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Free energy

Ms B 1y

Temperature

Fig. 1. Schematic diagram showing the free energy change

for a martensite transformation from austenite.



nucleation

Strain-induced |

Stress

Temperature

Fig. 2. Schematic representation of the stress—assisted and

strain—induced martensitic transformation
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Fig. 3. Schematic diagram of high rate testing equipment.
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Fig. 4. Strain data using gage section strain gage for

a steel at a strain rate of 178/sec.
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Fig. 5. Load data using the load washer for a steel

at a strain rate of 178/sec.
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Fig. 6. Load versus strain data acquired using the load washer
and gage section strain gage. Small fluctuations in load
are noticeable at a strain rate of 6.0/sec and become

very large at a strain rate of 180/sec.
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Fig. 7. Schematic diagram of typical tensile sample configuration.
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Fig. 8. Comparison of load data using the load washer and
a grip section strain gage for a steel at a strain

rate of 178/sec.
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Table 1. Testing techniques according to strain rates

Strain rate (s™') COMMON TESTING METHODS DYNAMIC CONSIDERATIONS REMARKS
107 HIGH VELOCITY IMPACT SHOCK-WAVE PROPAGATION
-Explosives
108 ~Normal plate impact
-Exploding foil
108 -incl. Plate impact (pressure-shear) BHEATGHIANE PROPAGATION
DYNAMIC-HIGH PLASTIC-WAVE PROPAGATION INERTIAL
104 ~Taylor anvil tests FORCES
~Hopkins Qe IMPOTRTANT
-Expanding ring
108
102 DYNAMIC-LOW MECHANICAL RESONANCE IN
High-velocity hydraulic, or SPECIMEN AND MACHINE
10! Pneumatic machines: cam IS IMPORTANT
Plastometer
. QUASI-STATIC TESTS WITH CONSTANT CROSS
10 Hydraulic, servo-hydraulic HEAD VELOCITY STRESS
107 or screw—driven testing machines THE SAMETHROUGHOUT LENGTH
102 OF SPECIMEN INERTIAL
10 FORCES
107 CREEP AND STRESS VISCO-PLASTIC RESPONSE OF | NEGLIGIBLE
10° RELAXATION METALS
107 Conventional testing machines
1078 Creep testers
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Table 2. Chemical composition(wt.%) and estimated transformation
temperature(C) using Andrews’s equation of the cold-rolled

steel sheets used in this study.

Sample C Si Mn Cu P S Aci Acs Ms
10LS

0.10 145 150 050 <20ppm <20ppm 750 912 450
10HS
15LS
15HS 0.15 148 1.49 050 <20ppm <20ppm 750 900 432
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Fig. 9. Schematic diagram of the heat treatment processes of

the cold-rolled steel sheet used in this study.
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Fig. 10. Volume fractions of retained austenite as a function of
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+ Colorado School of Mines® Advanced Steel Processing and
Products Research Centerol] 91+ high strain MTS system< ©]
85kl o, AFAA7IE EAHoZ T7 11, A £ 30
UEt et o] &4 wj Aol A Aaghutel o]l Al Aol 9= load
data® €71 98 £ 40 derd A3 o] 27HA A= tE gage
length®] A AIHS F8stAdth. 3 F7F A|H] thsto] 1874 9
AAE o] gato] 10 Ysec ~ 6x107/sec W 9k o] WM FH Lo
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Table 3. Characteristics of the high strain rate MTS system

High Strain Rate MTS System

- 50 KN (11,0001b) 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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Table 4. Sample designations and dimensions for tensile samples.

Sample Gage Section Gage Section  Grip Section
Designation || Length (mm) Width (mm)  Width (mm)

1 in 254 6.4 16

1/2 in 12.7 6.4 16

Table 5. Test matrix for tensile samples of each material studied.

Sample Designation
Target
Strain Rate (/sec) W gy of
4 Samples Tested
1 in = 1 sample
0.01 )
1/2 in = 1 sample
1 ”
10 ”
30 ”
60 ”
100 ”
200 ”
400 ”
600 ”

_28_



Fig. 11. The high strain rate MTS system.
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Fig. 12. Optical micrographs of the 10LS, 10HS, 15LS, 15HS steel

sheets etched by 109 sodium metabisulfite solution.
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Fig. 13. SEM micrographs of the 10LS, 10HS, 15LS, 15HS.
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Fig. 14. EBSD micrographs of the 10LS, 10HS, 15LS, 15HS.
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Table 6. Volume fractions of retained austenite of cold-rolled

steel plates used in this study.

Sample Volume Fractions of y (%)
10LS 8.94
10HS 9.62
15LS 12.15
15HS 12.23
AAA o2 7 AHe 2248 HgolE, HoHo]E e w2

L RFRosHUO ES AW Akl AR #ASA RE
of glow] WRE FWe sete]= R wojhol £} AA ] 9

AHFo~EolES e nlEEAlERZ e W47 HH 9}
E

#Aas A7 TEM 2H #AZ 23S Z3 FWo ud)o
2 owolyolES AAES Qe FFO AHYo|ER] AT A

rtERIA]ER WEjsto] A ALl Zloety, wlojuolE XA
Abolol $1Aet= & FH O WFoiHUES HgolE AAH
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Fig. 15. True stress—strain curves at two different strain rates

for each TRIP steel studies.
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Fig. 16. True stress-strain curves comparing 10LS and 10HS

for three different strain rates.
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Fig. 17. True stress—strain curves comparing 15LS and 15HS

for three different strain rates.
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4.3 Strain Rate Sensitivity
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Table 7. Strain rate sensitivity m of UTS of steels tested

Sample omx 10° omx 10°
(strain rate < 10/sec) | (strain rate > 10/sec)

10LS 15 23

10HS 13 28

15LS 8 14

15HS 9 18
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Fig. 18. UTS vs. true strain rate for each TRIP steel studied.
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The Effect of Retained Austenite Stability
on High Speed Deformation Behavior of
TRIP Steels

Dong—-Min Kim

Department of Materials Engineering
Graduate School

Korea Maritime University

ABSTRACT

The safety of passengers is very important during an
automobile collision. Because the collision event involves high
speed deformation, property data and deformation mechanisms of
materials under high strain rate conditions are needed to choose
proper materials for automobiles. Therefore, in this study,
dynamic mechanical properties of low carbon TRIP steels with
varying retained austenite stabilities were evaluated over a wide
range of strain rates using a high-velocity hydraulic tensile
testing machine. Tensile tests were performed at strain rates
ranging from 10° to 6x10%/sec using normal ASTM E-8
specimens Wwith an elastic strain gage attached to the sample

grip end to measure load and a plastic strain gage mounted on
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the gage section to measure strain precisely. Ultimate tensile
strengths, strain rate sensitivities, and strain hardening behaviors
are reported. The strength of TRIP steels increased with increasing

strain rate, that is, positive strain rate sensitivity was observed.
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