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Abstract In order to realize the narrow—gap welding of 20 mm thick plate 16MnDR steel, experiments are designed
to study the effect of root faces and groove angles on welding process stability, weld appearances and welding
efficiency, then optimize the size of the groove, on this basis, using autogenous laser as bottom welding, multi—pass
multi-layer laser—MIG hybrid welding to fill the gap. The results indicate that the weld appearance is pretty good
and there is no defects of internal weld. Comparing the welding heat input and welding efficiency of laser—MIG
hybrid welding with traditional arc welding, the welding heat input of laser—MIG hybrid welding decreases by 45%,
and the welding efficiency of laser—-MIG hybrid welding increases by 1565%. The tensile strength of the joint is slightly
higher than that of the base metal, satisfying the strength requirement, and there is no crack while the joints are
bent to 180°, meeting the yield strength.
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Table 1 Chemical compositions of 16MnDR steel and CHW-50C3 wire (mass fraction, %)

Element C Si Mn P S Al Cu
Base metal <0.20 0.15~0.50 1.20~1.60 <0.025 <0.012 =0.02 -
Wire 0.09 0.66 1.20 0.016 0.020 - 0.20
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Fig.1 Schematic and the actual installation diagram of laser—MIG hybrid welding
AR YR S B0 e Sk Bl TR AN 18 2 i s 8 SR SO0 B IR ATIR 2 2 2 EHOG - INE & B8 1)
T3 ¥ 58 Uz .

0103002-2



B2 e R R EE
Fig.2 Schematic diagram of groove
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Table 2 Appearance of back weld when H=12 mm

Parameters Appearance of back weld Remarks

9.5 kW Welding
0.8 m/min beading
9.0 kW Welding
1.0 m/min beading
8.5 kW Incomplete
1.0 m/min penetration
8.5 kW Incomplete
0.8 m/min penetration

AT LLFE F), 75 9.5 kW 0.8 m/min F19.0 kW . 1.0 m/min B £ 8 F , #4515 1 AU 55 2% , 30 7 e ih L Bz L
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8l RSFRE S H=10 mm , >R FH A0 F T2 S 8047 5280 - OGP P=7.0~7.5 kW, & 4% 3 & V=0.9~
1.1 m/min, B fERAf=—4 mm, £ (A Fi & 25 L/min, S2E0 45 R 0136 3 fr s .
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Table 3 Appearance of back weld when H=10 mm

Parameters Appearance of back weld Remarks

8.0 kW Welding
1.0 m/min T NN D beading
7.5 kW e e
a8 R R S o Good
1.0m/min ; A
7.0 kW Incomplete
1.0 m/min penetration
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JREE T2 SR 15 3] — U8 82 SR SOY B4 15 4% .

3.1.2 ¥ o f e A

BT R R ) A A Y AR AR I PR R BT A B e R KR ORI S RIS, B A R,
N T WS R BOR IR, Ok e UG 2 . PR, 76 80 PR S 8 R £=0,=20 mm , 8312 H=10 mm,
BB 55 B W=2 mm, £ 475 (20% CO,+80% Ar) i £ 25 L/min| A28 (AT 2 F L 7E 3% 11 £ BE 4 98 a=40°L) M a=
2000 250 T HEAT 286 AR AN TR S5 A T W KR BE T JRFE AR AE 1T P L A XD R O AR A 4 R A DR
LRI

Y5 T N 4008, SE & B, R AR 4 FTR 9 T 2 S8R 15 21 08 K4 A0 A5L 4% |, 6 4% 3 1 T I
o A A TR A AN 2 5 TR o

F4 a=40° MO INE AR B T 225
Table 4 Parameters of laser—-MIG hybrid welding when a=40°

Welding pass  Laser power /kW Welding speed /(m/min)  Current /A Wire laser distance /mm  Defocusing amount /mm

1 2 0.72 200 2 0
2 2 0.6 200 2 0
3 2 0.6 200 2 0
4 2 0.6 200 2 0

5 JRUE R R TE B A [l £ B A 4TI TE 5

Table 5 Weld surface appearance and cross—sectional morphology

Position Appearance

Upper weld

Back weld

Cross—sectional morphology
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Table 6 Parameters of laser—MIG hybrid welding when a=20°

