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Резюме: The automatical variability option of changing the angular velocity is a perspective tendency for coordination of the 
characteristics of the engine with the working machine. That gives the ability to enhance the productivity of the machine, to simplify their 
controls and to increase their efficiency factor. All of that led to the creation of many methods and ways of lightly regulation of angular 
velocity and to a wide variety of constructions and many more. The main disadvantage of the mentioned mechanisms, and other similar 
mechanisms also, having the continuously variable gear ratio option is that the pump as an element of all of them appears to be only a 
consumer of power in all duty. The consumed power by the pump turns into heat and heats the oil which makes it necessary for it to be in 
greater amounts. This lowers the efficiency factor and field of application of mentioned mechanisms and more. For removing this 
disadvantage a solution is proposed with the realization of a hydromechanical gear with hydrovolume regulating contour.    
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1. Introduction 
Up to date the gears are the most used machine elements for 

modification of the angular velocity (respectively the torque) of the 
engine machines. The gears are many different types – cylindrical, 
helical, spur, worm gears, face gears, hypoid gears, planetary gears 
and more [1, 2, 3, 4]. All of the has a constant gear ratio i.e. it’s a 
constant value. This is so, because the gear ratio is a function of the 
number of gear teeth and gear sizes, which cannot be changed 
(modified) after they are made. However the gear ratio of a certain 
gear sometimes in a certain application of the gear is not always 
appropriate enough, according to that outer factors and resitances 
are changing (they are not constant), and the duties of work are 
almost always different and several in number – to make it possible 
the human factor to have a choice to decide what’s more 
appropriate. This forces the creation of a  multiple gear reductors 
and gear boxes. This means designing an knot with a several gears,  
each with different abilities and gear ratios – different gears 
(different steps).  

The gear ratio can be modified continuously/stepless 
(variability option) i.e. the gear ratio can be changed by a single 
gear (the gear itself)  i.e. the gear changes the gear ratio itself but 
it’s not a gear with teeth – it’s other type of gear (not with gear 
wheels) called variator (constantly variable) [2, 3, 4] or friction gear 
(the motion is transmited via the friction properties of the wheels, 
not via the teeth of the gear wheels) [2, 3, 4].  

The gears with gear wheels cannot modify their gear ratio – 
it’s constant as mention above, because of the mentioned above 
reasons. The gears with gear wheels don’t have the continuously 
variable gear ratio option.  

The progress of the science and technique is not going to 
inventing of gears with gear wheels capable of modifying the gear 
ratio (having the continuously variable gear ratio option). 
Engineering solutions for continuously variable gear ratio option is 
searched and researched in other methods and it’s been working on 
improving the present mechanisms with continuously variable gear 
ratio option such as variators (constantly variable gears) mostly, and 
friction gears (which are rarely used because of their weaknesses. 

The gear presented with this report is with gear wheels – it’s a 
planetary gear, which can modify it’s gear ratio i.e. has the 
continuously variable gear ratio option.   

 

2. Dual flow hydromechanical planetary gear with 
continuously variable gear ratio option. Principles of 
work. Analysis of the kinematic and working 

characteristics – separation of angular velocities, 
torques and powers in statics.  

Kinematic scheme of the dual flow hydromechanical planetary 
gear with continuously variable gear ratio option is shown at    
figure 1.  

 
Figure 1.  Dual flow hydromechanical planetary gear with a 

continuously variable gear ratio option. 

Elements:  1. Body, 2. Ring gear, 3. Satellite/planetary gears, 
4. Sun gear, 5. Input shaft, 6. Planet carrier,  7. Gear pump 
HМ1(hydro pump which can work also as a hydro motor),      
8. Hydro motor HМ2  (which can work also as a hydro pump), 
9. Throttle , 10. Oil (fluid) reservoir, 11. Cylindrical gears 
(gears), 12. Output shaft, 13. Pressure pipeline 

