27

ISSN 1225-6153
Online ISSN 2287-8955

4% sl Holx §%e) HAZ 98 S40] BF A7

A Study on HAZ Softening Characteristics of Fiber Laser Weldment
for High-Strength Steel

Min-Ho Park*, Ill-Soo Kim*-¥, Jong-Pyo Lee*, Byeong-Ju Jin*, Do-Hyeong Kim*,
In-Ju Kim** and Ji-Sun Kim**

*Department of Machanical Engineering, Mokpo University, Mokpo 534-729, Korea
**Green mold Technology Center, Korea Institute of Industrial Technology, Gwang-ju 500-460, Korea

FCorresponding author : ilsookim@mokpo.ac.kr
(Received March 30, 2015 ; Revised April 20, 2015 ; Accepted November 9, 2015)

Abstract

Laser welding sector in the automotive industry has been widely recognized as one of the most important
bonding processes, such as parts welding. Efforts to improve productivity and weld quality have been
progressing steadily. In addition, laser welding is suitable for welding process that can produce high-quality
welds suitable for flexible production and small quantity batch productions. In order to ensure the rigidity
of the material, high strength material are applied to more than 1 GPa class body parts and automotive
bumper beams. However, not only the situation is that the trend of domestic research, but also development
is based on product molding considering freedom of shape where reinforcement is applied to meet the
safety regulations and high-speed crash performance, despite the use of high strength materials. The tendency
for heat-affected zone (HAZ) softening phenomenon common in areas of laser welded high tensile steel
welding confirmed the occurrence of weld softening effect according to the process parameters. Based on
this, range of process parameters could be selected for ensuring weld quality.

Key Words : Fiber laser weld, High-strength steel, Heat affected zone, Softening effect, Penetration aspect

A el HolA §4 Hoks UigHoR ¥EE

1M = d, AL B 84, olFA=(Tailored blank)-&7
o8 ERY & »)\‘—4'1 R s e e )
A Azl Aol AAshe HIT2 s 2 = guge Fa AT 2 A e Yelo]

, SHIF 2T AY AdiFelst & £ A mz g4 & gwglo] ZaslEolo}r st} ojylE =
. Z9 SolA &F0] AR HlFS  woA z}E 18 7)ol aAlE AledtE ZAlo] T
g S0%oldoe R AxYeX T HATBY st Yz 9o o &1L AAET Yk A= 1A
2 RHEY Yok =3 oEd AN AP me 7HH¥01]/\1% T35l @ A5 Agle] BHog B
A 1FAe] 977 wobgel Wt 549, V=, Q= AAsk 249 %

A& FolA oA &Ho] AFsat e Gt op AS o]43F 1000MPag o)de] AHE
2t 24, 3 A7HA gkl AREHA Ak s & wy Wlo] Fesw gk &

This is an  Open—Access article  distributed  under  the terms of the  Creative Commons  Attribution ~ Non—Commercial
License(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non—commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Journal of Welding and Joining, Vol.33 No.6(2015) pp27-35
http://dx.doi.org/10.5781/JWJ.2015.33.6.27



2 9 - PYS - ol FE - ABE - PEY - PUF - A
TAHCE AAFF olHd aAlEe] &8l % Atk Fig 12 oy #olA &R AAN=H S
TUAME HZ eart MR RS olgsted  JEhth AU &I AFHe gwEs WAE
1400MPas ol Axs 7HAe 2AFEF 9 My 98ty g7 AR 188 JIGE A
A s Qe FAoltk 2y Fule A7 H, Fig 25 ol go|A &34 AE JIG
M FAE AF A8 9524 3 AREE ksl & EO#?E} T3k gholy glolA AT ARSH
o o]|FojA 1 7] WEe) 1RT AAYE BEE HI/FAE Ar, N, HelZ F 37IXE AR C
3 by arel g %—%*3%91 S SleiA BAA o, 33 Xd_%ﬁ] glojA 9] A2 W] 2HA(100 -
7 AEHEA e AFolth FolH #olAs 19909 420mm) B A= MIYACHIitolA 2783
g o)A AE F2 FEAE HolAZ EEHAoY, AZE0mm)S HEH dold FHolA EHAFES F

7.

1990 T o] % dholw #lo|A7}k ztal Q= IEET}

e @ 542 o183 7|

HAE 4 de A2 #HolAY 7H“E‘°l A2 o,
°|

Zo
Y AEA REARA 14E 79 AF%O] Z }6}
UW golx &4 7l& =3I 73 HHS ARSI
LA R b o= B

RE AR 1 A8 s
Aol 84 B4 B BE 2

R. R G M Pieters52 DP 600 = H360LAY
248 73 HolAH &8y §RETE v I
Hslo] W2 Az wsle} vARZS FEste ATE

T2 780MPa 7F=¢ UHSS 4|
£ 7FA2 Focus Position®] we} 849 #Hils 2
stgoH, Hago|AE o]8sld Duty cycle®}t Pulse
frequencyQ] gk gt A+E Pk S. G- Shi
52 DP, TRIP, Usibor 53 72 tjekst UHSS 4
£ olgsto #olA ¥ HolA W AHd wE
3 333}910131 ZiEV\ﬁi} olF &35 B '
S Golre 2 Fgatany ?,
01]{— é’f% ?ﬂ’ﬂ%ﬂr "éﬁé*é% 7413 600MPa
P e djste] &S

