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Generation and Preliminary Design of Compound Multi-Stage Gear Drive Mechanisms

Tae-Hyong Chong*, Jang-Soo Kim', Seung-Hyun Park™

lL Abstract |L

In recent years, the need for multi-stage gear drives which highly reduce output speed has been increased. However,
the design of multi-stage gear drives has been carried out by a limited number of experts. The consideration for the
direction of input and output axes also makes their design very difficult. The purpose of this study is to develop
an algorithm for automatically generating complex multi-stage gear drives and to implement a design supporting system
for multi-stage gear drives. There are 4 stages in the proposed algorithm, and major design parameters, such as the
direction of input and output axes, reduction ratio, etc. are set up in the first stage. In the second stage, all mechanisms
are genérated, and various rules are applied to select feasible mechanisms. In the third stage, the gear ratio of each
stage is divided from total gear ratio. Next, the specifications of gears for feasible mechanisms are calculated and
their bending strength and surface durability are estimated. In the forth stage, appraised indexes are calculated and
provided to support the estimation of the generated gear drives.
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Fig. 2 Generation and preliminary design algorithm of compound multi-stage drive mechanisms
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gear type
: Spur | Helical | Bevel | worm
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O L | ow | ) | ow)
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Table 2 Input data for gear drive to be designed

Type of gear |Spur gear| Bevel [ worm
Factor name (Helical) | gear | gear
Common data
Transmitted power(kW) 0.75
Input speed(rpm) 1800
Total gear ratio 120
Output shaft direction Perpendicular
Maximum number of stages 5
Error tolerance of total gear 1
ratio(%)
Input data for designing gear
K-factor(MPa) 1.38 0.77
Aspect ratio 1.0
Pressure angle(degree) 20 20 20
Helixangle(degree) 20)
Shaft angle(degree) 90
Center distance(mm) 45
Diameter factor 12
Input data for rating
Application factor 1.3 1.3
Rim thickness factor 1.0
AGMA quality 10 10
Material Pinion Steel | Steel | Steel
Gear Steel | Steel |Bronze
Pinion Caburized & case’
Heat treatment hardened
Gear Caburized & Chi.ll-
case hardened | casting
Elastic coefficient(MPa0.5) 191 191
Surface finish factor 1.0 1.0
Cutter radius factor 1.0
Crowning factor 1.0
Mounting factor 1.5
Service factor 1.0
Operation condition
Number of load cycles 1.56e9
Temperature(C) 80
Reliability(%) 99.0
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Table 3 The list of generated mechanisms

No 1 2 3 4 5 Volume(mm’) | Efficiency(%) | Cost(none)
Structure H B
1 Module 0.8 1.5 4 3.049¢6 94.2 0.330
Gear ratio | 5.83 4.72 4.36
Structure \ S
2 Module 1.25 3 4.134¢6 73.5 0.278
Gear ratio 25 4.8
Structure S S S S B
3 Module 1 2 4 5 16 1.119¢7 924 1.0
Gear ratio | 5.79 495 3.39 1.24 1.0
note S : spur, H-helical, B : bevel, W : worm
Table 4 Dimensional specifications and strength rating result of the gear drive
1 2 3
Stage
Pinion Gear Pinion Gear Pinion Gear
Normal module(mm) 08 1.5 4
Number of teeth 23 134 25 118 22 119
Gear ratio 582 4.72 4.36
Total gear ratio 120
Pitch diameter(mm) 19.58 114.08 375 177.0 88.0 384.0
Face width(mm) 19.58 19.58 37.5 375 59.09 59.09
, Strength and durability rating result
Bending stress(MPa) 166.9 l 161.1 146.6 124.7 824 100.2
Modified Allowable bending stress(MPa) 353.5 3535 3535
Contact stress(MPa) 529.0 770.28 536.7
Modified Allowable contact stress(MPa) 1113.0 1113.0 1113.0
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Fig. 3 Mechanism H-S-B(helical-spur-bevel) in three
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