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Impact Properties of Low Alloy TRIP Steels
Sung-Moo SONG, Koh-ichi SUGIMOTO, Mitsuyuki KOBAYASHI, Hideyuki MATSUBARA and Takahiro KASHIMA

Synopsis : The impact properties of high-strength low alloy TRIP steels such as “TRIP-aided dual-phase steel” and “TRIP-aided bainitic steel” associat-

ed with the transformation-induced plasticity (TRIP) of retained austenite were investigated for some applications to the automotive impact

members. The TRIP steels possessed far higher impact absorbed value and lower ductile-brittle transition temperature than the conventional

ferrite—martensite and ferrite—pearlite steels. The stress relaxation resulting from the strain-induced transformation of retained austenite is-

lands or films improved the impact properties in terms of suppressing void and/or crack initiation and these propagation. The best impact

properties were completed in the steel composing of uniform fine bainitic lath structure and a large amount of stable interlath retained austen-

ite films.

Key words : retained austenite; high-strength steel; TRIP; strain-induced transformation; impact absorbed energy; toughness.
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FIzZfb X g, 72770, ZORBEEBII S 126,
100s (0.11C##) % 721%200s (0.20CHd) & L 7=,

HWED =% | [F CEGESMR A &, BUlEEt+ 2t ¢
T dual-phase i (DP#; 760°C, 1200 s fR:FFZMBEAI, T
D # 400°C T1000s DR LALE) XU 7274 b -
78— 4 MR (FPE#M; 950°C, 1200sfRFEi# ) SR
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Table 1. Chemical composition of steels used (mass%).

Steel C Si Mn P S Al Cr
011C {011 130 100 0018 0001 0025 050
020C | 020 200 150 0018 0001 0030 -

SERR 12462 H 14 B2+ FRK 1244 H 20 H 328 (Received on Feb. 14, 2000; Accepted on Apr. 20, 2000)
*  EINKFAFEEE (Graduate Student, Shinshu University, 4-17-1 Wakasato, Nagano 380-8553)

* 2 M KFET B (Faculty of Engineering, Shinshu University)
* 3 (#R) #F RSAT I & )| [ ERPT (Kakogawa Works, Kobe Steel, Ltd.)
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5mm, ME2mm) % Table 2 {Z/R T,

Y DERBRIE XBRETE (Mo-Kafft, SE—273) 19 (<
KDHEL 7z, 72, y DRFIERE C,, (mass%) 1 Cu-Kar
BOBEORTE -2 6860 2BFERDT-HE
a,(x107"m)'" &2 RAUZRA L TR 727,

C}/O:(ay_35467)/00467 ....................................... ( 1 )

(a) (b)
950°C, 1200s
. T = 350~500°C
780, 1200s t,= 100s(0.11C),
o Ty=400C 2005(0.20C)
= t,= 1000s
in salt
bath oQ 0Q
t(s)
Fig. 1. Heat treatment diagram of (a) TDP and (b) TB
steels. (OQ: oil quenching)
Table 2. Tensile properties and metallurgical characteris-
tics of as heat-treated steels.
SteekT) | YS | TS | TEI | f | fo | Cp
TDP 439 | 658 | 400 | 203 | 128 | 127
TBs00°c) | 363 | 627 | 217 | 252 | 340 | 112
TB@475°C) | 428 | 705 | 272 | 206 | 135 | 1.19
o | TB@s0°c) | 407 | 696 | 256 | 181 | 114 | 134
5 |_TBW425°C) | 570 | 740 | 278 | 204 | 141 | 141
TB400°C) | 520 | 737 | 244 | 193 | 109 | 143
TB@375°C) | 481 | 745 | 233 | 138 | 77 | 148
DP 501 | 757 | 267 | 256 | - -
FP 319 | 511 | 372 [ 198 ] - | -
TDP 555 | 868 | 378 | 387 | 212 | 128
TB@75°C) | 582 | 854 | 239 | 272 | 80 | 134
TB@450°C) | 586 | 899 | 217 | 170 | 138 | 123
S | TB@25°C) | 600 | 875 | 267 | 206 | 128 [ 138
S | Teuoc) | 685 | 923 | 256 | 184 | 165 | 142
TB@E75°C) | 814 | 1018 | 167 | 168 | 166 | 148
TB(350°C) | 730 | 1080 | 117 | 114 | 111 | 148
FP 460 | 662 [ 361 {307 ]| - | -

YS (MPa): yield strength, TS (MPa): tensile strength,
TEI (%): total elongation,

f (vol%): volume fraction of second phase,

f,0 (vol%): initial volume fractions of yg,

C,o (mass%s): initial carbon concentration in Y.

