i g 3

$% & A Tetsuto-Hagané Vol. 94 (2008) No. 9

BESRADTRIPENA ZF 1 v 771251 I\ﬁﬁ*ﬁ@

1 :: L0

I WEZ* - EH OB

ot

g %N

W IR

OMICRIFT YAG L — YO EE

‘/L*\\iA *3

- R e
SdEi et

- At

B

Effect of YAG Laser Cutting on Stretch-flangeability of Ultra High Strength
TRIP Sheet Steel with Bainitic Ferrite Matrix

Akihiko NAGASAKA, Yuichi KUBOTA, Koh-ichi SUGIMOTO, Atsushi Mio, Tomohiko Hoso,
Koichi Makil, Masahiro KAWANRI and Mitsunari KITAYAMA

Synopsis

: Effect of YAG laser cutting on stretch-flangeability of 0.2C—~1.5Si-1.5Mn (mass%) ultra high-strength TRIP-aided sheet steel with bainitic

ferrite matrix (TBF steel) having different martensite start temperatures, which were austempered at 375 or 450°C, was investigated for auto-

motive applications. Hole notches of 5 mm diameter were produced by YAG laser cutting or mechanical punching for hole-expanding test.

The stretch-flangeability was evaluated using hole-expanding ratio (1).

In TBF steel, laser cutting resulted in much higher stretch-flangeability than mechanical punching. The hole-expanding ratio (1) of TBF

steel austempered at 375°C in the case of laser cutting at average powers between 50 and 100 W was higher than that at 450°C, and also high-

er than mechanical punching. Furthermore, the strength—stretch-flangeability balance (75X 4) of TBF steel austempered at 375°C showed the

highest stretch-flangeability by laser cutting at 100 W. We found that compared with mechanical punching, YAG laser cutting contributed to
the improvement of the 7SX A of 1100 MPa class TBF steel with fine bainitic ferrite matrix.

Key words: YAG laser cutting; TRIP steel; stretch-flangeability; retained austenite; transformation-induced plasticity.
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Table 1. Chemical composition of steels used (mass%).

steel C Si Mn P S Al
TBF | 020 151 151 0015 0.0011 0.040
TDP1 | 010 149 150 0.015 0.0012 0.038
TDP2 | 020 151 1.51 0.015 0.0011 0.040
TDP3 | 0.29 1.46 1.50 0.014 0.0012 0.043
TDP4 | 0.40 1.49 1.50 0.015 0.0012 0.045
MDP | 0.14 021 1.74 0.013 0.0030 0.037
@ TBE
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Fig. 1. Heat treatment diagram, in which “0.Q.”, “A.C”
and “R;” represent quenching in oil, air cooling
and room temperature, respectively.
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Fig. 2. Experimental apparatus for hole-expanding.
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Fig. 3. Optical and transmission electron micrographs of
TBF steel austempered at (a), (b) 375°C or (c), (d)
450°C, in which “y;” and “a,” denote retained
austenite film and bainitic ferrite matrix, respec-
tively. In (a) and (c), white and gray regions repre-
sent retained austenite and/or martensite and
bainitic ferrite matrix, respectively. (a) and (c):
RePera etching.
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Fig. 4. Comparison of hole-expanding ratio (1) as a func-
tion of tensile strength (7S), in which marks repre-
sent punching (open marks) and laser cutting (solid
marks), respectively.

