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Abstract  This article presents information on the development of prospective construction of gear-type hydraulic 
mach ines which are widely used in various designs of transport, agricultural, road construction machinery, as well as various 
industrial standard and optional equipment, giving better productivity and reducing pulsation of working fluid and steel 
intensity. For th is is provided the construction of gear teeth which are hollow and made of thin-walled metal tape by stamping. 
Calculated basic geometric and kinematic parameters of this construction, and a strength assessment of the hollow gear teeth 
is given. This engineering design is recommended for research and industrial structures in the field of engineering for further 
investigation and possible implementation. 
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1. Introduction 
One of the main conditions of the increasing of the 

productivity of transport, agriculture, road construction 
mach inery and industrial equipment is the improving of 
techno-economic figures of an actuator and the increasing of 
reliability. Usually an actuator consists of a p ropulsion 
system, a connecting gear, a control mechanis m and 
auxiliary devices. Mechanical, hydraulic, electrical and 
pneumatic transmissions are used as a connecting gear. Each 
of these transmissions have their advantages and 
disadvantages, and are used in a particu lar machine or 
equipment, depending on the conditions of their usage, 
functions, range of application, etc. A hydraulic actuation 
mechanis m got the most wide application after the creation 
of the domestic hydraulic equipment which can work at the 
pressure of 210 /Мн м  and higher in the open air, in dusty 
and dirty conditions, and at high (up to 0320 К ) and low 
(down to 0220 К ) temperatures [1-10,11-13]. 

One o f the main  components of a hydrau lic actuat ion 
mechanis m is a volumetric pump, in which the movement of 
the working  flu id  from the suct ion  connect ion  to  the 
decreasing space is carried out by the means of displacement 
of the working  flu id  from its  working  chambers by  a  
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displacer. A piston is the displacer in piston pumps, a tooth 
of a gear is the displacer in gear-type pumps, a vane is the 
displacer in rotary vane-type pumps, the surface of the screw 
is the displacer in screw pumps. 

 
Figure 1.  A general view of the gear-type hydraulic machine 

Gear-type hydraulic machines which are plain in their 
construction, in comparison with the others, got the most 
wide usage in practice and are widely used in the design of 
agricultural machinery, automobiles, road  construction 
mach inery, etc. Such hydraulic machines (Figure 1) , for 
example, consist of a carcass(3), where the gears(1,2) are 
installed. Working fluid which  is situated in  the space 
between the gear teeth, transfers from the suction connection 
(A) to the forcing cavity(Б) by the means of the driving 
gear(1) rotation. In general gear-type hydraulic machines are 

http://www.импел.com.ua/articles/images/nsha1.jpg
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used for the generation of pressure up to 15МPa , 
sometimes up to 210МPa . But the weight, a h igh 
pulsation rate of the working fluid and low capacity are the 
essential defaults of such hydraulic machines. 

The following methodology is usually applied  for the 
calculation of the characteristics of gear-type hydraulic 
mach ines [1-5]: 

The pump capacity is determined beforehand according to 
the dependence  

VFQ ⋅= ,                   (1) 

where bhF ⋅=  (area of the displacer, h- height of the 
tooth, b its width on condition that the tooth area is equal of 
the cavity area); 

ω⋅=
2
HODV  - circumferential speed of the gears, 

where HOD  is the diameter of the pitch circle, and ω  - 
their angular velocity. 

Taking the tooth height as mh 2=  (m – gearing module)  
and considering the addendum modification, the following 
formula is used for the determination of the pump capacity  

ω⋅⋅⋅+= bmzQT
2)1( .              (2) 

Appears from the above that the pump capacity is 
proportional to the quantity of teeth and the square of the 
module. That’s why pump gears with a small quantity of 
teeth and with a big module are used. It allows to dimin ish 
the size of the pump, but to increase the pulsation rate of the 
working fluid.  

