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stress — strain
O —¢

elastic deformation (reversible) AV # 0
plastic deformation (ireversible) AV = 0 (dislocation movement)

uniform deformation
localised deformation

damage: voids initiation, growth, coalescence
fracturing: crack-initiation, -growth (stable, unstable), -arrest

thermal dilatation
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Veliéiny charakterizujice medzny stavV (tah, ohyb, tlak, krut, $myk)
(zmena mechanizmu, koniec, zacCiatok, rozhranie)

napatie, deformacia, energia, Cas, teplota

medza umernosti R, MPa

medza pruznosti fyzikalna Re MPa

medza pruznosti technicka (konvencna) R,0,005 MPa

medza klzu: vyrazna (horna, dolna) R, MPa

nevyrazna R,0,2 MPa

medza pevnosti konvencna (medza plastickej stability) R, MPa

medza pevnosti skuto€na = skutocné lomové napatie G, MPa
taznost A %
rovhomerna taznost A, %
kontrakcia Z %
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Veli¢iny charakterizujice medzny stavV (tah, ohyb, tlak, krut, $myk)
(zmena mechanizmu, koniec, zaCiatok, rozhranie)

napatie, deformacia, energia, Cas, teplota

huzevnatost’

vrubova huzevnatost
lomova huzevnatost
lomova huzevnatost
kritické rozovretie trhliny

medza unavy
casova medza unavy
zivotnost

medza tecenia
medza pevnosti pri teCeni
zivotnost

w, (plast)
KCV, KCU
KIC

‘JIC

5. (CTOD)

MPa
MPa



@ Department of Materials Science, Faculty of Metallurgy, Technical University of KoSice, Slovak Republic

eliéiny, ktoré necharakterizuji medzny stav, ale vilastnost’ materiaiu

Elasticka oblast’

modul pruznosti E,G, K MPa
Poissonovo Cislo valebo p=—¢&,i0ena ! €podizna

tuhost k = F/AL N m-1
poddajnost A=1/k=AL/F m N1

Tuhost’, poddajnost’ = f(sucCiastka) k=ES,/L,

Elasto-plasticka oblast’

exponent deformaéného spevnenia n
c=Kko" ¢ = skutoCna deformacia

tvrdost’ # medzny stav

Rychlost Sirenia unavovej trhliny dc/dN



stress - strain
G - 8 - material (E)

- construction (stiffness)

. Temperature transition behaviour: brittle - tough

. Stress state triaxiality: compressing (plastic) — tensile (brittle)
. Strain rate creep — static — dynamic (brittle)

. Testing conditions specimen size, shape,...

. Environment

Relationships: O = f, (T, €, d8/dt, X, Y, Z2)
€=1,(T,E, de/dt, x, Y, Z)

Mechanical properties = g(microstructure)
microscopy: optical, TEM, SEM, AFM, confocal,...



stress - strain
OC-¢
Bulk material ... ,global” properties

Standardized testing techniques tensile test, compression, toughness (Charpy,
fracture t. K,o), creep, bending, fatigue (S-N; da/dN — AK), hardness (macro)

Microstructure objects ... ,local” properties

Experimental techniques in development
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Local mechanical properties

T A e New material
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Properties
- Videoexten
‘ zometry
Local Mechanical Properties
Modeling

Importance:

* Identification

» Characterization

* Input data for modeling
* Testing technique

Virtual
material



X
Modeling

= Physical models
0,73 HM(ferrite) + 0,27 HM(martensite) = HM (mixed ferrite/martensite)

Microstructure of DP600, DP800 and DP1000 steels (from left to right)

Pesek, Vadasova, Zubko, Blahova: Acta Metallurgica Slovaca, 13 (2007) spec. issue 1, 108-112



Modeling

= Finite element method
Representative volume element

Tensile test : [

s/Ah_Berkovich =0 bei ny= 0,282
s/Ah_Vickers = 0 bei ny=0,280

~ PM1000-FEM =
"~ PM1000-exp.  DPBOO-FEM
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DP600-FEM : T—; RSTROvICH
. N ST — -04 T 4« Vickers
input data for FEM: |« = Hilletal.
-matrix: flow curves of annealed dual phase steels T 2
~ -hard phase: flow curve of PM1400 (> 95% martensite) |
'fnard, 600 = 27%
= 'fhard, 800 = 52%

“fharg, 1000 = 77%

2
Gy,mises [N/mm?]
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Fig. 4: Comparison between FEM results and experimental tensile tests . Ah = 0,25 um

urspriingliche
Kaluza, Lake, Pesek, Bleck: Modeling of Mechanical Properties and Local Deformation Werkstoffoberfléche
of Multi Phase High Strength Steels, In: Materials Week 2000, 25-28 Sept. 2000, Munich ) gesamts Eindringtiefe:

Kontur des Ah'=Ah+s
Indentereindruckes




Experimental techniques

lIT = Instrumented Indentation Testing
DSI = Depth Sensing Indentation

lIT Instrumented Indentation Testing - instrumentovana indentacni zkouska
(skuska tvrdosti so zaznamom, skuska tvrdosti s registraciou sily)

ISO 14577 — Metallic materials — Instrumented indentation test for hardness and

materials parameters, 2002
nano - mikro

UCI — Ultrasonic Contact Impedance

micro - meso

Frequency change due to
mechanical contact

Videoextenzometry (non contact strain measurement)

mMeso - macro
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Indentation curve

Hardness

Modulus of elasticity
Indentation work
Relaxation parameter
Creep parameter

Derived:

stress — strain curve, ¢ — €

Yield strength, tensile strength
Fracture toughness K.

Thermal shock resistance (ceramics)
Adhesion strength, wear

Phase boundary strength

Fatigue properties

Residual stresses o,



OBJECTS

Grains and boundaries
Coatings and layers
Phases and microstructure components
Weld parts
Particles

\&

PROPERTY

Hardness H
Young’s modulus E
strength R, R,
Indentation work (energy) W W, W,
Fracture toughness K.
Relaxation and creep
Stress — strain curve c —¢

N o

»Bulk®

Thermal shocks
Adhesion, wear
Phase boundary strength
Fatigue
Residual stresses o,,,

MATERIALS
Metals

Ceramics
Gradient materials
Plastics (rheological)
Porous materials
Composites
Biomaterials (tissues)
Concrete
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UCI — Ultrasonic Contact Impedance

r R I\f

\\ \ '_L ~—=Amplituda

q / Principle: ultrasonic frequency change due to contact

l—' bez kontaktu — . .
\ with specimen surface
T skontaktom  ........ specimen

V Vickersov indentor Af — f( . E , Vg4, f )
r rezonancna ty¢ d d 0
F uchytenie
R snimac

T generator kmitov

=0(E4. vy, Ep, w) . N

Af—Ag — H HV = F /A, contact

— reference block

N
| — diamond (ind ]7/ E, +1E
P- spaemen(n enen HV = HVUCI ]/EI: —I—]/E:




