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Abstact: The laser welding and its analysis were carried out using high power 6kW CO,
laser for high strength steels such as DP , TRIP and conventional high strength steels.
Bead on plate welding of thin sheet was examined to investigate the effect of weld variables
of laser welding, and to obtain optimum welding condition. In order to investigate the
formability of welded high strength steels, LDH test was added on this work. At high welding
speed, the partial penetration was obtained by low heat input. Meanwhile, porosity was
formed in the bead at low weld speed because of extremely higher heat input. The optimum
welding condition of welding was derived from bead width, penetration and hardness
property. It was shown that the DP steels had lower porosity level and smooth bead shape,
therefore better laser weldability than TRIP steels and conventional high strength steels. In
addition, LDH test shows that the welded DP steels have about 90% formability value of
base metal, although TRIP steel and conventional high strength steels have about 80%
formability value of its base metal.
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2.1 Specimens

. Ceq
M YRR N

(3 n Si P S Sol Al | Ti b Mo WIs)

TRIP60 | 0.107 | 1.5 | 1.02 | 0.080 | 0.004 | 0.051 | - — 17 oo
TRIPSO |02 |16 |1.63 |0.013 |0.003 0033 |- - Joss
OP50 | 0.066 | 1.6 |01 |0.019 |0.001 | 0.051 0.05 | 0.35
DP60 | 0.107 | 1.66 | 018 |0.014 | 0.001 | 0.046 |- ~ loo0s |o040
DP80 | 0.112|1.87 |0.21 |0.013 |0.001|0.044 |- - |o09 |o0a4s
asn | 0079|094 [003 | 597 |0.007|0.085 |0.003 |0.002 0.24
60C | 0.077{1.49 |05 8'002 0.007 | 0.038 | 0.048 |0 0.33

Ceq(JIS) = C + Mn/6 + 24/Si + Ni/40 + Cr/5 + Mo/4 + V/14
2.2 Experimental
BOP{(Bead on plate), E&E S 2 A, 3= AlIE
E50tA S8
H8 54 ZAM{LDH)

3.1 BOP test
Q BOP(Bead on plate) laser welding on DP50 steels (6kW, He shielding)

2m/min 3m/min 4m/min

6m/min - 7m/min

8m/min 9m/min 10m/min
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Q BOP(Bead on plate) laser welding on TRIP60 steels(6kW, He
shielding-20l/min)

el 2o &0

2m/min

Bm/min

9m/min

O Weld width & welding speed on DP50 Steels(1.2t)

b

Failure

Partial penetration

Weld width(mm)

4
Welding speed(m/min)

-367-




Q The effect of welding speed on Laser weldability of high strength
steels(DP, TRIP, 45R, 60C)
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3.2 Hardness distribution

500 500 ————————
DP5O —.—-v\ﬂSmm!n DPGO —e— w3mmin
Sad ;:-&"5‘ 2 —i— mx::
400+ .. 400 /\.z, k 1=S€""{ ‘W —v—wemmin
=] A}
4 v
o 5
300 o 3004 / \
> » *
S / \
2001 2 0Ty Rgs e’ &3 .-\,
Q
B
100 @ 1004
T
0 . ; °
] 1 2 3 4 5 o 4 5
Distance(mm) Dlstance(mm) —a— wammin
—o— wSmmin
4 —#— wimmin
= 497 f\ "(' ol \ —v— wommin
2
)
o 300
f- g vv\ -n
3 2004
]
C
B
© 1004
T DP80
0 1 2 3 A 5
Distance(mm)

-368-




800

600

—=—w3mmi —a— w3mmis
TRIPO S tammin TRIPSO e v
500 i WYmmin 500 3 —&— w7mmin
—_ ~—y— wdmmin — —v— wommin
o LS o o
& 4004 " & 4004
3 4\ 3
z 300 \T £ 3004
= <
173 0
a b1 !"f f‘\ veum 7]
@ 200§ O 2004
c c
B B
£ 100 £ 1004
0 T T T T ¢ T T T T
0 1 2 3 4 5 o 1 2 3 4
Distance(mm) Distance(mm)
500 500
—&— w3mmin —&— w3mmin
45R —2— wSmmin 60C —e— wsmmin
o o e wTmmin o -8 —i— w7mmin
400 ) f;v\(‘g\. —v— wammin . 4004 ' :x'F A \. —¥— wemmin
S S/ NN = 7% LN
% / & A\
o 300 /e S 300 / [ b \
> > 7 ‘/ "
< v, = / om ‘\Y\;\! \.
& 200 \ o) 2 200 hgro v kAT vy e
» @ A T ©
c L 8 c
3 2w
1004 J
£ £
0
3 T ; : H : 5 : : : :
Dict {raro) Disfance(mm)

U Relationship between Maximum hardness and chemical composition

Maximum Hardness(Hv)
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3.3 Formability of high strength steels
(6kW, 6m/min, 15//min)
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welded material
I base material
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LDH ratio of welded/base material

3.4 122

plume

g84
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l Shielding gas

Shielding gas
properties
He Ar Co, N, Ar+N, Fe Zn
lonization potential(eV) 24.5 15.76 13.79 14.54 15.15 7.83 0.793
Dissociation potential(eV) - - 5.5 10 - - -
Termal conductivity(W/mK) 0.1381 0.0159 | 0.0138 0.0234 | 0.0197 - -
Atomic weight(g/mol) 4 39.95 44 28 67.95 55.85 65.37

-370-




O The effect of flow rate of He shielding gas on
laser weldability of DP50 steels

20)/min 25/min

Qa The effect of flow rate of Ar shielding gas on laser weldability
of DP50 steels
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