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The Effect of Si addition on the Damping Capacity and Tensile Properties
in Fe-Mn-Al Alloys

Min ki Kwon

Department of Metallurgical Engineering, The Graduate School,
Pukyong National University

Abstract

The aim of this study is to investigate the effects of silicon addition and
the degree of cold rolling on the damping capacity and tensile properties of
Fe-Mn-Al alloys for the development of new materials with high strength and
high damping capacity.

The results obtained from this study are as follows :

Micro structures of Fe-26%Mn-2%A1 and Fe-26%Mn—-2%A1-3%S1 alloys at room
temperature consist of a large quantity of austenite and a very small quantity

7

of e and « martensite. With increasing the degree of cold rolling, the volume
fraction of o« martensite linearly increased, while the volume fraction of e
martensite decreased after rising to maximum value at specific level of cold
rolling.

Damping capacity was linearly increased with increasing & martensite
content. Here, we know that the damping capacity is strongly affected by the
content of e martensite, but the other phase such as o martensite and
austenite phase are not. Also, the damping capacity of Fe-26%Mn-2%A1-3%Si alloy
1s larger than Fe-26%Mn-2%A1 alloy

With increasing the degree of «cold rolling in Fe-26%Mn-2%A1 and

Fe-26%Mn-2%A1-3%S1 alloys, tensile strength was increased due to increasing the

volume fraction of the entire martensite(a’te ) and transforming from austenite



structure to martensite structure, but elongation was dramatically decreased at
early stage, and than slightly decreased with increasing the degree of cold
rolling. Also, addition of Si improved tensile strength but decrease elongation
because of solid solution strengthening effect.

The tensile strength increases and the elongation decreases with increasing

7

the volume fraction of o martensite, consequently they are proved that tensile

7

strength i1s mainly affected by the content of o martensite.
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Fig. 2 Schematic diagrams of intemal friction as a function of
strain amplitude and temperature for
(a) amplitude-independent (dynamic hysteresis) and

(b) amplitude-dependent (static hysteresis) dampingls).
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Fig. 3 Schematic diagram of the anelastic response (lower curve)

to a stress cycle (upper curve)ls).
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(b) the resultant intemal friction peak as a function of

temperaturels).
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Fig. 10
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(mnarnzly (0001)[07T10]1 €

(a) FCC structure (b) HCP structure

[110] Projection of fcc lattice with atoms at different
heights shown as open and shaded circles, illustration
the shear nature of austenite (7) — € martensitic
of

transformation in connection with the passage

Shockley partial dislocations™”.
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Stacking faults in the
cross slip plane (111)

Stacking faults in the
a/6121] ——

primary slip plane (111)

a/B[170] (stair—rod dislocatiorn)
a/6[ 1271

Thin

Interval of
several slip
T planes

aTn

Fig. 11 Schematic illustration showing the formation and growth of & martensite by cross-slip

of stair-rod typem.
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Fig. 13 The movement of atoms in & — «’ martensitic
transformation. Solid line circles A, B and C show

atom positions of (00-1) of hcp. Solid line circles A,
B and dotted line circle C show atom positions of

(011) of bec™.
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Table 1 Chemical composition of specimens (wt.%)

Comp.
Mn Al Cu R o C Fe
Spec.
Fe-Mn-Al 26.5 2.16 0.08 0.003 0.009 0.002 Bal.
Fe-Mn-Al-Si 26.1 2.18 0.08 0.002 12 0.003 Bal.
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Specimen ——— Driver and Detector

Héater T |

___Insulator

L 1L

Thermocouple

Fig. 15 Schematic drawing of vacuum chamber unit for measurement equipment of damping capacity.
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Photo.1 Optical micrographs showing the effect of cold rolling of Fe-26%Mn-2%Al alloy

(a) solution treated (b) 25% cold rolling (c) 49% cold rolling
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Photo.2 Optical micrographs showing the effect of cold rolling of Fe-26%Mn-2%Al-3%Si alloy

(a) solution treated (b) 35% cold rolling (c) 43% cold rolling



Photo. 3 SEM micrograph showing the deformation induced
martensite obtained after 35% cold rolling in Fe-26%

Mn-2%Al1-3%Si alloy
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Fig. 17 Relationship between degree of cold rolling and volume

fraction of each phase in Fe-26%Mn-2%Al alloy.
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