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Effect of cold working on mecahnaical and microstructural properties
on Fe-20Mn-12Cr-3Ni-3Si alloy

Jong Min Jeong

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

Abstract

There are two types of damping materials which are organic or metallic material. Shortage of
organic materials that they are easily polluted by environment and their applications are limited
by temperature and wavelength. Thus, metallic materials that have lower dependence on
temperature and wavelength have highly been attentioned. Also, the metallic materials are
classified with the type of composite, ferromagnetism, dislocation or etc. However, they still had
the problem that low strength, complication of manufacturing process. From these reason, their
application on industrial field have been inhibited. Moreover, in the most case, damping materials
are need to endure the noise and vibration and have the high damping capacity and strength in
sametime. Almost every metallic damping materials are hard to be satisfied that condition. Thus,
the new materials that have high damping capacity, high strength, mechanical properties and
corrosion resistance in sametime. Thus, as the fundamental research for the development of high
strength and damping capacity material, the newly composed alloy were used in this study.
Fe-20Mn-12Cr alloy was used and 3Ni and 35i was adopted as an alloying element. Alloying
elements were choosed for increasing corrosion resistance and stacking fault energy. Alloy were

melted in vacumm furnace and manufactured to ingot. And then, they were hot rolled at 1200 to

- vii -



process for appropriate size of plate shape. Every plates was leansed in acid after annealing at
1050 1H and quenched for solid solution. Finally, they were cold rolled with different rolling
reduciton but plate shape to 2mm thickness on the room temperature. They were used to
investigate the relationship between microstructure and mechanical properties or damping capacity.
The damping capacity was measured by electric discharge machining from a cold-rolled sample to
a test piece having a size of 2 mm x 120 mm x 10 mm, and then, using a horizontal internal
friction measurement device to obtain the logarithmic damping rate under vacuum. The
microstructure of each specimens was obeserved using optical microscopy and scanning electron
microscopy. Also, transmission electron microscopy was used for phase identification. After cold
rolling,

After performing the cold working, martensite was generated by working from the previously
formed austenite phase, which showed a larger amount as the working amount increased. In
addition, martensite had two different phases, a = and ¢, and it was confirmed that they intersect
or have directionality for a specific orientation. Of the two phases, a ~ was initially formed, and
as the stacking fault energy increased as processing proceeded, the fraction of the & phase became
higher. In this alloy, the damping properties were highly influenced by the e phase. In particular,
as the fraction of the e phase increased, the interaction between austenite and the interface
occurring in the & phase, such as interfacial migration and the increase of stacking fault energy,
increased, and the damping capacity characteristics increased. Changes in tensile properties such
as strength in this alloy were also affected by the fraction of the e phase, and as the fraction of

the corresponding phase increased, its strength and elongation increased further.
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[Table 1.1] Classification of high damping alloys

temperature phase

Type Damping Mechanism Alloy System Example
Viscous flow (or plastic flow) Fe-C-Si Grey cast iron
Natural across phase boundaries Rolled nodular
Composite between matrix and the cast iron
second phase Al-7Zn
Magneto-mechanical static Fe and Ni T.D. Nickel
. | hysteresis due to irreversible Fe-Cr 1296Cr-steel
Ferromagnetic ) )
movement of ferromagnetic Fe-Cr-Al Silentalloy
domain-walls Fe or Ni base Gentalloy
. . Mg KIXI alloy
Static hysteresis due to the
. 1 Mg-0.6%Zr
. . movement of dislocation loops ;
Dislocation : | Mg-Mg?2Ni
breaking away from pinning
points by impurity atoms
Movement of internal twin Mn-Cu Sonoston
) boundaries on thermoelastic Mn-Cu-Al Incramute
Twin-boundary ) )
martensite or movement of Cu-Al-Ni
(or phase ]
the interface between the Cu-Al-Zn
boundary) . . e
martensite and the high TiN1
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[Fig. 1.1] Specific damping index in various metallic materials as
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{a) thermal—induced £ martensite

D We<112y

(b) stress—induced € martensite

[Fig. 2.3] Schematic illustration showing the shape changes of

(a) thermal-induced and (b) stress-induced e plates’®
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[Fig. 2.4] Diagram of martensite crystal showing shear and surface tilting®".
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[Fig. 2.6] [110] projection of fcc lattice with atoms at different heights shown as open and

shaded circles, illustrating the shear nature of y — & martensitic transformation in connection

with the passage of Shockley partial dislocations®’
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[Fig. 2.7] Schematic illustration showing the formation and growth of a ¢ martensite by

cross-slip of stair-rod type®
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[Fig. 2.8] The movement of atoms in e—a’ martensitic transformation.
Solid line circles A, B and C show atom positions of (0001) of hcp.
Solid line circles A, B and dotted line circle C’ show atom positions of

