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Fig.1 Schematic diagram of multi-degree-of-freedom near-net

shape forming principle for aviation spur gear
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Fig.2 Finite element model for multi-degree-of-freedom near-net

shape forming of aviation spur gear
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Tab.1 Chemical composition of AISI-9310 steel

JLER Tt 535U % JLHR Bt 380 %

C 0.12 Mo 0.11

Si 0.25 P 0. 0052
Mn 0.6 S 0. 000 16
Ni 3.4 Cu 0.036

Cr 111 Fe A
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Tab.2 Chemical composition of AISI-H13 steel

JLE e 34 % JLE o1t 53K %
C 0. 440 Y% 1.010
Si 0.910 P 0.015
Mn 0.361 S 0. 006
Ni 0.127 Cu 0. 054
Cr 4.670 Al 0.015
Mo 1.250 Fe FN

K3 BERTHEZEBIETIZSY

Tab.3 Simulation parameters of the finite element model

G EE= HifH
R AR/ (0) 2
R A 438/ (rad/s) 8n
TS 0 465 2/ (mm/s ) 5
JEHES R B RE R
PEAEH T 0.3
FMEHY(kW-m?K") 11
] 2 4 0. 005
R RIAR S 150 000
AR5 /NP RT H 3
RARHANAE S AR AL R AR ST L 0.5
e 1 1 80 000
LA o A 150 000
ok Tk LN
AR Wik
WRH IR LS 1100 °C
R 300 °C
R 20 °C
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Fig.3 Schematic diagrams of billet geometries
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Fig. 4 Schematic diagram of the influence of different billet schemes

on tooth profile filling
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Fig.5 Effect of billet taper angle on maximum forming force
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Fig. 6 Tooth profile filling process in multi-degree-of-freedom form-

ing of aviation spur gear
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Fig. 7 Effective strain distribution and evolution in multi-

degree-of-freedom forming
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Fig. 8 Effective strain distribution curves in tooth profile zone of

aviation spur gear
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Fig. 9 Evolution of metal flow lines in tooth profile zone
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Fig. 10 Multi-degree-of-freedom forming equipment
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Fig. 11 Experimental and simulated specimens of aviation spur gear
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experimental specimen and die cavity
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Study on multi-degree-of-freedom near-net shape forming method for
aviation spur gears
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Technology, Wuhan 430070, China)
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Abstract: [Objective] Addressing the requirements for high-quality and efficient manufacturing of aviation spur gears, and
targeting issues such as incomplete tooth profile filling and excessive forming loads encountered in traditional single-degree-of-
freedom forming methods like die forging and extrusion, this study innovatively proposes a multi-degree-of-freedom forming
approach for aviation spur gears. This method enhances material flow capacity and reduces forming loads through continuous
local loading via a multi-degree-of-freedom rolling die. Simultaneously, it refines the grain structure of the gear and generates
continuously distributed metallic flow lines along the tooth profile, thereby improving the gear's strength and fatigue life. This
provides a new technological pathway for manufacturing high-strength, high-toughness, and long-life aviation spur gears.
[Methods] Finite element simulation technology was first employed to investigate the influence of preform geometry on tooth
profile filling effectiveness and forming load. Based on this, an optimized preform design method was proposed. The
mechanisms of tooth profile filling, Effective strain distribution and evolution, and metallic flow lines evolution during the
forming process were further revealed. Subsequently, a Multi-Degree-of-Freedom Near-Net Shape Forming experiment was
conducted based on simulation results. Grain size and metallic flow lines of the test specimens were characterized to validate the
finite element model and simulation results. [Results] The results demonstrate that: Frustum-shaped preforms significantly
improve tooth profile filling completeness and reduce forming load, enabling the production of fully-filled aviation spur gears.
The Multi-Degree-of-Freedom forming method introduces severe plastic deformation into the tooth profile zone, effectively
refining grain size and generating continuously distributed metallic flow lines along the tooth contour. Multi-Degree-of-Freedom
Near-Net Shape Forming technology achieves high-performance manufacturing of aviation spur gears.

Key words: Aviation spur gear; Multi-degree-of-freedom near-net shape forming; Law of plastic forming; High-

performance manufacturing; Forming process design (3. x| 2iF)