Then determine the pump displacement formula 

bzmQq ⋅+⋅⋅== )1(22 2π
ω

π .           (3) 

The final stage of the calculat ion is the determination of 
the pressure forces on the bearings, which are basically 
bearings, depending on 

)38,0(2 +⋅⋅⋅≈ zbmpP H .             (4) 
At present, the global engineering practices aimed  at 

improving the design of hydraulic gear, and the demand for 
new technical solutions in the global community today is 
very important [21-25]. 

With this in mind, the following describes the new 
unknown world pract ice gear hydraulic structures created at 
the level of the inventions of Russian Federation so as to 
avoid the above disadvantages of the prior art designs which, 
in turn, can improve their performance and effect ive use of 
the latest in hydraulic machines and drives. 

2. The Purpose of the Research 
Analyzing the above it can be concluded that the design of 

modern hydraulic gear commonly used in hydraulic cutting 
equipment, transport vehicles and agricultural and 

road-building mach inery for today do not meet modern 
requirements, so they have a poor performance by a 
significant amount of working fluid pulsation enough metal 
and etc. 

Given this, the EHU them. IA Bunin, at the Department of 
Applied Mechanics for several years conducted research on 
"Dynamics, durability and reliab ility of transport, road 
construction and agricultural mach inery, as well as the 
industry standard and optional equipment in relation to the 
Black Earth region of Russia" and one of its sections is the 
scientific field associated with the development of promising 
structures gear hydraulic meet modern requirements in terms 
of performance, lower ripple and metal working flu id. 

Analysis of research reports in the art, literature, domestic 
and foreign patents allowed to develop more efficient design 
of gear hydraulic protected by several patents for inventions 
(RU2338926, RU2341686 RU2246637, RU2269031). 
Therefore, the aim is to study the performance of the 
proposed design of gear hydraulic and determine its basic 
characteristics allow us to give a basis for its final design in 
the future potential use in practice. 

3. Survey Methodology 
Consider the proposed solutions in detail. The first 

development made on the patent RU2338926 presented in 
the form of schemes where in Figure 2, shows a general view 
of gear hydraulic sectional in its vertical plane, in  Figure 3 an 
enlarged view of the teeth of its gears and the cross-section in 
Figure 4 on the D - D of the hydraulic by suction cavity. 

 
Figure 2.  Section of gear-type hydraulic machine 
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Figure 3.  Enlarged view of the tooth 

 
Figure 4.  Section of intake manifold 

Gearwheel hydraulic mach ine consists of a casing 1, 
which are fixed  to the wheels 2 grooves are made in three is a 
continuation of similar grooves 4 of the housing 1. Between 
fixed disks placed two  movable wheels fitted with five teeth 
made from six p ieces of thin plates. The wheels are equipped 
with five slots 7 and rigidly mounted on the shaft 8 with keys 
9 and is free on axis 10. Case 1 has a suction port 11 and 
discharge pipe 12 intended for the current direction of the 
working fluid 13. 

Gearwheel hydraulic machine operates as follows. When 
applying torque to the shaft 8 of the last rotation of the 
wheels helps to 5, and by the fact that his teeth are six related 

engagement with counter, made from another wheel 5, they 
both turn at the same angular velocity o f the arrows C. Such a 
rotation of the wheels 5 helps transport fluid 13 flowing 
through the suction port of the arrow a and deepening 4 and 3 
in the hollow space of the teeth 6 and 7 slots, towards 
discharge 12 and then release it under the pressure of the 
arrow B. It should be noted that the proposed technical 
solution, the volume of fluid  13 is located in tooth space 
inside teeth 6 and 7 in the grooves is large and, slots 7 may 
not only have a semi-cy lindrical shape, but also, for example, 
trapezoidal, rectangular, etc . etc. Th is would place them in 
an additional significant amount of transported fluid 13. It is 
known that uneven fluid supply 13 Gear hydraulic 
projections depends on the radius RG gear, the pitch circle 
radius r and pitch engagement t. At the same t ime, the 
average flow Q depends on these parameters, as well as the 
width of the teeth and the wheel speed. But as the number of 
transported liquid 13 is significantly increased, in general it 
will flow in the proposed hydraulic mach ines more uniform 
and stable. It  should also be noted that the pulsation of flu id 
flow 13 is also available as a well-known machines, but its 
value is very small and is characterized by an area of only six 
teeth heads produced in the contact with the body 1 o f the 
hydraulic machine. 