Table 2. Retained austenite characteristics and tensile properties of steels used.

steel Ta 7 Fam oo C.o Ys TS UE I TEI RA
(C) (vol%) | (vol%) | (vol%) | (mass%)| (MPa) (MPa) (%) (%) (%)
TBF375 375 8.9 0 8.9 1.16 971 1154 4.4 7.8 40.3
TBF450 450 19.3 8.1 11.2 0.96 617 918 14.2 18.2 44.5
TDPI 400 19.9 0 4.9 1.31 429 651 27.8 37.2 49.2
TDP2 400 35.3 0 9.0 1.38 526 825 31.7 36.0 44.0
TDP3 400 44.1 0 13.2 1.41 562 895 28.6 322 41.8
TDP4 400 55.1 0 17.0 1.45 728 1103 29.2 32.8 41.8
MDP - 27.1 27.1 - - 593 783 8.3 13.1 44.5
Ta 1 austempering temperature, f. f.m. f,o : initial volume fraction of second phase, martensite and

retained austenite, C ¢ initial carbon concentration of retained austenite, YS : yield stress or 0.2% offset proof

stress, 7S : tensile strength, UE! : uniform elongation, TE/ : total elongation and R4 : reduction of area.
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Fig. 5. Comparison between strength—stretch-flangeability

balance (7SX A) and average power (P).
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Fig. 6. Optical micrographs of cross-section of TBF450
steel with (a) hole-punching and (b) laser cutting.
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Relationship between ratio of roll-over portion (1),
shearing section (ss) and break section (bs), and
TDP and TBF steels.
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Fig. 8. Photographs of outside and cross-section area of
TFB375 steel with laser cutting (P=100 W).
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Fig. 9. Relation between surface roughness (Ra) and aver-

age power (P).
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Fig. 10. Scanning electron micrograph of cross-section of
TBF375 steel with laser cutting (P=100 W).
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Fig. 11. Variation in dynamic hardness ratio (DHV/DHV,)

at the section of distance (d) in TBF375 steel.

Laser beam

%, TBF4S0IZH W T & I TORE IR R & i h -
7z,

Fig 12 (97N L# 0 v — 5 YI i © SEM AL % 7R~
9. Fig.12(a)i3 TBF37512 % 5 F39 i 1 p=50 W T Il
HTHY, Fig12(b)IZP=100W TH %, Fig.12(a)lZH T
iz oy oA IS, S TOENI X D U
MEIICHES RSN, £, 2OV 77 RTUATIE
DEXHEFEOREE LTIRS Y, TBF3750 L — H ]l
D AMEH ) (P=50 W)l THIXTIIIZIR AME & 25 > 72— A
EEAZBND (Fig. 4). Fik, KL — YT D
WENBIFETE B,

—flZ, T 7 OMOSERIZIE, BRI VEFIC L
D, 7, DTRIPHRAERE 5 HH 4 R7-3, {EROWIZE K
D, YAGL —HIZXOERTRIER y, #HT 5 TDPHlI
CH A 0.2mass% & TIXeFE I 72", L2 L, 980 MPaik
TOHRBITITHEEF A0, 22T, EHOBE» 5
SIS EN S M DR L S TRIPRINA =57 4 v 7 7 =
F 4 FHIM(TBF375) 127 H L, L —#YWric ko horr
TP EEINB AL NIZLZ, £2, YAG
L—HOHNERIETS LT, SRIATEIZHT TS VY
PIZRIET L — UMD REED -2 EE2HS2ITL
7z,

4. &8

TRIPEINA =5 4 w7 7 254 MO 75 v ¥
P RIETYAG L — UM O E LA L 72, FaER
BZLTFO#MD THhH 5,

(1) 8Nty s >y 2HiE, TRIPRIXA =
F 4w 774 MRTL YISy Tk E ML E
o, RAICIER L 72,

(2) MgHiLI T TBF#il (TBF375) 1%, #H&% O fiifb %
2k, IR E LTURT RO TH 2% MO 7 7~
DY T Y A TSXAZBWT, SUATREIZ L — U3
ReG@di,

BRI, AMPEE B L WA E LA (D) dhipE
JIERERE R Ze AT, () K4k T b iR BL [
B&U (BF) SRR I L, B RSB E L

THEE B, R LESEEMPREMNEOME B,

Fig. 12. Scanning electron micrographs of cross-section of TBF375 steel with laser cutting ((a) P=50 W, (b) P=100 W).
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