaBUTAIIMOHHAS

Harpyska.




In this case, bending moment is not
uniform rather increases linearly with
increasing distance from the point of
applied load along the gage length of the

specimen.

If the gage length of the specimen is of
uniform cross-section as shown in Fig.
8.6, then the bending moment and
thereby the bending stress will be the
maximum at the base of the fillet at the
end of the gage section where fatigue

failure will take place.

In fact, this produces a notched fatigue
test since the test results will strongly
depend on the geometry of fillet.

For an unnotched test data, the
specimen is tapered to obtain the
condition of constant bending stress

along the gage length of the specimen.

Rotating bending fatigue test with
cantilever specimen also represents
conditions of zero mean stress just like

test with simple beam.

B »Tom cnydae usrubaroniuii MOMEHT

HE  ABJIIETCS  pPAaBHOMEPHBIM, a
YBEJINUMBACTCS JIMHEWHO c
YBEJIMUEHUEM PACCTOSHUS OT TOYKHU
IPUIIOKEHUS Harpys3ku o

U3MEPUTENLHOM JiTHE 00pasia.
Ecnu u3MmeputenbHas ymHa oOpasna
UMEEeT  OJHOpPOJHOE  IOIEpeyHOoe
ceueHue, Kak Moka3aHo Ha puc.8.6, To
U3rUOAIIUN MOMEHT u,
CJIeZIOBATENIbHO, HaIpsDKEeHHE u3ruba
OyayT MakCHMaJbHBIMU y OCHOBAaHMS
rajaTens B KOHIIE y4acTKa JaTdvKa, TIe
IPOM30UJIET YCTAJIOCTHOE pa3pyllIeHuE.
3TO  HCIHbITAaHUE

daKTHYECKHU, Ha

YCTAJIOCTh C HAJIPE30M, HOCKOJBKY
PEe3YJbTaThl UCIBITAHUK OYIyT CHIIBHO
3aBUCETh OT FT€OMETPHUH TaITEIIH.

JIns maHHBIX MCHBITAaHUN O€3 Hajapesa
obOpazer; cyxaercs, 4ToObl IOJTYYUTh
YCIIOBHE TIOCTOSIHHOTO  HaIpsHKEHUS
u3ruba 1Mo U3MEPUTEIBHON JJIMHE
obpa3ra.
HUcneiTanune  Ha

yCTaJIOCTh  TIpU

BpaIalOIIeMCsl M3THOE ¢ KOHCOJIbHBIM

oOpazomM TaKKe MPEICTABIISIET
YCIIOBHS HYJIEBOTO CpeaHero
HAnpsDKEHUs, KaK W HUCHBbITAaHUE C

POCTOM OANKOM.



https://link.springer.com/chapter/10.1007/978-981-10-7209-3_8#Fig6

Reversed bending fatigue testing
machine with fixed displacement can be
used to overcome the above-mentioned

limitations of rotating bending machine.

A schematic diagram of reversed
bending fatigue testing machine is

shown in Fig. 8.7.

This machine can test either a cantilever
or a simply supported beam specimen
with a variety of shapes instead of only
circular section as required by rotating

bending machine.

This machine can test flat and square

bars and sheet metals.

In this machine, an arm is attached to the
specimen, which is mounted as a

stationary beam.

A crank or eccentric drive the arm and

produces a constant alternating

deflection.

A variety of alternating and static loads
can be provided by adjusting the arm

length.

Mamuna AJI1 UCIIBITaHWA Ha yCTAJIOCTb

npu oOpaTtHOM nu3rude v
(UKCUPOBAHHBIM CMEIICHUEM MOXKET
HCTIOJTb30BAThHCS

JIIA IMPCOOO0JICHUA

BBIIICYTIOMSHYThIX OTpaHUYCHUI
BpalllaloNIeiics THOOYHON MAIIIUHBI.