The second solution is aimed at improving the 
maintainability of the aforementioned hydraulic Gear and 
Figure 5 shows a general view of it in the context of the side, 
in Figure 6 an en larged gear tooth profile and place it on the 
wheel and sealing in Fig.7 initially pair of gear tooth wheel 
hydraulic during its installation. 

 
Figure 5.  General view of the hydraulic 
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Figure 6.  Installation of hollow teeth 

 
Figure 7.  Installation of a hollow tooth 

This hydraulic mach ine consists of a casing 1, which has 
three wheels mounted on the drive shaft 4 and 5 axis and 
provided with teeth 6. 6 teeth, made of pieces of thin plates, 
are located in the grooves 7 wheels 3. The housing 1 is 
provided with a suction pipe 8 and the discharge pipe 9 for 
guiding movement of the working fluid 10. 

Gearwheel hydraulic machine operates as follows. When 
assembling the new or the repair has been previously 
installed hydraulic advance, made famous by stamping the 
required number of teeth of a given shape and a module like 
this, as shown in Figure 7 wide at the ends of segments of 
thin plates l. Then  create the necessary force P and elastically 
deform the bottom of the tooth 6 to such an extent that he 
went into space grooves 7 of the arrow A. Applying then the 
necessary force F, press in widely known in the art to the 
wheel 3. 

This technology will allow the tooth 6 a firm foothold on 
the wheel 3 by the fact that the width of the grooves 7 l less 
than the distance l teeth. Similarly, the set and the other six 
teeth on the wheel 3. As soon as the wheels 3 will be installed 
into the housing 1 to the shaft 4 and os5, and gear hydraulic 

mach ine will be ready fo r use, also widely known method is 
served by the arrow in the working fluid  10 and a rotating 
wheel 3 with angular velocity ω. 

This rotation of the wheels 3 promotes the transport fluid  
10 to the discharge nozzle 9, through which the latter 
received on the arrow on the hydraulic system of hydraulic 
drive (a d rive not shown). Then the process of hydraulic 
mach ines, installation and removal of teeth that can be 
repeated six times, and the dismantling of in reverse order as 
described above. 

To evaluate the effectiveness of the proposed design and 
the definition of its basic characteristics, known technique 
used is as follows. It is known [2,5,9] that the current value 
of the amount of fluid ..ÒÈQ , expelled from the cavity to 

the pressure 2р , the algebraic sum of the volumes displaced 
and absorbed by its conventional movable walls. One 
working cycle of the mach ine corresponds to the angular 

rotation of the gears move 
z
π2

 (where the number of teeth) 

with a po int of contact mat ing gear teeth move through their 
engagement because of what occurs with variable demands 

..ÒÈQ  throughout the cycle, which is subject to a parabolic 

law. The maximum value VAXÈQ .  can be obtained if the 
point of contact of the teeth located on a straight line passing 
through the centers of rotation of the gears.  

The numerical value VAXÈQ .  is determined by the 
relationship: 

b
z
trrQ ÃMAXÈ ⋅⋅−−= ω)(

2
22

.  

Where : Ãr - radius of the gear pro jections; 
          r - radius of the init ial circle gear; 
         ω - the angular velocity of gear; 
          b - width of the gears; 
          t -  step engagement. 
In this case, the uneven flow of working fluid can be 

determined from the dependence
 

2cos2,46
z
ασ ≈  where 

α  the pressure angle. Important kinematic parameters of 
gear is also a hydraulic torque applied to  the pinion  and mean 
it on drive gear can be determined according to the formula 
in this case uneven flu id supply can be determined from the 
dependence: 2ИМ p r h b= ⋅ ⋅ ⋅  where p  the pressure 
created by the machine. Some numerical results are the main 
characteristics of the proposed hydraulic Gear using serial 
data designs NS-32-2 used in the hydraulic systems of 
industrial equipment, industrial machines, tractors of various 
types, etc. [11-13], which 35 ,r mm=  tooth depth 

8 ,h mm=  16 ,b mm=  8,z =  13,7t mm=  
11565minn −=  and irregularity of supply %27=σ . 
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We define filing machines dependence: 
2 2

6,28 0,017 2 0,008 0,016 1565
42 / min .

