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Optimization of Gear Webs for Rotorcraft Engine Reduction Gear Train
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ABSTRACT

This paper presents an optimization of gear web design used in a main gear train of an
engine reduction gearbox for a rotorcraft. The optimization involves the minimization of a total
weight, transmission error, misalignment, and face load distribution factor. In particular, three
design variables such as a gear web thickness, location of rim-web connection, and location of
shaft-web connection were set as design parameters. In the optimization process, web, rim and
shaft of gears were converted from the 3D CAD geometry model to the finite element model,
and then provided as input to the gear simulation program, MASTA. Lastly, NSGA-II
optimization method was used to find the best combination of design parameters. As a result
of the optimization, the total weight, transmission error, misalignment, face load distribution
factor were all reduced, and the maximum stress was also shown to be a safe level, confirming
that the overall gear performance was improved.
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Table 1.
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Properties of AISI 9310 Aerospace Steel

Property Value Unit

Density 7800 kg/m?®

Modulus of Elasticity 207 GPa

Poisson’s Ratio 0.29

Tensile Yield Strength 850 MPa

1200 MPa

Ultimate Tensile Strength

S0=0 v

(1) Pair 1 Idle %-‘_

(# Pair 1 Wheel

(3 Pair 2 Wheel

Fig. 1. Main Gear Train of Rotorcraft
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Table 2. Design Parameter Information

Parameter Dimension Range
Gear Description Min. Limit Max. Limit
CFz)lrr?n_(;th(iefn 0 mm 36 mm
Pair 1
Idle Shaft-Web
Gear Connection 14.5 mm 50.5 mm
Web Thickness 5 mm 15 mm
Comecton | 0™ |85 mm
Pair 1
Wheel Shaft-Web
Gear Connection 205 mm 95.5 mm
Web Thickness 5 mm 15 mm
Conneoton | Omm | 43 mm
Pair 2
Wheel Shaft-Web
Gear Connection 235 mm 66.5 mm
Web Thickness 5 mm 15 mm
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Table 3. Substructure Information
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Fig. 4. FE Mesh, Interface Node and Other
Substructure of Pair 1 Wheel Gear
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z, : Total Weight, kg

x, : Pair 1 Idle Gear Transmission Error, pm
xy: Pair 1 Idle Gear Misalignment, um

x,: Pair 1 Idle Gear Face Load Factor

xy: Pair 1 Wheel Gear Transmission Error, pm
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xg : Pair 2 Wheel Gear Transmission Error, pm
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