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Development of a Design System for Multi-Stage Gear Drives
(2nd Report: Development of a Generalized New Design Algorithm)

Tae Hyong Chong*, Inho Bae**, and Gyung-Jin Park*

ABSTRACT

The design of multi-stage gear drives is a time-consuming process because it includes more complicated problems,
which are not considered in the design of single-stage gear drives. The designer has to determine the number of
reduction stages and the gear ratios of each reduction stage. In addition, the design problems include not only
dimensional design but also configuration design of gear drive elements. There is no definite rule or principle for these
types of design problems. Thus the design practices largely depend on the sense and the experiences of the designer, and
consequently result in undesirable design solution.

A new and generalized design algorithm has been proposed to support the designer at the preliminary phase of the
design of multi-stage gear drives. The proposed design algorithm automates the design process by integrating the
dimensional design and the configuration design process. The algoﬁthm consists of four steps. In the first step, the user
determines the number of reduction stages. In the second step, gear ratios of every stage are chosen using the random
search method. The values of the basic design parameters of a gear are chosen in the third step by using the generate and
test method. Then the values of the dimensions, such as pitch diameter, outer diameter and face width, are calculated for
the configuration design in the next step. The strength and durability of each gear is guaranteed by the bending strength
and the pitting resistance rating practices by using AGMA rating formulas. In the final step, the configuration design is
carried out using simulated annealing algorithm. The positions of gears and shafts are determined to minimize the
geometrical volume (size) of a gearbox while avoiding interferences between them. These steps are carried out
iteratively until a desirable solution is acquired.

The proposed design algorithm is applied to the preliminary design of four-stage gear drives in order to validate the
availability. The design solution has considerably good results in both aspects of the dimensional and the configuration
design.
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b Face width [mm)]
d, Outer diameter of a gear [mm]
d, Pitch diameter of a gear [mm]
d, Outer diameter of a shaft [mm)]
f Objective function
m Normal module [mm)]
u Gear ratio (> 1)
z Number of teeth
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Fig. 1 Flow chart of the proposed design algorithm for multi-stage gear drives
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Table 2 Design specifications for design example

Transmitted power [kW] 8

Input speed [rpm]}| 6000
Transmission ratio 300
Gear type External spur
Pressure angle [deg.] 20
Material Steel

Heat treatment Carburized & case hardened

Hardness [HRC] 55
AGMA quality number 11
Load cycles 1x107

Table 4 Design result without considering shaft

interference
Stage 1 2 3 4

Module [mm}} 1.5 20 3.0 4.0
Gear ratio 5.5 14389) 3.7 | 3.28
Number of teeth, pinion 14 18 20 25
Number of teeth, gear 77 79 74 82
Pitch diameter, pinion  [mm]| 21.0 | 36.0 | 60.0 | 100.0
Pitch diameter, gear [mmj} 115.5 { 158.0 { 222.0 | 328.0
Face width [mm]| 18.0 | 30.0 | 45.0 | 60.0
Volume of gearbox [mm?]] 19.3x10°
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Table 3 Minimum and maximum values of the basic
design parameters and their types

Min. | Max. Types
Gear ratios 1.0 9.0 | Continuous
Module [mm]} 1.0 6.0 Discrete
Number of teeth, pinion 14 25 Integer
Face width {module]] 4 15 Discrete
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Table 5 Design result considering shaft design

Stage 1 2 3 4

Module [mm]] 1.25 | 2.0 | 25 | 4.0
Number of teeth, pinion 19 18 24 24
Number of teeth, Gear 97 74 92 88
Gear ratio 5.105| 5.05 |3.833}3.667
Pitch diameter, pinion  [mm]| 23.75| 36.0 | 60.0 | 96.0
Pitch diameter, gear [mm]|121.25] 148.0 | 230.0 | 352.0
Face width [mm][ 18.75 | 28.0 | 37.5 | 56.0
Volume of gearbox {mm’] 22.7x10°
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4. EE

2 A7ddE 9% Az 748 o A%
o) AAS S8 AL AAsh WX GAE B
Bxoz Syste HFAoz A I 2T
e dANE AT dUsE 42 dud
leatsic. 7t wel Agul HRe Yo B
Mg Agasien, 2 Axe) AL 4AE A
HNE ARANEE AHeST, E8 Az W3
HAE 98 AgolHE oYY LNAFE ol
&, Axgre) 2og Aas ¥ 5 Qe AAE
FAgozA e AAE AAAUT

B E=golA AGY gmeFe Ad A%
WA dAE wEHes fHstel AFHo A

=9
T =

198



CEL I DES T

B

ALFE3A A17HE A0z

AU MAE FAD G 2. o)A
1%1 AAG WA AL N2 1T A4
A 2AY B4 wdse AEn

S, 2€ B A%IA A o
2 488 + Yt dud 47 euese

4AE A% 29,
Se F& 47 2Ads 1
DA T A2} a
Hlgo] zuBtn s
He o]RilE AL
ARYAE S

o] &L 1997 d &=
Tu] o «16}04 AL=EUE
of A% Al E B H}Ol

mlo _Ioll

W N{)
L
ofeh
>
C
lo
i)
iy

o

k|

LAY, AT, Wds, SAA, o 233
A A A" e B8 AF Al 1 B),”
I PLF A, A 17 4, A9 E, 2000.

2. AGMA Standard 917-B97, “Design Manual for
Parallel Shaft Fine-Pitch Gearing,” American Gegr
Manufacturers Association, 1997.

3. Niemann, G., and Winter, H.,
Band I (In German), 1989.

c Az, TIAEA BRI 1997,

5. Townsend, D. P, “Dudley’s Gear Handbook,”
McGraw-Hill, 1992.

6. ISO Standard 54-1977, “Cylindrical Gears for
General Engineering and for Heavy Engineering —
Modules and Diametral Pitches,”
Organization for Standardization, 1977.

7. AURIEAE, “BAR B EEBERt O KA > b
HABREIHE, 1988.

8. ANSI/AGMA Standard 2101-C95, “Fundamental
Rating Factors and Calculation Methods for Involute
Spur and Helical Gear Teeth,” American Gear
Manufacturers Association, 1995.

9. AR, A9F, “HFEE o) &3 FHALE

“Maschinenelemente,”

International

1%

10.

11.

dEAAS] AA WE7IAE S

% EY WS

éilﬁ 7101—4 @74],” 7| A3 =

Szykman, S., and Cagan, J., “Constrained Three-
Dimensional Component Layout Using Simulated
Annealing,” ASME J. of Mechanical Design, Vol.
119, No. 2, pp. 28-35, 1997.