A AL &3

stk Z Li

gstaL, 1A B Erichsen,

SRR 7IAA HA g YA Bkl A7

oW FolAE o3 wAHURe] §3% =

ﬂi B7tel §HTA el dis) 33t

7] 93 <3 %% )& U]—E;L ARo| 0 B g
= °

—

2. ool 2o|N SHAH

wgEe] 9 gt 548 vla-EAE] 9
st slolH #o]A SHAHS A s AES 9
3] MIYACHIit ML-6950AR2e] 5kW3  Tho]H]
oA &H7IE AMgslgon, YASKAWA T DX100
=2do] MOTOMANS o] &3t HAAA~HES 43}

522

o

gtk 8HAHN ARE BEAle AsA AAE A
el DP 980 TRIP 1180A149] B3-S AREsIle
W, 7 T EA EF 100x50x 14mm 149 A
7] NEAHE AT B d7E 18 A A
445 dAsS X}Ei} FEAA ] AMEEE #lo]A]
33 HHsE & 39 7] Wizl HA7] &
AAEES FYsion, TRIPﬂoﬂ Hls) Blad Akslt
ARG WAShs DPA ofd=gS slod x| aiE
A

Fig. 3& Fto|H oA &43789 MFeE vehla
Fig. 4= & Agd A8 #A7] 84 AgHY 74
S Yo, AgAY 7Ad AL Table 1]
247y JERSlT dRkAQl @%‘ﬁlé)lﬂog g

ARQEAS BS A7) dHUFEY FFS 9F

Aoz wjAsel RE YYWGFET 579 2
3 AFo] o]FoAA Huk AWl 47} nrjo]
A% F K79 d3s+E 9

o Rlofo Y

#7957} Whel

Motion
robot

aser beam ¢
head

L1}

: _ Welding

5Kw Power fiber lase specimen
welders G jip

Fig. 2 JIG for specimens of lap weld joints

Journal of Welding and Joining, Vol. 33, No. 6, 2015



g7 ol oA 452 HAZ 18} SA4de] a3t A7

Laser beam head

Welding bead

Fig. 3 A schematic diagram for fiber laser welding process

50
DP Steel mm
; | R
100mm T | 100mm ‘
: 1.4t ‘—‘ 2.8t
80mm \ 20mm | 80mm
180mm

Fig. 4 Configuration of welding specimen

Table 1 Mechanical properties of base metal

Material DP 980 steel TRIP 1180 steel
Yield
strength(MPa) 730 990
Tensile
strength(MPa) 990 1204
Elongation(%) 13 16
Hardness(HV) 337 346
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Table 2 Fiber laser welding parameters and their levels

Welding parameter Symbol Unit Limit
Laser power P kW 3.5~45
Welding speed W/S mm/sec 30~50
Shielding gas S (4 /min) | Ar, N, He
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Table 5 Result of penetration area according to data

group
Data | Test Area 1 Area 2 Total area
group | No. (mny) (mm®) (mm?)
1 1.188 1.359 2.547
2 1.476 0.945 2.421
3 1.434 0.936 2.370
4 1.071 1.302 2.373
Group |~ 1.527 1.014 2.541
Ar
6 1.543 0.883 2.426
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N»
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16 1.398 1.239 2.637
17 1.639 1.190 2.829
18 1.210 1.205 2415
19 1.112 2.037 3.149
20 1.203 1.865 3.068
21 1.281 1.246 2.527
22 1.552 1.814 3.366
Group | 3 1.283 1.272 2.555
He
24 1.506 0.615 2.121
25 1.082 1.447 2.529
26 1.193 0.901 2.094
27 1.396 1.350 2.746
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Table 6 Mechanical characteristics for tensile shear
strength and HAZ softening ratio

Data | Test Tensile shear DP steel
group | No. strength (MPa) softening ratio (%)
1 762.745 22.83
2 844.61 20.85
3 812.45 16.30
4 838.57 18.47
Group |~ 5 749.98 24.27
Ar
6 755.32 2331
7 875.74 18.73
8 805.59 18.47
9 802.05 19.26
10 865.07 21.35
11 599.11 29.19
12 837.40 22.57
13 901.48 16.85
G;‘I’zup 14 911.37 20.30
15 774.87 23.79
16 680.18 28.39
17 860.95 21.83
18 949.94 19.84
19 681.84 29.69
20 754.11 26.83
21 802.05 22.58
22 688.91 28.61
G;‘I’:p 23 826.27 20.30
24 862.42 20.31
25 813.35 20.31
26 978.32 19.80
27 692.25 27.95
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