ИQ r h b n

l

π= ⋅ ⋅ ⋅ ⋅
= ⋅ ⋅ ⋅ ⋅ ⋅
=

 

Since in the proposed design hydraulic teeth are hollow, 
we assume that the transport of fluid  will involve not only the 
eight volumes tooth space, but on average, seven more 
volumes within  teeth spaces. Underestimated the number of 
volumes in teeth spaces taken based that through the use of 
thin-strip from which the teeth are formed and its thickness 
about their total internal volume is reduced by the amount of 
internal volume of one tooth. Then a hydraulic feed 
irregularity is: m off the machine depending on: 

14,0
78

9397,046,2cos46,2
22

=
+

⋅=⋅≈
z
ασ  or 14%, 

compared to the standard machine the figure 1.93 times 
lower. The calculat ions also show that, if used in the 
manufacture o f tooth belt stamped with a thickness equal to 
the internal volume of hollow teeth, compared with the 
external inter tooth volume decreased by an average of 
20%.Consequently, the performance of the hydraulic 
mach ine is: 

( 0, 2)
42 (42 8,4) 75,6 / min .

ИИИQ Q Q Q
l

= + − ⋅
= + − =  

 
Figure 8.  analytical model of the tooth 

Analyzing the above it is clear that the proposed hydraulic 
Gear compared with  standard fluid  pulsation decreases 1.93 
times, productivity increases by 1.8 times and its metal 
content, by making the hollow teeth, and removal of the 
metal by milling grooves in the housing the suction and 
discharge its cavity, below the average of 27%. 

Analysis of the structure and the work described the 
proposed technical solutions shows that the teeth of the 
wheels, made in the form of shells, are complex stress state 
due to their bending vibrations contribute to their walls are 
connected, as a rule, with stretching their middle surface. 
Such fluctuations may significantly reduce tooth reliability, 
and, therefore, the reliability of the hydraulic machine as a 
whole. 

Given this feature, give an estimate of the stress state and 
characteristics of the pump with the determination of the 
frequencies of oscillations arising from the elastic 
deformation of the hollow tooth design scheme using Figure 
8. 

It is known [15] that the strain energy of the tooth as a 
thin-walled shell shown in Figure 8, can be expressed by the 
formula:  

1 2U U U= +  
where, U1 - stretching energy shell; 

U2 - bending energy of the shell. 
It is also known [15] that the two types of energies are 

given; 

( ) ( )

( ) ( )( )

2
2 12

1 1 2 1 22

3
2 2

2 1 2 12 1 22

1 2 1 ,
2 1 4

1 ( ) 2 1 ,
2 12 1

EhU d

EhU d

γε ε µ ε ε
µ

χ χ µ χ χ χ
µ

Ω

Ω

  
= + + − − Ω  −   

 = + + − − Ω −

∫∫

∫∫
(5) 

where, E - modulus of elasticity of the material; 
h - the wall thickness of the shell; 
μ - Poisson's ratio; 
ε1, ε2, γ12 - strain components middle surface of the shell;  
χ1, χ2, χ12 - options for changing the curvature of the shell; 
u, υ, ω - the components of the amplitude displacement 

point of the shell in the longitudinal, circumferential and 
normal to the surface directions. 

Peak value of the kinetic energy of the shell which 
performs harmonic oscillat ions with frequency ω1 can be 
defined by the formula: 

( )2 2 2 2
1

1
2

T h u dω ρ υ ω
Ω

= = + + Ω∫∫M ,    (6) 

In this case, the oscillation frequency can be determined 
by the formula Rayleigh 

( )1 22
1

2 U U
ω

+
=

M
,                 (7) 

which shows that both the numerator and the denominator of 
the fraction depends on the choice of displacement u, υ, ω, 
with the true form of natural oscillations of the report o f the 
stationary value of the formula, and the first natural form - at 
least. Let R denote the characteristic size of the membrane, 
and the thickness of its walls through h0 we obtain the 
following structure: 

( )
2

2 0
1 1 222 2 121

hÅ
RR

ω λ λ
µ ρ

 
= + −  

,       (8) 

where, λ1 and λ2 - dimensionless quantities depending on the 
type of amplitude functions u, υ, ω. 

