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Hardening Characteristics and Carbon Equivalent in Laser Welds of Advanced High
Strength Steels for Automobile

Chung-Yun Kang
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Table 1 Chemical compositions and mechanical properties
_- - S TS B Chemical composition(mass)
(MPa) (MPa) (%) C Mn
210E 1.0 163 306 493 0.001 0.09 Others
270C 1.0 215 339 42.6 0.05 0.17
440 1.0 308 447 34.8 0.10 1.02
590 1.0 415 630 2712 0.06 250
780 1.0 432 826 21.0 0.09 259 Si
930 1.0 677 1048 158 0.15 262 Others
1180 1.0 989 1220 80 0.10 2.36 Si, Others
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Table 2 Welding condition in various welding process
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Fig. 3 Hardness distributions of CO» laser welded joints

ol 29 6w, 894
A%
Qe 7t Azel 9
& A9
AEgke T
2O et & §65

T
Mz

rr

&

HAEERE 29% 65, 20114 124

(a) Laser welding (b) Mash seam welding (c) Plasma arc welding
Laser YAG laser 18kA/270-780steel Curent 80A
Current 16kA/980-steel
Power 3kW 6 steel Speed Im/min
10kN/270steel
For Speed 6.5m/min Force 12kN/440590 steel Hole dia 2.8mm
L 14kN/780~steel
Plasma- Ar+10%H:
Focus Surface Lap 2.5mm gas (05L/tmin)
Shelding- . . Shielding- Ar+10%H:
gas Ar(20L/min) Speed 4m/min gas (101 /min)
For Power 3kW Curent 120A
L4mm Speed 45m/min Speed Im/min
—~ TREOOB TR1000
£ 500 = ——— =l
E 400F 7T 7T
€
£ 300
JE 200
< 100 L
S BM :
12 06 0o o6 12 1z 06 0 06 Q2 06 0 0.6 1.2 Gz 06 0 o6 1.2
Distance from weld center (mm) Distance from weld center (mm) Distance from weld center (mm) Distance from weld center (mm)
= DPE00 PHGO0O
= 500f k -
émo - m e
E 300 + -
=
g 200 L I
-
§ 100 o -

dojupi=  6kWolA  4m/min~10m/min

ST Bl 2 Ao Bmd
H
=

&)
@
=
=2
ofo
X
Jp
!
=
=)
il

ool AzzHEH Q1A
o] TRIPZ, DP7Z¥}
(6kW o) CO, dlo]A |4

ERERE

H o7 e
HAEEYE= &

>~

-

- o
e
o,
— > off B o

> o
o= n
0l

1©

ok

N

4

H1

o

fE e 2k

Biopx 10 o on B



18 AT N
600
TR600 "TRBO0A TR800B TR1000
s00 L sl (B T ISS , B, S, T, . |
----- N ¢ e T T RO
T
= T = o WL B TR DO, P
400 F B - - —
) @ Ar
300 |- A+ o He - dr o
e W.Q
200 1 1 | | 1 1 | | | 1 | | | 1 |
) 6 3 10 4 6 8 10 1 6 g 10 1 6 8 10
Welding speed (m/min) Welding speed (m/min) Welding speed (m/min) Welding speed (m/min)
59 [ pp60o DP800 [ DP600I o Ar |
O He
500 = 1 - N
z
& oy s vl s o A I [, S R e ]
4400 [ -]
IE
300 - - |
200 1 1 | ! 1 ! | ! ! ! l
4 6 8 10 1 6 8 10 A 6 8 10
Welding speed (m/min) Welding speed (m/min) Welding speed (m/min)
Fig. 4 Change of the maximum hardness of laser welded steels with welding speed at power of 6kW
eSS R P e n— Hy=1200CE),,, ., ~ 200 (1)
I i i
| /+‘—_f | [T |
1 ! | i : I | |
L A Lo i CE pearden. = C+ P2+ Mn/6+ Cu/13] (2)
e % Wi
! ! 1 | ! | 1\ .
— | N S | +Ni/15+ Cr/5+ Mo/4+ V/5
BM IHAZ ! FZ (HAZ| BM | BM !HAZ | FZ |HAZ|BM
; h ) ! ! | 1

