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The purpose. To detect effect which originates during optimization of parameters of toothing of gear pump (GP).
Methods. Theoretical-experimental methods of probe. On the basis of the developed mathematical model of process
of feed of GP the design procedure is offered of optimum parameters of toothing, where parameter of optimization is
the coefficient of use of volume of wreaths of sprockets. Results. During adaptation (to production conditions) of the
construction of experimental pump with the augmented specific working volume they determined an opportunity of
decreasing width of a cone at saving working volume of pump matching standard norms. It made it possible to reduce
load on bearings of pump which primarily were responsible for reliability of the pump. New dependence is offered for
account of load on bearings of pump, which in many aspects is determined by coefficient of overlapping of toothing.
During designing the gear pump with optimum parameters and adaptation its operation parameters to standard norms
they found synergetic effect, namely: decrease of overall dimensions and mass of the designed pump. Conclusions.
The developed design procedure of parameters of toothing of rocking node of gear pump made it possible to design
construction of GP with augmented specific working volume and feed. Thus coefficient of use of volume of wreaths of
sprockets of the experimental pump grew up to 0,3323, that on 11% was more than at serial pump, and working
volume of pump reached 36,33 cm3, that on 14,6% was more than at serial pump. It stipulated synergetic effect which
was implemented in lowering overall dimensions and mass of the designed pump.

Key words: gear pump, hydraulic fluid, toothing, working volume of pump, specific working volume of pump,
synergetic effect.
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On the basis of the developed mathematical model of the feeding process of a gear pump, the method for
calculating toothing parameters with optimal parameters was suggested. As an optimization parameter, it was
proposed to use the operation coefficient of the volume of gear rims.

The objective of the study was to identify the effect that takes place in the process of optimizing toothing
parameters of the gear pump.

In the process of adapting the design of the experimental pump with increased specific working volume to the
production conditions, it was possible to reduce the width of the gear having the same working volume of the pump.
This working volume corresponds to the standard values. This allowed reducing the load on the pump bearings,
which are mainly responsible for the reliability of the pump.

At the same time, a new correspondence was suggested for the calculation of the load on the bearings of the
pump, which in many ways, as it turned out, is determined by the coefficient of overlapping of the toothing.

In the process of designing a gear pump with optimal parameters and adapting its operational parameters to
the standard values, a synergistic effect was found which was expressed in reducing the overall dimensions and
the weight of the designed pump by an amount significantly more significant than expected.

The method of calculating toothing parameters of the pumping unit has been developed, which allowed
designing the gear pump with the increased specific working volume and feed. At the same time, the operation
coefficient of the gear rims of the experimental pump increased to the value of 0.3323, which is 11% more than that
of a production pump. The working volume of the pump reached 36.33 cm?, which is 14.6% more than in the
production pump This allowed appearing a synergistic effect, which is realized in reducing the overall dimensions
and the weight of the designed pump at the value significantly more significant than expected.

gear pump, hydraulic oil, toothing, pump working volume, specific working volume of a pump,
synergistic effect

Problem statement.



B B6aratbox poboTax monepenHix gocnigHUKIB MoaentoBanvchb pobodi npouecu nogadi WecTepeHHoro
Hacoca [1 - 13]. B okpemux npausix gocnigkeHHs Oynu cnpsiMoBaHi Ha nigBuweHHs poboyoro ob'emy
LLeCTEepPEHHOro Hacoca [2, 3, 4, 9, 10, 13]. Ane akueHTOBaHa yBara OOCHIIKEHHAM CNPSMOBaHUM Ha MigBULLEHHS
came nNMToMoro pobo4voro 06'emy ectepeHHoro Hacoca (HLL) BueHnMK He npuginanace.

In our previous publications, it was found that a promising direction for raising the technical level of a gear
pump is to increase the specific working volume of the pump (SWVP) [14-22].

On the basis of a more detailed study of the working flow of the hydraulic oil into the pump, we have
developed a mathematical model that describes these processes in more details. This allowed us to develop the
method for calculating toothing of the pumping unit with optimal parameters.

Under the optimal parameters of the toothing of the pump we shall understand the kind of toothing which
provides the maximum value of the pump working volume (PWV) for the given design conditions, in particular the
dimensions of the pump.

At the same time, we use the coefficient of using the volume of the gear rims as the optimality parameter [14
- 18]. The mathematical model of the coefficient of using the volume of the gear rims is the ratio of the working
volume of the pump to the volume occupied by the gear rims of the pump. That is
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where V, is the working volume of the pump, mm3;
D, is the diameter of gear tooth points, mm;

A is the c-c distance, mm.
The working volume of the pump can be identified according to the correspondence [23, 24],
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where {;is a tooth pitch on the base circle, mm.

From the above-mentioned, we see that the SWVP depends on the parameters of the gear toothing with the
corresponding limiting conditions, determines the technical level of toothing of the pumping unit and can be a
criterion for optimizing the toothing of the pump at feeding.