The presented with the present report gear consists of a 
differential mechanism based on a 2k – h type planetary gear [5] 
and hydro machines HМ1 и HМ2 which are being regulated by a 
throttle in the pressure pipeline. Viewing the figure 1, the input 
shaft is 5, and the output shaft is 12. It is possible the shaft 12 to be 
the input shaft and the shaft 5 – the output one. The connection 
between them is made by the central gear 4 (the sun gear, which is 
umnovably mounted on the input shaft, and the satellite/planetary 
gears 3. The planet carrier 6 (h) via the gear 11 rotates and moves  
the gear pump 7 (HМ1). The hydro motor 8 (HМ2) via cylindrical 
gear 11 transmits it’s torque to the output shaft 12 (which in the 
presented case is mounted on the ring gear 2 of the planetary gear). 
The hydrostatic pressure in the pressure pipeline is being 
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transformed into mechanical energy (torque) in the hydro motor 8 
(HМ2). The gear pump 7 (HМ1) and the hydro motor 8 (HМ2) are 
controlled by the throttle 9 and they form the gearless regulating 
(continuously) contour of the gear (the hydraulic part of the gear). 
The gear is characterized exactly with this hydro regulating contour. 
All this elements including the reservoir 10 (which is also a part of 
the hydro regulating contour – it’s connected with both hydro 
machines 7 and 8) are placed in the    body – 1.  

Working as a gear with a continuously variable gear ratio 
option (a gear which can modify it’s gear ratio) the input shaft 5 
rotates the sun gear 4, which itself rotates the satellite/planet gears 
3, and they rotate the planet carrier 6 (h) if the throttle 9 in the 
pressure pipeline 13 is open. This way the pump 7 begins to suck oil 
(fluid) from the reservoir 10. At a partial closed throttle 9 the 
pressure in the pressure pipeline is rising (increasing), which makes 
the rotation of the planet carrier 6 (h) harder and respectively it 
lowers its angular velocity, which makes the output shaft 12 to 
rotate faster (with greater angular velocity) – its angular velocity 
begins to raise. 

At fully closed throttle 9 the braking torque is so great that the 
planet carrier 6 (h) is not rotating (becomes blocked), and the output 
shaft 12 reaches its maximum angular velocity determined by the 
gear ratio of the planetary gear 2k – h (the parameter of the 
differential at the presently revised case ; with a different kinematic 
scheme the gear ratio of the gear will be different) i.e. in this case 
the gear works as a simple planetary gear (with one of its elements 
being blocked). The hydrostatic pressure of the working liquid 
(fluid) is being transformed by the hydro motor 8 (HМ2) into 
torque, which is being transmited to the output shaft 12 and this 
way part of the power consumed by the gear pump is being used for 
overcoming the sum of resistances on the output shaft i.e. to 
increase the efficiency factor of the entire gear. At the start all of the 
power of the output shaft is being transmited via the hydro motor 8 
(HМ2). After that redistribution of power being transmited to the 
output shaft happens gradually, like the part of it that is being 
transmited by the hydro motor 8 (HМ2) decreases, and the part 
being transmitted by the mechanical part of the planet gear 
increases. The coefficient of transformation (the power ratio) [7] 
and the diapason of regulation (of the gear ratio) of the gear 
decreases so, as the smaller part of the torque is being transmited by 
the hydro motor 8 (HМ2). 

This way the angular velocity can be modified from zero to its 
maximum value. 

Changing the direction of rotation of the input shaft 5, the 
gear works just the same way described above. Transmitting rotary 
motion to the shaft 12 the way described above – from the input 
shaft 5 – the gear can work in duty of reductor, in duty of 
multiplicator and also in duty of clutch (with overall gear ratio 1). 
The duty depends on chosen kinematic scheme of the planetary gear 
i.e. which element is the input one (mounted on the input shaft), 
which element is the output one (mounted on the output shaft) and 
how open is the throttle 9. All the operations of work remain the 
same. 

The gears 4, 3, and 2 form a differential mechanism with two 
degrees of freedom [2, 5]. The angular velocity of the output shaft 
12 – 𝜔2 is determined only if  angular velocities of the input shaft 5 
and the planet carrier 6 (respectively 𝜔5 and 𝜔ℎ) are known. This 
means that if the angular velocity of the input shaft 5 is constant, a 
continuously variable gear ratio option is possible via modifying the 
angular velocity of the planet carrier 6 (h) by the way spoken above. 

The maximum angular velocity of the planet carrier 6 (h) and 
the gear pump 7 (HМ1) in a positive direction (same as the direction 
of the angular velocity of the input shaft 5 will be obtained at the 
start (with a stopped output shaft 12 𝜔2=0), and in a negative 
direction it will depend on the value of the 𝜔2 and  𝑖52ℎ . Because 𝜔2 
and  𝑖52ℎ  can grow theoretically illimitably, this means that 𝜔ℎ can 
also grow illimitably. 

