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Optimum Design of Multi-Stage Gear Drive Using Genetic Algorithm
Mixed Binary and Real Encoding

*
Tae Hyong Chong , Hyun Ki Hong', Joung Sang Lee™

{ 1
[ Abstract —

In this study, genetic algorithm mixed binary and real encoding is proposed to deal with design
variables of various types. And that is applied to optimum design of Multi-stage gear drive. Design of
pressure vessel which is mixed discrete and continuous variables is applied to verify reasonableness of
proposed genetic algorithm. The proposed genetic algorithm is applied for the gear ratio optimization
and the volume minimization of geared motor which is used in field. In result, it shows that the volume
has decreased about 8% compared with the existing geared motor.
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Fig. 1 Mechanism of GA mixed binary and real encoding
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Fig. 3 Structure of pressure vessel
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Table 1 Input parameters of genetic algorithm

MAXGEN ‘ 2000
Popsize 160

Pc (crossover
rate) 0.8 0.8

Pm (mutation
rate) 0.005 0.25
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Table 2 Comparison of result for three encoding types

x (T}) 1.125 1.125 1.125
z, (T,) 0.625 0.625 0.625
z (R) 62.72 57.685 59.3
z (L) 21.28 47.062 38.6
min. F(z) 7459 7235 7192
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Table 5 Calculated dimensional specifications and

rating result of geared motor

, R T
Stage , Pinionll Gear Pinion%Gear« Piniont3 Gear‘lk Pimon] _ Gear |  Pinion s Gear

Norma! module [mm] 0.8 (0.6) 0.8 (1.25) 1.0 (1.25) 1.5 (1.5) 1.5 (2)

Number of teeth 10 11y 3037 1211 36 (30) 12 (10) 32 25] 10 (10) 24 25) 12 (12] 25 (25

Gear ratio 3 (3.364) 3 (2.727) 267 (2.5) 24 (2.5) 2.08 (2.08)

Total gear ratio 119.96 (119.45)

Face width N 70 80 [ 70 8.0 70 5.0 30 140 ] 375

_(3.04) (3 00l @75)| @151 00| 00l (065 (1065 (168)] (. 68)

Strength and durability rating result |-

Ll

Bending stress (MPa] (1495485) (1352982) (1342)_(114d) 3o 1229) (1555 (1354) (}ggﬁ(z)) (1%'67)
Allowable bending stress [MPa] 386.7
Contact stress [MPa] 6750 (1239.2)| 8229 (1090.6) | 1079.9 (1244.5)] 1390.3 (1246.7)] 1230.5 (1243.8)
Allowable contact stress [MPa} 1250.0

Mg Uetdie, AA dAizt 28 71olZEol7] g o] A
w3 At dys] gE.

A YT fig Sok Zdh

Fig. 5 Convergence curve of minimum F(x) for geared motor
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