On the basis of the proposed methodology, an experimental pump with the increased SWVP was designed
and manufactured using the results of theoretical and experimental studies [21, 22]. The toothing calculated
according to the proposed method and the corresponding design of the gear pump with increased SWVP, allows
significantly increase the working volume of the pump and the feeding without changing the overall dimensions and
the weight of the pump. But what is the benefit of this for the manufacturer and consumers of gear pumps?

The objective of this article is to determine technical and economic effect in case of increasing SWVP. The
answer to this question is quite trivial at first glance: the increase of specific indicators leads to a decrease in
overall dimensions and weight characteristics of the technical system while maintaining or even increasing its
operational parameters.

There are facts that confirm this information. The overall dimensions of the experimental gear pump 32-E,
designed according to the suggested methodology with the increased specific working volume, remained practically
unchanged. However, the operation coefficient of the volume of the gear rims of the experimental pump has
increased to the value of 0.3323, which is 11% more than in a production pump, and the pump working volume
reached the value of 36.33 cm®, which is 14.6% more than in the production pump. The specific power, that is, the
power per unit of the weight of the experimental gear pump 32-E is by 17% higher compared to the production
pump [16, 18].

Such a significant increase in the functional parameters of the experimental gear pump 32-E became
possible due to the use of the proposed method for calculating the toothing with optimal parameters and the
corresponding design of the pump.

The gear pump in its design and manufacturing process is an open technical system. In addition, according
to the results of the studies described in [16, 18], it was established that the correspondence of the parameter
under investigation and the operation coefficient of the volume of gear rims to the parameters of toothing is
nonlinear. In the process of designing and manufacturing all the design parameters of the pump interact. These
facts indicate that there are necessary conditions for the emergence of a synergistic effect. The identification of the
latter is the task of this publication.



Adaptation of the design of the experimental gear pump with the increased specific working
volume to production conditions. In the world practice, in order to increase the efficiency of the organization of
production, all pumps are divided into standard series. In Ukraine, the following standard series are used: 1, 2,
(2,5), 3, 4, and 5. Each standard series differs in its type of toothing. The most mass produced pumps of the 3rd
standard series with the working pump volume V, =20...50 cm?, and among them there is a pump V; =32 with
working pump volume cm?®. The transition from one size to another within a standard size series is carried out by
changing the width of the gear rim - b.

In the process of optimizing toothing the pumping device we got the gear pump with the working volume of
cm?. To change the working volume of the experimental gear pump to the standard value of cm? it is necessary to
reduce the width of the gear. Reducing the width of the gears decreases the load on the bearings, which creates
objective preconditions for reducing their length, and hence the height of the whole pump. That is, unanticipated
reduction of dimensions and the weight of the gear pump.

It is known that bearings are the most important elements that are primarily responsible for the operation life
of the gear pump. The load on bearings of a gear pump is determined under the simplified formula according to the
following empirical correspondence [10, 11, 23, 24]

F=KpbD,, (3)

where pis the pressure developed by the pump, Pa;

b is the width of the gear, m;

D, is the outer diameter of the gears, m;
K =0,75...0,85 is the coefficient of proportionality.

There are other estimates of the proportionality coefficient K =0,65...1,15. However, the professional
literature does not include information on the principles of choosing this coefficient, and such a large spread of
values of the coefficient K is due to its experimental definition for various pump sizes. In this case, according to the
formula (3), for all kinds of toothing, regardless of their parameters, one and the same estimate of the coefficient of
proportionality is given K =0,85 [10, 11, 23, 24].

To answer this, let us ask ourselves why the proportionality coefficient is not equal to one K=1? The
answer is obvious: it is explained by the fact that part of the area of the gear, which is influenced by the hydraulic
forces, is closed from their influence by the gear that comes into contact with it. In other words, the coefficient of
proportionality in (3) is determined by the coefficient of overlapping of toothing in the gear pump.

We suggest the correspondence to determine the averaged load on thegear, which takes into account the
effect on this load of the overlapping factor of toothing in the gear pump
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where A is the c-c distance, m;

G is the length of the bigger axle of the gear pump, m;

D, is the outer diameter of the gears, m;

b is the width of the gears, m.

In this case, the degree of the influence of the overlapping coefficient of toothing will be taken into account

automatically for each kind of toothing under consideration. This can be understood from the following
considerations. The overlapping coefficient of toothing can be determined according to the correspondence [23, 24]
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where D is the outer diameter of the gears of the pump, mm;
d, is the diameter of the main circle, mm;

A is the c-c distance, mm;
o is the angle of toothing, degrees;



t, is the tooth pitch, mm.

