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The Effect of Twinned Grain Fraction on Mechanical

Properties of Lean Mn TWIP Steels
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Fig. 1 Effect of stacking fault energy
structures.
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Fig. 2 Schematic diagram of high speed tensile testing equipment.
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(elastic strain gage)
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( plastic strain gage) /
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Lower Grip Tensile sample Upper Grip Lead Washer

Fig. 3 Schematic diagram of typical tensile sample configuration.
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Table 1 Chemical composition of the experimental steels

Chemical composition (wt.%)

component

. Mn Al Si C Fe
specimen

18Mn TWIP 18 1.5 - 0.6 Bal.

12Mn TWIP 12 X 2.0 0.9 Bal.




Table 1 Chemical composition of the experimental steels

Chemical composition (wt.%)

component

. Mn Al Si C Fe
specimen
18Mn TWIP 18 1.5 - 0.6 Bal.
12Mn TWIP 12 B 2.0 0.9 Bal.
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Solution

Treatment
at 1250°C

Hot rolling
(3mm plate)

Temp.

Holding
1100C 1000T

Cold rolling
(1.5mm plate)

Time
(a) 18Mn TWIP
Solution
;—' Treatment N uf
3 at 1250°C  CtToling
- (3mm plate)
Holding
1100C  1000TC
0il
Al quenching

Cold rolling
(1.5Smm plate)

(a) 12Mn TWIP

Fig. 4 The schematic diagrams for manufacturing processes of
specimens (a) 18Mn TWIP and (b) 12Mn TWIP.
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" S0 N 27 =15

14,9

\Ri 27 )

1774

(a) 18Mn TWIP

- 30 Ay -t
t=1.5
Y - L
\O =
3 = L
R12.7
100 -

(b) 12Mn TWIP

Fig. 5 The schematic diagrams of quasi-static tensile specimen
(a) 18Mn TWIP and (b) 12Mn TWIP.
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(a) 18Mn TWIP
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(b) 12Mn TWIP

Fig. 6 The schematic diagrams of high temperature

specimen (a) 18Mn TWIP and (b) 12Mn TWIP.
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(b) 12Mn TWIP

Fig. 7 The schematic diagrams of high strain rate tensile
specimen (a) 18Mn TWIP and (b) 12Mn TWIP.
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M3 thread, whole thickness

M6 thread, whole thickness
Part. 1 / "l 18 Part. 4 gty center , 66, bole

7.5 1
—

54

15.1
34
40+

|
mé
_]
§
:

100 15 M6 thread, dépth = whole thickness

T
£
0

L

Fig. 8 Schematic diagram of stopper attachment (dimensions in

mm).



M8 thread, whole thickness

Part 1 /M6 thread, wholethichl \ 1 Patt. 4 . we_r -
adh ) —_— 0 >
; & / .
= =

-

2 I ] e |®

54

15.1
34

Surface texture,
center-15mm width
M6 thread, dépth = whole thickness
Part. 5
[—— 7

10

Fig. 8 Schematic diagram of stopper attachment (dimensions in

mm).
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58 7
2 =15

14,9

A\__ \
RI12.7

177 .4

(a) 18Mn TWIP

45 27 =15

14,9

N\
R12.7

160

(b) 12Mn TWIP

Fig. 9 The schematic diagrams of strain—controlled quasi-static
tensile specimen (a) 18Mn TWIP and (b) 12Mn TWIP.
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=15

Fig. 10 The schematic diagram of strain—controlled high strain
rate tensile specimen for 18Mn TWIP and 12Mn TWIP.
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Fig. 11 The dynamics of stopper action and load transfer to the

specimen.
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(a) stopper attachment to the specimen

(b) sample failure

Fig. 12 (a) The stopper attachment to the undeformed specimen
and (b) failure specimen with stopper mounted in the testing

machine.
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20 microns

Fig. 13 The optical micrographs of 18Mn TWIP strained (a) 4%,
(b) 20% and (c) 40% at the strain rate of 10 */sec.
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Fig. 14 The optical micrographs of 18Mn TWIP strained (a) 4%,
(b) 20% and (c) 40% at the strain rate of 10™'/sec.
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40 microns

40 microns

UGS

Fig. 15 The optical micrographs of 12Mn TWIP strained (a) 4%,
(b) 20% and (c) 30% at the strain rate of 10™*/sec.
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40 microns
=

Fig. 16 The optical micrographs of 12Mn TWIP strained (a) 4%,
(b) 20% and (c) 30% at the strain rate of 10 '/sec.
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o
20 microns

Fig. 17 The optical micfographs of 18Mn TWIP strained (a) 3%
and (b) 5% at the strain rate of 10/sec.

20 microns

Fig. 18 The optical micrographs of 18Mn TWIP strained (a) 3%
and (b) 5% at the strain rate of 10%/sec.
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Fig. 19 The optical micrographs of 12MnTWIP strained (a) 3%
and (b) 15% at the strain rate of 10'/sec.

