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Dissimilar Metals Combination of Superalloy/Stainless Steel in

T-Shape by Laser Penetration Welding
Feng Weiqi Zhang Yunfeng Tao Wang Li Liqun
(State Key Laboratory of Advanced Welding and Joining , Harbin Institute of Technology ,
Harbin , Heilongjiang 150001, China)

Abstract GH3128 and 06Cr19Nil0 which are mainly used in water wall of flight vehicle engine are joined together
by laser penetration welding. The relationships between welding parameters and welding appearance and cracks are
mainly researched. The reason of weld cracks is analyzed. A appropriate welding craft is summarized. The following
conclusions are obtained. The continuous laser welding is better than pulse laser welding in terms of welding
appearance and welding process stability. If the gap between the two metals is too big, the surface of the welding
seam will collapse. The GH3128 plate may crack if the laser power is too high, or if the laser beam deviate from the
centre. The welded specimen which contains 41 weld seams preform well at the hydrostatic test (10 MPa, 5 min).
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Fig. 1 Microstructure of base metal. (a) Microstructure of GH3128; (b) microstructure of 06Cr19Nil0
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Table 1 Chemical composition of 06Cr19Nil0 (mass fraction, %)

Fe Cr Ni Mn Si N C P S
Bal. 18.00~20. 00 8.00~11. 00 2.00 1. 00 0.10~0.16 0.08 0. 045 0. 030
F 2 GH3128 b2 s (R 43450 70
Table 2 Chemical composition of GH3128 (mass fraction, %)

Ni Cr W Mo Al Ti Fe B Zr Ce

Bal. 19.0~22.0 7.5~9.0 7.5~9.0 0.4~0.8 0.4~0.8 1.0 0. 005 0. 04 0.05

IR BESER S RN 2 R, 7 GH3128 TVFZ 4% R BOG o0 5 1R 1 1 3 A5 1K B /i
BG4 SR, TR 06Cr1oNil0 NGB Ik, % k. BORMIGAEFRM L WK OB A L EAERT
MR 0.8 mm, FEAR B J5E X 38, 20 mm, 78RR F T 0.5 mm, 55 A ZE G R KRR 10 MPa,
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Fig. 2 Welded structure of water wall. (a) Cross section of water wall; (b) appearance of water wall

1003003-2



Kz A

P A B/ AW AR T RSOt S B R T LT

F5 5 min Jot . EFXF 45 R B TR 2F,
B 3 s . FEARIR KR R T 2150 mm X 150 mm X

20 mm, 3k 41 M. A EE 14 mm, 5% F

1.4 mm, AHERAH 45 A1 BE 2. 4 mm, 34K B T 7 /K E
WIS HE K 5 3 A R S8 150 mm X 150 mm X

0.8 mm,

B3 BRI, (2) 06CrI9Ni10 344 ; (b)) GH3128 i
Fig. 3 Specimens for welding. (a) 06Cr19Nil0 base board; (b) GH3128 cover plate
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Fig. 4 Weld appearances of (a) continuous laser welding and (b) pulse laser welding
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Fig. 5 Cross sections of (a) continuous laser welding and (b) pulse laser welding
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Fig. 6 Penetration depth and weld width. (a) Relationship between penetration depth and welding speed;

(b) relationship between weld width and welding speed

—=— 800 W
—o— 1000 W
—a— 1400 W

Welding speed /(m/min)

P 7 245 T B L AR AL L
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Fig. 8 Crack in GH3128 superalloy. (a) Crack in welding seam; (b) crack in heat affected zone
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Fig. 9 Crack in welding seam. (a) Metallograph of crack; (b) fracture surface of crack
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Fig. 10 Crack in heat affected zone. (a) Metallograph of crack; (b) fracture surface of crack
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Fig. 12 Result of line scanning of liquefied grain boundary
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