With the help of the correspondence (5) we can find out the c-c distance by the formula

JyD?-d? —¢-t
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And if we take into account that the toothing pitch can be calculated as
t, =m z cosq,, (7)

then correspondence (6) will be the following
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Taking into consideration that [23, 24]:
D, = ©
cos 7,
d, =m z cos «, (10)
where m is the construction unit of toothing, mm;
Z is the number of teeth of the gears;
7. is the angle of the involute profile of the tooth point, degrees;
o, is the angle of the original profile, degrees,
we shall have
A=mcosa, > tg;./e—s d (11)
sin o

The loading of the hydraulic forces that influence the pump gears can be determined according to the
correspondence (4). Then substituting the corresponding expressions (11) and (13) in (12), we obtain a definite

result
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After calculating the load on the gear wheels of the pump 32UK according to the correspondence (3) with
K =0,85 and in accordance with the obtained correspondence (12) or (13), respectively, we obtain:

F,=0,85-16-22-55=16 456 H;

45495 _ 17 600H.

F,=16-22

As can be seen from the above calculations, the proposed correspondence (12) gives a somewhat high
estimate of the load (by 6.5%), which prevents underestimation of the load on gears.

From the foregoing, it follows from the assumption that, adjusting the working volume of the experimental
gear pump from the calculated V, = 36,33 cm? to the standard V, =32,0 cm? by reducing the width of the gear
from 22 mm to 19 mm, it is possible to expect a reduction in the load on the gear tongues, which will make it
possible to reduce their length. The pressure on the tongues of the gears was proposed to be determined
according to the correspondence:

_Pb(A+D,)

, 14
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where d, is the diameter of the tongues, mm;
L, is the length of one tongue, mm.

The results of calculations of the pump parameters are presented in the Table. Analyzing the obtained data,



we see that when the working volume of the experimental pump is adjusted to a serial level by reducing the
width of the gear to 19 mm, the load on the gears, and, accordingly, on the tongues of the gears is reduced by
13%. This gives the possibility of a proportional reduction in the length of the gear tongues, and hence the height of
the pump as a whole.

Table. The main technical characteristics of the adapted experimental gear pump 32 - E with the increased
specific working volume compared to a serial pump

Technical parameters

Technical parameter

Production pump Experimental pump
1. Pump model HLLU-32-3 YK HLLU-32-E YPOH
2. Gear diameter, De , mm 55,0 56,0
3. Diameter of tongues d, , mm 25 25
4. Length of the bigger axle G=A+D,, mm 100 101
5. Working volume of the pump V;,cm? 31,7 31,7
6. Working volume of the pump b, mm 22,0 19,0
7. Nominal pressure, MPa 16,0 16,0
8. Total length of tongues 27 x 2, mm 54 54
9. Load on gears, H 17600 15352
10. Pressure on gear tongues, MPa 13,04 11,37
11. Total length of tongues after adjustment, mm 54 47
12. Pressure on gear tongues after adjustment, MPa 13,04 13,07

Reducing the total length of the tongues from 54 mm to 47 mm (see Table) allows distributing the load on
the gear tongues to the level corresponding to the production pump. Thus, due to the optimized parameters of the
proposed toothing, it was possible to reduce the height of the gears by 10 mm, which means that the height of each
bushing can also be reduced by 3.5 mm, and the height of the housing by 10 mm. Therefore toothing with the
optimal parameters offered allows reducing material consumption, energy intensity and the cost of manufacturing
gear pumps by reducing its overall dimensions and dimensions of its elements by at least 10%.

Thus, in the process of adaptation of the design of the experimental gear pump sufficient conditions were
created to obtain synergistic effect: due to the increase of the specific working volume of the pump it became
possible to reduce the width of the gears, which enabled reducing the load on the gear tongues and, accordingly, it
was possible to reduce their length. Reducing the length of the tongues allowed reducing both the overall
dimensions and the weight of the pump as a whole by the value significantly higher than expected.

The estimated annual economic effect from the introduction of the proposed changes in the design of the
gear pump is 25...40 UAH. per a pump. The economic effect is achieved by reducing the cost of materials and the
manufacture of parts with reduced sizes: the width of the gear rims and gear tongues, which reduces the height of
the bushings and the housing of the pump in general.

Conclusions:

1. The developed methodology for calculating the parameters of toothing of the pumping unit made it
possible to design a gear pump with the increased specific working volume and feeding. At the same time, the
operation coefficient of the volume of the gear rims of the experimental pump increased to the value of 0,3323
which is 11% higher than in a production pump, and the working volume of the pump reached the value of 36,33
cm?, which is 14,6% higher than in a production pump. The specific power is 17% higher compared to a production
pump.

2. A synergistic effect was found out in the process of designing a gear pump with optimal parameters and
adapting its operating parameters to the standard values. The effect was realized in reducing the overall
dimensions and the weight of the designed pump on the value significantly higher than expected.

3. The estimated annual economic effect from the introduction of the proposed changes in the design of the



gear pump is 25...40 UAH. per a pump. The economic effect is achieved by reducing the cost of materials and
manufacturing of the parts with reduced sizes.
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