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Recent trend for developing steels
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H.N. Han et al. Materials Science and Engineering A 499 (2009) 462-468
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Density reduction by Al addition

© Mass reduction (addition of substitutional light elements such as Al and Si)

O Volume expansion
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s Lattice expansion by Al addition
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Austenite

a, (A) = 3.5780 + 0.0330C + 0.00095Mn
- 0.0002Ni + 0.0006Cr + 0.0056Al
+ 0.0220N - 0.0004Co + 0.0015Cu
+ 0.0031Mo + 0.0051Nb + 0.0039Ti
+ 0.0018V + 0.0018W (unit: wt.%)

(D.J.Dyson and B.Holmes, J. Iron Steel Inst., 1970)
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Density reduction by Al addition

© Density reduction
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> Substitution: ~ 1.0%/wt.%Al

> Lattice expansion: ~ 0.5%/wt.%Al

@ Total density reduction:
~ 1.5%/wt. %Al
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O Fe-Al system
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Herrmann et al, Acta Materialia 51, 2003, 2847-2857




Classification of lightweight steel

Matrix Co M? AIo Othfr UTS EI Company Year
ahace (Wt.%) (Wt.%) (Wt.%) (Wt.%) (MPa) (%)
< 0.03 0.03~0.2 5~9 - 300~500 20~30 MPIE 2002
Ferritic <0.2 <35 2.5~10 - 400~600 20~30 JFE 2007
< 0.004 0.01~3 2~10 Si0.01~7 | 400~500 20~30 NSC 2010
0.02~0.04 15~25 3 Si 3 600~1,100 | 60~90 MPIE 2003
0.8~1.2 10~30 8~12 - 700~900 60~80 NSC 2006
Aus";““ic 0.5~2.0 18~35 8~12 (Si3~6) | 600~1,100 | 25~70 MPIE 2007
Multi-phase |.93:04 | 34 | 56 | Mncm | 7o0-g00 | 27034 | easco | zpes |
0.15~0.5 6~12 5~6 $i 0.05~0.5 | 700~1,000 | 35~60 KIMS 2012
0.8~0.9 15~17 8~10 Ni49 | 1300~1500 | 20~35 GIFT 2015
Heat treatment
p— homonizing Annealing || Austempering / . \
60 min v' Austempering
830°C fff--mmmmmmmm oo
- Retained austenite
400°C

.................................................................... at room temp.

\_
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Scope of study
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G| model 10K-G1

KITECH Korea Institute of Industrial Technology



Applied materials (Lightweight steel-LWS)

O Properties of applied materials

Chemical composition (Wt.%) Mechanical properties (RD)
C Mn Al w Ti Si Fe | UTS (MPa) | YS (MPa) E.L. (%)
LWS 1 0.33 | 3.64 | 5.40 | 0.16 | 0.027 - Bal. 778 503 34%
LWS 2 0.34 | 3.72 | 5.22 0.11 Bal. 870 526 43%
LWS 3 0.33 | 3.68 | 5.10 0.08 Bal.
RD @ Austenite
I—>ND
i _
Dy Phase map v phase a phase
(111) (110)

111

Pole
figure

~ RDMax. 4.05 ROMax. 5.37
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Experimental setup

O Equipment
* 4 kW Disk Yb:YAG laser
- Fiber diameter: 200 pm

- Beam diameter: 0.54 mm, 0.60 mm

O Welding condition
- Joint: bead on plate (150 X 240 X 1 mm)

- Focal position: 0 mm
- Shielding gas: None
- Variable: laser power, welding speed

- Full penetration

© Analysis method

- Mechanical properties

: Tensile test, Vickers hardness test
- Morphology

: OM, SEM-EDS, EBSD, EPMA

KITECH Korea Institute of Industrial Technology

[Disk Laser] [6-axis robot]

Disk laser beam
with no shielding
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! 240 mm !

[Schematic diagram of set up]




ldacro-sections
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Welding condition
- 0.54 mm beam diameter

- 3 kKW laser power

- 6 m/min welding speed
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EBSD phase map

v" Results of EBSD

Base metal : ! l\ AZ.

Phase fraction Grain size (im, < 15°)

33:67 1.75 5.02
| H
Phase fraction
(Austenite:Ferrite) Austenite Ferrite

20:80 1.07 4.86

Phase fraction Grain size (im, < 15°)
N 5:95 0.68 6.13
& ,
RD 4

TD (WD)




iagram
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Tensile test with various welding condition
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Hardness of commercial steels
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Observation of failure specimen
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Observation of failure specimen
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Hardness and retained austenite fraction
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EPMA analysis of BM failure specimen
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EPMA analysis of FL failure specimen
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Summary and future work

Summary
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Future works
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Equipment

Welder

TIG 2000.0
heat source

+ ARC
- MAG
- MIG SRR
- TIG F [
- SMAW

+ Laser Thermocouple
- Disk laser (Nd:YAG) - 100.0
- Micro spot laser e
- Green laser

+ Spot
- AC
- DC
- Delta spot

+ FSW
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Phenomenon in welds

Fe-C phase diagram
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|Phase transformation during tensile test




