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New Methods to Split Overall Gear Ratio of the Cylindrical Multi-Stage Gear Train

Inho Bae*, Tae Hyong Chong’

JL Abstract ][
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The existing methods to split overall gear ratio of the cylindrical multi-stage gear train have their own limitations to
be used in practical design, and are also problematic to be implemented in a formalized algorithm. This paper proposes
two types of new methods to find gear ratios best approximating the overall gear ratio. The proposed methods are quite
general to be applied to the gear train having any number of stages, and offer a considerably good result in a very short
time. The first method uses the random search method and the second one is based on the simulated annealing algorithm.
The proposed algorithms are expected to be very useful not only as an independent program to split overall gear ratio,
but also as a design sub-module for the integrated design system of muilti-stage gear drives.
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Fig. 1 Flow chart of the design algorithm for multi-stage
gear drives

E}(]'B'l"'),

agu o 7]ojg e 7lofe] £8& A dAAAY &

B2 3% Ex 4t o4 7]og] disid e Hgol of
HotAY s8] ofEste] AF87} ot 9 A
& 7HA1E ek B3, ofHdt ez 74 7|0t 7]of
A A AAE D] @2 goR HA w3 47
of 213} 7]ofu] e ghol AkE = 41t o)) 7|0 Hell qlof
A 2H9 szt & gloh TEkA A71M e o 7)o
@9 7]of] gaof thet 71&9] YutH el AP 7)0jAA|
o A H whA dAS 4 AHE AR o] 4 &Y
Zloful g 24T & e F 7 d1EEE st
st EEHLE Fig. 19 ot 70184 44 A28 st
+ RERA 71tk oA, TAA daelEe A
& 7]oju] Eoto Bt YA A Y-S EHT thF Al 74
A 7HgE AA = 3k ok

AA, 2t 2] 7lofuigh AU A8 BEeHA AHst
7l AEAT 1 Astdale 4AAY B3 9 A Y
of oheh dgFHoz YaE & Atk

A, UHHO 2 S dod 235 Toz AP
w2t 7lofu§ A A

A, 718 A A 7lovls 7R 271E
AR e L 7R

47

o714 et 2% dngEE 49 g¥(random
search method)] 7|43l RSRatio®} A|EFo|E|= o d ¥
11 2] &(simulated annealing algorithm; SA)o] 7|8t
SARatio2 ol x|, o] ths] tho] Myttt

3.1 Uof EAHo| ot 3 (RSRatio)

RSRatioy= A7 A2 RE 7 &9 7]oju|e] et
o sl3tA & A3k, o] HY Wold S &9 7]ofy|
7} £8& 9] 7)onu|Et AEE Y4 (random number)
& AAR2EHN 7louE AT = Y=F & Rl

RSRatio®] 4|2¢l ¢112|&2 Fig. 20| 2ol uiet
Zrh $A 7]otu] 9] )9 skhA] AlolofA] g A
Aot o] & 19 Zlojr|2 8k, AAH 199 7]oHE
AR Bt ThA] dE BASkA 018 21 Fjoju|2
8t WAL HHESt] ZF o] T)ojH|E AART oq7]A
upR|e} ©o] 7]ojul= 4] (1)} o] A4telA =u, o] g

» Start with i =1 <

Y

Generate u; randomly
L < Y < uupper

Y

Set uupper=ui,i=i+1 No
No
Yes

Set u,= ul(uu,..u,)

Yes

Set zﬁar\d z,.( Z tower 2 < Zp )
by exhaustive enumeration

|u-u | > tolerance

resultant

Fig. 2 Flow chart to find the gear ratios based on the random
search method (RSRatio)
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Fig. 3 Flow chart to find the gear ratios based on the simulated annealing algorithm (SARatio)
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Fig. 5 Program window of the example: SARatio
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Table 3 Results of ten trial executions: RSRatio

Trial Execution Resultant Error in
number| time [sec.] total gear ratio the ratio
1 0.000 1000.1498 0.1498
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5 0.000 1000.5340 0.5340
6 0.000 1003.0668 3.0668
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8 0.000 999.2257 07143
9 0.000 998.6803 13197
10 0.000 1003.9726 3976
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