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Process of TLP welding of stainless steel injector

in orbit-control engine
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Abstract: In order to develop the injector for the new orbit-control engine, the process of TLP weld-
ing of the stainless steel ring groove multilayer board was studied. With the increase of welding tempera-
ture and holding time, the diffusion of elements gradually deepens. When the diffusion is incomplete, the
weld is composed of the solid solution in the edge and the compound in the middle. When the diffusion is
complete , the weld is entirely composed of the solid solution. The Ni, Si and B gradually decrease, while
the Fe gradually increases in the weld. The diffusion rate of Ni, Fe and B is faster, while the rate of Si is
slower. The content of Si and B determines the structure, and the content of Ni affects the tensile proper-
ties. The tensile properties increase with the degree of diffusion, and the performance of the best joint can
reach 101% of the base material. The fracture morphology changed from intergranular complete brittle

fracture to partial plastic fracture of small tough dimples, and finally showed complete plastic fracture of
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larger tough dimples. For the B-Ni2 intermediate layer with a thickness of 40 wm, the optimal welding
temperature , holding time and loading pressure are 1 050 ~1 075 C, 2 h and 0. 01 ~0. 02 MPa, respec-
tively. The best parameters have been successfully applied to simulation parts and products, and a new
welded orbit-control engine has passed the test.

Keywords: injector; TLP welding; process; Nickel-base solder; intermediate layer
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Fig. 1 Structural diagram of the injector

experiment piece
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Tab.1 Main chemical composition of 1Cr18Ni9Ti BAA %
L= Fe C Cr Ni Ti Si Mn HAth
H. g1 Sl <015 17.0~19.0 8.0~11.0 0.6 ~0.8 <1.0 <2.0 <0.1
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Tab.2 Main chemical composition of solder

AT %

JZE Ni Cr Si B Fe HAth
e 4 6.0~8.04.0~502.7~3.52.5~3.5 <0.6
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Fig. 2 Microstructure of diffusion brazed joints at

different welding temperatures
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Fig.3 Linar scanner of elements in diffusion brazed

joints at different welding temperatures
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Fig. 4 Microstructure of diffusion brazed joints at

different holding time
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Fig. 5 Sample location of elemental energy

spectrum analysis
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Tab.3 Elemental energy spectrum analysis results of

diffusion brazed joints of 0.5 h

e Ni Cr Si Fe Ti
1 72.00  9.79 5.60  12.60 -
2 71.25  9.71 5.65  13.39 -
3 58.34  9.76 3.07  28.83 -
4 42.14  10.51  2.11  45.24 -
5 1277 13.14  0.68  73.41 -
6 14.03  13.39  0.79  70.29  0.50
7 9.62  18.83  0.66  68.95  0.65
8 10.65 17.06  0.67  71.07  0.55
9 10.88  17.52 - 69.39  0.70
10 9.93  18.72 - 68.99  1.11
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Tab. 4 Elemental energy spectrum analysis results of

diffusion brazed joints of 1 h

&R Ni Cr St Fe Ti

[

65. 94 10. 36 5.10 18. 60 -

2 64.17 10. 19 4.98 18. 81 -
3 52.62 11.38 3.41 32.59 -
4 48.71 12. 65 2.96 35. 68 -
5 17.15 20. 67 0.91 61.27 -
6 13.77 18.59 0.87 65.49 -
7 10. 20 20.43 0.72 66. 56 0. 65
8 9.40 19. 06 - 69. 19 0.53
9 10. 57 18.26 - 68. 17 0. 63
10 9.56 19. 12 - 68. 64 0. 63
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Tab.5 Elemental energy spectrum analysis results of

diffusion brazed joints of 2 h

PSR Ni Cr Si Fe Ti
1 63. 89 10. 51 4.26 21.34 -
2 64.92 10. 13 4.12 20. 83 -
3 58.11 10. 83 3.05 28.01 -
4 48.97 12. 43 2.93 35. 67 -
5 15.07 16. 87 0.98 65. 95 -
6 13.32 16. 15 1.03 68. 14 -
7 10. 50 15.91 0. 69 71.59 -
8 9.96 16. 82 0. 80 70. 92 0.51
9 9.70 18. 58 0.63 69.32 0. 69
10 9.51 18.11 0.63 69. 63 0.76
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Fig. 6 Effect of holding time on joint tensile strength
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Fig.8 Microstructure of diffusion brazed joints at

different loading pressure
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Fig. 9 Schematic diagram of assembly and welding of

product simulation parts
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Tab. 6 Quality requirements of diffusion brazed joints
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