Advantages of the dual flow hydromechanical planetary 
gear with a continuously variable gear ratio option towards the 
preceding stage of the science: this planetary gear allows 
continuously variable gear ratio option. The simple planetary gears 
known to present science can’t do that. This can be called a 
technical problem. 

The connection between the angular velocities of the main 
elements/units of the differential mechanism can be achieved for 
example using the method of Willis [1, 2]. The entire mechanism is 
rotated with angular velocity 𝜔ℎ  , but with opposite direction, and 
this way the planet carrier becomes held/blocked and respectively 
the mechanism is transformed to a simple gear with 
immovable/fixed axes. Working out the formula  

𝜔5−𝜔ℎ

𝜔2−𝜔ℎ
=  𝑖52ℎ = −𝑍2

𝑍4
      (1) 

where:  𝑖52ℎ  is the gear ratio between the input shaft 5 and the 
output shaft 12 having a stationary (blocked) planet carrier (h): 

Z4 and Z2 – number of gear teeth of the corresponding gears. 

For the angular velocity of the planet carrier we get: 

𝜔ℎ = 𝜔5−𝜔2. 𝑖52ℎ

1− 𝑖52ℎ
         (2) 

The maximum angular velocity of the planet carrier and the 
gear pump (HМ1) in a positive direction (the same direction as the 
direction of the input shaft 5) we will have at the start (having a 
stopped output shaft  ω2=0), and in a opposite direction it will 
depend on the value of ω2 and  𝑖52ℎ . Because ω2 and  𝑖52ℎ  can grow 
theoretically illimitably, then 𝜔ℎ  can also grow theoretically 
illimitably.  

The ratio of the angular velocities of the input shaft 5 and the 
output shaft 12 is called the gear ratio [2] of the mechanism with the 
continuously variable gear ratio option, hydromechanical gear  -  
 𝑖52

(𝐻𝑀𝑃). 

 𝑖52
(𝐻𝑀𝑃) = 𝜔5

𝜔2
         (3) 

We substitute equation (3) into equation (1), but before that 
we transform it so we can get the ratio  𝜔5

𝜔2
 we work it out according 

to  

 𝑖52
(𝐻𝑀𝑃) =  𝑖52ℎ =

𝜔ℎ.(1−  𝑖52
ℎ )

𝜔2
       (4) 

Analogically with the hydrodynamic gears we lay  

𝑖′ =  ω2

ωh
                 (5) 

𝑖′ - is the gear ratio of the hydraulic part of the gear [7] – on 
of their most important feature. Substituting into (4) we get : 

 𝑖52
(𝐻𝑀𝑃) = 1− 𝑖52ℎ (1 и 𝑖′) 

𝑖′
       (6) 

The angular velocity of the output shaft can be determined by 
the equation (6) by substituting  𝑖52

(𝐻𝑀𝑃) with its quantity in     
equation  (3) : 

𝜔2 = 𝜔5.𝑖′
1− 𝑖52ℎ .(1−𝑖′)

     (6) 

From the analysis of the equations (4) and (6) we can come to 
the conclusion that the hydromechanical gear will work in a duty of 
a clutch when:  

𝜔2

𝜔5
= −1      and      i′ =  𝑖52ℎ −1

 𝑖52ℎ +1
 

If the planet carrier h is connected to the gear pump (HМ1) via 
gear with gear ratio 𝑖ℎHМ1 between the gear and the planet carrier 
and 𝑖ℎHМ1 ≠1 the angular velocity of the pump is determined by 
multiplying the equation (2) with 𝑖ℎHМ1: 
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𝜔HМ1 = 𝜔ℎ. 𝑖ℎHМ1 = 𝜔5−𝜔2.𝑖52ℎ

1−𝑖52ℎ
. 𝑖ℎHМ1 = 𝜔2

𝑖′
. 𝑖ℎHМ1 =

𝑖52.𝜔2−𝜔2.𝑖52ℎ

1−𝑖52ℎ
. 𝑖ℎHМ1(7) 

To form a mechanism with a continuously variable gear ratio 
option it is necessary  𝑖52ℎ ≠ − 1 which is always true for the 
reviewed mechanism, because the conditions 𝑖52ℎ ∈ (−∞ ;−1) at 
𝑖52ℎ ≠ 1

1−𝑖′
; at i′ ≠ 0 are fulfilled. 

