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The Effect of Retained Austenite Stability

on Mechanical Properties of TRIP Sheet Steels

Dongmin Son

Department of Materials Engineering, Graduate Skhoo

Korea Maritime University

ABSTRACT

Dynamic mechanical properties of TRIP steels witie same volume
fraction but different stabilities of retained aardte were evaluated over a
wide range of strain rates using a high-velocityddaylic tensile testing
machine. Tensile tests were performed at straiesratinging from 19 to

6x10°s’ and ultimate tensile strength and uniform elomgativere evaluated.
Two steels (0.10 and 0.15C) were processed to WeRE® microstructures
containing different austenite carbon levels, ahdst stabilities. Low stability
retained austenite needs less mechanical drivingcefoto transform to
martensite, and thus the retained austenite inldhe stability microstructures
is found to transform earlier in the deformationogass. Consequently, a
higher initial strain hardening rate leading to Heg strength but lower

uniform elongations were found when compared to twnditions with



higher stability retained austenite.

Strain control during high speed tensile testingswaccomplished using a
"stopper" attachment designed to limit strain withthe gage section to an
amount preset before testing. Strain was controbedcessfully up to the
highest strain rate examined, 200sThe methodology allowed, for the first
time, the extent of austenite transformation to rhenitored at incremental
strains during a high-rate test. The extent of df@mation at low strains
appeared to increase slightly at increased straiesy presumably due to the

higher flow stresses (greater mechanical drivingcdd encountered.

At all strain rates, the extent of martensite sfarmation was considerable
after only a few strain percent. The volume fratsioof retained austenite in
the deformed samples measured by neutron diffractiere a few percent
higher than those measured by X-ray diffraction.e Tgreater sensitivity of
neutron diffraction may be useful in future studiesexamine transformation
of austenite late in the deformation process, when remaining amount of

austenite is low.
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2.1 HEl #7144 (TRIP: Transformation Induced Plasticity)
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Fig. 1 Schematic diagram showing the free energyngd for a

martensite transformation from austenite.
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Fig. 2 Schematic representation of the stressadsisand strain-induce:

martensitic transformation.
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Fig. 4 Schematic diagram of high speed tensile @g&tijuipment.
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Load Measurement

Strain Measurement (elastic strain gage)

( plastic strain gage)
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Lower Grip Tensile sample Upper Grip Load Washer

Fig. 5 Schematic diagram of typical tensile samgdafiguration.
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Fig. 6 Comparison of load data using the load wasine a grip sectiostrain
gage for a steel at a strain rate of 230s
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Table 1 Testing techniques according to strainsrate

Strain Common _ ) )
-1 . Dynamic Considerations| Remarks
Rate(s™) Testing Method
5 High Velocity Impact .
10 ) Shock-Wave Propagation
-Explosives
10° -Normal plate impact
-Exploding foil
c -ind. Plate impact ,
10 Shear-Wave Propagation Inertial
(pressure-shear) nerua
10° Dynamic-High Forces
-Taylor anvil tests _ _ Important
. Plastic-Wave Propagatiorn . .
5 -Hopkinson Bar Adiabatic
10 -Expanding ring
Dynamic-L ow
10° _y : Mechanical resonance in
High-velocity, or : L
) : specimen & Machine is
Pneumatic machines: cam
10 important
Plastomer
10°
. Quasic-Static Test with constant cross
10 Hydraulic, servo-hydraulic |head velocity stress
102 or screw-driven testing |The same throughout length
) machines of specimen Inertial
10 Forces
10° Neglected
Isothermal
10° Creep & Stress relaxation _ _
) ) . Visco-Plastic responsef
Conventional testingnachines
107 metals
Creep testers
10°
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2 Chemical

Table

temperatureC) using Andrew's equation of TRIP steelsec

in this study

Ac3 Ms

Ac

Cu

Mn

C

Sample

<0.002 750 912 450

<0.002

0.10C 0.10 150 1.45 0.5

750 900 432

<0.002

0.5 <0.002

0.15C 0.15 149 1.48
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Fig. 7 Schematic diagram of the heat treatment ggses of thecold-rolled
steel sheet used in this study.
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Colorado School of Mined Advanced Steel Processing and Products
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Fig. 9 The high strain rate MTS system.
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Table 3 Characteristics of the high strain rate M3Btem

High Strain Rate MTS System

‘50 KN (11,000Ib) capacity
-10m/s actuator velocity (under load)

-actuator slack adaptor

- NI data acquisition board - 4 channel input

- NI Virtual Scope Software
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M8 thread, whole thickness

M6 thread, whole thlclmess .
Part. | Part 4 $mm to center 96, hole
Surface
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I_ Surface texture,
center-15mm width

100 15 M$ thread, depth = whole thickness
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Fig. 10 Schematic diagram of stopper attachmeningusions in mm)
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Fig. 11 Dimensions of tensile specimen.
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High speed dynamic tensile

Stopper
® @ ® @ ® & ® @
Specimen
[~
[~
— —> —>
il e
dgap:mlnal | | ‘ ® S ® ® ® ®
tl o o /f ) G|

e | /L1 |
dyggintensiat dgep=0 (stopped) u
TR @

Before test During test At stopper At fracture
engagement

Fig. 12 Schematic diagram of stopper dynamic.

Fig. 13 A photograph of actual stopper with untésspecimen.
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Fracture

Fig. 14 Fractured specimen with stopper mountedh& testing machine.
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2 oA 1, = {220}, 7 {311}, peakll A Aol HF HEABEgolH,
l, & {211}, peaks F-¥ 3 A&7 EgLo]r}.