[IpuHIMnuaabHasi cxeMa MAaIllUHbI IS
WCOBITAHUNA  Ha

yCTaJIOCTh  TpH

oOpaTHOM M3rHOe MoKaszaHa Ha puc.8.7

DTa MalllvHa MOKET UCIBITHIBATH MO0
KOHCOJIBHBIA 00Opaser, Jub0 obOpaserl
OaJIKM ¢ MPOCTOM OMOPOW PA3NHYHBIX
(dbopM, a HE TOJIBKO KPYTJIOTO CEYEHHS,
KaK TpeOyeT BpalllatolIuicss THOOYHBIIM
CTaHOK.
Takasgs wmammMHa MOXET MPOBEPATH
IUIOCKUM W KBaJpaTHbIA IMPYTOK U
JIMCTOBOM METAJLI.

B 3TOU

MalgHe K 00pasiy

MIPUKPEIUIAETCS ~ pblYar,  KOTOPBIH
YCTAHABJIMBACTCSl KAaK HEMOJABWKHAS
Oanka.

KpHBOMMIHBIA MM 3KCUEHTPUKOBBIM
[IPUBOJ IPUBOJUT B ABWKCHUE phlyar U
IIPOM3BOJAUT IIOCTOSHHOE IIEPEMEHHOE
OTKJIOHEHHUE.

Perynupyss nminuHy pelyara, MOXHO
00€ecreynTh MHOKECTBO IEPEMEHHBIX U

CTAaTUYCCKUX HAIrpy30K.



https://link.springer.com/chapter/10.1007/978-981-10-7209-3_8#Fig7

The above modes of loading may be
suitable when a component is subjected

to rotating or reversed loads.

However, it is often more appropriate to
use the axially loaded specimen for
applications involving direct loading,
where steady stress is not zero, rather an

important variable.

For example, in aircraft wing,
fluctuating stresses are superimposed on
both tensile mean stress acting on the
lower wing skin and compressive mean

stress acting on the upper wing skin.

The specimen in the axial loading
(push— pull) type fatigue tester is held at
two ends and subjected to pure axial
loading of tension—tension or tension—
compression type in which the load
varies cyclically between two extreme

(maximum and minimum) values.

BrlmeynoMsHyThIe PEKUMBI
HarpyKeHUs MOTYT OBITH
NOAXOMSIIMMH, KOIrZla  KOMIIOHEHT
MIOABEPracTCs  BpaAlAOIINM  HWIH

oOpaTHBIM Harpy3KaMm.
Opnako yacto Ooisiee IeIecooOpa3HO
OCEBOM

HUCIIOJIB30BAaTh O6p&3€[[ C

Harpy3Kou JINIE: MIPUJIOKEHUM,
CBSI3AHHBIX C TPSAMBIM HAarpy>KEHUEM,
IZIc YCTaHOBUBILEECS HAIPSIKEHUE HE

PaBHO HYJIIO, a SBJSETCS BAXXHOMN

IIEPEMEHHON.

Hanmpumep, B  Kkppule  camoiera
KOJIEOJTIOIIHECS HaIpsKEHUs
HAKJIA[pIBAIOTCI KAaK HAa CpeaHee
HaIpsHKEHUE pacTsHKEeHUS,

JEHCTBYIOIEE HA HUIKHIOI OOIIMBKY
KpbUIa, TaK M Ha CpeJHEee HANpPsDKCHHE
CKaTus, ACHUCTBYIOIIEE HAa BEPXHIOIO
OOIIMBKY KpbLIa.

OG6paszelnr B mpuboOpe NIl UCIIBITAaHUS Ha
yCTaJIOCTh C OCEBBIM Harpy>KeHUEM
(IBYXTaKTHBIM) yIEp>KABAaETCs 3a JIBa
KOHIIa U NOABEPraeTcsi YNCTOU OCEBOU
Harpy3Ke THIIA pacTsbKeHue-
pacTsbKeHUE WM pPacTshDKEHHE-CKaTHe,
npu KOTOPOM Harpy3ka IUKIHYECKH
U3MEHSETCS MEXAY IBYMS KpalHUMH

(MakCUMaJbHBIM UM MUHUMAJIbHBIM)

3HaAa4YCHUAMMU.




The configuration of such axial loading

Is shown in Fig. 8.8.

CxemMa TakOM  OCEBOH

Moka3aHa Ha puc.8.8.

Harpy3Ku




