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STRAIN MEMORY ALLOYS

=Primarily ferrous based alloys with a
metastable austenitic crystal structure at
room temperature.

=0n application of strain, a crystal
transformation from austenite to
thermodynamically stable martensite
OCCUrs.

=Austenite (FCC) is paramagnetic, while
martensite (BCC) is ferromagnetic.



TRIP STEEL TRANSFORMAT ON

The steel’s crystal structure changes irreversibly from
magnetically non-permeable Face Centered Cubic (FCC) austenite

to magnetically permeable Body Centered Cubic (BCC) marfensite.
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Smart Effect
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= A corre ation (caused by martensitic vo ume)
between magnetic susceptibiltiy and strain i1s
therefore possib e



Passive Peak Monitoring
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= Only successively greater strains are
“memorised” within the material’s crystal
structure because the transformation is
irreversible



TTT Diagram Displacive vs. Reconstructive
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Geometry of Crystals, HEDH Bhade shia, 2006



Free Energy

Figure Schematic illustration
showing the free energy change
(AGS) from austenite to AG N, \
martensite as a function of
temperature and the
thermodynamic effect of the
applied mechanical load (u').

|. Tamura. Metal Science 16 (1982 pgZ 45
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Phenomenologica Theory of Martensitic Transformation
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Choosing TRIP Steel compositions
30

Austenite

Martensite

L\

0 + 40
Increasing Cregq

Creg =155+ Cr + Mo+ 2T + 0.5Nb

Increasing Nigq

Ferrite

Mieq = 30(C + M)+ 0500 + M+ 0.5(Cu + Co)



Choosing TRIP Steel compositions

Ln{V™} - In{V*} =k, . AG* &

V0" is the initial volume fraction of austenite at zero strain
V' is the volume fraction austenite at the applied strain
K, is a constant

AGY is the change in free energy, defined by composition and temperature
£ i5the applied strain

atrain-Induced Transtormation of Very Strong Iletal, Moharmed ¥ onssef Shenf, 2003



TRIP Steel’s Mechanical Properties
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*Extremely strong as well as ductile

*This is due to the transformation effect substantially slowing necking
*As well as the composite effect of a softer Austenite matnx and hard,
strong Martensite reinforcement
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