CuK, E44L o4 SAE Hyle xwe 34 peakl slgtolE
peak 41¢ XF o ~HUolE peak 4= o] &3lo], ofefel 2 (3)ol A
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.

hkl
V, = o T Ry 3)
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3.6.3 A4 % X-A vl

Wwygolde AlfHol X1 g FFOLAHUYES] RuEES FA
Al Cu-K(SAE WAbg) 18 a1 Mo-Ky(Miller WAtg) 5445 AHE
sto] ZA4g A%E o x 54 vEFHTE 0.1C ¥ 0.15C F71#] %
A9 A EFA HSHY FZHF O AHUoE Ruigo] LS7H b3
b Wtk FAAEA o] FHzlol FA WA HUS W Fu AY
st @ts Zhxivkar A zbE o] o weka & 5o 9&] Cu-Keol 5E44S
2 SAEH S Ag8lE Aol IHeAHUOE Ry g A4 g
of T Al ZHTS ¢ F o, AT F U= AHg F F

0]
2R

Table 5 The volume fraction of retained austenitethe undeformedsteels

analyzed by neutron diffraction and XRD

_ _ XRD XRD
Neutron Diffraction )
(CU/'SAE) (Mo/Miller)
10HS 8.0 7.2 9.9
10LS 7.5 6.4 9.7
15HS 11.6 11.6 15.4
15LS 10.7 10.9 14.8
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Fig. 15 Light optical micrographs of the (a) 10H®) 10LS, (c) 15HS,

(d) 15LS TRIP steels studied. (sodium meiabite etch)

Table 6 Volume fractions of constituent phases

_ ) Ferrite Martensite o
Retained Austenite ) _ Bainite

Sample _ (image (image _

(XRD analysis) _ i (calculation)
analysis) analysis)

10HS 7.2 54.2 4.7 33.9
10LS 6.4 51.2 2.4 40.0
15HS 11.6 52.9 55 30.0
15LS 10.9 59.2 3.9 26.0
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4.3 Dynamic Mechanical Properties

4.3.1 True Stress-Strain Curve
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Fig. 16 True stress-strain curves at two differetrain rates for theour
TRIP steel microstructures studied. (a) 10HS, (BLS, (c) 15HS,
(d) 15L
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different strain rates.
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Fig. 17 True stress-strain curves comparing LS &ifl steels atthree



4.3.2 Strain Hardening

0,34 TrueStrain : 0.02~0.05 (@)
10LS

Strain Hardening Exponent (n)

0.I01 0.1 1 10,
True Strain Rate (s)

0.36

034 | Truestrain : 0.08~Ue (b)

0.32F _¢—15HS -o-15LS
0.30 - —#—10HS---&--10LS

0.28 -
0.26 -
0.24
0.22
0.20 -
0.18

Strain Hardening Exponent (n)

0.01 01 1 10, 100
True Strain Rate (")

Fig. 18 Average Strain hardening exponents in thwet strain rangeof
0.02-0.05 (a) and higher strain range of 0.08 ® uhiform strain (b).
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Strain Rate Sensitivity of UTS
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4.4 Retained Austenite Stability
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Table 8 Comparison of the volume fraction of retdinausteniteanalyzec
by neutron diffraction and XRD techniques (10HS dfilS)

10HS 10LS

Strain Rat Strai Neutron XRD Difference Strai Neutron XRD Difference
rain rain
ai e Diff.(a) (b) @-(b) Diff.(a) (b) (@-(b)

undeformed| O 8.0 7.2 0.8 0 7.5 6.4 1.1

3.7 4.5 0.8 3.7 2.6 4.0 0.5 3.5
0.01¢" 4.2 4.1 1.5 2.6 3.9 3.0 0.9 2.1
6.9 2.9 0.7 2.2 6.6 1.8 0 1.8

24 | 48| 29| 1.9 21 | 40| 08 3.2
1s? 46 | 40| 11| 209 5.1 1.4 | 0.3 1.1
69 | 1.3 | 10| 03 6.0 | 0.9 0 0.9

32 | 52| 22| 30 37 | 25| 01 2.4
100s 40 | 38| 22| 1.6 45 | 25 0 2.5
74 | 22| 07| 15 55 | 1.1 0 1.0

Table 9 Comparison of the volume fraction of retdinausteniteanalyzec
by neutron diffraction and XRD techniques. (15HSJ a@bLS)

15HS 15LS
Strain Rat Strai Neutron XRD Difference S Neutron XRD Difference
ran Rae N i@ | m) @-(b) N i@ | m) @-(b)
undeformed| O 12 12 0 0 11 11 0

2.3 6.2 4.4 1.8 3.1 7.1 6.5 0.6
4.0 7.3 4.1 3.2 4.1 6.7 4.7 2.0

1
0.01s 7.5 59 2.6 3.3 7.8 52 2.9 2.3
9.8 3.8 3.9 -0.1 9.3 4.1 0.9 3.2

3.4 7.2 4.9 2.3 2.3 7.9 6.6 1.3

1¢1 3.8 6.8 3.6 3.2 3.9 6.2 3.7 2.5
6.9 5.6 2.8 2.8 6.8 4.6 2.6 2.0

13 3.3 2.7 0.6 9.8 3.2 0.5 2.7

2.5 7.9 4.5 3.4 3.3 6.3 4.1 2.2

1004 5.6 5.5 3.9 1.6 5.8 51 2.5 2.6

6.4 5.6 2.9 2.7 6.7 5.4 2.1 3.3
10 1.5 0.5 1.0 9.8 4.0 1.4 2.6
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