


Slip and Deformation

Thus in both cases slip leads to the material
plastic deformation, e.g. permanent steps
formation on the crystal surface

Plastically
stretched
Zinc single
crystal.
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SLIP IN SINGLE CRYSTAL:
Resolved Shear Stress

ACrystaIs slips in particular direction on particular plane duerés@ved
shear stresstr, I.e. shear stress applied along these plane and direction

Applied tensile Resolved shear Relation between
stress: s =F/A stress: tg=Fgs/Ag S andt g
F
LR=Fs/Asg
slip plane Fcosl Alcosf

QO
. O
Q \)
20 ec’}

6\‘
v

F

F Nsf
b, |
S

tr=s(cosl cosf|)

Schmid factor



or hard to move dislocations
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In general, one slip system is oriented to prog
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SLIP IN SINGLE CRYSTAL:

Critical Resolved Shear Stress
ACrystal orientation can make it ea
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Schmi dt 6s Law
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Normal to
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plane - Resolved Shear
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Tensile axis

S, = tcr/ COSQQOST

F | wheret -y is critical resolved shear stress,
at which plastic deformation occurs
S Is corresponding critical normal stress




Problem

AA single crystal of BCC iron. Tensile stress (52MPa) is applied along [010]
direction Compute the resolved shear stress along (110) planelahpdirection.
AFor the same slip system and direction of the applied tensile stress, calculate t

magnitude of the applied tensile stress necessary to initiate yielding if critical
resolved shear stress known to be equal to 30MPa
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=52 C/2) (1/CB)=21.2 MPa



Material Strength & Dislocations
Movement

AThus dislocations arienperfectionsin the crystal lattice, which
are mobile andan movethrough the lattice when stress is applied

AThey have extremelynportant effectson the materialproperties

Aln particular, on thenechanical strengthsince they are the
mechanism by which materials yield and plastically deform

AVletals arestrengthenedy making it moralifficult to move
dislocations.



Strengthening by Reduction of Grain Size

TheHall-Petch equatiordescribes dependence of yield strengihas
a function of average grain diameter, d:

05 Thes, is the Peierls (frictional) stress and is the minimum
S. =S _ + k d' ' stress needed to induce dislocation glide in a single cryste
y S y andk, is the Hall Petch slope.

Avalid for many materials but not for naistructures !!

A Example- . Grain size, d (;norl) .
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AGrain size can be changed for example by plastic deformation etréatment



2. Solid Solution Strengthening (1)

Aulloys of a particular metal are usually stronger than the pure metal.

Al nterstitial or substitutional | mj
result, these impurities interact with dislocation strain fieldsramdeer dislocation
motion.

Al mpuriti es tsegregatetroundthefiflacatien cafirdl
atomic sites more suited to their radii. This reduces the overall strain energy a
ARnanchoro or Apino the dislocation.
AThe total lattice strain will inci
dislocation core moves to a region with larger local lattice strain (not compens
by impurity).

AGreater applied stress is required to initiate and continue plastic deformation
than without the impurity.

ARequires diffusion of solute at om:
atoms can catch up to dislocationsangnre n t h e m. (One or |
curves.)



Solid Solution Strengthening (3)

AThe impurities, to find atomic sites more fit to their radii, typic
segregate around the dislocation core, thus reducing the overal
strain energy and Apiningo

A Smaller impurity: Dislocation 9000000
tensile strain imposed strain field 9000000
(T, 9080000
+ U S (1 T O 8 8 8 8 8
éu) \5 EV)\(EECJ ggg TL — Reduction of strain field
NG oo s OOOCOO0
v Neppes 0000000
OO0
COO0OOO
A Larger impurity: OOO000O

compressive strain imposed
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3. Strain Hardening

A Strain hardening or cold working is the phenomenon of increasing
hardness and strength of the a ductile material as a result of plastic
deformation at temperatures far below its melting point.
A | ndeed, pl ast i c nluétiplicatiomeotdislocatiors,e a
which strain fields startto interactmor e A cl os el ythe, hin
dislocations motion.

Dislocation tangles produced by

plastic deformation in Iron

| ni ti aflont er medindti @l 0O
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Result of Cold Work

A Disl ocatrjggoesugensi ty,

- Carefully prepared sample: r 4~ 103 mm/mms3
- Heavily deformed sample: r 4 ~ 1010 mm/mm3

A Ways of measuring dislocat

40mMn

Volume, V

Y >
X «Aea, A dislocation

length, 1 | D “x ""~’L | —X—

length, 1 > b S=t===> or L(N dislocation
length, 1 3L pits (revealed
, by etchin
11 +12 +13 r = N y 9
pd — - —
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Stress W

Impact of Cold Work

Yi el ds))sntreages. gt h (
D u éotElL dr %ARY de¢reases.

Example:the influence of cold work
on the stresstrain behavior of lovcarbon steel

/Bnd drawn wire

/ 1st drawn wire

Initial wire

Oy girain



A

COLD WORK ANALYSIS

O
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Recovery, Recrystallization,

and Grain Growth

APlastic deformation introduces massive changes in the crystal
lattice, including increases dislocation density (single and
polycrystalline materials) and changes grain size distributions
(polycrystalline materials).

A This results in stored str a
strain fields and grain distortions). When applied external stress is
removed most of the dislocations,grain distortions and associatec
strain energy are retained.

A Restorati on t-workicinde dorte &ytheat b e
Treatment and involves two processesoveryandrecrystallization
These may be followed kyrain growth.



Effect of Heat-treatment after Cold

A 1 hour treatment atghneadecreases TS and increases %EL.

Work

A Effects of cold work araeversed
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A

Thr ee
stages to be
discussed:

-Recovery

- Recrystallization

- Grain Growth

a n



Recrystallization

AAfter recovery is completed, the grains are still in high strain sta

A During next annealing stage, irecrystallization,formation of
new grains occurs

- The driving force of the processdsdferencein internal energy
between the strained and unstrained grains

- Recrystallization occurs through formationfiole nuclei and
their growth by shortangediffusion mechanism until they
completely consume the parent material

A Structure and properties of the final material depend on the
temperaturdime schedule of the annealing process

A As a result the material mechanical properties that were change
during cold working can be restore



Different Recrystallization

Brass 33% CW Nuclei formation: Partial replacement Complete recrystal.:
3s 580 C of CW grains: 4s 580 C 8s 580 C

Grain growth:
15 min 580 C

Grain growth:

Wil 10 min 700 C



