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Table 1 Chemical composition of GH4169 and Inconel718

powders
Mass fraction/%
Alloy
C Mo Ni Fe
GH4169 0.046 2.92 51.96 Bal.
Inconel718 0.03 3.17 53 Bal.
Mass fraction/%
Alloy
Cr Al Ti Nb
GH4169 18.16 0.48 1.04 5.02
Inconel718 19.2 0.54 0.65 5.16
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Fig. 1 Schematic diagram of non-through groove damage(a)
and laser deposition repair specimen base on preheating

substrate(b)
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Fig. 2 Schematic diagram of sketch of tensile testing

specimen (Unit: mm)
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Table 2 Specimen number of laser deposition repair GH4169

alloy
T subsmesste L e
1 No preheating 2.0 1.0
2 Preheating to 300 C 2.0 1.0
3 No preheating 2.5 0.5
4 Preheating to 300 C 2.5 0.5
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Table 3 Residual stress of repair specimen

Specimen o,/ o,/ Specimen o,/ o,/
No. MPa MPa No. MPa MPa
1-1 -343 =301 2-1 -267 -87
1-2 =313 262 2-2 -282 -147
1-3 -370 271 2-3 -350 -188
3-1 -253 -127 4-1 -219 -83
3-2 -319 218 4-2 —274 -135
3-3 =315 -162 4-3 -297 =75

350 + v o,
Y o,
300
£
Z 250
§ 200 |
ERE:
S
~ 100 |
50
0
1 2 3 4

Specimen No.
B3 BEEWFRERN I ETE

Fig. 3 Histogram of residual stress of repair specimens
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4 GH4169 & 418 S 1 2 fl A 2
Fig. 4 Microstructures of GH4169 alloy repaired specimen: (a) OM photo of specimen 1; (b) OM photo of specimen 3; (c) OM
photo of specimen 2; (d) OM photo of specimen 4

5 GH4169 < E S FH SEM {4
Fig.5 SEM images of GH4169 alloy repaired specimen: (a) Specimen 1; (b) Specimen 3; (c) Specimen; 2 (d) Specimen 4
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Fig. 6 Photos of tensile specimen
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Table 4 Room temperature tensile testing results of laser

deposition repair GH4169

Specimen o)/ o/ Specimen oy o/
No. MPa % No. MPa %
1-1 888 8.0 2-1 891 11.1
1-2 906 7.2 2-2 849 11.7
1-3 892 7.2 2-3 825 13.3
3-1 956 6.7 4-1 833 11.7
3-2 943 8.2 4-2 885 13.3
3-3 905 8.3 4-3 851 13.3
Casting standard(Q/5B 453—1995) 825 5.0

Wrought standard(Q/3B 548—1996) 1340 12.0

(Q/3B 548-1996) /K °F- o A by 3& & Tl #% 300 °C ¥
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Residual stress and tensile property of laser deposition repair
GH4169 alloy surface damage with preheating

BIAN Hong-you', DONG Wen-qi', QU Shen’, YANG Guang', QIN Lan-yun', WANG Wei'

(1. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China;
2. Welding Laboratory, Shenyang Liming Aero-Engine (Group) Corporation LTD, Shenyang 110043, China)

Abstract: Combining with the repairing demand of GH4169 alloy surface damage, the effect of substrate preheating
process on the residual stress, microstructure and tensile property of laser deposition repair (LDR) GH4169 alloy
specimen with different substrate thickness were investigated. The results show that, in contrast to repaired specimen
without preheating, laser deposition repair GH4169 alloy after the substrate is preheated to 300 C, both ¢, and o, of
residual stress are reduced obviously. The Laves phase of the interdendritic in deposition becomes thick, and it presents a
granular fragmentation phenomenon. The tensile strength is reduced slightly, but the elongation rate increases above
60%.These indicate that the standard of forging is reached. With the bigger substrate thickness and the smaller deposition
thickness, the residual stress and Laves phase of the interdendritic of repaired specimen are decreased, the tensile strength
and elongation are improved slightly.

Key words: GH4169 alloy; laser deposition repair; preheat; residual stress; microstructure; tensile property
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