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A Study on the CO, Laser Beam Welding of Thin Steel Sheets and
Tailored Blanks

— Between Similar Thin Sheet Materials -
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ABSTRACT

For the purpose of establishing laser welding condition (laser power, welding speed and beam
focus) and of evaluating tailored blanks for two kinds of thin steel sheets SPCC and SK5M using
in the thin plate structure such as automobile, train, and so on, investigated their CO ,laser
weldability under various initial welding conditions.

SPCC thin sheet showed good weldability under some welding conditions. But, high carbon
steel sheet SK5M needed heat treatment after welding to obtain ductility of the welded joint.

And next, tailored blank was tested through deep drawing to evaluate reliability of their
obtained laser welding conditions. The forming depths by tailored blank were SPCC+SPCC= 22-
25mm and SK5M+SK5M=13-25mm.
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Table 1. Chemical compositions of materials

Chemical composition (%)

Material C Cr Cu Mg Mn Ni P S Si Ti Fe
SPCC 0.12 - - - 0.5 0.026 0.04 0. 045 - Rem.
SK5M 0.84 - - - 0.44 - 0.021 | 0.006 0.24 - Rem.

Table 2. Mechanical properties of materials
Maté Thickness (mm) | Yield strength (MPa) | Tensile strength (MPa) | Elongation (%) | Hardness (Hv)
SPCC 1.0 157.8 288.1 25 112
SK5M 1.0 466, 5 585.0 21 177
Table 3. Heat characteristics of materials
Phase Melting . Specific Thermal Volum
transformation Density conductivity | coefficient of
temperature temperature (Kg/m) heat 30T) (z%xsalxz)%lg% )
Materia (v) (t) & Ki’kg - C) | (Cal/em - T) (1/T x 109
SPCC 727 1539 7,850 0. 102 0. 145 11.74
SK5M 730~750 1490 7,830 - 0.103 10. 84
KBHESREE F15%8 $25, 19974 4118 123
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Fig. 1 Configuration of tensile strength test
specimen
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Fig. 2 Hardness profile of welded specimen
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Fig. 3 Relation of tensile strength and laser power
(SPCC+SPCC, position of beam focus f=0.
Omm, beam alignment=0. Omm)
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(c) base metal

Photo. 1 Micrographs of base metal and butt weldment between SPCC and SPCC
(t=1.0mm, laser power=2. 8kW, welding speed=6m,/min
position of beam focus £=0. 0omm, beam alignment=0. Omm)

(a) weld metal

25 un

(c) base metal

Photo. 2 Micrographs of base metal and butt weldment between SK5M and SK5M
(t=1. Omm, laser power=2. 0kW, welding speed=4m/min
position of beam focus f=0. 5mm, beam alignment=0. Omm)
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Fig. 4 Relation of tensile strength and laser power
(SK5M+SK5M, position of beam focus f=0.
Omm, beam alignment=0. Omm)
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Table 4. CO, laser welding condition for tailored welded blank

q-u ¥

Welding condition Limit forming
specimen Laser power Welding speed | position of beam | Beam alignment depth of each
kW) (m/min) focus (mm) (mm) specimen (mm)
SPCC+SPCC 2.8 8 0.0 0.0 25
SK5M+SK5M 2.0 4 -0.5 0.0 25

B

{ t SiTind ~T ;,1

/

Pig. 5 Configuration of deep drawing specimen and
position of weld line

234 BHAZANEEA A e nFdg T3
Table 49} Zo] A slo &Hsgon, § =2Y
(deep drawing) & $13F Al AL Fig.59 &
t}.

2 Agdre 4dd8 4 =2Y3F=X (Fig. 6)
o} Blanker holder®} DieAlolo) MA@ A|Hd
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Yo 2 Ag 7ME3Fy, 53], § =2Yd 9
g N HEAE, oy 2 Ao 4y
A& ootsly] At &HHY YAAE d=0Omm
(center), d=20mm, d=40mm (punch edge) & 3}]
A st

3.2 Ay | AHUY
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Name list for test equipment

No Name
1. Punch

2 Blank holder

3 Die

4 Blank holder supporter

5 Die supporter

6 Relax equipment

7 Ram (blank holder compressor)
8 Universal testing machine
9 Holding pressure gauge
10 Hand oil pump

Fig. 6 Schematic daigram of deep drawing test
equipment
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Omm= &1, &8 = ALeskx] gk},

ARHE WA FAAA ez oo FQ A
HE 9.8 MPaZ 719H3t &, ¥H5AR Alg 7l A
2d AXE 15m/min®] FE2= 3FAIA A Y}
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Fig. 7 Configuration of punch and die for deep
drawing
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Pig. 9 Thickness of each position formed by deep
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o 3

q.u % %

(a) side view

(b) d=0.0ma(front view)

(c) d=20.0mm(front view)

Photo. 3 Conditions after deep drawing test(SPCC+SPCC, drawing rate=15m/min)
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4, dolA&Y 2,8kW, £HEE 6~8m/min'd §)
oA, AFAR}EE oF 280~300MPa A Eo|t},

2) FAt=1.0mm¢] L&A 7T (SK5M) o] FE A
7t HolA LA £3A odn £yFIdH
gasi, #HolA ¥ =HHAJ AsFEAs 0.
5mmol X, ¥l ZAMAZL §HAH T4 AL H
oM &Y 2.0~2.3kW, &HEE 4~6m/min8 9
oA, ¢1A7}% = 550MPai £olc},

3 AAHFLA AP 93 FARPEYo) =
SPCC+SPCC=22-25mm, SK5M+SK5M=13-25mm
o},
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8.
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