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Numerical simulation and of gas turbine nozzle baffle manufacturing by
hydroforming method
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Article Information Abstract
Original Research Paper In recent years, the hydroforming process for manufacturing complex parts such as combustion chamber and
Received: 25 February 2023 gas turbine nozzle baffle, in which the forming process of materials, especially super alloy sheets, has a key
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role, has attracted the attention of power plant industries. Also, this process is used as a supplementary and
Accepted: 13 April 2023 ’ p p , this p pp ry

sizing process at the end of the manufacturing process to increase the dimensional accuracy of the assembled

component. In this research, the hydroforming process of AISI304 stainless steel tube for manufacturing of

g;ﬁ::;:f;{mg gas turbine nozzle baffle has been investigated. Before conducting the experimental tests and for a more

Numerical Simulation accurate evaluation, the hydroforming process of the pipe was simulated in three stages: pre-forming the pipe,

AISI304 heat treatment of the pre-formed pipe and finally performing the hydroforming process in the final form, and

Turbine Nozzle Baffle in this regard, a numerical model was created. Finite element simulation was developed in Abaqus
commercial code environment. In the following, the simulation results were compared with the laboratory
results and a good agreement was observed between them. Also, the best form change mode to achieve the
final form of the baffle is hydroforming the annealed preform tube at 100 bar oil pressure.
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Fig. 2 Sample produced by pipe hydroforming method and process

parameters [1]
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Fig. 1 Pipe hydroforming production cycle [1]
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Table 1 Dimensions of the primary pipe used in this research
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Table 2 Mechanical properties and work hardening coefficients of
Swift AISI304 sheet in different directions at ambient temperature

Swift hardening parameters
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Table 3 Work hardening coefficients of Hills in different directions at
ambient temperature
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Fig. 9 Critical location of the final mold
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Fig. 10 Geometry of the final preform
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Table 4 Design of Experiments (DOE)
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Fig. 18 Preformed pipes of AISI304 stainless steel material
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Fig. 19 Preformed pipe in prermmold
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Fig. 20 Final hydroforming pipe at 200 bar oil pressure
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Fig. 16 Upper die and lower die of final hydroforming
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Fig. 17 Axial feeding device
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Fig. 22 Sample of baffles produced by hydroforming method
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Fig. 21 Optical analysis of the final hydroforming pipe (white color)
via the base model (blue color)
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Fig. 24 Sample of baffles produced by hydroforming method
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Fig. 23 Comparing the optics of the production baffle with 150 bar
(white color) oil pressure via the base sample (blue color) a) a-a
section, b) b-b section and ¢) c-¢ section
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Fig. 26 Sample of baffles produced by hydroforming method a)
Pressure side, b) Suction side
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Fig. 27 Microstructure of AISI304 pipe in 200x magnification
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Fig. 25 Comparing the optics of the production baffle with 100 bar oil
pressure (white color) via the base sample (blue color) a) a-a section,
b) b-b section and c) c-c¢ section
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Table 6 Result measuring the thickness of baffles produced at 100 bar
oil pressure at different times
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Fig. 30 Dimensional comparison of experimental preformed pipe
(white color) via simulation results (red color)
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Fig. 31 Dimensional comparison of the experimental final baffle
(white color) via the results of the final hydroforming simulation (blue
color)
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Fig. 28 Microstructure of hydroforming baffle made of AISI304 pipe
in 200x magnification
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Fig. 29 Pressure conditions and axial feeding of preformed pipe in
experimental test
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