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Development of a Design System for Multi-Stage Gear Drives

Considering Configuration Design

Tae Hyong Chong’(Hanyang Univ.), Jee Chul Kim, Inho Bae(Graduate School, Hanyang Univ.)

Abstract

The design of multi-stage gear drives is a
time-consuming process that includes additional
design problems, which are not considered in
the design of single-stage gear drives. In the
previous research works, the authors have
algorithm
multi-stage gear drives at the preliminary

proposed a new to  design
design phase. The proposed design algorithm
automates the design process by integrating
the dimensional design and the configuration
design process. In the configuration design
process, the positions of gears and shafts are
the

volume (size) of a gearbox. However, various

determined by minimizing geometrical
types of spatial constraints should be satisfied
in practical design situation. To locate input
and output shaft in specified positions is the
In this
paper, the authors show the formulations of

typical example of such problems.

spatial constraints applied to the design of
The design solution
and the
is confirmed to be readily

four-stage gear drives.

shows considerably good results,

design system

applicable to practical design situation.

Key Words Gear(7]9]), Multi-Stage
Gear Drive(thet 719J#X]), Gear Design(xl =}
A A, Configuration Design(#lxl 4 #)), Spatial
Constraints(F3F A =7)
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Nomenclature
d, : pitch diameter of a gear [mm]
d, : outer diameter of a gear [mm]
f : face width [mm]
m : module [mm]
% gear ratio
AR number of teeth
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Fig. 1 Proposed design algorithm for multi-stage gear drives
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interference distance

Fig. 3 Interference constraints
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Table 1 Design specifications

Transmitted power [kW] 8

Input speed [rpm] 6000

Total gear ratio 300

Gear type External spur
Pressure angle [deg.] 20

Material Steel

Heat treatment Carburized & case hardened
Hardness [HRC] 55

AGMA quality no. 11

Load cycles [eyclel 1x10°




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

min. max. variable types
Gear ratios 1.0 9.0 continuous
Module” 1.0 6.0 discrete
No. of teeth in pinion 14 25 integer
Face width factor 4 25 integer

T 110, 125, 15, 20, 25, 30, 35, 40, 50, 60

C =(d,+d,.)[2- @ - %) + (- 3)

Cy =(dys +d,0) /2= (5 =2 + (s = 1)

Cy=(d,s +d,6) /2= = %) + (s = v’

C, =(d,,7 +dpg)/2—\/(x7 -%) + (0 - ¥)
Ci=z -2z,

Ci=2,—2,

C,=z,—2

C=2,-2

C=x%-x% 5)
Co=¥—¥

Ci=x-x

Co=Yi Vs

Ca=X—X%

Ca=Ys—¥s

Cis =(b2 +b3)/2—-|z2 —23‘

Cio = (b, +b5)/2 |z, - z4|

Cpy =(bs +b,)/2 |26 — z,|

Cs =(dol +d05)/2_\/(xl _x5)2 +( _y5)2 >0
Cio =(dyy +dys)/2= (% %) +(3 = ¥6)* >0
Cao z(dol +do7)/2—\/(x1 -+ -y,)" >0
Cy =(d01 +d08)/2_\/(7x1 _x8)2 +( _yB)z >0
C, =(d02+d05)/2—\/(x2—x5)2+(y2-—ys)2 >0
Cy =(d02 +d06)/2"\/(x2 %) +(y,~ ¥ >0 L ©)
Cu =(d02 +do7)/2_\/(x2 —x7)2 +(», _Y7)2 >0
Cys =(d02 +dos)/2'\/@_xs)z +(,-y) >0
Cao =(dyy +d,3)/2 =, = %) + (3, = 3,)* >0
Cy =(d03 +das)/2_\kx3 "xs)2 +(ys _ys)z >0
Cus =(d04 +do7)/2_\/(‘x4 —x) + (=) >0
Cy =(do4 +d,,3)/2—\/(x4 _xs)z +(y, _)’a)z >0
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Table 3 Design result : Case 1

Stage 1 2 3 4
Module [mml} 15 | 20 | 25 5.0
Number of teeth, pinion 14 18 25 19
Number of teeth, gear 116 80 91 41
Gear ratio 8286 | 4444 364 | 2.158
Pitch diameter, pinion [mm}| 21.0 { 360 | 625 | 95.0
Pitch diameter, gear [mml| 174.0 | 160.0 | 2275 | 205.0
Face width [mm]| 180 | 460 | 625 | 1250
Face width factor 12 23 25 25
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(a) Two dimensional representation

(b) Three dimensional representation
Fig. 4 Configuration result of Case 1
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Table 4 Design result : Case 2

Stage 1 2 3 4
Module [mml| 125 { 20 | 30 5.0
Number of teeth, pinion 14 18 24 21
Number of teeth, gear 123 112 66 40
Gear ratio 8.786 | 62221 275 | 1.905

Pitch diameter, pinion [mm]| 175 | 36.0 | 72.0 | 105.0
Pitch diameter, gear [mm]|153.75 | 224.0 | 198.0 | 200.0
Face width [mml| 31.25 | 480 | 75.0 | 115.0
Face width factor 25 24 25 23

(a) Two dimensional representation

(b) Three dimensional representation

Fig. 5 -Configuration result of Case 2
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