Fig. 20 The optical micrographs of 12MnTWIP strained (a) 3%
and (b) 15% at the strain rate of 10%/sec.
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g 60- ] Strain Rate
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g 50- 0 O 18Mnl0Y%
o 40j H 12Mnl0%
O 30 O 12vn10’s
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E 20'_ 8 A 18Mn10%s
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g O-M\A\IA' | A L L L L vl 12?“1,02:{5
0 4 8 1216 20 24 28 32 36 40 44
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=
10004 v O ]
1 v
900 - . o
= ] g
e 8001 o Strain Rate
g {Vv 0 I8Vnl0se
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500- v 12Vh10sc
1 v 12Mnl0%sec
4m T 1 1] L T T 1 1 T ]
0 4 81216202428 3236 404
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Fig. 21 (a) Twinned grain fraction and (b) stress at each strain
with varying strain rates. :
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Fig. 22 The engineering stress-—strain curves of (a) 18Mn TWIP
and (b) 12Mn TWIP with different quasi-static strain rates.
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Fig. 23 Engineering stress—strain curves of 18Mn TWIP and 12Mn
TWIP at the each strain rates (a) 10™%/sec, (b) 107%/sec, (c)
10%/sec and (d) 107/sec.
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Fig. 24 The engineering stress-strain curves of (a) 18Mn TWIP
and (b) 12Mn TWIP at high strain rates.

_39._



12(])- | | | |
1100 s " " .
g woo] ® o
E o ® o o o 00
800-
1))
S 700
600] © » mTWE
10° 10° 10* 10" 100 10' 10
Strain Rate (/sec)
0.7
| u
0'6-. O TN m 0B g
.g 0.5 o o ° ot
P )
S 1 -
2 03f ®
% 0.2-
= ]
0.1{ ® ® 18MuTWIP
J B 2Ma TWIP
0.0

10* 10° 10% 10 10° 10' 10°
Strain Rate (/sec)

Fig. 25 The effect of strain rate on (a) the strength and (b)

elongation.

_40_



0.03

Z 0.02{ |mm10/s~1/s
2 1 |z Us~
Z  0.01-
=
% g
o 0.00-
E ]
PRRUUS
= !
= -0.02-
-0.03-

18Mn ' 12Mn

Fig. 26 Strain rate sensitivity of true stress for TWIP steels.
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Fig. 28 The X-ray diffraction results of (a) undeformed specimen
of 18Mn TWIP and of the fractured specimen of 18Mn TWIP at
the strain rate of (b) 10 Ysec, (¢) 10%/sec, (d)-107%/sec and (e)
10™/sec.
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Fig. 29 The X-ray diffraction results of (a) undeformed specimen
of 12Mn TWIP and of the fractured specimen of 12Mn TWIP at
the strain rate of (b) 107Ys, (¢) 107%/s, (d) 107%/s and (e) 10™/s.
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20 micrens

40 microns

Fig. 30 The micrography of (a) undeformed specimen of 18Mn
TWIP and of (a) undeformed specimen of 12Mn TWIP.
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Fig. 31 The micrography of the fractured specimen of 18Mn
TWIP at the strain rate of (a) 107/sec, (b) 10 ¥sec, (¢) 107%/sec
and (d) 10™/sec.
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40 microns

Fig. 32 The micrography of the fractured specimen of 12Mn
TWIP at the strain rate of (a) 10 Y/sec, (b) 10 %/sec, (c) 107%/s
and (d) 10™%/sec.
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Fig. 34 The engineering stress—strain curves of (a) 18Mn TWIP
and (b) 12Mn TWIP with different test temperatures at the strain

rate of 10 ¥/sec.
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20 microns

Fig. 36 The micrography of 18Mn TWIP tested at (a) 70C, (b) 10 )
0°C, (¢) 150, (d) 200C, (e) 300°C, (f) 400°C, (g) 500C and (h) 600C.
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40 microns 1 . \»i. :

Fig. 37 The micrography of 12Mn TWIP tested at (a) 70°C, (b) 100TC, (o)
150, (d) 200°C, (¢) 300°C, (f) 400C, (g) 500C and (h) 600C.
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The Effect of Twinned Grain Fraction on

Mechanical Properties of Lean Mn TWIP
Steels.

Jinyong Kim

Department of Materials Engineering
Graduate School

Korea Maritime University

ABSTRACT

Twinning-induced plasticity (TWIP) steels which have a high
strength and high elongation use a twinning phenomenon during
deformation. TWIP steels with more than 25% Mn can easily
reveal the good combination of high strength and ductility with
the conventional manufacturing processes without severe plastic
deformation and accelerated cooling. However, the steels could
not have an appropriate stacking fault energy for twinning with
decreasing Mn content. In the present study, it was tried to make
steels with lean Mn, that is, Fe-18Mn-1.5A1-0.6C (18Mn TWIP)
steel and Fe-12Mn-2Si-0.9C (12Mn TWIP) steel and tested at
various temperatures (25C~ 600T) and strain rates (107%s ~
10%/s) to investigate the effect of temperature and strain rates on
the mechanical properties of lean Mn steel. Strength and ductility
of 18Mn TWIP steel were increased with decreasing the strain
rate at the range of 107%/s ~ 10"Y/s, but those of 12Mn TWIP
steel were decreased with decreasing the strain rate at the range
of 107%/s ~ 107Y/s. However, the effect of strain rates over 10%s
on strength and ductility of those steels was not significant.
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Strength and ductility of steels increased with decreasing test
temperature at the range of 25C ~ 600TC. The deformation
mechanisms of lean Mn TWIP steels were studied with the
samples deformed with different amounts of strain using the
fixture capable of controlling the deformation..during tensile test.
The volume fraction of twinned grain of 18Mn and 12Mn TWIP
steel was increased with increasing strain and the stress also
increased with increasing twin formation. Therefore, UTS is
directly related with the volume fraction of twinned grain.
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