(011) of bcc®
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[Fig. 2.9] Growth of an a' martensite by coalescence of small a’
martensite which were formed successively by local e—a’

transformation®

_29_



2.4, A5 714 7] F+(Damping mechanism)

1o A4

71 ¢

A gH(defects)ll

ki3

g

o)

(point defect)2

1
=

1
=

9 77 (boundary)el WA

o)
jle

(line defect)> & ZFH.t}

QA wEA, F2 AR

o)

(planar defect)< =

s

fvze)

pyl

T
o)

oF
s

X
B

ToR

9low [Fig. 2.10]=

o]
=

Sas
T

e 5

7)eh Aol
a) FHo7179 b) AAo|7]T

S|
ZS|

Nr

A 2 (amplitude) 2]

o)

-
B!

—
file)

X
oF

<
W
i+

=K

IH
ol

A

S DERE

ol tHD).

RN

el

x
N

=

el

TO
il
)
file)

X
o

Hir

_30_



LF L.F

Amplitude Frequency or temperature

(a) Amplitude —independent and frequency —dependent

IR LF

>

Amplitude Frequenecy or temperature

(b) Amplitude —dependent and frequency—independent

[Fig. 2.10] Schematic diagrams of internal friction as a function of strain
amplitude and temperature for (a) amplitude-independent (dynamic

hysteresis) and (b) amplitude—dependent (static hysteresis) damping?
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O — stress € - strain M — Elastic modules

3 — Elastic compliance

T - Program

t=10 t=P/2 lu—"E

S =e/ogg
i Sk = Relaxed compliance = e(P/2)/o;

Anelasticity )
ST T —— 3, = Unrelaxed compliance = e(0)/o

«+— Elasticity

t=0 t = P/2 t="P time

[Fig. 2.11] Schematic diagram of the anelastic response (lower curve)

to a stress cycle (upper curve) 2
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[Fig. 2.12] 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. 2.16] Schematic diagram showing the internal friction of a

thermoelastic martensitic alloy as a function of temperature®®
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[Fig. 2.17] Schematic diagram showing the internal friction of a thermoelastic

martensitic alloy as a function of stress amplitude®
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[Fig. 3.1] Microstructure of Fe-20Mn-12Cr-3Ni-3Si alloy

before cold-working
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208V X2,000 10pm 15 43 SEI

[Fig. 3.2] Optical and SEM micrographs of 29% cold rolled
Fe-20Mn-12Cr-3Ni-3Si alloy ; a) Optical b) SEM
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20KV X2,000 10pm 15 43 3El

20kV  X2,000 10pm 15 43 SEI

[Fig. 3.3] SEM micrographs showing the effect of cold rolling
in Fe-20Mn-12Cr-3Ni-3Si alloy a) 13% Cold rolling and b)
49% Cold rolling
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2 1/mim

[Fig. 3.4] TEM micrographs showing the martensite obtained in 49%

cold rolled Fe-20Mn-12Cr-3Ni-3Si alloy a) Bright field image, b) Dark
field and c) SADP and indexing of SADP
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Fe-20Mn-12Cr-3Ni-3Si alloy

_63_



10

Internal friction, @"'(X10™)

5 1 1
40 50 60 70

Volume fraction of e-martensite (%)
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[Fig. 4.1] Microstructure of Fe-20Mn—12Cr—3Ni-3Si alloy

before cold-working
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[Fig. 4.2] Optical fﬁicrog'rabh of 49% cold rolled
Fe-20Mn12Cr-3Ni-3Si alloy
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[Fig. 4.3] SEM micrograph showing the effect of cold rolling in
Fe-20Mn-12Cr-3Ni-3Si alloy. (a) 13% Cold rolling (b) 49%
Cold rolling
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[11]a//[110] 7

[Fig. 4.4] TEM micrographs showing the martensite obtained in 49% cold
rolled Fe-20Mn-12Cr-3Ni-3Si alloy. (a) Bright field image, (b) SADP and
indexing of SADP
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[Fig. 4.5] Effect of cold rolling on the volume fraction of each phase in

Fe-20Mn-12Cr-3Ni-3Si alloy
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[Fig. 4.7] Effect of volume fraction of a‘-martensite on the tensile properties in

cold rolled Fe-20Mn—-12Cr-3Ni-3Si alloy
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[Fig. 4.8] Effect of volume fraction of e-martensite on the tensile properties in cold

rolled Fe-20Mn-12Cr-3Ni-3Si alloy
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