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ABSTRACT

The effects of retained austenite and carbon content in the retained austenite on the tensile
strength-elongation balance and spot weldability of TRIP high strength steel sheet have been
investigated.

The retained austenite of granular type increased with increasing intercritical annealing and
austempering temperature, and film type was increased with the increase of austempering time.
The volume fraction of retained austenite increased with ‘decreasing intercritical annealing
temperature, and the maximum value was obtained at austempering temperature of 400C. The
values of tensile strength-elongation balance increased with decreasing intercritical annealing
temperature and maximum value was obtained at austempering temperature of 400C. The
maximum value of tensile strength-elongation balance was obtained at a retained austenite content
of about 12%. Tensile shear strength of the specimens with retained austenite was higher than
that of the normalizing specimens, With increasing welding current and time, the tensile shear
strengh and nugget diameter increased, while nugget thickness showed the peak value and then
decreased. The optimum range of welding condition at the given welding pressure of 350kgf was
7~11kA and 10~15 cycles,
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Table 1 Chemlical composition of the
specimen (Wt.%)
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U, dAEs ABF 920CoM 1087 2%

Zoly @ od, IRPAYAM S A R A
UM ¥2 &l 760~840CAlole] 259
Aol M 2449 dHM ¢ b FA 350~450TC
E fAE Y8 FU3e 00ETR FAANDE
delsts 29 ny ¢ o £ sdd.

2.2 OiMIZH 2% % HRAELOIE 5
M AlgE MIoE 7|x|o] nt2dAlolE
9} wolr}o] ¥ - 2}o] E(Rainitic ferrite) ¥ 2 H

L2gUolE Fo] & o} UYL #
71 A& Z & FEH7] Hidho kalling
etchant 9} Na:S:07} ¥H-8 H4AE sjwste
2 W o, BOHUNAS} FAARY AL A
8t ZARRICh W, BRLAH YO EE A
B& vtubyiol ofs Aad g S ¥yl
Z(Hitach E 13-800)& Al&8« 714 A<}
200kVel A @ADL, ¥, 24399 dXAF
SAYHAN @ ANEY BFLAHUCE &
AL XA HANYAA Co-Kallg o] 8 &
3BkV, 17mAS} AT AHAPIANE o 2L
NANEE e Miller Yol wpa} 3ol

2.3 QIFEAIYH

A gHE ASTM E-89] HHo2 Axg o
S 2499 ¥4y R 2290y 2Ag @dd
v A8 ¥ AFAYNE AE3tA cross head
speed & lmm/min2 AE S AFA Yo 7
-4 wpdazke g

24 BYRAMHE

HEHE AR AU &L 2w
o]y ¥ Algst gAY AEE JIS Z 31369
T+730) wtel Table 28} & o2 HEH ¥
AFAE TG Wyo] o) AR HElA &
At €9, ME9 FEHY vjAxy B
S oo pAUR, P49 =nEy
o) W& nuggetd7] Wil HEHE AEE ¥
Hell 308 HE® O BPuRY v]2H
A7 AMEEo &8

Table 2 Welding condition of spot weld

Welding | Welding time| Holding time | Pressure
current (Cy) (Cy.) (kef/spot)
4~12kA | 5~30 10 350
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Photo. 1 SEM micrographs of austenite specimens at 400Cshowing morpology of the
retained austenite with changing in the intercritical annealing temperature.
Intercritical temperature : a) 760C b) 800C c¢) 840C
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Photo. 2 SEM micrographs of the austempered specimens at various temperature after
intercritical annealing temperature.
Austempering temperature : a) 350C b) 400 c¢) 450C
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Photo. 3 TEM micrographs showing the morpology of the retalned austenite obtained by
the austempering at 400°C after intercritical annealing at 760°C
a) granular type b) film type c¢) bar type
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Fig. 1 Effect of intercritical annealing
temperature on the volume fraction of
retained austenite obtained after
austempering at 400C
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Fig. 2 Variation of the volume fraction of
the retained austenite with the
austempering after intercritical
annealing at 800C
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Fig. 3 Change In T.S.XEL as a function of
the austempering time at 400C after
intercritical annealing at various
temperature
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Fig. 4 Change in T.S.xElL with the
austempering time at various
temperature after intercritical
annealing at 760C
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