Fig. 5 Hardness distribution types in CO, laser welds of
various steels

HZholE e 84 3ANA HAZZF 93] 22|
o3} 3ty o ~EUolES} 3 HAZE &4 § 4
Ztapg o] WYsko] wha dgtolE, Hdelo]E W)
O] E ulZHIAlolE =2 olE ZEgltxzlow HE
3itl E=giel(bond line) ¥ HAZSY Q. AH[UoE
7324‘90 o}._r ZEHO]—_TL 7§§]- 1:}
1940 Dearden®} O'Neil?&
Hv)¢} 9] 38t
I} 2o AAE o

HAZY HiA=
z739 Ateld w3 (DA (2)4
stk

o

6338

@2)2oA & 4 e HAAHH, HAZS Hi%=(Hv)
spetxgde] & Mol o] it

= %
OJalA Fofzltt. o]Zlo] Zre] &S Wik A%
A 7ol AsHEAol
7He Fadase] 235 Clearbon)s 12
2ot} (2)24]9] A
(Intemational Institute of Welding)
okl Bk L (los W, Chn:
A EA 0?350} ARgSte] it

2
e
o

oo 2 ofl
1o

CE = C+ Mn/6+ (Cu+ Ni)/15 (3)
+(Or+ Mo+ V)/5

B7} Aeta7}, C7F gfo]Zelel Zola, DE EE 73

BEE AL
Col tigh Mno] &3 vpehd Aoz Z5% e
2o a3t Ao, Co a3} Atk AL o]t

Journal of KWJS, Vol. 29, No. 6, December, 2011



Agge) golH84d5e] A5 el 19
Table 2 Formulas of carbon equivalent® 7%

CE title Formula Mn
Pem (Ito-Bessyo)” C + (Si/30) + (Mn+Cu+Cr)/20 + (Ni/60) + (Mo/15) + (V/10) + 5B I

D C + fOfS/24 + M6 + Cuwl15 + N2 + (CrtMotNb+V)/5 + BB} f(C) = 075
CEx (Yurioka) + 025 tanh {20(C-0.12)} v
CEpws( (Kihara)® C + (Mn/b) + Sif24 + (Ni/40) + (Cr/5) + (Mo/d) + (V/14) I
Duren (Cprs)© C + (Mn+Cw/16 + (Si/25) + (Cr/20) + (Ni/f60) + (Mo/40) + (V/15) I
CET® C + (Mn + Mo)/10 + (Cu + Cr)/20 + (Ni/40) I
CEpnv C + Si/24 + Mn/10 + ((Ni+Cuw)/10 + Cr/5 + Mo/4 + V/5 I
Clhsia C + (Mn/16) + (Cr/23) + (Mo/7) + (NB/5) + (V/9) —(Ni/50) I
Graville® C + (Mn/16) + (NVB0) + (Cr/23) + (Mo/7) + (NB/5) + (V/9) 11
AWS DL1* C+ (Mn + SD)/6 + (Cr + Mo + V)/5 + (Ni + Cu/15 I
AWS? C + (M/4) + (Ni/20) + (Cr + V)/10 + (Cu/40) + (Mo/50) I
CE wpsiz C+ (Mn/6) + (Si/24) + (Mo/29) + (V/14) I
Stout and Doty® C + (Mn/6) + (Ni/20) + (Cr + Mo)/10 + (Cu/40) I
Koch-ersch® C + (Mn+Mo+Ni+Cr+V+Cu+Si)/20 11
Winterton™ C + (Mn/6) + (Cu/0) + (Ni/20) + (Cr-V)/10 -(Mo/50) I
Breadstreat™ C + (Mn/20) + (Ni/15) + (Cr + Mo + V)/10 I
Cottrell* C + (Mn/6) + (Cr + Mo)/5 + (V/3) + (Nb/4C) + (0.0001/S) I
CEmt” C + (Mn+Cr+V+S)/6 +(Mo/4) +(Nb/9) +(Ti/3) +(Cu/20) +(Ni/25) +5B I
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