[ W27k H475  p. 270277 (2009)]

L—YBEICEDFT—ZXTF1 FRAT 2L MO ERBHEE

i

CEEN )

e, DU W, TR —Bo

Grain Refinement of Austenitic Stainless Steel by Laser Irradiation*

by YAMAGUCHI Tomiko**, IMAMURA Naohide***, KATOH Mitsuaki**** and NISHIO Kazumasa**

In structural materials, it is investigated to make crystal grain size less than 1 £ m in order to improve strength and toughness. Authors
reported that fine ferrites were obtained by laser irradiation in steel. However, it is not made clear that an effect of laser irradiation on the
materials which do not have a transformation. In this study, we performed laser irradiation for austenite stainless steel SUS304 as the materials
which did not have a transformation and investigated an effect of laser irradiation on grain refinement. Solution treatments were performed for
SUS304 and their initial grain size became 23 and 68 um. Then they were given four kinds of strain ¢ and irradiated laser under some laser
traveling speeds v and some defocus distances fd. As the result, they became recrystallization grain and their size were obtained about 10 and 15
um, for initial grain size respectively, under the best condition (laser power=1.5kW, fd=60mm, v=350 mm/min, & = 40%). Then a
recrystallization grain size was caused by each factor of laser traveling speed (heating temperature, heating time), strain and defocus distance.
Furthermore, as an electro-gas arc weld of SUS304, the grain size was 40 um in heat affected zone, was irradiated after shot peening, it was
clarified that fine grain was obtained from 10 to 15 xm at the heat affected zone.
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Table 1 Chemical composition of SUS304 plate used (mass%)

#ZHH  CPERIE 6 H17TH  ZBH CPERIE 9 H2oH P
194 5 155 188 MG R H A THR
#=#FE B  JuM L2 K%  Member, Kyushu Institute of
Technology
sk JUM TR R, BIE: HH MR Graduate
Student, Kyushu Institute of Technology, Present address:
Nissin Steel Co., Ltd.
seerl B U T3ERSY: %2 %I%  Member, Kyushu Institute

of Technology

C Si Mn P S Cr Ni
0.10 | 0.56 | 0.80 | 0.019 | 0.009 | 17.8 | 8.08

Table 2 Shot peening condition

Blast Nozzle Blast
pressure [diameter |distance

Steel(TSH140) [0.49MPa 100mm | 90° | 41s | 40%

Shot material Angle |Time [Strain

6.8mm
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Fig.1 Relation between Vickers hardness and strain of SUS304
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Fig.2 Microstructure of SUS304 after solution treatment (1000C
x30min)
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Fig.4 Relation between grain size obtained using the section method
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Fig. 3 Microstructures of SUS304 after laser irradiation (fd=60mm, v=350mm/min)
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Fig.5 Comparison with grain size obtained using EBSD and that
obtained using the section method
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Fig. 6 Effects of traveling speed of the laser torch and strain on grain
size (initial grain size=23 ym, fd=60mm)
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Fig. 7 Effects of traveling speed of the laser torch and defocus distance
on grain size ( € =40%)
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Fig. 8 Relation between energy density and grain size ( € =40%)
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Fig.9 Temperature-time curves on the specimen surface by calculation
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Fig. 10 Microstructure of SUS304 after solution treatment (1000C
x120min)
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Fig. 11 Microstructures after laser irradiation (fd=60mm, v=350mm/min)

Fig. 12 Effects of traveling speed of the laser torch and strain on grain
size (initial grain size=68 ym, fd=60mm) Fig. 13 Microstructure of heat affected zone of electro-gas arc weld
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Fig. 14 Microstructures of heat affected zone after shot peening and laser irradiation (fd=50mm)
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irradiation (fd=50mm) shot peening and laser irradiation (fd=50mm)



R R Y.

527 % (2009) 45 4 & 277

G ORM %R L —FREHE KD 5 & 500 mm/min 23F 5 1,
Ll OFEEFERE ~F Lz, £/, Fig. 16 IZEKME T 0.1 mm
OALEIZB VTR Y FERD 5 2GR o F 1A~ 0.1 mm [ FE
fOSmnif@%mﬁ%%MELﬁ ER A RT. IR
X, BT EOHGCEROKMMBRITR Y Fi» HHEh
% <‘:. EHITNELED, 0.5mm DETIZ 25um TH - 7-.
iz, L—¥RE2ITHIZEICX DR FEH» S 0.5mm
IZBWT, 1055 15um ORI 7k ki 255 5 7z,

4. ¥ B

BMEEZ2HE LAV —ZXFF A4 FRATF VL A6
SUS304 IZFOffi 2 DFIIROT A5 L, €0% YAG L
= (I 1 15kW) BEF AT o TH A ORI BRI RS
OWT, B L7. 7, TS b OFRT— 7 BHRY
B3 BRI W TG 5 [T - 7.

(1) SUS304 $llZBWVT, FOTAREMMLZE, YAG L
— WG 24T T &0 &0 Bl 2 FARS SRL AR S Tz,
R oK X 213, TUT& L — R K OV
MALLE O ZNEhORTFAEBRLTVSE 2 Ehb
Nolz.

(2) P AREDS 23 um OBMRALLESM I LT, PO
T H e=40%, A LEHE Ad=60 mm KL — B EH)
A v=350 mm/min DT YAG L —F 2179
&, FEIZBWTH 10um OB 72 48 Sk A5 S 17z,
F 72, LSRR DY 68 um DMK 2 SUS304 L2 %t
LCh, iz L —VRELHFEIFELTHY, & 150
m DFE R AE S N7z,

(3) YAG L —HF OIRGF G 1T D THNEL U K OV H1 3 B

RAMEICX Y RDZZE 2 A, b M 2 SR A S

N5 5ME, FHomEEE X 625Cs ROFHOE
HEEIZ 91T/ TH 5.

4) TV 7 FPaFRT — 7 EEEGEEROPIRS RAE
4075 25um TH o755, ¥ av b E—~/7’Eﬁtﬂb
I, LS EITI LX), FERT 0.1mm
DOFEPA S R > FEBA*S 0.5mm T TOFEBIZBWTI0
M5 15um ORI R EE SRR SN 2 &5 h o7z,

E B

IV 7 FEFRAT—7EEME () SHIZEN L)
BIHEE T L7, S L#EsRLET.

2 £ X ®

D FEHEEZ SR A— =R VT T s bOWERRE
(#T#5), The Japan Research and Development Center for
Metals NEWS, No191 (2002), 2-5.

2) EARZFE, MRRE D IFE 3 BRI SR SR AR O BE R 7
Bn), Science & Technology Trends 7 A5, (2002).

3) ZHAO Fang, YAMAGUCHI Tomiko, IKEDA Hideyuki, KATOH
Mitsuaki and NISHIO Kazumasa : Monte Carlo simulation of grain
refinement of ultra low carbon steel by cyclic laser irradiation,
Quarterly Journal of The Japan Welding Society, 27-1 (2009), 89-
95. (in Japanese)

4) ZHAO Fang, YAMAGUCHI Tomiko, IKEDA Hideyuki and
NISHIO Kazumasa: Monte Carlo simulation of y — a
transformation during continuous cooling, Journal of the Japan
Institute of Metals, 73-7 (2009), 495-501. (in Japanese)