TDP#iis KU TBH#DFE 2Ly, v T 44 Me,)
IS T4 Moy oo T0DE, ZhOEEDE
FERLPESATANL-DIT, LRIFE? 2 LR
B & e BameRERes U 7=,

EEEABR I I B K USEHEE L o v L & - TR AR A
fEHL, —196~150°C DRBRIEEHH TR 41T -7, Z
DEXDEREREIZNZTNHS.07m/s, ¥93.33m/s T
bHotz. REHOHHNIIRAEER, P74 T74 ZXB&T
IFNTRAI=NERN, —F, BT QMBI I3 EER
EEMOE, REATOGHHIS 2 ISMEREEERIZ O Th
$1800s & L7z, &k, iMdBURBEM THHIE ZI3msL
2RI TIR g 3EREL T L AEEL 72,

3. ¥R

3.1 {MAHHEE L IR

LARSERAR L7 TDPH# & TBH O K EED K]
% Fig. 212md . 72, ThoOHOMBRME% Table 212
AT, Fig. 2L Table 2 & 1D, BHOBHMMEIILL TDO LS
IZRMOT o3, $hb5, TDPHEIOARIL FIIRE
SUmfEE D 7 = 7 4 b (o) BHHEH940v0l% LI T D 2
(ot ypto,) 555, I dBRT, o HICHEEE I
BN T o RKRICH > THET 5. yDERMEFEIZ 13~
2lvol% TH O, H2MHEMEOX DL L& &Y, ZOK
FREZ13masshEETHE, ZDEL Eq, o, FKEEDT
FNEFN0~4, T~14vol% TH > 7=,

—%, TBEOMBIEFEIINA =T 1 v 27254 b
()7 ZEBMHEL, 74 LRy, BLUDED o 556
2L LTS, =2 F VI —BEAHHDOMs H L ED
LE BT T4 Ma)? BT S, 72, ZORE
TiE, A—=2F7 V- RENEL BB T o, 7
AH A4 ZEKREL B, 70y 2kO o BEELHEMT 5,
72720, 01ICHTIE A — AT VI s—BEAEVIBATY
Ty OKRD a, EBFET S, yREEBIZIFITI~
17vol% DHFFIZH D, £ DHRAMEIIHIT D Ms /1% DR
TA—ZT V-0 E LRI/ NE, £72, 7D

Fig. 2. Microstructure of (a) TDP, (b) TB (7,=375°C) and (c) TB (7,=450°C) steels etched by LePera reagent; white region:
martensite and/or retained austenite, gray region: ferrite or bainitic ferrite, black region: bainite, ¢ : quasi ferrite. (0.20C

steel)
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Fig. 3. Charpy impact absorbed value (CIAV)—testing tem-
perature (T) curves for (a) 0.11C and (b) 0.20C
steels.
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Fig. 4. Variations in (a) Charpy impact absorbed value

(CIAV) at upper shelf region and (b) fracture
appearance transition temperature (FATT) with
austempering temperature (7,) in TB steels, in
which martensite-start temperatures (Ms) of 0.11C
and 0.20C steels were calculated from Ms(°C)=
550—-360XC%—40XMn%.
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Fig. 5. Variations in (a) Charpy impact absorbed value
(CIAV) at upper shelf region and (b) fracture ap-
pearance transition temperature (FATT) as a func-
tion of tensile strength (TS) for several steels.
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Fig. 6. Impact load (P)-displacement () curves at 20°C

for 0.11C steel.

REFERT, £7-, TBH#HO LHMELRIRINE (CIAV) &

M - WEMERET BB (FATT) ICRIETA - T V53—

BRI DE A Fig. 4 (IR T, ¥ 510, ThoBHERME
L B3R X (TS) & DR % Fig. S 12, ThoDXKD,
TDP#i & TB#DO HEFMEDOFBILITO LS 12 LD B

ZLNTES,

(1) TDP#iH K O'TBH#IXDPHI & kL T& <2 LE8
MO BERIBEPE A B R E AT 5 (Fig. 3) ©

(2) 7=272L, TBS#D EEHMEERIRIE & BRI
A —AF U -EEEIZK > TRELSENL, A—Z7
VIS— BRI A O Ms BT T & % T,=350~400°C 1
BOWIRR L &5 (Fig. 4).

(3) TS—ETFTIX, &R+ — A7 /3 —0H (T,<Ms)
ZHE L 72 TBSR & O LS M SR IRl & (KBRS &
M5 Z & b5 (Fig. 5).

Fig. 6 IZEHELY v L —REBMIC K D RIE L - fifE -
RO RE[ AR T, —MIC, FE-ZMHRORK
FEAIZARA FOREREXIB L, ZDOH%OREHK T fE
BEHREEICHIETEY, ZOFAHIZH-T,
375°CTA — A7 VS — LB L 7285 TB#fl & TDP Hi D Hh
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TB(375°C)

cross section near
fracture surface

fracture surface

TB(450°C) DP

Fig. 7. Scanning electron micrographs of cross sectional area near fracture region and fracture surface of steels fractured at 20°C,
in which arrows represent voids. (TDP, TB: 0.20C steel, DP: 0.11C steel)
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Fig. 8. Scanning electron micrographs of cross sectional area near fracture region and fracture surface of steels fractured at

—90°C. (TDP, TB: 0.20C steel, DP: 0.11C steel)
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Fig. 9. Untransformed volume fraction of retained austen-
ite (f,) on fracture surface of TDP and TB(T,=
375°C) steels as a function of testing temperature
(T), in which numerals in parenthesis represent
ratio of untransformed retained austenite content
(f,) to initial one (fyo). (0.20C steel)
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Fig. 11. Packet size or grain size (d) dependence of FATT
for TDP ([J) and TB (@) steels. (0.20C steel)
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Fig. 12. Illustration of plastic zone size at cleavage crack tip in (a) TDP steel and (b) TB steel austempered at temperatures below
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