Welding pass ~ Laser power /kW  Welding speed /(m/min) Current /A Wire laser distance / mm Defocusing amount / mm

1 2 0.72 200 2 0
2 2 0.6 200 2 0
3 2 0.6 200 2 0

F T ARGE T N BOA () 437 L B4 AR T T

Table 7 Weld surface appearance and cross—sectional morphology

Position Appearance

Upper weld

Back weld = e

Cross—sectional morphology
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Fig.3 Optimized schematic diagram of groove (unit: mm)
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Table 8 Parameters of bottom autogenous laser welding

Laser power /kW Welding speed /(m/min) Defocusing amount /mm
7.5 1.0 -5
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Table 9 Parameters of 20 mm thick 16MnDR steel welding

Welding pass  Laser power /kW ~ Welding speed /(m/min) Current /A Wire laser distance /mm  Defocusing amount /mm

1 2.0 1.2 320 2 0

2 2.0 1.2 320 2 0

3 2.0 1.0 320 2 0
TR T A5 I A R 13 20 2 U ZoR AR 4% (H R TE R el #e b & 3, fiﬁﬁj\iﬁﬁf%’*#‘ i
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Fig.4 Cracks of the first laser—MIG hybrid weld
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Table 10 Parameters of laser—MIG hybrid welding and weld appearance

Welding pass Parameters of laser—MIG hybrid welding and weld profiles
P=2.0 kW, Vy=1.2 m/min, /=287 A,LL.

Parameter
D1, =2 mm Af=-2 mm
1 3
Appearance
P=2.0 kW, V4=1.0 m/min, /=320 A,LL.
Parameter
Dix=2 mm \Af=—2 mm
2
Appearance
P=2.0 kW, V4=1.0 m/min, /=320 A,LL.
Parameter
Di,=2 mm \Af=—2 mm
3
Appearance

BWOL HIEITIRE T 2280 2R IR 11 /s 19 T2 280, 7T LASE K 20 mm J&8 16 MnDR #J4i 1)

Xﬂﬁ, b WL P 5 T 75 1) A A AT R ORI A PN S AL T B R I L Wl U R
F 11 20 mm 5 16MnDR #2225
Table 11 Parameters of 20 mm 16MnDR steel welding

Welding pass  Laser power / kW~ Welding speed /(m/min) Current /A Wire laser distance / mm  Defocusing amount / mm
1 7.5 1.0 - - -5
2 2.0 1.2 287 2 0
3 2.0 1.0 320 2 0
4 2.0 1.0 320 2 0
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Fig.5 Weld profile of cross section
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Table 12 Parameters of 20 mm 16Mn steel submerged arc welding

Welding Pass Current /A Voltage /V Welding speed /(cm+min™")
1
) 220~260 24~28 35~55
3
4 240~280 26~30 30~45

A3 B OG- TR A AR DA A G oI A 2k Rl e T AR B, A% G SRR A ST 24 28 BE o0 39.94 kJ/em , T 4
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HL B0 A D A G AL S F A 328 P 0 %) T ] LA % B, AL ST 35 1) S 347 B 1) g 205.3 s, 17 0O — HL 9 A & 4
52 SRR 4 BT 15 B INE I S 80.5 s, & BIVKE T FH N 14 £ 39% , BV 38O — FlL I 421 2 08 ) 0 43 A0k 3 R BIUHR ) 255%
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Fig.6 Results of joint’s X~ray inspection
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Fig.7 Schematic diagram of tensile samples (unit: mm)
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Table 13 Results of tensile testing
Tensile strength /MP
Samples Number Fracture position - ensile strength /MPa
Single-valued Average
1-1 Weld 588.2
Joint 1-2 Base metal 583.9 586.5
1-3 Weld 587.4
2-1 Base metal 588.8
Base metal 2-2 Base metal 564.0 578.2
2-3 Base metal 581.7
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Fig.9 Schematic diagram of bending specimen (unit: mm)
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Fig.10 Bending appearance of the joint
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