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Hybrid Laser - MAG Welding of 10CrNi3MoV Steel
WANG Ming-in WU Yan-ming ZHANG Cheng—ie WANG Ren-fu

( Luoyang Ship Material Research Institute Luoyang 471023 China)
Abstract: The macrostructure microstructure mechanical property of hybrid laser arc weld in 10CrNi3MoV steel was evalua—
ted. Experiments were conducted to compare hybrid laser arc welding ( HLAW) to gas metal arc welding ( GMAW) . The result
shows that hybrid laser arc welding is a suitable process for 10CrNi3MoV steel. Compare to MAG welding process HLAW
welds exhibited much higher hardness and lower impact ductility and the mechanical property of the HLAW welds meets the
qualification. For further improvement of comprehensive mechanical property approaches such as optimizing welding material
component  reducing quench — hardening tendency of the welded joint to improve the joint impact ductility are presented.
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- Table 2 Mechanical Properties of 10CrNiMoV
o and MAG welding
Tensile Yield  Elongation
1 Materials strength  strength rate
R, /MPa R, ,/MPa A/%
10CrNi3MoV 760 670 21
590 MPa 10 mm Deposited metal( MAG) 850 750 24
10CrNi3MoV 300 mm x
100 mm x 10 mm 30° 10 kW YLS
90% Ar+10% CO, ; pm 250 mm 0.5 mm
1 0.4 mm o
2 o TPS5000 MIG/MAG o
| - MAG (
. . . 1) 3.
Table 1 ~ Chemical compositions of work piece .
and filler wire (w) Yo ( )
N 3 700
Materials C Mn Si C N Mo V W.1 500 W MAG .
10CrNi3MoV 0.06 0.60 0.23 1.10 2.68 0.22 0.08 . .
Welding wire 0.01 1.54 0.45 — 2.5 0.27 — N MAG
3
Table 3  Experimental Conditions
Welding speed  Laser power Defocus Current Voltage  Voltage Filling speed Laser angle Arc angle  Gas flux
V/(m * min") PIW Def/mm  I/A U/v correction Dy, /mm 6/° el° F/L
1 3700/1500 O 220 23.5 +10 3 0 30 20
Cross jet ———==svlianit
Laser beam °
Gas shield — MAG
Metal vapor
Keyhole A /: iller material °
Melt pool !‘ ./F Melt pool 2
| Work piece ‘ Weld portion 7 mm,;
Welding direction MAG °
—————
\ 3 10 mm 10CrNi3MoV - MAG
1 - MAG
MAG o
ig. 1 Schematic diagram of Laser — MAG Hybrid Welding *
MAG 6.5
2 ; 5.0 kJ/em
MAG 11. 4 kJ/cm; 10 m
2.1 MAG 3.25 kg
N N 0.4 kg; MAG
- MAG 1/4,



28 1 1 10CrNi3MoV -MAG *3-

2.2
2.2.1
, 4 o (
Fig. 2 Morphology of welded joint 2mm ) '
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Fig 3 Parameters comparison between HLAW and MAG HO HV ’
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Fig. 4 Miro — hardness of welding alloy
10CrNi3MoV - MAG 2.2.2
MAG ( HV) 4 o GB/T2650—2008 ¢
- MAG ). GB/T2651—2008 (
MAG (V=0.3 m/min) ).GB/T2652—2008 (
; MAG »  10CrNi3MoV -
V=1.0 m/min MAG
V=0.3 m/min 7 V=1.0 m/min 5 .
MAG - MAG
- MAG ; _
MAG o -50 C 206 J
4 (HV) -50 C 551] MAG
Table 4 Miro — hardness of different process joint 70 J -

Weld center Fusion zone HAZ
Welding method

zone HV HV HV
HLAW(V =1.0 m/min) 312 314 357 -50 C 27 °
MAG( V =0. 3 m/min) 251 263 310 2.2.3

MAG( V =1.0 m/min) 347 350 377 5 10CrNi3MoV _




c 4. 2013 2

5
Table 5 Mechanical Properties of Weld

| N Bending property Charpy impact energy
Tesile st
estle streng! (180° d =3a) (=50 C) KV2/]
R, /MPa
Fusion zone Weld center
HLAW 757 756( crack in base material) accepted 208 216 195 49 64 52
MAG 758 760( crack in base material) accepted 81 78 77 66 68 75

(b) backing weld center zone (c)cover weld center zone (d)cover weld center zone

(€) transition layer zone (Drransition layer zone () fusion zone (h)fusion zone

5
Fig. 5 Optical micrographs of HLAW welded
10CrNi3MoV MAG 6 MAG
o + :
+ + MAG
o -MAG
MAG : - N

(a) microtructure of weld center zone (b) microstructure of overheated zone

6 MAG
Fig. 6  Optical micrographs of MAG welded

1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



~MAG *5

28 1 - 10CrNi3MoV
3
10CrNi3MoV - MAG
MAG
o - MAG
MAG
MAG
Mn 5
; - MAG
: MAG
- MAG N
- MAG
10CrNi3MoV
C. ROEPKE S.LIU
550 MPa HY80 -
MAG
-MAG
5
- MAG
10CxNi3MoV - MAG
4
(1) MAG 10CrNi3 MoV

- MAG .
(2) 10CtNi3MoV - MAG
~ MAG
10CrNi3MoV .
(3) 10CxNi3 MoV ~ MAG
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