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Tensile deformation
and tensile test - 11

Tensile test

Tenslle loading of monocrystal
Plastic deformation

True stress — true strain curve



Tensile test
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Tensile test
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Tensile test

'rue stress — true strain
diagram
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Ideal strength




Ideal strength

Why is there a difference
between 1deal and real
strength ?

point deffects — vacancy,
divakancy, foreign atoms

o

line deffects — dislocations
- screw, edg, mixed
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Stacking faults — grain
boundaries and their mutual
Interaction

g
g 5 g i

1,E-06 1,E-05 1,E‘-04 1,E-03 1,E-02 1,E-01 1,E+00
RJE




deal strength vs defects

. @ electron metals — inherently brittle, ductile
' ' depends upon the type of crystallic
lattice

covalent ceramics (r.t.) — there are no
t moving dislocation — the materials are
O—O)~ atom )

nuclei bl‘lt“e
glass — there are no moving

localised ) ) " )
N dislocations — material is brittle

bonds

covalent ceramics covalent plastics
lon ceramics : :
lon ceramics
1.O® @/@ O O® O - anions - mono-crystals plastically deformable
—————— (e.g. NaCl)
G/)/@ ONCHONONMOMLLIN - poly-crystal brittle (small number of
%/@ OO0 O 6 slip planes)
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Tenslle test of monocrystal (metal)

Vector
perpendicular to acting force F

slip plane
- _‘__‘__H-""“H.._H i
- S crosssection

area S

slip
direction

tensile axis
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Tenslile diagram of monocrystal

moving dislocations

slip direction the same as close packed
direction (the most densely arranged
atoms)

slip plane is the same as the close
packed plane

dislocation slip Is running in slip plane,
In which the highest shear stress Is
acting

active slip planes
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Shear Shear
stress stress

Active / mobile dislocation
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Active / mobile dislocation

Experimental evidences for the presence of dislocations
etch pits







Active / mobile dislocation
Frank - Read source
(anchored dislocation segment + shear
stress acting in slip plane)

annihilation
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Anchored dislocations vs mobile dislocations






Tenslile diagram of monocrystal




Tenslile diagram of monocrystal

fcc metals — Al, Cu, y-Fe, Ag, Au, Pt

4 planes {111}
3 directions <110>
12 slip systems
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Tenslile diagram of monocrystal

hcp metals — Mg, Zn, Cd, Be, Ti

base plane
{0001}....... 1x

direction
<1120>....... R).

'_:'1 A
_ |:,_‘__________,:' 1 . / I:-.-.___.---:' 1, .
x ﬁ]ﬂ plane

¢ 3 slip systems
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Tenslile diagram of monocrystal

bcc metals - aFe, Mo, W

direction
<l11>..... 3

planes
{110}...... 4
{211}...... 4

20




Tenslile diagram of monocrystal

twinning
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Tensile diagram of monocrystal

I. stage of easy slip
II. stage of linear hardening
II1. stage of softening

n e

Initial elastic strain ) 002 004 006 008 010
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Tensile diagram of monocrystal
What is typical for separate lattices 7?7

fcc: 7. = (0,3-0,8)MPa; I. stage Is 30%;
11. a lll. stage depends on temperature
hep: 7., = (0,3-0,8)MPa; |. stage 200%;
11. a lll. stage depends on temperature
bee: 7. =(30-80)MPa a Is depending on
temperature; | stage too short
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Tensile diagram of polycrystal

small angle boundary high angle boundary

disorientation angle of planes

disorientation angle of planes
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Tensile diagram of polycrystal

equivalent plastic deformation hydrostatic stress
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Tensile diagram of polycrystal

In 3d mobile dislocatins
at least 5 independent slip systems

s fcc lattice (small Twie + 12 independent slip planes)
>>> ductile material

s hcp lattice (small Twrie + Sometimes only 3 independent
slip planes) >>> as arule brittle

s* bec lattice (high T + plenty of independent slip
planes) >>> strong and ductile
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Tenslile diagram of polycrystal
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Tensile diagram of polycrystal
Hall — Petch relation
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Tensile diagram of monocrystal
Hall - Petch relation

T - SlIp stress acting in slip plane being
caused by applied load

T; - stress acting against dislocation
movement (slip) ¥ t'?elLl "
T - stress needed for creation/unblocking

of dislocations

stress concentration in point B

(Tmax — 7i )\/E
X

BURERENEY

R

el
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Condition for plastic  1€nsile diagram of monocrystal
deformation transfer Hall - Petch relation

at grain boundary

L

TD = Tmax T (Tmax — %i) ;
N /X
Ty TTDA T
L

Tmax — X ;
I —

L

-1/2

oi = 2tj,ky =2%%k,
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stress acting agains
dislocation
movemen

*
s
-------------------------------
LIV 4

control of deformation
behaviour and strength
properties

Hall - Petch relation

i grain size effect
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o; friction stress - resistance of the real lattice Zpevneni

against dislocation movement

c;=06yt0c, to,, to

p.r.
(o - Peiers - Nabarro stress
c, - friction/resistance by other dislocations
o, - solid solution strengthening
O,, - Precipitation hardening

- effect of interstitial atoms
- cold deformation hardening
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% strengthening effect (c; )
% temperature effect
“ loading rate effect

Hidden yield strength
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True stress — true strain curve

S
True stress . E %
S S
....... & W
S Ly Lo

L
E:lel' Nl —InLy =In(—=) = In A—|'+1 = In(s +1)
L L LO LO

g = In(s—oj
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True stress — true
strain curve
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True stress — true strain curve
Holomon equation —n
. O = kgp ,

k - coeffiecietn of strain hardening
n - strain hardening exponent

Ramberg - Osgood equation
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True stress — true
strain curve
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True stress — true strain curve

necking — stress triaxiality !

for quantification of localised deformation O. =
correction Is needed on S
o a

Equivalent stress corresponding to the "sar"he
deformation but caused by uniaxial tensile stress -
correction of nominal stress to uniaxial stress:

Op — (ZTmax): Gp.B
B = 0,83-0,1786.log &

Correction for necking presence according to Bridgman
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True stress — true strain curve

+  True Stress (BExp.)

True Stress [MPa)

= = = = True Stress from F.E. (Exp. True Stress input curve)
—w— True Stress from F.E. (Brdgman input curve)
True Stress from F.E. (IMLRs input curve)

mfa
. 2Ln{acfa)
strain

Correction for the necking presence according to Mirone

(simple multinominal)

a(g) =1 - 0,6058(5 = &5 )2 + 0,6317(5 = G )3 —~ 0,2107(5 = &5 )4
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True stress — true strain curve
FEM calculations tensile (material)
curve implementation:
pilinear
multilinear
(step by step linear
E, n (N)
true stress - true
strain curve

(72}
(2]
(<]
L=
o=
(7]
(<}
=
LS
=

Brigm:an, Mirone
Hollomon, Ramberg-Osgood

Hook

0.4 0.6
true strain
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True stress — true strain curve
FEM calculations tensile (material)
curve implementation:
pilinear
multilinear
(step by step linear)
E, n (N)
true stress - true
strain curve

experiment
vypocCet MKP

3 a4 5
Elongation [mm]
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e curve frorm indent

y
lF sferical indentor (ball)

o MKP z 4contact elements
1 — indentation test '

[
T )
= material
[

YANYA A /A A /A A A A ANRVAY

dy=0

6 > 0,...C+C.g,+C,(1-e™7)




Tensile curve from indentation
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C1 C2 C3 C4
551,5 345,/ 4194 27,8

- - - Tensile test R7T

—— FEA E-steel Tensile test E-steel —
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