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Abstract The influence of welding parameters on weld appearance is investigated by experiment in narrow gap
laser metal insert gas (MIG) hybrid welding 10 mm low thermal expansion superalloy GH909. The results show that
a desirable weld can be obtained by employing a groove of 10° and the root face of 0.7 mm. A faster welding speed
would result in a narrower weld width. The defocus plays an important role in the two heat source coupling
mechanism and the better parameter to realize laser—arc synergetic effect is 1 mm in experimental conditions. An
appropriate increase in welding gap can improve the penetration. A desirable weld profile without any obvious
defects can be obtained using optimized welding parameters. Grains adjacent to the heat affected zone (HAZ) are
perpendicular to the fusion line. The columnar crystals touch and restrain each other to form a herringbone in the
weld center.
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Table 1 Chemical compositions of GH909 alloy (mass fraction, %)

Element C Si Ni Co Nb Ti Al
Mass fraction 0.010 0.42 38.41 13.08 4.76 1.41 <0.10
Element Mn Cr Cu S p B Fe
Mass fraction <0.20 <0.050 <0.10 0.004 <0.010 0.006 Balance
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Fig.1 Schematic view of laser—MIG hybrid welding
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Fig.2 Defects of laser—MIG hybrid welding of 10mm thick GH909 alloy. (a) Melting imcomplete; (b) inhomogeneous molding;
(c) welding beading
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Fig.3 Weld profile of GH909 alloy’ s hybrid welding. (a) Whole welding line; (b) section of welding line
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Fig.4 Schematic diagram of groove
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Table 2 Weld profile under different grooves

Symbol Groove's size [a /(°),d /mm] Weld profile

A (15,1)
B (8,0.5)
C (10,0.7)

R R R W], 2R (150, 1 mm) (9 R 0 RS I, 453K Br i 19 4 s BUE i 2, O PR IR AR 4% 1 T AN
TR I AR B B g 22 R DG AR T8 O (AR TN A . 2R I (8°,0.5 mm)
8 /N E RS I 5 Y LE TSI R4 A M o (ELT TR o 0 R DR A SR /NS 5 Y
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Table 3 Weld profile under different welding speeds

Symbol Groove's size [a /(°),d /mm] V. /(m/min)  Weld width /mm Weld profile
B10 (8,0.5) 0.9 7.98
c3 (10,0.7) 0.54 11.21
c4 (10,0.7) 0.72 10.17
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MR 0.6 m/min ZE 4 0.9 m/min B, AR 9 KR 4845 FE L 10.46 mm 3870 5] 7.98 mm. [F]FE R 410 Ar
SAE RS, B O R SE R (10°,0.7 mm), SOE TR P=4 kW, 32 0 1=120 A, G 221811 D=3 mm , 15 4% 6]
B2 0.3 mm B, 24 48 35 5 B 1 0.54 m/mim 3 K F 0.72 m/min B, 17 5% B9 45 5500 A0 I M 1 11.21 mm 8N 2
10.17 mm,

P UL AT D, KB ) 0 T A X B O R DR/ o KR R Y R A IO T Y A 2
V53, TRD S A PR ) R R R A St P P VRS A T AR B [ RE A R A bR R AR SR T S U T AR A
O L) 48 TR 5 /DN R T B e, AT /N b A A e R B = AR DN

L2 TR IR 2k R £ A T £ 5 S0 SIS R R AR A A 0 o S ) S I A R 2 SRR T R, )
T 3 A O B R W O AR AR B R R AR ) R, SC IR UE I L 7R A A AR 10 mm JE GHO09 I K = iR A 4 %t
BERUET, fe A A AR B B V. VB LR 0.54~0.72 m/min.

3.3 JziE) BE X IR 4E L SR A0 S M

S 24 [ BE B0 6B 0 B AR 22 35358 5 T 4 3 T 42 ke 1) 7 8 22 T 7o) BE 2, 2 ) SO0 R R SR 5 1Y
7=

TER T Ar SN R, 3 10 RSE (100, 0.7 mm), 306 T 3R P=4 kW, SR 5 fL 3t =144 A, K7 42 ol
V,=0.9 m/min , KEEE R BRA 0.3 mm B, R [E @622 (8 BE T, T A9 20 (9 JR 4 OB ik 4 fiom . Wk L&, =41
TR 0 5 325175 00 R 214, 't 24 () S T KR A3 0 TR 10 5 ) S I8 3 AR TR 2 B 5 O I /INFLAON A G L ol 24 1]
P = B R 1) ) 2 T IR PR T 3 T T P R R T A Ry SO X H S AR R L R 2 R B 5
SIAH I 1) 45 A7 B 0 52 ), % 5 OB A SC IS B2 a5 /N . MO 22 [R1BE D=4 mm B SR AE A S0 05K (R 45 3
T A7 3 22 R, T I It A A IO R 5 24 22 8] B D=1 mom B, A5 4 B9 72 W0 I e 4, AR 08 HLJG R

0903008-4



S I S
K4 RIEDC 22 [ HE R 1 4758 BB

Table 4 Weld profile under different distance between laser and wire

Symbol Dy /mm Width /mm Weld profile Weld cross section

Co6 3 9.95
Cc7 4 10.9
C8 1 10.43
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Fig.5 Weld profile under different welding gaps. (a) 0 mm; (b) 0.40 mm; (¢) 0.28 mm
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Table 5 Weld width under different welding gaps

Weld gap /mm Weld width /mm
0 11.290
0.28 11.634
0.40 10.936
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Fig.6 Microstructure maps of welding line. (a) Heat offected zone; (b) centre of welding line
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