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Abstract. The article presents a new and effective method for optimal calculation 
of the total transmission ratio of two step helical gearboxes for their minimum 
cross section dimension. Basing on moment equilibrium condition of mechanic 
system including the two gear units and their regular resistance condition, the 
author have built the relationship among the ratios of the two steps. In particular, 
he have built a formula to find out rapidly and exactly the optimal transmission 
ratios of two step helical gearboxes. 

 
Notation 
 
 uh - gear unit transmission ratio ( in two steps ); 
 u1; u2 - partial transmission ratios (of step 1 and 2 ); 
 aw1, aw2 - center distance at cylindrical gears (mm); 
 bw1, bw2 - widths of the cylindrical gear toothings (mm); 

 1baψ , 2baψ  - coefficients of cylindrical gear width (of step 1 and 2 ); 
 dw11; dw12 -  rolling diameters of the driving gears (mm); 
 T11; T12

[ ]1H

 -  torque on the driving shart of gears (Nmm); 

 σ ; [ ]2Hσ  - permissible contact stresses of cylindrical gears (MPa); 
 
1- Introduction 

In 1971 Prf. Dr. Kudreavsev V. N. ... (The USSR) presented a method for 
splitting the total transmission ratio of two step helical gearboxes for minimum gearbox  

Figure 1 
cross section dimension [2]. The transmission ratio u1 of hight- speed gear set is found 
from the curves of Figure 1. The values of λ  and c for each curve can be calculated 

from:               
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 c = 1 ÷ 1,3 ; if c=1 then the gearbox cross section dimension is minimum; 
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Figure 1 

 
In practice, this method was applied quite commonly, however it’s not user- 

friendly, because the looking up the graph (Fig.1) is complicated. Furthermore, when 

using this method the obtained coefficient of gear widths (
w

w
ba a

b
=ψ ) is not usually 

reasonable. 
 

2- Optimal calculation of total transmission ratio of two step helical gearboxes 
 
 From maximum condition of contact stress of helical gear [1]: 
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where    
 [T11] - permissible torque on the driving shart of step 1(Nmm); 

bw1 - widths of the driving gear toothings of step 1(mm); 
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 dw11 -  rolling diameters of the driving gears of step 1 (mm); dw11 = dw21/u1 ; 
Substituting equation (2) into equation (1) we get 
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By analogy calculation we have 
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In formula (6) 
 [T12] - permissible torque on the driving shart of step 2(Nmm); 

obrt ηηη .= - efficiency of the gearset; 

 97.095.0brt ÷=η  [1] - efficiency of cylindrical gear; 

 995.099.0o ÷=η [1] - efficiency of a rolling bearing; 

Choosing 97.0brt =η ; 992.0o =η  and substituting equations (3), (5) into 
equation (6) we get 
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 Substituting 
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 The gear unit transmission  is  
uh = u1. u2  

hence 
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In practice, cd = 1 ÷ 1.3 ; if cd=1 then the gearbox cross section dimension is 
minimum[2].  
When ck=1; cd=1 we have 
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Formula (9) can be used to calculate the transmission ratio u2 of low - speed gear 
set u2. From this u2, we can determine the transmission ratio u1 of hight- speed gear set ( 
u1 = uh / u2 ). 
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 [1]; Choosing  cba=1,3  we get 
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Mét c¸ch ph©n phèi tèi −u tØ sè truyÒn  

cho hép gi¶m tèc b¸nh r¨ng trô hai cÊp khai triÓn 
 
Tãm t¾t. Bµi b¸o tr×nh bÇy mét ph−¬ng ph¸p tÝnh to¸n tèi −u tØ sè truyÒn cña hép 
gi¶m tèc b¸nh r¨ng trô hai cÊp khai triÓn nh»m ®¹t kÝch th−íc tiÕt diÖn ngang  cña 
hép  nhá nhÊt. Trªn c¬ së ®iÒu kiÖn c©n b»ng m« men cña c¬ hÖ gåm hai cÊp b¸nh 
r¨ng vµ ®iÒu kiÖn søc bÒn ®Òu cña chóng, t¸c gi¶ ®· ®−a ra mèi quan hÖ gi÷a c¸c tØ 
sè truyÒn cña hai cÊp. §Æc biÖt, t¸c gi¶ ®· ®−a ra ®−îc c«ng thøc cho phÐp x¸c ®Þnh 
nhanh vµ chÝnh x¸c tØ sè truyÒn c¸c cÊp cña hép gi¶m tèc b¸nh r¨ng trô hai cÊp khai 
triÓn. 

 


