Journal of the Korean Society of Manufacturing

Technology Engineers 34:4 (2025) 251~258

https://doi.org/10.7735/ksmte.2025.34.4.251

J. Korean Soc. Manuf. Technol. Eng.
ISSN 2508-5107(Online)

fm Check for updates

—_ I o o = = = =| A~ X —
52 HEY 7/0] WAREE Bl REesdA VU 2WI x4 2N
AR, MR, QML w4, Zuiy|e
FEA Based Optimization of Blank Dimension for Hirth Coupling
Gear Semi-Open Die Forging Process
Yoonseong Kim®, Yujin Chae®, Seongsik Lim®, Jinsoo Park®, Minki Kim*"
 Flexible Manufacturing R&D Department, Korea Institute of Industrial Technology
b Department of Mechanical Engineering, Inha University

ARTICLE INFO ABSTRACT

Article history: This study aims to optimize the semi-open-die forging process of Hirth coupling

Recgved 21 May 2025 gears by analyzing the influence of initial material dimensions. Due to the gear’s

Revised 25 June 2025 complex radial tooth geometry, challenges such as material overflow, surface

Accepted 27  June 2025 ) p . g : 1y g : . ) ’
irregularities, and localized deformation hinder dimensional accuracy. A
parametric study was conducted on the initial inner diameter of the workpiece,
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held constant. Evaluation criteria included flash volume,
geometric profile deviations based on ISO 1101 tolerance

standards. Results show that selecting an optimal inner diameter minimizes flash
volume while preserving profile accuracy. Under optimized conditions, the final
geometry exhibited a maximum deviation within 0.05 mm, meeting industrial
tolerance requirements. These findings offer practical guidance for forging

precision components, contributing to reduced material waste and improved

process efficiency.
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Fig. 1 Fitted curve for hardening behavior of SPHC material
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Fig. 2 Cross-sectional and detailed views of the forging assembly
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Fig. 3 (a) Application of rotational symmetry and boundary conditions
for 12° segment modeling, (b) 180° lower die and pad geometry

with 12° segment blank configuration
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Fig. 4 Comparison of mesh configuration for before and after
forging process
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Fig. 5 (a) FEA result for material inner diameter of 39.5 mm,
(b) upper and lower boundaries of material inner diameter
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Fig. 6 FEA results according to material inner diameter
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Fig. 7 (a) Identification of flash volume, (b) quantified flash
volume according to material inner diameter
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Fig. 8 (a) Identification of reaction force, (b) quantified reaction
force according to material inner diameter
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Table 3 Profile deviation by varying material diameter

Qpterir mm] | 39,0 | 39.5 | 40.0 | 405 | 41.0 | 415
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Qowergie mm] | 0,000 | 0.000 | 0.001 | 0.103 | 0.505 | 1.258
Qyowerdie.max. [MM]| 0,000 | 0.000 | 0.001 | 0.040 | 0.077 | 0.105
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Table 4 Coefficients of the

4™ order polynomial fitting curve
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