In the next considerations it is considered that the gear ratio of 
the reformed mechanism is 𝑖52ℎ < 0, because at a blocked planet 
carrier, the gears 4 and 2 are rotating in opposite directions i.e. : 

𝑖52
(𝐻𝑀𝑃) = 𝜔5

𝜔2
< 0      (8) 

From 𝑖52ℎ < 0 and the equation (4) for the area of variation of 
𝑖52ℎ  it follows that: 

−∞ < 𝑖52ℎ < −1   ;   𝑖52ℎ ∈ (−∞ ;−1)            (9) 

From equation (4) or (6) after substitution in equation (3) 
about the ratio 𝑖′ =  ω2

ωh
 it is formed: 

𝑖′ = 1−𝑖52ℎ

𝑖52
(𝐻𝑀𝑃)−𝑖52ℎ

          (10) 

The connection between the torques of the input shaft Т5, the 
output shaft Т2, and the planet carrier Тℎ is determined by the 
equations:  

       𝑇2 = 𝑇5. 𝑖52ℎ . 𝑠𝑖𝑛Ϩ52ℎ
∓1               (11) 

𝑇5 ≠ 𝑇2 + 𝑇ℎ = 0                    (12) 

The sign of the exponent in the equation (11) is determined by 
the dependence of the sign of the expression 𝜔5−𝜔ℎ

𝜔5
> 0 then in 

equation (11) a plus sign is taken.  

If 𝜔5−𝜔ℎ

𝜔5
< 0, then in equation (11) a minus sign is taken. In 

equation (11) with Ϩ52ℎ  is marked the efficiency factor of the 
reformed (with blocked planet carrier) mechanism. In the reviewed 
case having 𝑖52ℎ < 0, 𝜔5−𝜔ℎ

𝜔5
> 0, for the cases when  ωh

ω5
< 0, which 

using the equation (2) gives ω2

ωh
≤ 0. From the equations (11) and 

(12) using a plus sign in the exponent of equation (11) gives the 
following expressions for the torques, acting on the input shaft 5 
and the planet carrier 6 (h), expressed via the torque of the output 
shaft 12. 

Т5 = Т2
𝑖52ℎ .Ϩ52ℎ

                         (13) 

Тℎ = 𝑇2. � 1
𝑖52ℎ .Ϩ52ℎ

+ 1�        (14) 

Because it was accepted that the shafts 5 and 12 are rotating 
in a different directions and from equations (2) and (10) at 𝑖52ℎ < 0 
it follows that 𝜔5 have the same direction as 𝜔ℎ and a different one 
from 𝜔2 if: 

1
𝑖52ℎ

<
𝜔2

𝜔5
< 0 

If �𝜔5

𝜔2
� > �𝑖52ℎ �𝜔5 there are different directions than 𝜔ℎ and 

the engine torque Т5 has the same direction as 𝜔5, and the 
resistance torque on the output shaft Т2 has a direction that is the 
same with the one on the shaft  Т5 (see equation 13), i.e. the shaft 
12 will be loaded  (Т2 and 𝜔2has opposite directions).  

From equation (14) it follows that Тℎ will have the direction 
of Т2, if the conditions 𝑖52ℎ ∈ (−∞;−1) and 𝜔2

𝜔5
∈ �0, 𝑖′

2−𝑖′
� are 

fulfilled i.e. its direction will be opposite to the 𝜔ℎ and the gear 
pump will be a consumer of power. 

The signs of the torques Тℎ and Т2 will be different in the 
cases when  𝜔2

𝜔5
 and 𝑖52ℎ  belong to the intervals of variation  

𝑖52ℎ ∈ (−1,0)  и 
𝜔2

𝜔5
∈ �

𝑖′
2 − 𝑖′ ; 𝑖′� 

Because the direction of the angular velocity of the planet 
carrier 𝜔ℎis different from the direction of the angular velocity 𝜔2, 
respectively it will be opposite to the direction of the torque Тℎ, and 
in this case the gear pump appears to be a consumer of power. This 
enhances the area of application of the reviewed mechanism. When 
the input shaft becomes output one and conversely, and with a 
change of their direction of  rotation – the same equations are valid 
which can be proven by their analysis.  

