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The Corelationship between Strength and Damping Capacity of
Thermo—-mechanical Treated Fe-20Mn-12Cr-3Ni-3Si Alloy

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

Abstract

This study was processed to investigate the co-relationship between the
mechanical properties and damping capacity of thermo-mechanical treated
Fe-20Mn-12Cr-3Ni-351 alloy. o and e-martensite were formed by
deformation and thermo-mechanical treatment. With the increasing cycle
number of thermo-mechanical treatment, volume fraction of e-martensite
was Increased, and then decreased, whereas dislocation and a —martensite
were slowly increased. In 5-cycle number thermo-mechanical treated
specimens result showed more than 102 of the volume fraction of ¢
-martensite and less than 3% of the volume fraction of a'-martensite. With
the increasing number of thermo-mechanical treatment, the strength rapidly
increased, but the damping capacity was slowly decreased, and results of
damping capacity was the opposite to tendency for a metal with
deformation induced martensite transformation. The damping capacity was

decreased with the strength increasing, these results was opposite to



tendency for metal with deformation induced martensite transformation.
The strength was affected to formation of martensite and dislocation, grain
refining by thermo-mechanical treatment, damping capacity was affected

formation of dislocation and grain refinement.
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A {111)

Fig. 1 Schematic illustration of martensite habit plane

and preferred planes in austenite lattice'®.



6 atom planes spacing between
Martensite lattice r—"’,
B B " b ‘ bf //////‘
.' ///// P uaid) s/ 010,
I

~-screw dislocations
=
I ‘ Habit plane
Austenite lattice

Fig. 2 Model for the (225) habit austenite—martensite interface in steel'®.
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Fig. 3 Schematic representation of surface relief (a) and a scratch line (b)".
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Amplitude Frequency or temperature

{a) Amplitude —independent and frequency —dependent

Amplitude Frequency or temperature

(b) Amplitude—dependent and frequency—independent

Fig. 4 Schematic diagrams of internal friction as a
unction of strain amplitude and temperature
for (a) amplitude —independent (dynamic
hysteresis) and b) amplitude—dependent

(static hysteresis) damping.
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0 — stress £ - strain M - Elastic modules

% — Elastic compliance

¢ =0 O - Program

t=10 t=PF/2 t="P

S =¢e/oy
i Sk = Relaxed compliance = e(P/2)/g,

Anelasticity )
R L . Sy = Unrelaxed compliance = e(0)/o,

«+— Elasticity

t=10 t=F/2 & =gy time

Fig. 5 Schematic diagram of the anelastic response
(lower curve) to a stress cycle(upper

curve).
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(a) o

O"—AW
> £

-

Dynamic hysteresis loop

(b)
AW

Low Int. High
Temperature

Fig. 6 Dynamic hysteresis behavior. (a)hysteresis
loop in the stress—strain plane and (b)the
resultant internal friction peak as a

function of temperature.
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Fig. 7 Static hysteresis behavior. The type of

hysteresis loop obtained during defect

unpinning.
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Fig. 8
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Martensite Transition Parent phase
[ . . —
region region
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=|-1 =|-1 =|= »

=195

Temperature

Schematic diagram showing the
internal friction of a thermo-
elastic martensitic alloy as a

function of temperature'®

Stress

Fig. 9 Schematic diagram showing the
internal friction of a thermo-
elastic martensitic alloy as a

function of stress amplitude!®.
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Fig. 10 Measurement of specific damping capacity.
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Fig. 13 Measurement of internal friction.
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Table 1. Chemical composition of specimen (wt.%)

C N P S Mn Cr Ni Si Fe
001 0.02 0.001 0.008 20.3 12.08 3.2 3.15 bal.
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15kV X2,000 10pm
Fig. 15 SEM micrograph of 16% cold rolled
Fe—20Mn—12Cr—3Ni—3Si alloy
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[111]a7/[110] ¥

--u-_.._“‘

Fig. 16 TEM micrographs of 16% cold rolled
Fe—20Mn—12Cr—3Ni—3Si damping alloy
a) Bright field b) SADP and indexing of SADP
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[110]y-

Fig. 17 TEM micrographs of reversed austenite in
16% cold rolled Fe—20Mn—12Cr—3Ni—3Si
damping alloy, after annealing at 700C for

20min.

a) Bright field b) SADP and indexing of SADP
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Fig. 18 1IQ map showig . th ' féct of
thermo—mechanical treatment in
Fe—20Mn—12Cr—3Ni—3Si damping alloy,
a) 1 Cycle, b) 5 Cycle

_40_



W=7
’ﬁ , :

-ﬁ%’f’%
4,,3'\
B Dsiocation
. B An -

Fig. 19 TEM mlcrographs of bright f1e1d image

showing the effect of the
thermo—mechanical treatment in
Fe—20Mn—-12Cr—3Ni—3Si damping alloy

a) 1 Cycle b) 5 Cycle
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Fig. 20 Phase map showing the effect of cycle

number of thermo—mechanical treatment
on the formation of e ’—martensite in
Fe—20Mn—-12Cr—3Ni—3Si damping alloy
a) 1 Cycle b) 5 Cycle
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Fig. 21 Effect of cycle number of
thermo—mechanical treatment on the
volume fraction of each phase in

Fe—20Mn—12Cr—3Ni—3Si damping alloy
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Fe—20Mn—12Cr—3Ni—3Si damping alloy
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