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Genetic Algorithm Based Continuous-Discrete Optimization and Multi-objective
Sequential Design Method for the Gear Drive Design

Joung Sang Lee’, Tae Hyong Chong*

JL Abstract }

The integration method of binary and real encoding in genetic algorithm is proposed to deal with design variables
of various types in gear drive design. The method 1s applied to optimum design of multi-stage gear drive. Integer
and Discrete type design variables represent the number of teeth and module, and continuous type design variables
represent face width, helix angle and addendum modification factor etc. The proposed genetic algorithm is applied
for the gear ratio optimization and the volume optimization(minimization) of multi-stage geared motor which is used
in field. In result, the proposed design optimization method shows an effectiveness in optimum design process and

the new design has a better results compared with the existing design.
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Table 1 Specifications of the geared motor

Transmitted power[kW] 0.025

Input speed[rpm] 1550

Total gear ratio 120

Number of stages 5

Pressure angle[deg.] 20

AGMA quality number 11

Gear material Steel

Heat treatment Caburized &
Case hardened

Surface Hardness|[HRC] 55

Allowable contact stress [MPa] | 1250

Allowable bending stress[MPa] | 386.7

Fig. 3 Assembly view of the gear drive of geared
motor

Table 2 Dimensions and ratings for existing geared

motor drive
1 Stage 2 Stage 3 Stage 4 Stage 5 Stage

Pinion | Gear | Pinion | Gear | Pinion | Gear | Pinion | Gear | Pinion | Gear

Normal module 0.8 08 10 15 15
Number of teh | 10 [ 30| 12 [ 36| 12 [2] 10 [ 24| 12 [ 2

Gear ratio 3.00 3.00 267 240 208

Total gear ratio 120

Pitch diametermm] | 80 | 240] 96 | 288] 120 [ 320] 150 [ 360] 150 | 375

Effective Face width

70 70 7.0 80 130
[mm]

volume[mm’] 59750

Allowable bending
stress[MPa]

386.7 386.7 386.7 386.7 386.7

Bending stress[MPa]} 36.23 | 24.19( 7438 | 53.90 134.53 | 99.30 181.52 | 126.99 190.55 | 147.51

Allowable contact

12398
stress[MPa]

1318.5 1239.8 [ 1318.5 1239.8 [ 1309.8 1239.8 [ 1302.1 1239.8 | 1291.9

Contact stressiMPa] 666.11 838.52 1134.1 1502.7 1367.8
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Table 3 Design variables of geared motor
Ist 2nd 3th 4th Sth
stage | stage | stage | stage | stage
discrete(m) m my ms ™y ms
integer(z1) Zisl | Zio | Zis | Ziss | Ziss
integer(z2) 2251 22 | Za3 | Zosa | Zass
continuous(b/ d) bi/d, byfds | by/ds | balds | bslds
Table 4 The range of design variables
Pinion Gear

Number of teeth 10 ~ 50 10 ~ 500

030405060811251523

Normal module | "5 1615 16 20 25 32 40 50

Aspect ratio 02~ 12
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Table S Optimum design for dimensions and ratings for
geared metor drive

1 Stage 2 Stage 3 Stage 4 Stage 5 Stage
Pinion | Gear | Pinion | Gear | Pinion | Gear | Pinion l Gear | Pinion ‘ Gear
Normal module 06 06 06 1 125
Number of teeth | 28 | 97 | 16 | 50| 28 | 64 | 20 | 45| 20 | a3
Gear ratio 346 313 229 225 215
Total gear ratio 1197
Pitch diameter{mm] | 16.80 I 58.20| 9.60 I 300 | 16.80 |34.40 20,00 [45.00 25.00 }53475
Aspect ratio 0.20 033 020 022 026
Face width[mm] 3.36 313 336 447 657
volume[mm®] 55287
A“"sv[:::'zx:]‘ﬁ“g 386.7 386.7 386.7 386.7 386.7
Bending stress{MPa]( 2731 | 24.28] 21187 | 16831} 271.02 | 24620 251.96 | 217.90 235.18 | 204.41
A“‘S’;':::E"Mf;m 1239.8 |1329.2] 12308 | 1321.9 1239.8 | 1298.6 1239.8 | 12074 1239.8 | 1294.1
Contact stress{MPa] |  339.14 121400 111030 1230.70 1194.10
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