Analysis of the equation (8) shows that the second term 
describes the bending energy of the shell (the tooth) and the 

value of 
2
0

212
h
R

 
 
 

 significantly low, and therefore, 

minimizing ω12 most significantly decrease energy λ1 
corresponding stretching the middle surface of the shell. In 
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our case, by placing the tooth surface is formed between the 
housing Gear hydraulic mach ines, the latter is subject only to 
bending in the vertical plane of the wheel, which tightly and 
secured with tape to form on her teeth (Fig. 3). Therefore, we 
can assume that λ1=0 in the absence of high tensile surface of 
the tooth, ie when ε1=0, ε2 = 0, γ12 = 0. This kind of 
deformation of the shell is called pure bending. The studies 
of shell vibrat ions without stretching the middle of the 
surface and are described in  [20] showed that the frequency 
determined by the dependence of the same type as those for 
the plates depending on: 

( )
3

2

4 4

12 1
Eh

Dp
hR hR

µ
λ λ

ρ ρ

−
= = ,          (9) 

where, λ - a numerical coefficient; 
ρ - bulk density of the material. 
D - flexural rigidity. 
Analyzing the equation (9) shows that reducing the wall 

thickness of the tooth that is desire it to zero, the frequency of 
its vibrations without stretching the medial surface also tends 
to zero. 

Because the work is going on in Gear hydraulic transient 
regime, the loading of its teeth will be characterized by a 
change in a wide range of dynamic coefficient μ ', is given 
by: 

12
/

21 ωµ
ρ

−
 

= − 
 

.                (10) 

We present a numerical calcu lation of a vibration 
frequency of the tooth and dynamic coefficient using 
software system with the following initial data: E=2•106 
kg/cm2, h = 0,175 cm, μ = 0,3, ρ = 0,0007814 kg/cm3 (mark 
steel 45), λ=0,08, R = 2,1 cm and then in the range of forced 
oscillation frequencies ω=10÷120 rad/s, we construct the 
frequency response of the process.  

Using a known software application package MATLAB 
6.5. [19, 20], perform sample calcu lation to assess the natural 
vibration of the proposed technical solutions. Text file mu.m 
procedure in Listing 1. In the first part of the procedure by 
setting the initial data, and calculate the dynamics of μ. The 
second part of the procedure displayed in a separate window 
graphic plot of μ ω / p, limited  for clarity of values 0 ... 1.8 on 
the X axis and 0 ... 5 Y axis using the operator set, which 
allows you to set the properties of various objects. 

Listing1. 

%Построение графика коэффициента динамичности  
lambda=0.08;  
E=2e+006;  
h=0.175;  
ro=7.814e-004;  
R=2.1;  
mu1=0.3;  
p=lambda*sqrt(E*h^2/(12*(1-mu1^2)*ro*R^4)) 
 
%Задание частоты вынужденных колебаний  

w=10:0.1:120; 
 
friq=w./p 
mu=1./abs((1-friq.^2)) 
 
%Построение графика амплитудно-частотной 

характеристики  
figure('MenuBar', 'none') 
line=plot(friq,mu,'k'); 
 
set(gca, 'XLim', [0 1.8]) 
set(gca, 'YLim', [0 5]) 
set(gcf,  'NumberTit le', 'off', 'Name', 'КОЭФФИЦИЕНТ 

ДИНАМИЧНОСТИ', 'Position', [350,150,710,630]) 
set(line, 'LineWidth', 1.5) 
 
HTxtX=text ('String', '\mu', 'Position', [-0.15 5.1], 

'Rotation', 0, 'FontWeight', 'bold', 'FontSize', 14);  
HTxtY=text ('String', '\omega/p', 'Position', [1.7 -0.25], 

'Rotation', 0, 'FontWeight', 'bold', 'FontSize', 12);  
grid on 

Fragment perform file-procedure mum with calculat ions 
natural frequency of the tooth under the above initial data 
parameters is shown in Figure 9. 