On figure 2 are shown illustratively the change of the values 
of the quantities 𝜔ℎ, 𝜔2, and 𝑖′ in dependence of  𝑖25 at 𝜔5 =
𝑐𝑜𝑛𝑠𝑡 

 
Figure 2. change of the values of the quantities 𝝎𝝎𝒉𝒉, 𝝎𝝎𝟐𝟐, and 𝒊𝒊′ in 
dependence of  𝒊𝒊𝟐𝟐𝟐𝟐 at 𝝎𝝎𝟐𝟐 = 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 

 

From the received results from the analysis of the gear with 
𝑖52ℎ  the next very important conclusion can be made: 

- The mechanism works steady as a reductor, clutch and as 
multiplicator as well in both of directions of rotation in 
dependence of the angular velocity of the planet carrier h, 
which is regulated by the throttle 9 – figure 1. 

  

3. Examples of realization. 

Every planetary gear from the 2k – h type [5] has three 
elements/units (two central gears and a planetary carrier with 
planetary/satellite gears mounted on it with bearings), called sun 
gear and ring gear (the central gears) and the planetary carrier. On 
two of this units of the gear are mounted the input and the output 
shafts. The unit on which the input shaft is mounted is called the 
input  unit/element – or just the input. Respectively the unit on 
which the output shaft is mounted is called the output unit/element 
– or just the output. The third unit is blocked (if the gear is a simple 
planetary one) and is called the blocked unit. Respectively there are 
six different combinations of kinematic connections (kinematic 
schemes) each with different abilities and gear ratios [1, 4, 6], and 
to be precise: 

Table 1 

 Input unit Output unit Blocked unit 

1. Sun gear Ring gear Planet carrier 

2. Ring gear Sun gear Planet carrier 

3. Sun gear Planet carrier Ring gear 
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4. Planet carrier Sun gear Ring gear 

5. Ring gear Planet carrier Sun gear 

6. Planet carrier Ring gear Sun gear 

* On figure 1 is shown example № 1 of this table, respectively 
the described principle of working is related to this example too. It 
is absolutely possible to realize the other five examples of 
kinematics presented in this table, and each one of them has 
different kinematic abilities and gear ratios compared to one other.  

On the basis of all of this six types of kinematic connections 
(kinematic schemes) can be designed and produced the so called 
dual flow hydromechanical planetary gear with a continuously 
variable gear ratio option (because it is from the type of 2k – h 
planetary gear – as mentioned before). Just on the blocked unit is 
placed a single gear wheel in mesh with the gear wheel (forming a 
standard cylindrical gear) of one of the hydro machines (the gear 
pump, which can also work as a hydro motor) and respectively this 
way it is connected to the to the hydroregulating contour.  On the 
output shaft on the other hand is mounted another gear wheel that 
meshes with the gear wheel of the other hydromachine (hydro 
motor that can also work as a hydro pump as well), again 
connecting it to the hydro regulating contour, so the entire gear can 
function according to the idea of technical novelty. 

As mentioned above, the dual flow hydro mechanical planetary 
gear with a continuously variable gear ratio option can be realized 
(produced/made) for example as the described graphically on the 
figure 1 way, with the described in details there elements/units. The 
planetary gear with the continuously variable gear ratio option can 
analogically and clearly enough, be realized using the other five 
types of kinematics shown in table 1. All elements of the gear 
remain the same, but are connected by a different way (input, output 
and blocked unit are different – the blocked unit is always 
connected to the hydroregulating contour). The principles of work 
remain the same. 

The gear can be designed in a way, that the gears 11 (figure 1) 
can be all known types (cylindrical, face gear, worm gears and so 
on). 

All gear details in the structure of the dual flow 
hydromechanical planetary gear with the continuously variable gear 
ratio option are made by the known methods and technologies and 
with the known machines (cutter or gouge for example) and with 
the appropriate bearings are installed in the body (which can be 
made by casting) according to the views and ideas of the engineer 
constructors. The hydro machines are chosen among the produced 
worldwide. 

 

4. Application of the dual flow 
hydromechanical planetary gear with continuously 
variable gear ratio option. 

The presented with this report gear can be used in all fields 
and spheres of the mechanical engineering and machine-building in 
which the engineer constructors and designers assesses that its 
abilities will be of use or will be needed. The dual flow 
hydromechanical planetary gear with a continuously variable gear 
ratio option is appropriate for machines that needs to modify the 
angular velocity of its shafts in a wide diapason, machines in which 
is not appropriate to install a simple gears or variators (or friction 
gears). One simple example in which is appropriate to design the 
machine with this gear is a lathe.  
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