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Abstract: This paper presents a new study on optimum calculation of partial ratios of three-step helical gearboxes. The chosen objective 
function is the cross section dimension of the gearbox. In solving the optimization problem, the design equation for pitting resistance of 
a gear set was investigated and equations on moment equilibrium condition of a mechanic system including three gear units and their 
regular resistance condition are analyses. From the results of the study, effective formula for determination of the partial ratios of 
three-step helical gearboxes is introduced. As the formulas are explicit, the partial ratios can be calculated accurately and simply. 
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1. Introduction 

In optimum design of gearboxes, the determination 

of the partial transmission ratios has a decisive role. 

This is because the size, the mass, and also the cost of 

the gearboxes depend strongly on the partial ratios. 

Therefore, optimum determination of the partial ratios 

has been subjected to many researches. 

Up to now, many researches have been carried out 

on the prediction of the partial ratios of the three-step 

helical gearboxes. Kudreavtev et al. [1] introduced a 

graph method (Fig.1) for determining the partial ratios 

of the first and the second steps for minimal mass of the 

gearbox. The transmission ratio of the third step is then 

calculated from the total ratio and the ratios of the first 

and the second steps. The graph method was also 

presented in other study of Petrovski et al. [2] in order 

to find the partial ratios for minimal volume of gears. 

Romhild et al. [3] gave models for calculation of the 

partial ratios for minimal mass of the gearbox. 

Recently, Ngoc et al. [4] proposed models which are 

used to determine the partial ratios for the minimum 
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mass or the gears. Also, Ngoc [5] carried out a study on 

the calculation of the partial ratios of three-step helical 

gearboxes with the first and third-step double gear-set 

in order to get the minimum mass of gears. 

It is clear that there have been many studies on 

splitting the total transmission ratio for three-step 

helical gearboxes. Nevertheless, the optimum partial 

ratios for getting the minimum cross section dimension 

of the gearbox, a very important objective, has not been 

investigated. In this paper, a new result for optimum 

calculation of partial ratios for three-step helical 

gearboxes for getting the minimum cross section 

dimension is introduced. 

2. Optimal Calculation of Partial 
Transmission Ratio 

For the first step of the gearbox, Eq. (1) is used as 

the design equation for pitting resistance [6]: 
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It follows from Eq. (1) that: 
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Fig. 1  Partial ratios of steps 1 and 2 versus the total transmission ratio [1]. 
 

 
Fig. 2  Calculating schema for three-step helical gearbox. 
 

where, 1wb  is the face width (mm) and 11wd  is the 

pitch diameter of the first step; 1wb  and 11wd  are 

calculated by Eqs. (3)-(4): 

 
1 1 1 1 11 1 1 / 2

w ba w ba wb a d u           (3) 

11 21 1/w wd d u                (4) 

Substituting Eqs. (3) and (4) into Eq. (2), authors  

get 
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From Eq. (5), the pitch diameter dw21 can be 

calculated by 
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Calculating in the same manner, Eqs. (8)-(9) are 

found for the second and the third steps: 
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For a three-step helical gearbox (Fig. 2), the 

cross-sectional dimension is minimum when [1]: 

21 22 23w w wd d d            (10) 

From Eqs. (7), (8) and (10), Eq. (11) can be written 
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with 

   12 11 1. .br oT T u              (12) 

where,  12T  is permissible torque on the drive shaft 
of the second step (Nmm); brt  is helical gear 

transmission efficiency ( brt  is from 0.96 to 0.98 [6]); 

o is transmission efficiency of a pair of rolling 

bearing ( o  is from 0.99 to 0.995 [6]). Choosing

0.97brt  , 992.0o  and substituting Eq. (12) 

into Eq. (11) gives: 
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with 1 02 01[ ] / [ ]kc k k , 1 2 1/ba ba bac   . 

In exactly similar manner, the transmission ratio of 

the second step is calculated as: 
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with 2 03 02[ ] / [ ]kc k k , 2 3 2/ba ba bac   . 

In practice 1.2 1.3baic   ; 1 1.1kic    (with i 

=1; 2; 3) [6]; Choosing 1.2baic  ; 1kic  and 

substituting them into Eqs. (13) and (14) gives 

2
1 20.8u u                (15) 

2
2 30.8u u                (16) 

Also, the total transmission ratio of the gearbox is 

determined by: 

1 2 3hu u u u                (17) 

Solving Eqs. (15), (16) and (17) gets 

0.5714
1 0.8527 hu u             (18) 

0.2857
2 1.0324 hu u             (19) 

0.1429
3 1.136 hu u              (20) 

3. Conclusion 

The minimal cross section dimension of a three-step 

helical gearbox can be obtained by optimum splitting 

the total transmission ratio of the gearbox. 

Models for determination of the optimum partial 

ratios for getting the minimum cross section dimension 

of the gearbox are proposed. 

By using explicit models, the partial ratios of the 

gearbox can be calculated accurately and simply. 
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