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Three common structural metals
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The three structural metals have entirely different crystal
structures and dlip systems, which leads one to imagine that
they would have differing responses to cyclic loading.
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Aluminum Alloys

Property Vdue Consequences

Crygd Structure FCC Poly crysalsductil e, low yield
drength, gran-raeand
temperaureinsengtiv e

Modulus (GPa) 70 Low bond grength
RT Homologous T 0.29 Close to cregptemperaure
Yidd Strength (MPa) 25-600
Bas ¢ Microgtructure Sngl e or two
phase

SrengtheningSrategy | Solid solution

Strengthening S rategy Predipitation
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Precipitation hardening of Al
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Structural steel

Property Vdue Conseguences

Cryga Structure BCC Polycrystasductil e, high yidd

grength, gran-raeand temperaure
(FCC) sengtive

Modulus (GPa) 189 Reflectshigh bond g rength

RT Homologous T 0.15 High mdting point

Yield Strength (MPa) 220-1600

Basc Microdructure Twophase | Fernte-pearite

Strengthening Strategy | Microgtructure | Wide range of srengths possbl e
gzecontrol [ through hea treament

Strengthening Strategy | Transformation | Martengti ¢ transformation
products
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Development of hypoeutectoid,

Stru Ctu ral St66| eutectoid, and hypereutectoid
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Titanium alloys

Property Vaue Consequences

Cryg al Structure HCP b Titanium is BCC and hence very

ductil e; whereas, HCP a is less so.
(BCC)

Modulus (GPa) 120 Reflectshigh bond & rength

RT Homologous T 0.15 High mdting point

Yield Strength (MPa) 170-1280

Bad c Microgructure Twophase |Alphaand Betaphases

Srengthening S rategy

Microgructure

Widerange of grengths posshl e

gzecontro | throughh eat treatment and control
of mi crogtructure
SrengtheningS rategy | Transformation | Martensti ¢ transformation
products
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Titanium heat treatment

Ti16Al4V annealed at

T>1278 ?°K inthe 3 field.
Upon cooling, get
Widmanstatten or basket weave
asb ->a by diffusion.

Ti6Al4V anneadled at 973 °K
In aregion having both a and
b equi-axed grains. Upon
slow cooling get ? plus
Widmanstatten a.
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Fatigue of a component

R\ + The fatigue life of an

engineering component

Simple Test Coupons Model

the Damage Process consists of two main life
~ periods:
O
— Crack Planes

O \ / \ Initiation or nucleation
N~ 1 of afatigue crack (N,)

Unnotched, Uncracked

Precracked Specimen Specimen
Critical
@ Locations A nd
% Attachment Hole
O Its growth to failure (Np)
Channei or
Compact Tension S“ Box Section
Fati Crack Growth
atigue Crack Gr Unianal _A,

Fatigue Crack Initiation
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Simple guestions:

= How do basic material properties
Influence a component’s fatigue life?

= Which materials are most fatigue
resistant?
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Complex answers

= The answer depends upon the situation.

= Life regime - short or long?

= Presence of residual stresses?
= Compressive residuals
= Tensile residuals?

= Presence of stress-strain concentrators?
= Due to component shape.
« Due to mistakes during material processing.
= Due to inherent flaws in the material.
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Process of fatigue
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2. Persistent

slip bands A 1. Cyclic
dip
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1. Cyclic slip
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Cyclic dlip occurs within a
grain and therefore operates on
an atomic scale and arethusis
controlled by features seen at
that scale.
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Cyclic herdeni ng Cycgc softening

Stress amplitude (Ac/2), MPa

100

FCP

2. Persistent slip bands (PSB)

*Development of cell structures (hardening)
Increase in stress amplitude (under strain control)
*Break down of cell structure to form PSBs
Localization of dip in PSBs

10 102 108 104 105
Number of reversals, 2N




3. Intrusions and extusions

Cyclically hardened material

Extrusion

Cyclically hardened material

| ntrusion

Cyclically hardened material
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3. Intrusions and extrusions

| ntrusions and
extrusions on the
surface of aNi
specimen
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& 3. Intrusions and extrusions
Extrusion \ Intrusion
Stage | Fatigue crack /

Persistent Slip Band
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3. Intrusions and extrusions

extrusion
/ intrusion

/
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Fatigue crack initiation at an inclusion
Cyclic dlip steps (PSB)

Fatigue crack initiation at a PSB

FCP 21



4. Stage | fatigue crack .
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Stage | fatigue cracks are the size
of the grains and are thus
controlled by features seen at that
scale: grain boundaries, mean

stresses, environment.
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5. Stage |l crack growth dlip bands

fatigue crack

A

Stage Il fatigue cracks much larger
than the grain size and are thus
sensitive only to large scale
microstructural features - texture,

global residual stresses, etc.
FCP
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A simple view of fatigue

1. Will acrack nucleate? 2. Will it grow? 3. How fast will it grow?

Cyclic nucleation and arrested growth Crack growth
O N O 0 |
lnfiniteYite Pt (Ui
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Infinite life - no crack growth

4200 -
| 4 260 Sharp notches
‘y@ : may nucleate
1150 \ cracks but the
Infinitelife  remote stress
'ﬁ.‘“ Y
.E + 100 P 3s © Complete fracture / may nOt be
S : ./ large enough
G to alow the
L +50 Non-propagating cracks CI’aCk tO Ieave
. \ formed at notch root
S the notch
J’ stress field.
%0 T 15

};1
o Notched fatigue limit based on stress
to initiate crack at notch root
@ Notched fatigue limit based on
complete fracture 26



Finite Life - growth of cracks

FCP
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Summary

= The Fatigue process consists of. Cyclic
slip, Crack initiation, Stage | crack
growth, Stage Il crack growth, Failure.

= In the simplest terms, there are two
problems:

= Ensuring infinite fatigue life
= Prolonging a finite fatigue life
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