 
Figure 9.  program window 

Presented in Figure 10 plot, built  for long-term gear pump, 
shows that when the perturbation frequency ω to the natural 
frequency of the order of p 48.6 rad / s (7.74 Hz) dynamic 
factor increases, and its maximum is attained at a ratio 

1
p
ω
=  which is characteristic of the resonant mode could 

cause a permanent deformation of the teeth or their 
destruction. In this case, from the presented in Figure 4. 
graph also shows that the most dangerous zone in terms of 
growth of dynamic loads, when μ = 1,5 is the range of the 

0,6 1,3
p
ω
= − . Whereas in overcoming this area, about 

when ω = 100 rad / s (16 Hz) and 1,3
p
ω
=≥  which is 

characteristic of steady state operation of pump, the 
resonance phenomenon of teeth will be deleted. 
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Figure 10.  resonant schedule 

Currently, due to the development of informat ion and 
computer technology with the use of modern software 
developed by the international community, the authors plan 
to carry out works on the calculation of the stress state and 
performance of new technical solutions, which are 
developed at the University through improved design and 
modernizat ion of hydraulic gear. 

 
Figure 11.  Shell design scheme 

For the calculation of the stress state of the hollow tooth 
and its stability, for example, the driving wheel with its 
interaction with the working fluid and the other tooth driven 
gear, use the known method of determining  the stresses in 
symmetrical shells on without bending theory [15]. In our 
case, we represent the tooth as a symmetrical shell wall 
thickness h (Figure 11 and Figure 12), having a radius of 
curvature of the merid ian arc middle surface ρm with the 
second principal radius of curvature of the normal section 
perpendicular to the merid ian arc denoted ρt. The last 
segment is reached between the normal and the medial 
surface of the axis o f symmetry. Specified rad ius ρm and ρt 
are generally a function of the angle θ is located between the 
normal and the axis of symmetry. We extract  from the shell 
(Fig. 12), the element ds1, ds2 and assume that the face of 
such an element any stress σm and σt while the former is a 

merid ional stress directed along the arc of the merid ian, and 
the second circle. Consequently, the item will arise related 
efforts σm h ds2 and σt h ds1 (12). 

 
Figure 12.  Analytical model of a shell element 

Projecting such efforts on the normal get the following 
equation of statics: 

1 2 2 1 0m tpds ds hds d hds dσ θ σ ϕ− − = .    (11) 

Given that 2

t

dsdϕ
ρ

=  and 1

m

dsdθ
ρ

=  and substituting 

these relat ions in equation (11) the following relationship is 

called the Lap lace equation: m t

m t

p
h

σ σ
ρ ρ

+ =
 
from which 

you can determine the resultant of the external forces acting 
on the shell (in this case, the tooth wheel) depending on: 

2 sinmP rhσ π θ=                   (12) 
At the same time, knowing the numerical value of the 

resultant of the external forces acting on the membrane can 
be calculated meridional stress σm. 

It should be noted that the described force loading of the 
tooth wheel is a hollow shell, you may lose the stability of 
the latter and it can take, for example, the form shown in 
Figure 13. 

