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Abstract The material used in flame tube in an engine is mainly GH99 superalloy. The traditional welding method is
resistance spot welding (RSW). In order to improve welding efficiency, reduce machining procedure and weld defect.,
comparative study of ring-form and C-form laser welding is carried out. The feasihility of laser welding replacing RSW is
revealed from weld appearance, microstructure and mechanical properties. In addition, the residual stress and deformation of
local and whole component after welding is analyzed by using finite element method (FEMD. The results indicate that good
appearances are obtained both using ring-form and C-form welding methods, and their tensile-shear strengths are 15.4 % and
22.1% higher than that of RSW, respectively. FEM calculation results show that C-form welding can lead to smaller residual
stress and deformation compared to ring-form.
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Table 1 Chemical compositions of GH99 superalloy (mass fraction, %)

C Cr Ni w Mo Co Al Ti
<0.08 17.0~20.0 Bal. 5.00~7.00  3.50~4.50 5~8 1.70~2. 40 1.00~1. 50

Fe Mn Si S P B Ce Mg
<2.0 <0. 40 <0. 50 <0.015 <0.015 <0. 005 <0.02 <0.01
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Fig.1 Flame tube model and welding area distribution
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Fig. 2 Schematic of (a) ring-weld and (b) C-weld
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Fig. 3 Mesh scheme of component. (a) Whole cylinder; (b) local cylinder; (¢) ring weld; (d) C weld
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Fig. 4 Schematic of laser heat source model
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Fig. 5 Physical parameters. (a) Young modulus; (b) thermal conductivity; (c¢) thermal expansion;

(d) specific heat; (e) yield strength
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Fig. 6 (a) Clamp condition and (b) boundary condition
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Fig. 7 Typical surfaces and cross sections of ring-weld

and C-weld. (a) Surfaces of ring-weld; (b) cross

K 8 MEOLHIE M CIEIREEEMALIEH. section of ring-weld; (c¢) surfaces of C-weld; (d)
AT LLE B, R OB IR s AR H 5T L AR g cross section of C-weld

0803002-4



XFEHS . GHI9 mill & &M C I BOL R X L5

B RIR i A 32 A A R R Y T 1) E
1o Wi Z 1803 J0 ) 40 22 1 AR e R i XA B

i AR AL BL AR Ul B OE AR 12 i IR AGE TP o 35 4K

o)

ST T 25 A B B M B S0 ) R R B
20, 8(e) M (d) frn ., JCHrFE ARk H AW K
L VERESR AL T J AR IE .

K8 HIEM CIRBOLRERMALIES ., () HIBRLE; (b CIBIEEE; (o HEHEAHAL; (D CIRBHMAAR

Fig. 8 Microstructure morphologies of ring-weld and C-weld. (a) Ring-weld seam; (b) C-weld seam;

(¢) microstructure in faying surface of ring-weld; (d) microstructure in faying surface of C-weld
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Fig. 9 Tensile-shear force of ring-weld and C-weld
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Table 2 Mechamical test results of C-weld under various parameters

No. Laser power/kW Welding speed /(m/min) Force/kN Fracture location
1 1.5 0.9 16.1 Weld
2 1.5 1.2 16.0 Weld
3 1.5 1.5 15.8 Weld
4 1.5 1.8 15. 4 Faying surface
5 1.5 2.1 15.3 Faying surface
6 0.9 1.8 13.9 Faying surface
7 1.2 1.8 16. 2 Weld
8 1.8 1.8 15.8 Weld
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Fig. 10 Comparison between calculated and experimental

results of weld cross sections. (a) Ring-weld; (b) C-weld
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Fig. 11 Residual stress distribution after ring-form and C-form laser welding. (a) Spot I or II in ring-weld;

(b) spot III in ring-weld; (c¢) spot I or II in C-weld; (d) spot III in C-weld
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Fig. 12 Local deformation distribution after ring-form and C-form laser welding. (a) Spot I or II in ring-weld;

(b) spot III in ring-weld; (c¢) spot I or II in C-weld; (d) spot III in C-weld
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