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Effect of Line Energy on Microstructure and Properties of High Strength
Steel Joints by Laser Filler Wire Welding
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Abstract A 5 kW disk laser is used for the butt filler wire welding of 1.1 mm thick advanced high strength steels.
The laser process parameters are designed by the orthogonal test, and the tensile strength, microhardness, surface
and cross section of these welded joints are analyzed by the universal mechanical test machine, microhardness tester,
optical microscope and scanning electron microscope. In addition, the effects of laser process parameters on the
mechanical properties and microstructures of the welded joints are studied. The results show that laser power and
welding speed are the most important parameters influencing the performances of joints in the range of test
parameters. Under the reasonable process parameters, that is, when the line energy is greater than the threshold
value, the weld appearance with a uniform, continuous and smooth surface can be obtained, and the tensile strength
is more than 90% of that of the base material. There exist for all the joints the phenomena of fusion zone hardening
and lateral heat-affected zone softening. The microstructure of the fusion zone is mainly composed of lath martensite
and proeutectoid ferrite. The microstructure of the heat affected zone is softened due to the emergence of large
quantities of tempering martensite, which affects the tensile properties of joints.

Key words laser optics; laser filler wire welding; heat affected zone softening; heat input; mechanical property;
microstructure morphology
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Table 1 Chemical compositions of test steel and wire (mass fraction, %)
Material C Si Mn P S Cr Ni Cu Mo A% Fe
Base material 0.16 0.35 1.35 0.03 0.005 0.45 0.18 0.28 — — Bal.
Weld wire 0.07 0.86 1.58 0.02 0.012 0.02 0.02 0.15 0.01 0.004 Bal

BT R G ol AT A (b) 375 4 S 40 L 7 AR A B3 67 119 2 ol 4 40

Fig. 1 Microstructure of base material observed by (a) optical microscope and

(b) field emission scanning electron microscope
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Fig. 2 Schematic of experimental setup for laser welding
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Table 2 Samples used in experiments and corresponding variables
Laser Weld Weld Line
Sample ) Defocusing /mm
power /kW speed /(memin ') width /mm energy /(Jecm ')
1 3.0 5.5 0.20 1 327.3
2 3.5 5.5 0.15 2 381.8
3 4.0 5.5 0.10 —2 436.4
4 4.5 5.5 0.05 —1 490.9
5 4.5 4.5 0.15 1 600.0
6 4.5 4.0 0.20 —2 675.0
120 60 2
weld:
f
- - - —Rp - - 20
H
!
|
120
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Fig. 3 Dimension of standard tensile sample

I R AL 22 T o SRR EE o AR 4E
Y B VR HAR d VL RARIE b A O RAIETE IR

R T 1 A L ARG SO A ST
MR . A

fEEFMA R ZE LS

031401-3



Wt 5 ot 7o o R

 4kBh
ond? v
A b M TEAMEREL B RN &R BB N, —
B 1. 1~1.2 B RHEE,

3 I g R Kot

3.1 ZfeExIEEELREERAEN
KR 2 Ry A A B R e S L 15 B IR 48 4
WANZE 3 Fron. REdh 1.2 MBRE8 E | 3 T 45 i

) Q)

Uy

S T A A8 1) R 5 IR g 8 e L I L KRB o AR
FEURE: &R AR A T BB RN 2
JEAS B ) R RO A K R VRS A B R RS B EE T 4y
A7 B R A . E AR RE R A5 T L R
2 EFRIE 0.55 mm (4% 3k 45 X 58 BE a1l 4 frs
Wi L e 3N, IR B WA B B AS . M R
A O — S (A WA A 3~ 6, 1T WL AR 4%
FE BUE O A, UL U2 i B AR L 3k
SR AEHE AL, 4% R R/NIE

F 3 N[ T A B0 0 e S 1O 3 TR -5 R AR T TR A

Table 3 Surface and cross-sectional morphologies of welded joints under different process parameters

Sample Surface quality welding direction
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1 - - —
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e T — ——

Cross section

Result description
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Fig. 4 Effect of line energy on widths of different

areas of laser welded joint
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Fig. 5 Regional distribution of 3 # welding seam and right HAZ. (a) Weld profile; (b) CG-FGZ; (¢) FG-1CZ
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Fig. 6 Effect of line energy on mechanical properties and formability of joint. (a) Mechanical properties and formability of

joints with different line energies; (b) power and weld speed combined effect of the process window
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Fig. 7 Laser welded joints under different line energies. (a) Microhardness distribution;

(b) average hardness in each region
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