I 145

$% & $A Tetsuto-Hagané Vol. 87 (2001) No. 3

NAZF 497« 7154 MABERESREBIRO

RO7 5>

B

TN 7 N

St

o

Stretch-flangeability of High Strength Hot Rolled Steel Sheets with
Bainitic-ferrite Microstructure

Takahiro KAsSHIMA and Shunichi HASHIMOTO

Synopsis

: Recently, high strength hot rolled steel sheets have been applied to mainly chassises and wheels and high formability, especially high stretch-

flangeability is required on those parts. Bainitic-ferrite single phase microstructure has been proposed to obtain the high stretch-flange

formability. In this paper, the effects of metallurgical factors of bainitic-ferrite single phase microstructure on stretch-flangeability is studied.

The effects of atomic ratio of Ti by C of the bainitic ferrite steel and the void creation morphology of bainitic-ferrite, bainite and ferrite—

pearlite steel after stretch flange formation are investigated. The bainitic-ferrite steels with access of 1.0 atomic ratio of Ti by C shows highest

stretch-flangeability among the studied steels because cementite is not existed.

Cemmentite existed in baintic-ferrite steels with 0.5 atomic ratio of Ti by C, bainite and ferrite-pearlite steels, causes the void initiation

during stretch flange formation. In addition of above mentioned, the stretch-flangeability is deteriorated by TiC precipitate and increase grain

size.
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Table. 1. Chemical compositions.

Steel| C Si  Mn P S Al Ti Cr i
{atmic ratio)
A ]0.049 0.53 1.46 0.010 0.0017 0.033 0.26 — 1.28
B ]0.049 0.54 1.49 0.010 0.0011 0.034 0.10 — 0.51
[ 0.100 0.50 1.47 0.007 0.0017 0.042 — 053 | —
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Fig. 1. Effect of coiling temperature on mechanical prop-
erties of steel A, B, and C.
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Fig. 2. Transmission electron microstructure of steel A at
CT 450°C.
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Fig. 3. Scanning electron microstructures of steel C (a) CT350°C, (b) CT550°C.
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Fig. 4. Effect of FDT on TS and A value.
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Fig. 6. Effect of microstructures on TS-A balance and
TS-El balance.
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Fig. 5. Grain size of sheet steels of FDT (a) 860°C, (b) 880°C, and (c) 910°C.
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Fig. 7. Transmission electron microstructures of bainitic ferrite and bainite (a) bainitic ferrite (Ti/C=1.3), (b) bainitic ferrite

(Ti/C=0.5), and (c) bainite.
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Fig. 8. Scanning electron micrographs of (a) bainitic ferrite, (b) bainite, and (c) ferrite—perlite steels after atretch-flange deforma-

tion.
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Fig. 9. Effect of cooling rate after hot rolling on TS and A
value of steel A.
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Fig. 10. TiC precipitate of steel A at (a) CT450°C and (b) CT550°C.
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5. #¥5

KC-TIRMBEBBE BT O 7 5 ¥ DIz DT
BEt L 2%, 780 N/mMm* D EEIZHE W T AESIEWZ
S5, NAZF 4wy - 7x74 b HMEER (TIC=1.3)
>NA ZF 4 97 - 7254 FEBEMEE (T/IC=0.5)>~<1
T A FHHBEBDOIETSH 572, X612, Zh oMo MY
75 OHOENIDNT, TOBRENKTORELH
MEIZ$BZENTE I,

(1) TIC=05DXRA=F 1y - T7x74 MHRERP,
~NA F A4 BRI, BN XY 24 FRFHEL
TED, ZOEA 84 MR A PREDKERERS7280
12, TIC=13DXA =F 1 v - 7x 54 blfkE L
TTS — A/NT ¥ ZHHE Y,

(2) EC-TiFRMEIZ I\ TIX550°CHBURE I\ T
WHITICHZ T3, ZL T, ZOTICHHEZHO 7
FrvIoMEHLEES,

39

RAZF 492 - 7274 MREREREFTIRO M7 7 O

(3) "M =F 4y 7254 blEIZHBNT, £k
IBE LK< (FDT850°C) 5 Z &%, FREHMLyHOET
ARG Z L2k DM AMR L S B2 ER, MRk
EoTHY 7 OVWAMETEI E b7,

X 73

1) S.Nomura, Y.Nakazawa, S.Nakai and N.Mizui: Sumitomo Met., 48
(1996), 132.

2) M.Morita, N.Kurosawa and N.Aoyagi: Kawasaki Steel Tech. Rep., 27
(1995), 182.

3) O.Kawano, K.Esaka, S.Kato, H.Abe, JWakita, M.Takahashi,
M Katakami and S.Harada: Seitetsu Kenkyu, 329 (1988), 15.

4) S.Hashimoto: J. Soc. Automot. Eng. Jpn., 54 (2000) Jan., 39.

5) Y.Murakami, N.Yamaguchi, S.Kishita, T.Hayashi and Y.Onda: J. Soc.
Automot. Eng. Jpn., 53 (1999) Dec., 77.

6 ) M.Kinoshita, H.Kimura, K.Osawa, T.Okita, H.Owada and M.Hori:
NKK Tech. Rep., 145 (1994), 1.

7 ) M.Sudo and T.Iwai: Tetsu-to-Hagané, 68 (1982), 1185.

8) M.Sudo, S.Hashimoto and S.Kambe: Tetsu-to-Hagané, 68 (1982),
1211.

9 ) S.Hanai, K.Watanabe and K.Esaka: Tetsu-to-Hagané, 68 (1982),

1306.

JJizaimaru and Y.Takahashi: Tetsu-to-Hagané, 68 (1982), 1333.

T.Kashima, I.Tsukatani, T.Soshiroda and Y.Okano: CAMP-ISIJ, 11

(1998), 404.

T.Kashima and S.Hashimoto: CAMP-ISIJ, 12 (1999), 1220.

WONRA F 4 PERE]D HASEHB S, Hal, (1992), 4.

H.Kobayashi: SAE Tech. Pap. Ser., #982372, (1998).

K.Misonoh, T.Fuyjii, R.Fukumoto and A.Nakajima: Tetsu-to-Hagané,

68 (1982), 147.

T.Yamaguchi and H.Taniguchi: NKK Tech. Rep., 45 (1969), 24.

N.Matsuzu, A.Itami and K.Koyama: SAE Tech. Pap. Ser., #910513,

(1991).

K.Kunishige, N.Nagao, T.Matsuoka and S.Hamamatsu: Zetsu-fo-

Hagané, 71 (1985), 1140.

H.Yasuhara, K.Okuda, A.Tosaka and O.Furukimi: CAMP-ISIJ, 12

(1999), 1219.

N.Matsukura and S.Namba: CAMP-ISIJ, 12 (1999), 373.

10)
1)

12)
13)
14)
15)

16)
17)

18)
19)

20)

151 I




