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Development of Design System for Multi-Stage Gear Drives Using
Simulated Annealing Algorithm

Tae Hyong Chong(Hanyang Univ.), Inho Bae(Graduate School, Hanyang Univ.)

ABSTRACT

Recently, the need for designing multi-stage gear drive has been increased as the gear drives
are used more in the applications with high-speed and small volume. The design of multi-stage
gear drives includes not only dimensional design but also configuration design of various machine
elements. Until now, however, the researches on the design of gear drives are mainly focused on
the single-stage gear drives and the design practices for multi-stage gear drives, especially in
configuration design activity, mainly depend on the experiences and 'sense’ of the designer by trial
and error.

We propose a design algorithm to automate the dimension design and the configuration design
of multi-stage gear drives. The design process consists of four steps. The number of stage should
be determined in the first step. In second step, the gear ratios of each reduction stage are
determined using random search, and the ratios are basic input for the dimension design of gears,
which is performed by the exhaustive search in third step. The designs of gears are guaranteed by
the pitting resistance and bending strength rating practices by AGMA rating formulas. In
configuration design, the positions of gears are determined to minimize the volume of gearbox
using simulated annealing algorithm. The effectiveness of the algorithm is assured by the design
example of a 4-stage gear drive.

Key Words : Multi-Stage Gear Drive(thet 213443]), Gear Design(X % A7), Configuration
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Table 1 Design specifications

Transmitted power 8 (kW)
Input speed 6000 (rpm)
Total gear ratio 300
Gear type external spur
Pressure angle 20 (deg.)
Material steel
Heat treatment carburized & case hardened
Hardness 55 (HRC)
AGMA quality no. 11
Load cycles 1x10°

Table 2 Min. and max. values and the types
of the basic design parameters

min. | max. V?;}?ebsle
Gear ratios 10 9.0 continuous
Module (mm) 1.0 6.0 discrete
No. of teeth in pinion 14 25 integer
Face width (Module) 4 15 discrete
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Table 3 Design result without shaft
Stage 1 2 3 4
Module (mm) 20 120 | 30 | 50
No. of teeth in pinion 14 20 23 22
No. of teeth in gear 9% 92 85 55
Gear ratio 6.857 | 46 |3696| 25
Pitch dia. of pinion (mm)| 28.0 {40.0| 65.0 |110.0
Pitch dia. of gear (mm) {192.0/184.0! 255.0 | 275.0
face width (mm) 10.0 | 30.0 | 45.0 | 70.0
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Fig. 4 Configuration without shaft: 3D view
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Table 4 Design result with shaft : Case 1
Stage 1 2 3 4
Module (mm) 1251 20| 30 5.0
No. of teeth in pinion 19 20 23 22
No. of teeth in gear 124 | 101 84 54
Gear ratio 6.526 | 5.05 | 3.652 | 2.455
Pitch dia. of pinion (mm)|23.75]40.0 | 69.0 | 110.0
Pitch dia. of gear (mm) | 155.0 |202.0]252.0 | 270.0
face width (mm) 1875280 | 45.0 | 75.0
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Fig. 5 Configuration with shaft : 2D view
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