 
Figure 13.  analytical model of stability of the tooth 
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Figure 14.  Element of the design scheme 

We separate from the tooth become unstable elementary 
space length ds (Fig. 14), and denote its local radius of 
curvature in ρ, assuming that this value is not significantly 
different from the in itial radius of curvature R of the tooth. 
The external load q in the cross sections of the tooth any 
normal forces and bending moments with the normal force 
can be composed of two parts: the term N0, which orig inated 
in the cross sections of the tooth to the loss of its stability, 
and the term of N which is a s mall change in  the normal force 
due to the bending forming surface of the tooth. Then, using 
the equilibrium condition and designed all the forces in the 
direction normal obtain three equations of the form: 

0( ) 0dsqds dQ N N
ρ

+ − + =
, 

0Q dN
R ds
+ = , 0dM Q

ds
+ =            (13) 

But since the time of M also depends on the change of 
curvature of the surface of the tooth, then you can define it as 
follows: 

1 1M EJ EJ
R

χ
ρ

 
= − = 

 
,          (14) 

where, χ - characteristic curvature of the surface of the tooth. 
Solutions of equations (13) and (14), a  known method [15] 

allow us to obtain a formula for determining the critical 
force: 

3

3
2кр
EJq
R

=                     (15) 

Here is an example of the numerical calculation of the 
basic parameters of the power loading and stability of the 
sheath of gear tooth proposed hydraulic machines, using the 
above method of calculation and the data series the pump 
NSH 32-2 widely used in hydraulic transport machinery, 
metal working equipment, etc., in which the radius of the 
initial circle gear 35 ,r mm=  tooth depth 8 ,h mm=  face 
width of a tooth 16 ,b mm=  number of teeth 8,z =  step 
engagement 13,7t mm= , speed gears 11565minn −=  
and irregularity of supply %27=σ . The working fluid 
pressure is p = 9 MPa and a tooth made of steel strip 

thickness h = 2,0 mm. Therefore the surface of the tooth will 
be attached to the load P = Ps = 90 • 0,8 • 1,6 = 115 kg = 1.15 
kN. Numerical values stress σm, resulting in tooth plate 
thickness h = 2,0 mm using the formula (12): 

0

2

115
2 sin 2 3,14 0,9 0,2 sin 5

1271 / 127,1

m
Р

rh
kg cm MPa

σ
π θ

= =
⋅ ⋅ ⋅ ⋅

= =  

where, r - half feet at the base of the tooth is 0.9 cm;  
θ - angle located between the normal and the axis of 

symmetry is assumed to be 50. 
As a material for the manufacture of steel teeth take 40X 

to GOST 4543-71, followed  by heat treatment improvements 
for which the permissible stresses are [σ] = 415 MPa. We see 
that in our case the design stresses σm = 127,1 MPa lower 
than 3.3 times of the accepted value, therefore, the strength 
condition is satisfied. 

Now check the stability of the tooth, also assuming that 
the load is applied to it at 1.15 kN using the relation (15): 

6
2

3 3

3 3 2 10 1,85 316 3,16 10
2 2 2,6кр
EJq kg N
R

⋅ ⋅ ⋅
= = = = ⋅

⋅
where, E - modulus of elasticity, kg/cm2; 

J - the axial moment of inert ia of the tooth, cm4. 
Analyzing the results obtained show that the critical force 

is 3,16·102 N and then the safety factor ny be 316/115 = 2.8. 
Consequently, the loss of stability of the tooth in the process 
of gear hydraulic load 1,15·102 N excluded.  

The presented method of calculat ion, to a first 
approximation, can be used in the synthesis and design of a 
wide class of hydraulic gear, the teeth, which are in the shape 
of shells and used in the hydraulic systems of transport, 
agricultural and road-building machinery, as well as in 
various designs industry-standard and non-standard 
equipment engineering companies, both in our country and 
abroad. 

It should also be noted that the conditions hydraulic gear 
used in hydraulic machinery  and equipment shall meet the 
main criterion of performance cars - reliab ility. Under 
reliability understand - property is available with in a 
specified time or a given operating time to function, keeping 
within limits operational performance. Product reliability, 
determine their reliab ility, durability, maintainability and 
persistence. It is clear that the proposed construction of gear 
hydraulic machine must be repaired in conjunction with the 
mach ine on which it is mounted on repair enterprise, which 
is a variety of engineering and performed in accordance with 
specifications repair mach ines (units, assemblies, parts, etc.), 
loss normal operation, but repairable, and performing the 
role of original p ieces for this production. In contrast to the 
repair machinery production includes specific processes: 
cleaning, disassembly, Troubleshooting and repair of 
mach ine elements. The consumer is essential to the repair of 
vehicles, as well as their replacement parts would be 
short-lived as little ballast works, ie o f the mach ine with the 
minimum cost of labor, materials and energy to their 
disassembly and cleaning, removal of exchangeable design 
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and removal o f short-lived non-structural elements. Based on 
the cost, appropriate ballast works in the repair, maintenance 
or replacement of structural elements of machines, quantify 
their maintainability characterized factor maintainability. 

