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Abstract: In order to improve the low mechanical properties and cracking of the welded joint between ductile iron and low
carbon steel, laser welding was used to weld ductile iron and low carbon steel, and the effects of process parameters on the
microstructure and properties of the welded joint were studied. The results show that with the increase of laser power or the
gradual slowing of welding speed, the tensile strength of the test piece shows a trend of first increasing and then decreasing.
When the welding process parameters are at 4250 W welding power and 2. 4 m/min welding speed, the strength of the welded
joint of the specimen is at the extreme value of 400 MPa. Three kinds of shell structures ( double shell structure, single shell
structure, and coreless structure) are formed in the heat-affected zone at the side of nodular cast iron. The microstructure in the
weld zone is mainly composed of dendrite, a small amount of martensite, and ledeburite. There are microcracks in the weld zone.
The crack-free weld can be obtained by adding nickel-based materials, and the tensile strength can be improved by about
40 MPa, reaching 95% of the base metal. This research is helpful in the optimization of the high-power laser welding process
between nodular cast iron and low carbon steel.
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Table 1 Chemical composition of base metal ( mass fraction w)/ %

material w(C) w(Si) w(Mn) w(P) w(S) w(Fe)
0.17~ 0.17~ 0.18~

i <0. <0. e

20CrMnTi 0.23 0.37 1.10 0.03 0.03  balance

QT450-10 370~ 2,40~ 015~ 4 00 <002 balance

3.90 2.60 0.30

XA F AT O B 22 AR i IR AT Y

WO B KE R 1 mm, 3 O EE N 15°, HETHE
WA FNER FER 22 Al il o IR 2 BT
2 IR AR LE S (R w) /%

Table 2 Chemical composition of filler powder and wire ( mass fraction w)/%

material  w(C) w(Si) w(Mn)w(Cr) w(Mo) w(Nb) w(Fe) w(Ni)
Ni201 0.02 0.10 0.40 15.50 15.50 0.31 0.70 balance
ERNiCrMo-4 0.009 0.12 0.05 21.9 8.65 3.70 0.40 balance
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Table 3 Welding parameters

sample power/ Speed/ﬁ defocus/ weld
w (m + min ! ) mm method
1 3500 2.4 -2
2 3750 2.4 -2
3 4000 2.4 -2
4 4250 2.4 -2
5 4500 2.4 -2 .
6 4000 L2 - not filler
7 4000 1.8 -2
8 4000 2.4 -2
9 4000 3.0 -2
10 4000 3.6 -2
11 2500 1.2 -2 filler powder
12 3000 1.2 -2 filler wire
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Fig. 1 Shape and size of tensile test specimen
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Fig.2 Section morphology of welded joints under different power
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Fig.3 Section morphology of welded joints under different speeds
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Fig.6 Welded joint tensile strength under different power
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Fig.8 Partial diagram of SEM fracture

A SR ERJ B B A A 5 A% 1 ) R e s A T i
YEHITR , 280 A S8 BiAR i e 7 HOMT 3% B 2 a0

18
W

2.4 RIMSREME

9 FIFE 10 435 A AE4E BETE X (energy dispersive
spectrometer , EDS ) 737 18] 5 52 oy K 4422 3k i 32 43 A it
2o FRPEIAT R R Aot it vy e ot e 7 U Nl AR A A
e 70 YR R V14 7 OB A e DX s AH 0998 i, 1EL A
FIE BELLE FRG m DX P S A 1) RO 45 ) e 722 2 [ A4
e PRSI PR AR 9 7 A2 X o i B 1 A [R) [ #4307 =X
TR AR A L B AR R 4 B R R AR A LA
BREBFHER MG i X, ¥ 3 1000 HV,, 5, QT450-10

AR T X538 B2 AR X T 20CeMnTi MIFRGE A X304 | 3X
SRR R

B9 R4k EDS 44T
Fig.9 EDS analysis of the welding seam
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