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Abstract
In the paper, new design of planetary reducer with herringbone gear is suggested. This design will 
allow reducing dimensions of planetary mechanisms. Characteristics of the suggested reducer design 
are described, and it is compared with standard reducer. 
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The planetary reducer becomes widespread in the 
modern world, ranging from transport mechanical    
engineering to armament industry. The main direc-
tions of the scientific researches devoted to reducers 
of this type are reduction of boundary dimensions of 
gear, increase of transmission power, possibility of 
operation at high rotational velocity [7, 9, 10].

The design of planetary reducer with herringbone 
gear has been developed at the department of Ma-
chine-building technologies and equipment of South-
west state university [1, 3]. 

The main difference of suggested planetary redu- 
cer from classical designs is usage of wheels with her-

ringbone gear. When using planetary reducer during 
operation with high rotational velocity, it is necessary 
to consider that during rotation any mechanism pro-
duces vibrations which negatively affect operation of 
the mechanism in general. It is known that in course 
of operation helical wheel causes considerable axial 
loads, which are transmitted to the parts of gear.

Therefore, herringbone gear is applied for pre-
vention of axial loads in the new scheme of plane-
tary reducer. Due to opposite direction of tilt angle 
of teeth, the possibility of emergence of axial loads 
is eliminated, and also smoothness of  mechanism                        
operation increases because of bigger number of teeth

mailto:mika_1984_@mail.ru


91Metallurgical and Mining IndustryNo.5 — 2016

Machine building
which are in gear. For providing simplicity of rigging 
and service herringbone wheel is assembled by connec-
tion of two helical wheels (Figure 4) with the increased

tilt angle of teeth; that will also allow transmitting 
rotation moments.

                                          a)                                                                                               b)

Figure 1. Design of assembled herringbone gear:
a) view with spaced parts, b) type of assembled wheel

As is seen from Figure 1, herringbone wheel pos-
sesses mechanical adjustment, which is achieved 
by cutting out of groove of necessary shape in the 
first wheel and drillings of threaded openings on 
the second one. For fixing of wheels relative to each                   
other, any standard fastening element can act as                
fixing device; in our case, it is screw. This adjustment 
provides, first of all, simplicity of service, and also 
allows prevention of wheels positioning inaccuracy 
which grows because of instrument and equipment 
error when cutting out of wheel teeth at the place of 
production.

Before starting, the comparative analysis of all 
possible arrangements of planetary reducer elements

Figure 2. Model of planetary reducer with herringbone 
gear with the hole (the front cover is transparent for visual 
representation)

was carried out, and also all the advantages and dis-
advantages of possible variants were revealed. After 
selection of the final scheme, the main objective was 
problem of determination of the main technical cha- 
racteristics of such gear.

The 3D model of such reducer (Figure 2) has 
been created. As a result, dependences of rotation 
speed of mechanism function elements and gear ratio 
Ured=10.5 were determined by means of animation. 
These data are confirmed when determining gear ra-
tio of the drive according to calculated value.

The gear ratio of planetary reducer is formation of 
gear ratios of each gear [6].

Figure 3. The kinematic scheme of planetary reducer with 
herringbone gear

Let us consider the selected scheme (Figure 3) 
where the gears participating in transmission are spec-
ified. Transmission from solar wheel to satellites of 
the first order  is presented by position 
1. The position 2 presents transmission from satellites

of the first order to the combined wheel
. Transmission from the combined wheel 

to satellites of the second order  is 
signed by position 3. 

It follows that
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Having determined the number of teeth of each 
gear wheel, let us calculate the gear ratio of the total 
reducer:

For comparison with standard gear, let us select 
the number of teeth of classical gear wheels in such a 
way that not to exceed the maximum number of wheel 
teeth of the considered scheme. If it is not observed, 
conditions of coincidence of overall dimensions will 
be violated.

Figure 4. Kinematic scheme of standard planetary reducer

As the maximum number of teeth in the consi- 
dered scheme is z6 =142 , let us select the number of 
teeth which are possible for this type of gears z1=18  
by formula [8]. From the scheme of standard reducer 
(Figure 4), it is seen that the number of gears is less. 
The gear ratio of such reducer is determined by a for-
mula:

Proceeding from calculations, it is seen that the 
gear ratio of reducer according to the new scheme is 
higher, than of standard one; at the same time, overall 
dimensions are identical that confirms relevance of 
decision. 

Let us compare both reducers by parameters of ro-
tating moment. It is necessary to carry out previous 
calculations of rotation frequency n, angular speed 
“ω” and capacities of each step P [4]. Before deter-
mining the rotation frequency, it is necessary to select 
electric motor from Table 3 [5] by diameter of input 
shaft; in our case, it is AIR 71B4/1350 and we will

use it for two options of reducers.
Let us find rotation frequency of each step. As ro-

tation frequency of the electric motor is equal to 1350 
rpm, let us designate it as speed of input shaft of re-
ducer of nin=1350. Further, calculations are conduct-
ed by the following formula:

where ni-1 - rotation frequency of previous i-th 
step; ui– gear ratio of i-th gear.

It follows:

Let us find the angular speed of each step by 
formula:

where ni– rotation frequency of i-th step; wi– 
angular speed of i-th step.

Let us determine capacity of each step. Electric 
motor power is known  From Table 
1 [5], let us find efficiency of planetary transmission 

. For determination of power of each 
step, it is necessary to multiply obtained step power 
by efficiency of planetary transmission [2] consist-
ently as transmitting rotation. Let us carry out calcu-
lation by formula:

where  – power of the considered gear;  – step 
power.

Knowing all the necessary data, let us calculate 
the rotating moment of each step by the following 
formula:
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where  – power and angular speed of i-th 
step respectively.

Let us carry out calculation of standard planetary 
reducer by determination of shaft rotation frequency, 

angular speed, power and rotating moment:

The comparative analysis has shown that the pla- 
netary reducer is capable to compete with existing 
types of reducers, as at identical overall dimensions, 
parameters of the suggested design are higher. 

Work is performed with financial support by con-
tract No 6394GU/2015 on the subject “Development 
of Planetary Reducer with Herringbone Gear “.
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Abstract
Two design versions of auxiliary verifier VNKU-60 for weight-free verification of large-load 
platform railroad scales are compared. Both versions are new in their designs and were elaborated 
with the participation of the author in the course of performing the research work. Individual 
verification schemes of simultaneously loading the standard weight measuring sensors embedded 
in the VNKU-60 design and the duty sensors of load carrier with ballast weight via a weight-
transmitting device using hydraulic jacks for both designs of VNKU-60 are proposed, respectively. 
On the basis of analysis of the advantages and disadvantages of each version of VNKU-60 design 
the recommendations on its further use in present-day conditions were given.
Keywords: NON-AUTOMATIC WEIGHING CALIBRATION DEVICE, AUXILIARY 
VERIFIER, LOAD CARRIER, WEIGHT-TRANSMITTING DEVICE, RAILROAD SCALES, 
WEIGHT-FREE VERIFICATION, CALIBRATION OF LARGE-LOAD SCALES, STANDARD 
WEIGHT MEASURING INSTRUMENT

Large-load platform scales are the most common 
means of instrumentation when performing commer-
cial transportation by railroad. Technical and metro-
logical characteristics of the scales shall meet the re-
quirements [1, 2]. Verifying (calibrating) the scales

shall be performed in accordance with the require-
ments [3]. According to these requirements the basic 
method of verifying of large-load stationary platform 
railroad scales is directly loading the scale platform 
with М1 class standard weights 2 tons in mass. The to-