Factor maintainability РF  machine can be defined as 
the ratio of the average cost of labor, energy and materials 
required for the introduction of the machine follows and 
renewable elements, to the sum of labor, energy and 
materials on its disassembly and cleaning, along with the 
assembly, adjustment and renewal of other non-structural 
elements in the relationship: 

∑ ∑
∑

+
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Where iCg  and iCq -Average life and value, 

corresponding volume of ballast works in  maintenance, 
repair o r rep lacement of short-lived structural elements. 

From the analysis of the structure of the machine change 
life fo r the battery life implies the possibility of an 
adjustment to the assessment of machinery on specific 
indicators, particularly on their specific metal and value, 
which is also one of the most important characteristics for the 
repair o f vehicles. 

To determine the serviceability of the proposed technical 
solutions and standard Gear hydraulic model NSh-32-2 is 
used in hydraulic systems, such as wheeled t ractors MTZ-80, 
which 35 ,r mm= 8 ,h mm=  16 ,b mm=  8,z =  

13,7t mm=  11565minn −=  %27=σ , the analysis of 
financial activity "MUZHERP" Yelets "for the period 2005 
to 2006, where a renovation of these pumps. The analysis 
showed that the average cost of labor, energy and materials 
to repair a  pump SS-32-2 on average QiC = 5659rub and 
ballast of equal qiC = 2850rub. Consequently, the coefficient 
standard hydraulic maintainability is FP = 0.66. For the 
proposed construction of a hydraulic repair costs are QiC = 
4230rub, and at a cost of ballast works qiC = 1050rub 
maintainability index was equal to the FP = 0.8. It is evident 
that the design of hydraulic gear-made according to the 
patent (RU2341686) ratio is higher maintainability, which 
shows the efficiency of the solution in practice. 

4. Results of the Study 
Analyzing the above, we can d raw the following 

conclusions. So analysis available today different types of 
hydraulic gear is non-compliant because of low productivity, 
high ripple flu id supplied to the executive bodies of 
mach ines and metal and so the development o f the past as 
inventions RU2338926, RU2341686 RU2246637, 
RU2269031 sufficiently high efficiency solution allows 
eliminate these disadvantages is very important. Analytical 
studies have shown that the exclusion of these shortcomings 

is through the implementation of gear teeth gear hydraulic 
hollow, allowing a comparison with serial designs reduce 
flu id flow pulsation 1.93 times, increase productivity by 1.8 
times, while its metal for through the implementation of 
hollow teeth, and removing a portion of the metal by milling 
grooves in the housing of the suction and discharge its 
cavities, reduce by an average of 27%. At the same time, 
possibly with the elastic deformation of the hollow tooth 
moving  fluid under pressure to ensure the sustainability of 
the latter with the safety factor equal to ny = 2,8, and given 
the strength of the teeth at rated voltage σm = 127,1 MPa, 
which was lower by 3.3 t imes from the accepted value, 
therefore, the strength of their condition will be satisfied. 

5. Conclusions 
Results of the study recommended companies both 

domestic and foreign engineering, operating and 
manufacture various equipment for its intended purpose, to 
study the proposed technical solutions and the opportunity to 
continue their implementation in practice. To select the 
appropriate material for the manufacture of hollow teeth, the 
calculation of their strength and stability, and the 
development process, depending on the size and destination 
used software for computers, which was tested in the 
examples shown above. It should also be noted that the 
design parameters determined by this method are 
approximate and can not be recommended for instant use, 
and therefore for the final evaluation of the effectiveness of 
the proposed technical solutions necessary to conduct 
extensive testing of the performance and efficiency. 
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